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Head and neck cancers are a fascinating collection of 
tumors that challenge the multidisciplinary oncology 
team to maximize rates of cure while preserving some 
of the most vital functions in a patient’s day-to-day life. 
Advances in tumor biology and medical technology 
have contributed to our understanding of these diseas-
es, helping us develop better treatments.

This issue of Cancer Control highlights the role 
of radiotherapy with or without chemotherapy and 
surgery for the management of selected neoplasms 
of the head and neck. We have included several top-
ics that highlight areas of our evolving understanding  
and goals of organ/function preservation in this oncol-
ogy setting.

Dr Naghavi and colleagues provide an overview 
of the management of oropharyngeal cancer in the era 
of human papillomavirus (HPV). The observation that 
HPV-associated oropharyngeal cancer confers a better 
prognosis has increased our understanding into new 
areas of management. A key idea is the focus on treat-
ment deintensification — a rare opportunity in oncol-
ogy to maximize the rates of cure with less therapy and 
fewer rates of toxicity — to maximize quality of life.

Another example of organ/function preservation 
is the management of squamous cell carcinoma (SCC) 
of the glottic larynx. Dr Mendenhall and colleagues 
highlight treatment outcomes for SCC in a large popu-
lation of patients from their institution as well as from 
published reports from the medical literature.

Dr Ahmed and coauthors describe proton beam 
radiation as a highly conformal approach for the man-
agement of skull-base tumors. In this setting, proton 
therapy can be used to exploit its physical dose-distri-
bution characteristics in an advantageous way in nu-
merous critical structures, including the skull base, 
cranial nerves, visual apparatus, and brainstem.

Dr Strom and colleagues review treatment options 
for cutaneous basal cell carcinoma and SCC. Skin can-
cers make up the most common form of human malig-
nancy, and most cases occur on the sun-exposed skin 
of the head and neck.1-3 Although patients with skin 
cancer commonly undergo surgery, radiotherapy is 
also a curative option and offers better cosmetic out-
comes in select patients. Thus, the role of radiotherapy 
in cutaneous oncology is growing.

Drs Hu and Persky present a balanced approach to 
paragangliomas of the head and neck. Although they 
are generally benign, these tumors can also cause sig-

nificant morbidity. The authors underscore that an ex-
perienced multidisciplinary team should manage these 
tumors because these specialists can present patients 
with all the available care options, including observa-
tion alone. Drs Hu and Persky also provide algorithmic 
plans of care for radiotherapy or surgery in optimally 
selected patients.

Dr Mifsud and colleagues provide a review on the 
broad and complex topic of salivary gland cancers, an 
interesting group of tumors typically managed with 
surgery. The role of adjuvant radiotherapy and chemo-
therapy has evolved in this setting. 

We hope you find this issue of Cancer Control to 
be helpful in your practice of head and neck oncology. 

Louis B. Harrison, MD
Department Chair, Radiation Oncology
H. Lee Moffitt Cancer Center & Research Institute
Tampa, Florida
Louis.Harrison@Moffitt.org

Jimmy J. Caudell, MD, PhD
Section Head, Head and Neck Cancer
Department of Radiation Oncology
H. Lee Moffitt Cancer Center & Research Institute
Tampa, Florida
Jimmy.Caudell@Moffitt.org
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The Radiation Oncology Program holds weekly conferences to discuss cases where physician input is ob-
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professional, quality patient care and very high rates of patient satisfaction.
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To schedule a patient appointment with a physician in the Radiation Oncology Program, 
call the new Patient appointment Center at 813-745-3980 or 888-860-2778 (during normal business hours).

For information about clinical trials, call 813-745-4106.

www.MOFFITT.org

Research 

The Radiation Oncology Program participates as a full-member Radiation Therapy Oncology Group (RTOG) 
institution and has many national protocols open for enrollment at Moffitt Cancer Center. Faculty members 
are principal investigators or co-investigators on several RTOG trials and have investigator-initiated trials that 
cover the spectrum of human cancer.

The program performs cancer control research in the areas of screening, quality of life, survivorship/late 
effects, toxicity assessment and intervention, patient decision-making, older adult/comorbidity research, and 
under-served populations. The department is also pioneering the Future of Radiation Therapy project, which 
focuses on developing personalized medicine programs specific to radiotherapy and cancer care.
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new treatments before they are made widely available in other settings. The department is also a high-volume 
surgery center, and its head and neck surgeons are regarded among the best in the nation.
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Research 

As a recognized leader in performing groundbreaking cancer research, Moffitt Cancer Center has a nation-
ally acclaimed clinical trials program with active protocols for various types of head and neck cancers. For 
instance, our researchers are studying:

•  New surgical techniques
•  New radiation delivery methods
•  New chemotherapy drugs, drug combinations, and dosages
•  Emerging treatments, such as gene therapy
•  New ways to prevent cancer recurrence

Examples of active clinical studies at Moffitt include:

Clinical trial no. Study title 

17716 A Biomarker-Related Approach to Screening for HPV-Related Oropharyngeal Cancer

17799 A Phase I Dose Escalation Trial of Stereotactic Body Radiotherapy and Concurrent Cisplatin for Re-Irradiation 
of Unresectable, Recurrent Squamous Cell Carcinomas of the Head and Neck

17902 Phase 1 Study of the Safety and Tolerability of ATR-101 in Adrenocortical Carcinoma

17985 A Phase 1/2 Study Exploring the Safety, Tolerability, and Efficacy of INCB024360 in Combination With 
MEDI4736 in Subjects With Selected Advanced Solid Tumors

17986 Phase 1 Study of Mogamulizumab (KW-0761) in Combination With MEDI4736 and Mogamulizumab in 
Combination With Tremelimumab in Subjects With Advanced Solid Tumors

18227 Randomized Phase II and Phase III Studies of Individualized Treatment for Nasopharyngeal Carcinoma 
Based on Biomarker Epstein Barr Virus (EBV) Deoxyribonucleic Acid (DNA)

18502 A First-in-Human Study of Repeat Dosing With REGN2810, a Monoclonal, Fully Human Antibody to Pro-
grammed Death - 1 (PD-1), as Single Therapy and in Combination With Other Anti-Cancer Therapies, in 
Patients With Advanced Malignancies

18513 Multicenter Phase II Study of Nivolumab in Previously Treated Patients With Recurrent and Metastatic 
Nasopharyngeal Carcinoma

18527 Non-Comparative, Two-Cohort, Single-Arm, Open-Label, Phase 1/2 Study of Nivolumab (BMS-936558)  
in Subjects With Virus-Positive and Virus-Negative Solid Tumors

18572 A Phase III Randomized, Open-Label, Multi-Center, Global Study of MEDI4736 Alone or in Combination With 
Tremelimumab vs Standard of Care in the Treatment of First-Line Recurrent or Metastatic Squamous Cell 
Head and Neck Cancer Patients (KESTREL)

NCT01220583 Radiation Therapy With or Without Chemotherapy in Treating Patients With High-Risk Malignant Salivary 
Gland Tumors That Have Been Removed by Surgery

NRG-HN002 Reduced-Dose Intensity-Modulated Radiation Therapy With or Without Cisplatin in Treating Patients With 
Advanced Oropharyngeal Cancer

To schedule a patient appointment with a physician in the Department of  Head and Neck and Endocrinology,
call the New Patient Appointment Center at 813-745-7360 or 1-888-860-2778 (during normal business hours).

www.MOFFITT.org
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The prevalence of HPV-positive OPC  

continues to increase at an epidemic rate.

Management of Oropharyngeal Cancer in the HPV Era
Arash O. Naghavi, MD, Tobin J. Strom, MD, Kamran A. Ahmed, MD, Michelle I. Echevarria, MD,  

Yazan A. Abuodeh, MD, Puja S. Venkat, MD, Jessica M. Frakes, MD, Louis B. Harrison, MD,  
Andy M. Trotti, MD, and Jimmy J. Caudell, MD, PhD 

Artwork courtesy of Arthur Pina de Alba. www.arthurpinadealba.com.

Background: Historically, oropharyngeal cancer (OPC) has been attributed to risk factors such as smoking 
and alcohol use. The increased incidence of OPC has been driven by human papillomavirus (HPV) infection. 
Methods: A search of the literature involving HPV infection and OPC was performed, along with a search of 
ongoing clinical trials regarding HPV-positive OPC.
Results: This review summarizes the differences in epidemiology and prognosis of HPV-positive OPC com-
pared with non–HPV-related OPC. It will also discuss use of de-escalating treatment to minimize toxicity while 
maintaining excellent outcomes. Disease management is also addressed, including prevention and follow-up 
recommendations for this cohort of patients.
Conclusions: HPV-positive OPC is a distinct disease, and efforts should be made to personalize its manage-
ment. Preventive measures and vaccinations, along with de-escalation of treatment, may help optimize out-
comes in this population.

Introduction
In 2016, an estimated 48,330 new cases of head and 
neck cancers will be diagnosed in the United States 
and 9,570 deaths are likely to be reported.1 Worldwide, 
head and neck cancers are the eighth leading cause of 
cancer-related deaths.2 Historically, head and neck can-
cers were largely attributed to the use of tobacco and 
alcohol.3 However, despite decreasing tobacco use, the 
incidence of oropharyngeal cancer (OPC) continues to 
rise. Today, up to 72% of persons with OPC lack the 
traditional risk factors of tobacco and alcohol use, with 

carcinogenesis driven by infection with human papil-
lomavirus (HPV).4,5 The incidence of HPV-related OPC 
has increased at an epidemic rate.4,5 HPV status is now 
recognized as the single most prognostic factor for out-
come in OPC, although it has not yet been included in 
staging or treatment considerations.6-12 

Patients with HPV-positive OPC are diagnosed at 
a younger age and have significantly better overall out-
comes, making the decision to undergo de-escalation 
of radiotherapy (RT), chemotherapy, or surgery particu-
larly important in this population.13-15 Alternatively, the 
addition or substitution of other novel therapies such as 
immunotherapy or targeted agents in combination with 
RT may be ideal in this virally driven cancer. Consider-
ation of preventive measures, such as vaccination to de-
crease HPV incidence, is an important measure.16

Epidemiology 
HPV infection has been historically associated with 
some anogenital carcinomas, but it has also become 
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Department of Radiation Oncology, Tampa, Florida.

Address correspondence to Arash O. Naghavi, MD, Department of 
Radiation Oncology, Moffitt Cancer Center, 12902 Magnolia Drive, 
Tampa, FL 33612. E-mail: Arash.Naghavi@Moffitt.org 

Submitted February 7, 2016; accepted April 5, 2016.

No significant relationships exist between the authors and the com-
panies/organizations whose products or services may be referenced 
in this article.



198  Cancer Control July 2016, Vol. 23, No. 3

recognized as a risk factor for head and neck cancers.17 
The overall worldwide prevalence of HPV infection in 
persons with head and neck cancers is approximately 
26%, with the highest percentage among those with 
OPC (35.6%), and OPC is most commonly attributed 
to the HPV-16 strain (86.7%).18 Other strains, such as 
HPV-18, -31, -33, -35, -39, -45, -51, -52, -56, -58, and -59, 
have also been implicated in head and neck carcino-
genesis.19 The prevalence of HPV in head and neck 
cancers differs based on geographical site, with North 
America having a higher prevalence of HPV-associated 
OPC than Europe and Asia.18 From 1988 to 2004, the 
United States saw a 50% decrease in the incidence of 
HPV-negative head and neck cancers and a 225% in-
crease in HPV-positive OPC.20 If this trend continues 
in the United States, the rate of HPV-positive OPC is 
expected to surpass cervical cancer by 2020.20 Patients 
with HPV-positive OPC are more likely to be younger 
(by 4–10 years),10,21 male (5:1 male to female),20,22 and 
white.20,23 

The rising incidence of HPV-associated OPC is 
likely a consequence of changing sexual practices. 
HPV is a known sexually transmitted infection: Oral 
HPV prevalence appears during the ages of sexual ac-
tivity initiation, with 1.5% at 12 to 15 years of age, 3.3% 
at 16 to 20 years, and 4.5% at 21 years or older.24 As part 
of the National Health and Nutrition Examination Sur-
vey, a study found a prevalence of oral HPV infection 
as high as 6.9% in participants aged 14 to 69 years.22 
Oral HPV infection has been associated with an in-
creasing number of lifetime oral and vaginal sex part-
ners and, in men aged 18 to 23 years, was also associ-
ated with open-mouth kissing.25 In a case-control study 
of HPV infection and OPC, D’souza et al26 showed that 
OPC was associated with an increasing lifetime num-
ber of oral sex partners (≥ 6 partners; odds ratio [OR] 
3.4; 95% confidence interval [CI], 1.3–8.8; P = .009) 
and vaginal sex partners (≥ 26 partners; OR 3.1; 95% 
CI, 1.5–6.5; P = .002), as well as oral infection with any 
type of HPV (OR 12.3; 95% CI, 5.4–26.4). 

After HPV is transmitted via sexual contact, the 
virus infects the epithelial lining of the oropharynx. 
The epithelial crypts that cover the base of the tongue 
and tonsils are more susceptible to infection be-
cause of easier access to the basal epithelial layer and 
they serve as a viral reservoir.27 In a healthy adult,  
65% to 80% of oral HPV infections will clear within 
12 months, but a significant decline in clearance rates 
is seen in immunocompromised patients.28 

Outcomes in Oropharyngeal Cancer in  
Association With Human Papillomavirus Status
Retrospective Analysis
The initial retrospective data showing the prognostic 
value of HPV infection in OPC led multiple groups to 
investigate HPV status in previously completed pro-

spective trials. HPV-positive OPC is prognostic for im-
proved outcomes compared with HPV-negative OPC in 
the setting of postoperative RT,7 concurrent chemora-
diation,10,29,30 RT alone,6,31 and induction chemothera-
py followed by chemoradiation.32,33 Most studies show 
that HPV infection is independently prognostic for im-
proved disease-free survival (DFS) and overall survival 
(OS), but some also show a benefit in locoregional fail-
ure (LRF) and distant metastasis (Table 1).10,14,29,30-34

Radiation Alone: In a phase 3 trial conducted by 
the Radiation Therapy Oncology Group (RTOG), pa-
tients with head and neck squamous cell carcinoma 
(SCC) were randomized to 4 different fractionation 
regimens: standard fractionation (70 Gy), concomitant 
boost (72 Gy), split-regimen hyperfractionation (67.2 
Gy), or hyperfractionation (81.6 Gy).31 From this tri-
al, Gillison et al31 reviewed 190 evaluable patients by 
p16 expression, of which 75 (39.5%) were p16 posi-
tive. Positive p16 expression predicted improvements 
in rates of 5-year LRF (28.9% vs 54.9%; P < .001), DFS 
(43.6% vs 19.0%), and OS (49.0% vs 19.6%), but p16 ex-
pression showed no difference in distant metastasis 
(11.0% vs 13.0%; P = .71) or second primary tumors 
(13.8% vs 11.4%; P = .4).31

Lassen et al14 evaluated the relationship of p16 sta-
tus from 2 previous phase 3 trials (Danish Head and 
Neck Cancer Group [DAHANCA] 5 and 7). DAHANCA 
5 enrolled 414 patients who were randomized to con-
ventionally fractionated RT (5 fractions/week) with or 
without the hypoxic radiosensitizer nimorazole.35 Be-
cause this trial showed improved outcomes with the 
addition of nimorazole, the agent was added to both 
arms of DAHANCA 7, which randomized 786 patients 
to conventional RT (5 fractions/week) vs acceler-
ated RT (6 fractions/week) to a dose of 66 to 68 Gy.14 
The retrospective analysis of the 2 trials consisted 
of 336 patients with OPC evaluable by p16 assays, of 
which 120 (36%) were positive for p16.14 In this study, 
p16-positive tumors were smaller in size (P < .0002), 
more likely to have nodal spread (P < .02), and had an 
improved rate of 5-year locoregional tumor control 
(72% vs 38%; P < .001).14 On multivariate analysis, the 
presence of p16-positive OPC independently pre-
dicted a benefit in LRF (hazard ratio [HR] 0.29; 95% 
CI, 0.19–0.44), tumor site failure (HR 0.24; 95% CI,  
0.14–0.42), disease-specific death (HR 0.28; 95% CI, 
0.17–0.41), and OS (HR 0.31; 95% CI, 0.23–0.41; 
P < .0001).14 In a larger subset that included data from 
all 794 patients with head and neck SCC analyzed 
from the DAHANCA 6 and 7 trials, accelerated frac-
tionation was observed to have an LRF benefit in both 
the p16-positive and p16-negative groups, along with a 
disease-specific survival benefit in p16-positive tumors.6

Concurrent Chemotherapy: In a phase 3 tri-
al, the RTOG randomized patients with stage III/IV 
head and neck SCC to standard fractionation RT 
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with 3 cycles of cisplatin or accelerated RT with 2 cy-
cles of cisplatin.10 No difference was seen in outcomes 
between the 2 arms; therefore, the arms were pooled 
in this retrospective analysis. Of the 721 patients en-
rolled, 323 had evaluable OPC specimens: 206 (63.8%) 
were positive for HPV infection (via in situ hybrid-
ization).10 HPV-positive tumors had improved rates of 
3-year LRF (13.6% vs 35.1%; P < .001), DFS (73.7% vs 
43.4%; P < .001), and OS (82.4% vs 57.1%; P < .001).10 
HPV status was not associated with distant metastasis 
at 3 years (8.7% vs 14.6%; P = .23).10 In 214 study par-
ticipants (66%), this study also showed that elevated 
p16 expression (via immunohistochemistry) was more 
prognostic for both DFS and OS than HPV status.10 The 
authors suggest that HPV-16 in situ hybridization has 
a high sensitivity rate for HPV-16, but non–HPV-16 

may have been misclassified as being negative for 
HPV, thus accounting for HPV-16-negative study par-
ticipants with elevated p16 expression.10 This study 
was one of the first to use recursive partitioning 
analysis to stratify study participants with OPC into 
risk groups based on stage, smoking status, and p16 
status.10 

In another phase 3 trial conducted by the RTOG, 
patients with stage III/IV head and neck SCC were ran-
domized to accelerated RT (mainly 70 Gy in 6 weeks 
or 72 Gy in 6 weeks via concomitant boost) and con-
current cisplatin (100 mg/m2 on days 1 and 22) with 
or without cetuximab (400 mg/m2 loading dose the 
week before RT, then 250 mg/m2 per week during 
RT).29 No difference was seen in outcome between 
the 2 arms. Of the 891 study participants analyzed, 

Table 1. — Retrospective Analysis of Select Cooperative Trials of OPC

Study RCT 
Phase

Location No. of 
Patients 

(Oro-
pharynx)

Method 
of HPV 
Detec-

tion

HPV+ 

OPC,  
%

Treatment, 
Type (%)b

Systemic 
Therapy

RT 
Dose, 

Gy

Follow-
Up,  
mo

OS 
Rate

HPV+ 
HR 

(95% 
CI)

5-y 
DFS

HPV+ 
HR

LRF

Ang10 3 United 
States

323 ISH
p16

63.8 Cisplatin + 
RT (SFX) 
(50) (B) 
Cisplatin + 
RT (AFX-C) 
(50)

Concurrent: 
Cisplatin  
(d 1 and 22)
Cisplatin  
(d 1 and 22)

(A) 70 
(SFX)
(B) 72 
(AFX-C)

57.6 3-y: 
82.4% 
vs 
57.1%
P  < .001

0.42 
(0.27–
0.66)
P  < .001

3-y: 
73.7% 
vs 
43.4%
P  < .001

0.49 
(0.33–
0.74)
P  < .001

3-y: 
13.6% 
vs 
35.1%
P  < .001

Ang29 3 United 
States

321 p16 73.2 Cisplatin + 
RT (49) 
Cisplatin + 
cetuximab + 
RT (51)

Concurrent: 
Cisplatin  
(d 1 and 22) 
Cisplatin  
(d 1 and 22) + 
cetuximab  
( loading 
dose fol-
lowed by 
wkly dose)

70–72 
(AFX-C)

28.8 3-y: 
85.6% 
vs 
60.1%
P  < .001

0.32 
(0.20–
0.51)
P  < .001

3-y: 
72.8% 
vs 
49.2%
P  < .001

0.49 
(0.33–
0.71)
P  < .001

3-y: 
17.3% 
vs 
32.5%
P  < .001 

Fakhry32 2 United 
States

62 ISH
p16

61.0 Induction 
chemo-
therapy + 
chemoRT

Induction: 
Carboplatin 
(AUC 6) and 
paclitaxel 
(intravenous) 
for 2 cycles  
(d 1 and 21)
Concurrent: 
paclitaxel 
(wkly)

70 (SFX) 39.1 — 0.39 
(0.15–
1.05)
P = .06

— 0.38 
(0.12–
1.15)
P = .09

—

Gillison31 3 United 
States

190 p16 39.5 SFX (22) 
HFX (29) 
AFX-S (26) 
AFX-C (23)

None 70 (SFX) 
81.6 
(HFX) 
67.2 
(AFX-S) 
72  
(AFX-C)

111.6 5-y: 
49%  
vs 
19.6%
P = .02

0.61 
(0.42–
0.89)
P = .02

5-y: 
43.6% 
vs  
19%

0.65 
(0.45–
0.93)
P = .02

5-y: 
28.9  
vs 
54.9%
P  < .001

Lassen14 3 Denmark 336 p16 36.0 RT (SFX) 
(65)
RT (AFX) 
(35)

78%  
nimorazole

66–68 
5 frac-
tions/wk 
6 frac-
tions/wk

30.4 — 0.31 
(0.23–
0.41)
P   < .0001

— — 5-y: 
28%  
vs  
62%
P  < .001

continued on next page
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321 (36%) had OPC assessable by p16 assays, and, of 
these, 235 (73.2%) were p16 positive.29 Study patients 
with p16-positive OPC had improved rates of 3-year 
LRF (17.3% vs 32.5%; P < .001), DFS (72.8% vs 49.2%; 
P < .001), and OS (85.6% vs 60.1%; P < .001).29 This 
was one of the first studies to show a significant as-
sociation between p16 and distant metastasis rate 
(3 years: 6.5% vs 17.0%; P = .005).29 

The Trans Tasman Radiation Oncology Group con-
ducted a phase 3 trial that randomized patients with 
stage III/IV head and neck SCC to standard RT (70 Gy 
in 35 fractions in 7 weeks) concurrently with either 
standard bolus cisplatin (100 mg/m2 on day 1 of weeks 
1, 4, and 7) or decreased dosage of cisplatin (75 mg/m2 
on day 1 of weeks 1, 4, and 7) in addition to tirapaza-
mine (290 mg/m2 on day 1 of weeks 1, 4, and 7 and 
160 mg/m2 3 times a week for weeks 2 and 3).30 A total 
of 465 study patients with OPC received treatment, and 
185 (40%) specimens were evaluable and received at 
least 60 Gy of radiation; of these, 106 (57%) were posi-
tive for p16 expression (via immunohistochemistry).30 

Overall, 2-year DFS (87% vs 72%; P = .003) and OS 
(91% vs 74%; P = .004) benefits were seen in p16-pos-
itive study patients.30 When the 2 arms were individu-
ally compared, the OS benefit of p16-positive tumors 
was significant in the cisplatin-alone arm (89% vs 68%; 
P = .021) but no longer significant in the group receiv-
ing tirapazamine (94% vs 80%; P = .36).30 A trend for 
improved locoregional control was seen in the tira-
pazamine arm among study participants negative for 
p16 (HR 0.33; 95% CI, 0.90–1.24; P = .13).30 

Induction Chemotherapy: The Eastern Coop-
erative Oncology Group (ECOG) conducted a phase 2 
trial to determine outcomes with induction chemora-
diotherapy in patients with resectable stage III/IV SCC 
of the larynx and oropharynx.32 Of the 111 patients en-
rolled, Fakhry et al32 was able to evaluate 96 patients, 
62 (64.5%) of whom had OPC. Study patients under-
went 2 cycles of induction chemotherapy (carboplatin/
paclitaxel) followed by concurrent RT (70 Gy in 35 frac-
tions in 7 weeks) and weekly paclitaxel.32 HPV status, 
defined by in situ hybridization and p16 status, was 

Lohaus34,a — Germany 126 PCR 48.0 Surgery 
+ PORT + 
cisplatin

Concurrent 
cisplatin

64 
(SFX)

47.0 — 0.36 
(0.17–
0.73)

P < .01

— — HR 0.09 
(0.01–
0.74)

P = .03

Posner33 3 United 
States

111 PCR 50.5 Induction TPF 
+ chemoRT 
(49) 

Induction PF 
+ chemoRT 
(51)

Induction:  
3 cycles 
of PF  
(daily for 
4–5 d) ± 
docetaxel

Concurrent: 
carboplatin 
(1.5 AUC 
wkly for  
7 wk)

70–74 
(SFX)

83.0 5-y: 
82% 
vs 35%

P < .0001

0.2 
(0.1–
0.38)

P  < .0001

5-y: 
78%  
vs 28%

P  < .001

— 5-y: 
13%  
vs  
42%

P  < .0006

Rischin30 3 United 
States

Canada

Australia

New 
Zealand

Europe

185 PCR

p16

57.0 Concurrent 
standard 
cisplatin 
+ RT

Concurrent 
lower-dose 
cisplatin + 
tirapazamine 
+ RT

Concurrent: 
Cisplatin  
(d 1 of wk 1, 
4, and 7)

Cisplatin  
(d 1 of wk 1, 
4, and 7) + 
tirapazamine 
(d 1 of  
wk 1, 4, and 7; 
3x/wk for 
wk 2 and 3)

70 
(SFX)

29.0 2-y: 
91%  
vs  
74%

P  = .004

0.43 
(0.02–
0.93)

P  = .031

2-y: 
87%  
vs 72%

P  = .003

0.39 
(0.20–
0.74)

P  = .003

 
aMulticentered retrospective trial.  
bPercentage in each subgroup. 
AFX-C = accelerated fractionation with concomitant boost, AFX-S = accelerated fractionation with split radiotherapy, AFX = accelerated fractionation,  
AUC = area under the curve, CI = confidence interval, DFS = disease-free survival, HPV = human papillomavirus, HR = hazard ratio, HFX = hyperfractionation, 
ISH = in situ hybridization, LRF = locoregional failure, OPC = oropharyngeal cancer, OS = overall survival, PCR = polymerase chain reaction, PF = cisplatin/
fluorouracil, PORT = postoperative radiotherapy, RCT = randomized controlled trial, RT = radiotherapy, SFX = standard fractionation, TPF = docetaxel/ 
cisplatin/fluorouracil.

Table 1. — Retrospective Analysis of Select Cooperative Trials of OPC, continued

Study RCT 
Phase

Location No. of 
Patients 

(Oro-
pharynx)

Method 
of HPV 
Detec-

tion

HPV+ 

OPC,  
%

Treatment, 
Type  
(%)b

Systemic 
Therapy

RT 
Dose, 

Gy

Follow-
Up, mo

OS 
Rate

HPV+ 
HR 

(95% 
CI)

5-y 
DFS

HPV+ 
HR

LRF
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positive in 38 (61%) of the study patients with OPC.32 
Study patients positive for HPV infection had a higher 
response rate to induction chemotherapy (82% vs 55%; 
P = .01) and rate of 2-year OS (95% vs 62%; P = .005).32 

Posner et al33 conducted a phase 3 trial that ran-
domized patients with stage III/IV head and neck 
SCC into 2 arms of induction chemotherapy docetaxel 
75 mg/m2/cisplatin 100 mg/m2/fluorouracil 1000 mg/m2 

for 4 days vs cisplatin 100 mg/m2/fluorouracil 1000 mg/m2 

for 5 days every 3 weeks for 3 cycles, followed by concur-
rent RT (70–74 Gy in 7–7.5 weeks) and weekly carbopla-
tin (area under the curve = 1.5).33 Of the 264 study pa-
tients with OPC, 111 of those specimens were evaluable; 
of those, 56 (50%) were positive for HPV-16 on reverse 
transcriptase–polymerase chain reaction.33 Study pa-
tients positive for HPV infection had improved rates of 
5-year LRF (13% vs 42%; P = .0006), DFS (78% vs 28%; 
P < .001), and OS (82% vs 35%; P < .001).33 Although 
study patients with HPV-positive OPC had a lower rate 
of distant metastasis (5% vs 11%), this result was not 
significant.33

Meta-Analysis
Two meta-analyses examined the relationship between 
HPV and head and neck SCC outcomes. Ragin et al36 
evaluated 23 studies and showed that HPV-positive 
head and neck SCC was associated with an improved 
outcome when compared with HPV-negative head and 
neck SCC with regard to DFS (HR 0.62; 95% CI, 0.5–0.8) 
and OS (HR 0.85; 95% CI, 0.7–1.0). A more recent meta-
analysis that included 42 studies found a more pro-
nounced DFS (HR 0.41; 95% CI, 0.27–0.64) and OS 
(HR 0.43; 95% CI, 0.35–0.52) benefit in patients with 
HPV-positive head and neck SCC.37 In this meta-analy-
sis, little difference was seen when comparing the sur-
vival rates of the studies that adjusted for risk factors 
(age, sex, smoking, alcohol, stage) to those that did not, 
suggesting that the benefit seen in patients positive for 
HPV infection may be largely attributable to the HPV 
infection itself.37 

Current De-Escalation Trials for Human  
Papillomavirus–Positive Oropharyngeal Cancer
Substituting Cisplatin With Cetuximab
The addition of cisplatin to RT has been shown to im-
prove rates of survival in head and neck cancers by 
5% to 8% but at the cost of significant adverse events, 
including ototoxicity (23%–50%), peripheral neuropa-
thy (30%–86%), nephrotoxicity (20%–41%), and my-
elosuppression (< 5%).38,39 These toxicities have led to 
the investigation of alternative systemic agents, such 
as cetuximab, which is a monoclonal antibody that 
targets epidermal growth factor receptor. A phase 
3 study of locally advanced head and neck cancers 
found that adding cetuximab to RT prolonged rates 
of locoregional control, DFS, and OS.40 With the ex-

ception of acneiform rash and infusion reactions, ce-
tuximab was well tolerated with little additional tox-
icity.40 This study did not evaluate outcome in terms 
of HPV status but did show an enhanced benefit in 
younger age (< 65 years) and those with OPC, a find-
ing that suggests an agent could be used to effec-
tively treat patients with HPV-positive OPC.40 A ret-
rospective analysis of this trial showed a benefit with 
cetuximab in both p16-positive and p16-negative study 
patients with respect to rates of locoregional control, 
DFS, and OS.41 Previous studies have shown that epi-
dermal growth factor receptor has a higher expres-
sion in those who smoke42 and is inversely related to 
HPV status,43,44 which may explain the limited efficacy 
of cetuximab in HPV-positive cervical cancers.45,46 In 
a trial conducted by the RTOG, the addition of cetux-
imab to chemoradiotherapy showed no benefit in the 
setting of HPV-positive OPC.29 

Several ongoing phase 3 trials are investigating 
outcomes in patients with stage III/IV HPV-positive 
OPC and are comparing standard concurrent cis-
platin with cetuximab (NCT01855451, NCT01302834, 
NCT01874171). Table 2 details several ongoing trials 
(as of publication) studying the effect of de-escalation 
in the setting of HPV-positive OPC (NCT01302834, 
NCT01874171, NCT01855451, NCT01530997, 
NCT01088802, NCT01891695, NCT02254278, 
NCT01706939, NCT01084083, NCT01898494, 
NCT02215265, NCT01687413). One study, RTOG 1016, 
enrolled patients with p16-positive stage III/IV OPC-
SCC (excluding T1–2 N1 or M1 disease) treated with ac-
celerated intensity-modulated radiotherapy (IMRT; 
70 Gy in 35 fractions in 6 weeks) and then randomized 
them to 2 cycles of bolus cisplatin (100 mg/m2 on days 
1 and 22) or weekly cetuximab (400 mg/m2 loading 
dose then 250 mg/m2 weekly; NCT01302834). This was 
a noninferiority trial with a primary end point of OS 
and the goal of determining whether substituting ce-
tuximab for cisplatin allows for a decrease in morbidity 
without sacrificing survival. This is similar to the trial 
being performed in the United Kingdom, which 
has enrolled patients with stage III/IV p16-positive 
OPC-SCC treated with accelerated IMRT and then ran-
domized to either 3 cycles of bolus cisplatin vs weekly 
cetuximab (NCT01874171). Higher-risk patients, de-
fined as having M1 disease or a smoking history longer 
than 10 pack-years or those with greater than N2a stag-
ing, were excluded from this study. The primary end 
point is severe acute and late toxicity (grades 3–5), with 
secondary end points of survival and disease control. 
A similar trial located in Australia will study patients 
with standard fractionated RT (70 Gy in 35 fractions in 
7 weeks) who are randomized to either weekly cisplatin 
(40 mg/m2) or weekly cetuximab, with the primary end 
point of toxicity and secondary end points of survival 
and locoregional control (NCT01855451). 
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continued on next page

Table 2. — Ongoing De-Escalation Trials for HPV-Positive OPC-SCC

Trial (NCT 
No.)

Phase No. of 
Study 

Patients

Outcome 
Measure

Study Aim Study Design Deintensi-
fication

Medication Radiation 
Dose/

Fraction

Inclusion 
Criteria

Method 
of HPV 

Detection

Substitution of Cisplatin With Cetuximab

De-ESCALaTE: 
Cet vs Cis 
Toxicity 
(NCT01874171)

3 304 Cost
LRC 
QOL
OS
Toxicity  
(≥ grade 3)

Compare 
toxicity and 
outcomes 
between 
cisplatin and 
cetuximab 
with acceler-
ated RT

RT +  
cetuximab 
RT +  
cisplatin

Cisplatin to 
cetuximab

Cisplatin  
(3 wk for  
3 cycles)
Cetuximab  
(loading dose 
before RT, 
then wkly  
with RT)

70 Gy in  
35 fractions  
in 6/wk

Stages III–
IVa (T3N0–
T4N0, T1N1–
T4N3)
If smoking 
history > 10 
py: N0–N2a

p16

RTOG1016 
(NCT01302834)

3 706 DFS
Distant 
metastasis
LRC
OS
Toxicity

Compare 
toxicity and 
outcomes 
between 
cisplatin and 
cetuximab 
with acceler-
ated RT

RT +  
cetuximab
RT +  
cisplatin

Cisplatin to 
cetuximab

Cisplatin (3 wk 
for 2 cycles)
Cetuximab 
(loading dose 
before RT, 
then wkly  
with RT)

70 Gy in  
35 fractions 
in 6/wk

Stage III 
(excluding 
T1–2N1)  
or M1

p16

TROG 12.01/ 
ACTRN1261300- 
0279729  
(NCT01855451)

3 200 DFS
LRF
QOL
OS
Toxicity

Compare 
toxicity and 
outcomes 
between 
cisplatin and 
cetuximab 
with conven-
tional RT

RT +  
cetuximab 
RT +  
cisplatin

Cisplatin to 
cetuximab

Intravenous 
cisplatin  
(wkly)
Cetuximab  
(intravenous  
loading dose 
before RT, 
then wkly  
during RT)

70 Gy in  
35 fractions  
in 7 wk

Smoking  
history ≤ 10 py, 
stage III 
(excluding 
T1–2N1) 
or stage IV 
(excluding 
T4, N3, M1)
Smoking  
history > 10 
py: N0–N2a

p16

Deintensification of Chemoradiotherapy

LCCC1120 
(NCT01530997)

2 43 Complete 
pathological 
response 
rate
DSS
LRC
OS
QOL

Determine 
response 
and toxic-
ity with 
de-escalated 
RT

RT +  
cisplatin

RT dose Intravenous 
cisplatin  
(wkly)

54–60 Gy in 
30 fractions

T0-3
N0-2c
M0 
Smoking  
history  
≤ 10 py or 
> 5 y of 
abstinence

HPV DNA 
p16
HPV DNA + 
p16

J0988 
(NCT01088802)

2 60 Adverse 
events
Late toxicity 
(≥ grade 3)
QOL 

Determine 
response and 
toxicity with 
de-escalated 
RT

RT  
(de-escalated)  
+ cisplatin

RT dose Cisplatin  
(wk 1–3 and 
5–7)

63 and  
50.75 Gy in  
35 fractions  
in 7 wk

T1-3
Any resect-
able node

HPV DNA 
p16
HPV DNA + 
p16

NRG-HN002 
(NCT02254278)

2 296 Distant 
metastasis
HPV bio-
markers
LRC
OS
PFS
Toxicity

Determine 
if cisplatin 
is needed in 
lowered RT 
dose

SFX RT + 
cisplatin 
AFX RT

RT dose ± 
cisplatin

Intravenous 
cisplatin (wkly)
None

60 Gy/ 
30 fractions  
in 6 wk
60 Gy/ 
30 fractions  
in 5 wk

Stages 
III–IVa 
T1–2N1–2b
T3N0–2b
Smoking  
history  
< 10 py

p16

UVA-16766 
(NCT01891695)

1 45 N0 nodal 
control rate 
PFS 
Toxicity

Determine 
response and 
toxicity with 
de-escalated 
elective  
nodal RT

RT Elective 
nodal RT

Unspecified 39.6 Gy Stages I–IVb p16
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Induction Chemotherapy Followed by Low-Dose RT

ECOG1308 
(NCT01084083)

2 83 2-y PFS
Biomarkers
OS
QOL
Toxicity

Determine 
if response 
to induction 
chemotherapy 
allows for 
safe RT  
de-escalation

2 cohorts strati-
fied by response 
to induction 
chemotherapy: 
Induction 
chemotherapy 
then concurrent 
cetuximab with 
response-de-
pendent RT dose 
(CR) low-dose 
RT or 
(PR/stable)
standard-dose RT

RT dose Induction: 
3 cycles of 
paclitaxel  
(d 1, 8, 15), 
cisplatin  
(d 1), cetux-
imab (loading 
dose then  
wkly)
Concurrent: 
Cetuximab 
(wkly)

CR: 54 Gy/27 
fractions 
PR/stable: 
66 Gy/33 
fractions

Stages 
III–IVb, 
resectable

HPV DNA 
p16
HPV DNA + 
p16

Quarterback  
Trial 
(NCT01706939)

3 365 Biomarkers
LRC
OS
PFS
Toxicity

Determine 
if response 
to induction 
chemotherapy 
allows for 
safe RT  
de-escalation

2 arms for CR/PR: 
Induction  
chemotherapy 
then carboplatin 
with either  
low-dose RT  
or standard- 
dose RT

RT dose Induction: TPF 
for 3 cycles
Concurrent: 
Carboplatin 
(wkly)

56 Gy/28 
fractions 
70 Gy/35 
fractions

Stages III–IV, 
M0, without 
active  
smoking his- 
tory (< 20 py 
in last 20 y 
or smoked 
within last 2 y

HPV DNA 
p16

Upfront Surgery

ADEPT 
(NCT01687413)

3 496 CSS
DFS
Distant 
metastasis
LRC 
Toxicity

Determine 
if cisplatin 
added to  
low-dose RT 
has benefit  
in ECE+

TORS followed 
by RT 
TORS followed 
by RT + cisplatin

Cisplatin Cisplatin  
(wkly)

60 Gy/30 
fractions  
in 6 wk

T1–4a, SM–, 
N+ with ECE+

p16

ECOG3311 
(NCT01898494)

2 377 OS
PFS
QOL
Surgical 
bleeding
SM+ rate
Toxicity

De-escalation 
of adjuvant 
treatment 
based on his-
topathological 
assessment

3 cohorts  
stratified by risk: 
Surgery  
followed by: 
Low risk:  
Observation 
Intermediate risk:
(A) Low-dose RT 
(B) Standard RT 
High risk: 
Standard RT + 
cisplatin 

RT dose Low/inter-
mediate: None
High: Cisplatin 
(wkly)

Low risk:  
None
Intermediate 
risk:
(A) 50 Gy/25 
fractions
(B) 60 Gy/30 
fractions
High risk:  
60 Gy/30 
fractions 

Stages 
III–IVa

p16

PATHOS 
(NCT02215265)

2/3 242 DFS
OS
QOL
Swallowing 
function 
Toxicity

De-escalation 
of adjuvant 
treatment 
based on 
histopatho-
logical  
assessment

3 cohorts 
stratified by 
risk: 
Surgery  
followed by: 
Low risk: 
Observation 
Intermediate 
risk:  
(A) Low-dose RT 
(B) Standard RT 
High risk:
(A) Standard RT
(B) Standard RT 
+ cisplatin 

RT dose and 
cisplatin

Low/inter- 
mediate: None
High: None
High: Cisplatin 
(wkly)

Low risk:
None
Intermediate 
risk:
(A) 60 Gy/30 
fractions
(B) 50 Gy/25 
fractions
High risk:
(A)/(B)  
60 Gy/30 
fractions 

Stages 
T1–3, 
N0–2b
Exclude 
current 
smokers 
(< 2 y of 
diagnosis) 
with N2b 
disease

p16

 
AFX = accelerated fractionation, CSS = cancer-specific survival, CR = complete response, DSS = disease-specific survival, ECE = extracapsular extension,  
HFX = hyperfractionation, HPV = human papillomavirus, LRC = locoregional control, LRF = locoregional failure, OPC = oropharyngeal cancer, OS = overall survival, 
PFS = progression-free survival, PR = partial response, py = pack year, QOL = quality of life, RT = radiotherapy, SCC = squamous cell carcinoma, SFX = standard 
fractionation, SM = surgical margins, TOR = transoral robotic-assisted surgery, TPF = docetaxel/cisplatin/fluorouracil. 

Table 2. — Ongoing De-Escalation Trials for HPV-Positive OPC-SCC, continued

Trial (NCT 
No.)

Phase No. of 
Study 

Patients

Outcome 
Measure

Study Aim Study Design Deintensi-
fication

Medication Radiation 
Dose/

Fraction

Inclusion 
Criteria

Method 
of HPV 

Detection
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Deintensification of Chemoradiotherapy
Several trials are also attempting to deintensify the ra-
diation dose in the setting of HPV-positive OPC-SCC 
by maintaining weekly cisplatin and de-escalating 
the dose to the primary tumor (LCCC1120, J0988) or 
elective nodes (J0988, UVA-16766). A phase 2 trial en-
rolled patients with HPV-positive OPC-SCC (excluding 
T4, N3, M1 disease) who had a smoking history of no 
more than 10 pack-years or those who used to smoke 
but stopped more than 5 years ago, and then treated 
them with weekly cisplatin (30 mg/m2) and concur-
rent IMRT (60 Gy in 30 fractions; NCT01530997). The 
primary end point was complete pathological response 
rate based on required biopsy of the primary site and 
dissection of pretreatment regions of lymph-node in-
volvement 4 to 14 weeks following chemoradiation. 
The 43 patients enrolled had an 86% (37 of 43) path-
ological response rate and all 6 non–pathological-re-
sponse rate cases had microscopic residual disease 
(1 primary site and 5 nodal sites). At a median follow-
up of 15 months, all study patients were alive and had 
no evidence of disease.47 This trial is similar to an Aus-
tralian study, in which the researchers are de-escalat-
ing study patients to 63 Gy in 35 fractions with concur-
rent weekly cisplatin; severe late toxicity (grade ≥ 3) is 
the primary end point (NCT01088802). Another study is 
also looking at de-escalating elective nodal volumes from 
50.0 to 39.6 Gy in stage I/IVb HPV-positive OPC-SCC 
(NCT01891695). In that study, nodal control is being 
evaluated as the primary end point.

Favorable risk is being investigated in a phase 2 
randomized trial using a de-escalation rate of radia-
tion from 70 to 60 Gy (NCT02254278). In this study, 
participants with stage III/IVa HPV-positive OPC-SCC 
(T12N12b or T3N02b) and a smoking history of no 
longer than 10 pack-years will be randomized to ei-
ther accelerated-fractionation RT alone (60 Gy in 30 
fractions in 5 weeks) or standard-fractionation RT 
(60 Gy in 30 fractions in 6 weeks) with concurrent 
weekly cisplatin (40 mg/m2). The primary objective is 
to select the arm with a 2-year DFS rate of at least 85% 
without unacceptable swallowing toxicity at 1 year. 

Induction Chemotherapy Followed by Lower- 
Dose Radiation
A phase 2 trial conducted by the ECOG has enrolled 
patients with resectable stage III/IVb HPV-positive 
OPC initially treated with 3 cycles of induction pacli-
taxel (90 mg/m2 on days 1, 8, and 15), cisplatin (75 mg/
m2 on day 1), and cetuximab (loading dose 400 mg/m2; 
weekly dose 250 mg/m2) followed by clinical/radio-
logical evaluation (NCT01084083). Patients with a clini-
cal complete response (CR) to induction chemotherapy 
underwent de-escalated RT (54 Gy in 27 fractions) and 
concurrent weekly cetuximab, whereas patients with a 
clinical partial response (PR) or stable disease received 

standard RT to 70 Gy with cetuximab. Preliminary data 
show CRs in 62 of the 80 study patients (78%) and PRs/
stable disease in 15 (18%) of study patients after induc-
tion chemotherapy and then subsequently treated with 
de-escalated and standard RT, respectively. The de-es-
calated RT group had a similar rate of 1-year DFS com-
pared with the standard RT group (91% vs 87%), and 
the rate was even higher in study patients with a smok-
ing history shorter than 10 pack-years (97%). Patients 
with high-risk features, including T4 disease, N2c dis-
ease, and a longer smoking history (>10 pack-years), 
had suboptimal DFS rates between 84% and 88%. Be-
cause this trial altered many variables from standard 
chemoradiotherapy, it is difficult to determine which 
variable could be adjusted to improve outcomes in pa-
tients with HPV-positive disease and high-risk features. 

Following the study data from Posner et al,33 a fol-
low-up phase 3 trial was initiated and enrolled patients 
with stages III/IV HPV-positive OPC-SCC who were 
treated with 3 cycles of induction docetaxel/cisplatin/
fluorouracil followed by clinical/radiological evalua-
tion (NCT01706939). Patients with a PR or CR to induc-
tion chemotherapy will undergo a 2:1 randomization 
of reduced-dose RT (56 Gy/28 fractions) vs standard-
dose RT (70 Gy/35 fractions) with concurrent weekly 
carboplatin. Patients with M1 disease and active smok-
ers (> 20 pack-years during the last 20 years or smok-
ing < 2 years ago) were excluded from the study. The 
primary end point will be the difference in DFS rate 
with reduced-dose RT. 

Upfront Surgery
Minimally invasive surgery, such as transoral robotic-
assisted surgery, was approved in 2009 by the US Food 
and Drug Administration for the treatment of patients 
with T1- to T2-staged OPC. However, up to 80% of pa-
tients may also receive adjuvant RT.48 As of publica-
tion, multiple trials are in progress that will employ 
upfront surgery for OPC and randomize adjuvant treat-
ment strategies based on histopathological features 
(NCT01898494, NCT01687413, NCT02215265). 

A phase 2 trial conducted by the ECOG is stratify-
ing patients with stage III/IVa HPV-positive OPC based 
on pathological findings after surgery (NCT01898494). 
The study participants will undergo upfront transoral 
robotic-assisted surgery and neck dissection and are 
to be stratified into 3 risk groups: low, intermediate, 
and high. The low-risk group (those with T12N01 dis-
ease with negative margins) will receive no further 
treatment. Those defined as having intermediate 
risk (< 1 mm positive extracapsular extension [ECE], 
2–4 positive lymph nodes, perineural/lymphovas-
cular invasion) will be randomized to either low-dose 
IMRT (50 Gy/25 fractions) or standard-dose IMRT 
(60 Gy/30 fractions). Those in the high-risk group 
(positive margins, ECE+ > 1 mm or ≤ 5 positive lymph 
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nodes) will receive IMRT (66 Gy/33 fractions) with 
weekly cisplatin (40 mg/m2). In addition to evaluating 
the DFS rate, they will investigate surgical effective-
ness (margin status) and complication rates such as 
bleeding. 

A UK phase 2/3 trial is randomizing intermediate-
risk patients (T3 or T1–2 with additional risk factors, 
N2a or N2b, close margins [1–5 mm], or perineural/
lymphovascular invasion) to postoperative low-
(50 Gy/25 fractions) or standard-dose RT (60 Gy/ 
30 fractions; NCT02215265). High-risk patients (positive 
margins [< 1 mm]) will be randomized to IMRT 
(60 Gy/30 fractions) with or without weekly cisplatin 
(40 mg/m2). The exclusion criteria for this study are 
those with T4, N2c–3, or M1 disease and those with 
N2b disease who currently smoke. The primary end 
point will be the effect of RT de-escalation on swal-
lowing function and toxicity. 

Among patients with HPV-positive OPC who 
choose to undergo surgery, retrospective data suggest 
no advantage to adjuvant concurrent chemotherapy 
in those with extracapsular extension.49 An ongoing 
phase 3 trial is investigating the optimal adjuvant treat-
ment in persons who are ECE positive (NCT01687413). 
In this study, those with p16-positive OPC-SCC who 
underwent transoral robotic-assisted surgery with neg-
ative margins and who were positive for ECE will be 
randomized to IMRT (60 Gy/30 fractions in 6 weeks) 
with or without weekly cisplatin (40 mg/m2). DFS will  
be the primary end point. 

Future Therapeutic Approaches
Evidence suggests that improved outcomes in patients 
with HPV-positive OPC can be attributed to the 
T-cell–mediated immune response.50 The presence of 
infiltrating T cells may also be prognostic for improved 
outcomes in patients positive for HPV infection.51 
These data suggest that immunomodulators directed 
at activating T cells against HPV may provide an al-
ternative treatment approach for these patients, pre-
sumably with less toxicity than conventional treat-
ment.51 Approaches may include therapeutic vaccines 
specific to HPV, injecting tumor-specific T cells, or by 
inducing T-cell immunity in such patients. 

For example, therapeutic vaccinations targeting 
E6/E7 may induce CR in HPV-infected tumors.52 In head 
and neck cancers, select phase 1 studies are examining 
therapeutic vaccines specific to HPV-infected malig-
nancies, including targets against HPV-16 antigens 
(NCT01598792) or p16INK4a peptides (NCT01462838). 
A phase 2 study is looking at whether a Listeria-
based vaccine for HPV can induce an antigen-specific 
T-cell response in patients with HPV-positive OPC un-
dergoing upfront transoral robotic-assisted surgery 
(NCT02002182). These 2 vaccination trials are evaluat-
ing patient safety and rate of immunogenic effective-

ness to develop targeted treatments to provide alterna-
tive methods of de-escalation RT. 

Two T-cell vaccination studies that include all 
HPV malignancies (cervical, oropharyngeal, vagi-
nal, anal, and penile cancers) are currently underway 
(NCT02280811, NCT01585428). One phase 1/2 trial 
will grow white blood cells from study participants 
and infect them with a retrovirus directed at the tu-
mor (anti-HPV E6) prior to injecting those cells back 
into the study participants to determine the tumor 
response rate (NCT02280811). In another study, 
tumor-infiltrating lymphocytes will be grown ex vivo 
and then reinfused into study participants to evaluate 
response (NCT01585428).  

Programmed death ligand 1 (PDL-1) is a check-
point inhibitor that binds to T cells and can cause de-
creased T-cell function. Anti-PDL-1 can induce an im-
munogenic response in various cancers by improving 
T-cell activity and function.53 PDL-1 expression is com-
mon in HPV-positive OPC, with expression levels high-
er than HPV-negative OPC (49%–70% vs 29%–34%).54-56 
Preliminary analysis in a phase 1b multicohort study 
involving pembrolizumab showed that 99 study pa-
tients with recurrent/metastatic head and neck cancers 
had a response rate of 18.2%, regardless of HPV status 
(NCT01848834). Future studies may focus on the ef-
fectiveness of anti-PDL-1 in patients with HPV-positive 
OPC, especially in the upfront adjuvant setting. 

Management of Human Papillomavirus– 
Positive Oropharyngeal Cancer 
Prevention
HPV-associated OPC has a different set of risk factors 
than conventional head and neck cancers. It is impor-
tant to educate patients on the risk factors associated 
with this disease and recommend safe sexual practic-
es, as well as help them to understand how to mini-
mize their exposure to tobacco and alcohol products. 
HPV-induced malignancies have been studied in other 
disease sites for decades. Preventive measures, such 
as HPV vaccines, can reduce the risk of HPV infection 
and theoretically decrease the incidence of HPV-asso-
ciated OPC.24 

The most common vaccines for HPV are bivalent 
(HPV-16, -18), tetravalent (HPV-6, -11, -16, -18), and 
9-valent (HPV-6, -11, -16, -18, -31, -33, -45, -52, -58).57 
Initially, recommendations for HPV vaccines were ad-
vocated for adolescent females for the prevention of 
cervical cancer; however, the US Food and Drug Ad-
ministration has approved HPV vaccines for use in 
both sexes to prevent the spread of infection and sub-
sequent malignancy.24,58 The Advisory Committee on 
Immunization Practices recommends HPV vaccination 
be initiated at the age of 11 or 12 years, but the vac-
cine can be started as early as 9 years of age and as late 
as 26 years of age.57 Healthy males are recommended 
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to undergo vaccination up to 21 years of age, whereas 
females and high-risk males (those who are immuno-
compromised, men who have sex with men) are rec-
ommended up to 26 years of age.57 Contraindications 
to the vaccine include pregnancy and immediate hy-
persensitivity reaction.57 

A randomized controlled trial in Costa Rica 
showed that the bivalent vaccination of women had a 
significantly decreased prevalence of oral HPV infec-
tion and a vaccine effectiveness rate of 93.3%.16 Be-
cause oral HPV infection can increase the risk of OPC 
by 1200%, HPV vaccination may aid in the prevention 
of oropharyngeal malignancy in addition to anogenital 
malignancies.26 Overall, HPV vaccination is a relatively 
safe preventive measure and should be considered in 
all adolescents.58

Follow-Up
Guidelines from the National Comprehensive Cancer 
Center do not differentiate between HPV-related and 
unrelated head and neck cancers.59 They recommend 
that a history should be taken and a physical examina-
tion should be performed every 1 to 3 months for year 
1, 2 to 6 months for year 2, 4 to 8 months for years 3 to 5,  
and then annually thereafter.59 Imaging is recom-
mended within 6 months and chest imaging is recom-
mended if clinically indicated in patients with a histo-
ry of smoking.59 However, patients with HPV-positive 
OPC typically present at a younger age, have fewer 
smoking-related comorbidities, have improved outcomes, 
and experience significantly less rates of toxicity.10,11,21

A retrospective study evaluated severe (grade ≥ 3) 
toxicity and LRF rates in patients with HPV-positive 
OPC to help determine the optimal clinical follow-up.60 
Of the 232 study patients with HPV-positive OPC, 
21 (9%) had severe late toxicity and a 3-year locore-
gional control rate of 94%.60 The study showed that 
64% of events (toxicity or failure) occurred within 
the first 6 months of follow-up, with an incidence 
event rate lower than 2% on subsequent follow-up.60 
The authors recommend reducing follow-up in pa-
tients with HPV-positive OPC to every 3 months for 
the first 6 months, then every 6 months for the first 
2 years, and then annually thereafter.60 

Conclusions
The incidence rate of oropharyngeal cancer (OPC) as-
sociated with human papillomavirus (HPV) infection 
is growing at an epidemic rate.4,5 HPV-driven oncogen-
esis makes persons with HPV-associated OPC biologi-
cally distinct from persons with OPC not associated 
with HPV infection, and efforts are being made to per-
sonalize the management of this type of OPC. Preven-
tive measures, such as education about sexual practic-
es and other risk factors, along with HPV vaccinations, 
should be considered.57 Because this population has an 

excellent response to treatment, clinical trials are avail-
able to de-escalate treatment to minimize toxicity with-
out sacrificing disease control or survival rates. New 
therapeutic approaches are also being explored, such 
as immunomodulators, which may improve outcomes 
in this patient population.
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Definitive radiotherapy  

plays a role in the treatment of  

patients with glottic SCC.

Definitive Radiotherapy for Squamous Cell Carcinoma  
of the Glottic Larynx

William M. Mendenhall, MD, Roi Dagan, MD, Curtis M. Bryant, MD, Robert J. Amdur, MD, and  
Anthony A. Mancuso, MD
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Background: Depending on the extent of disease, squamous cell carcinoma (SCC) of the glottis is managed 
with surgery, radiotherapy (RT), or a combination of these modalities. Patients with advanced disease may 
receive concomitant chemotherapy in conjunction with definitive or postoperative RT. 
Methods: The treatment policies of the University of Florida and patient outcomes are reviewed.
Results: The likelihood of cure after RT for carcinoma in situ (Tis) to T2 glottic SCC varies from 70% to 94% 
depending on tumor stage. Consideration should be given to adding weekly cisplatin for patients with 
T2b SCC because of the high local recurrence rate after RT alone. The probability of cure is about 65% to 80% 
for select low-volume (≤ 3.5 cc) T3 to T4 glottic SCC after RT. These patients should be considered for con-
comitant weekly cisplatin. Higher-volume tumors, particularly those with airway compromise, should be 
treated with laryngectomy and postoperative RT.  
Conclusion: Definitive RT is an excellent treatment for select patients with laryngeal cancer.

Introduction
Depending on the extent of disease, squamous cell 
carcinoma (SCC) of the glottis is managed with sur-
gery, radiotherapy (RT), or a combination of the 2 
modalities. Patients with advanced disease may re-
ceive concomitant chemotherapy in conjunction 
with definitive or postoperative RT. Herein we re-
view the role of definitive RT in the treatment of pa-
tients with SCC of the glottis. 

Unless otherwise specified, outcomes data are 
from the University of Florida. Patients were staged 
according to the prior edition of the American 
Joint Committee on Cancer (AJCC) staging system.1 
Previously, vocal cord fixation was required to up-
stage a patient to T3; however, the AJCC staging 
system was subsequently modified (7th edition) 
so that paraglottic space invasion without vo-
cal cord fixation upstages T2 to T3.2 Dagan et al3 
subsequently demonstrated that paraglottic space 
invasion did not adversely impact outcomes for 
patients with T2 SCC of the glottis treated with 
definitive RT.

Carcinoma In Situ
Cases of carcinoma in situ (Tis) are managed with vocal 
cord stripping. If the lesion recurs and remains in situ, 
then the procedure may be repeated. However, after 
multiple vocal cord strippings, voice quality may dete-
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riorate so that definitive RT becomes an alternative op-
tion for patients with recurrent Tis after prior surgery.

Patients are treated with parallel-opposed 4 to 6 MV 
photon fields limited to the glottis. For lesions lim-
ited to the true vocal cords, the top of the field is the 
midthyroid notch, the bottom is the inferior aspect of 
the cricoid cartilage, the posterior aspect is 1 cm be-
hind the thyroid ala, and the anterior border is 
1 to 1.5 cm anterior to the skin. If the lesion extends off 
of the true vocal cords, then the fields are accordingly 
enlarged. Depending on the extent of the lesion, the 
fields are weighted 1:1 or, if the lesion involves mostly 
1 vocal cord, then 3:2 to the side of the tumor. A third 
anterior field may be used to give 5% to 10% of the dose 
to reduce the dose laterally (Fig 1). The dose-fraction-
ation schedule employed is the same as that used for pa-
tients with T1 invasive SCC: 63 Gy at 2.25 Gy per once-
daily fraction, and 5 fractions per week for 5.5 weeks. 

Sengupta et al4 reported on 37 study patients 
with Tis

 
of the glottic larynx treated with definitive 

RT between 1967 and 2005. The median dose given 
was 60 Gy (range, 56.25–66.50) at 2.25 Gy per frac-
tion, and the mean follow-up time was 9.5 years.4 
The 5-year local control rate was 91%, the local con-
trol rate with larynx preservation was 91%, the ulti-
mate local control rate was 91%, and the cause-spe-
cific survival rate was 100%.4 No patient experienced 
a severe late complication.4 

T1 to T2 Disease
All patients with invasive SCC of the glottis undergo 
pretreatment computed tomography as part of their 
diagnostic evaluation. Although the yield is low, select 
patients with anterior commissure invasion will have 
anterior extension along the Broyles ligament to the 
thyroid cartilage. It is also an excellent way to detect 
the presence and extent of subglottic invasion. 

Patients with T1 to T2
 
SCC may be treated with sur-

gery or RT.5 We typically offer transoral CO
2
 laser exci-

sion to those with well-defined T1
 
SCC limited to the 

midthird of 1 vocal cord and then treat the remainder 
with RT. Open partial laryngectomy is reserved for pa-
tients with local recurrence following RT. 

The risk of subclinical disease in the regional 
nodes is low so that RT fields are limited to the larynx. 
The dose-fractionation schedules are 63 Gy in 28 frac-
tions for T1 to T2a disease

 
(normal vocal cord mobility) 

and 65.25 Gy in 29 fractions for T2b disease
 
(decreased 

vocal cord mobility but not fixed). Patients with T2
 

disease — particularly T2b — may be considered for 
treatment with hyperfractionated RT to 74.4 Gy at 1.2 
Gy twice a day.6 It is also reasonable to consider the 
addition of concomitant weekly cisplatin 30 mg/m2 for 
those with unfavorable T2

 
lesions.7 Fig 1 illustrates the 

treatment field and dosimetry of a patient with T1N0 
SCC confined to the anterior two-thirds of the vocal 

cord. Fig 2 shows the typical appearance of T1a SCC in 
the vocal cord before and after RT.

Chera et al6 reported on 585 study patients with 
T1N0 to T2N0

 
SCC of the glottis treated with definitive 

RT between the years 1964 and 2006. This is a rela-
tively unselected series of patients because the poli-
cy during that time period was to treat nearly all pa-
tients with T1 to T2 cancer with RT alone. T1 disease 
was stratified as T1a (limited to 1 vocal cord with or 
without invasion of the anterior commissure) or T1b 
(involvement of both true vocal cords), and T2 disease 
was stratified as T2a (supraglottic extension, subglot-
tic extension, or both with normal vocal cord mobility) 
or T2b disease (vocal cord mobility diminished but not 
fixed).6 Paraglottic space invasion did not upstage a le-
sion to T3

 
in the absence of vocal cord fixation.6 No pa-

Fig 1A–B. Patient with T1N0 squamous cell carcinoma confined to the 
anterior two-thirds of the vocal cord. The patient is treated in the supine 
position. (A) Schematic diagram of the field extending from the middle of 
the thyroid notch to the bottom of the cricoid cartilage, 1 cm posterior to 
the cartilages and with 1 cm fall-off anteriorly. (B) Computer-generated 
dosimetry; the dose is specified at the 95% isodose line.
Reprinted from Int J Radiat Oncol Biol Phys, Volume 15, Mendenhall WM 
et al, T1–T2 squamous cell carcinoma of the glottic larynx treated with 
radiation therapy: relationship of dose fractionation factors to local control 
and complications, 1267–1273, 1988, with permission from Elsevier.
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tient received adjuvant chemotherapy or elective nodal 
irradiation.6

The distribution according to tumor stage appears 
in the Table.6 The anterior commissure was invaded 
in 369 study patients (63%). A total of 81 (14%) were 
treated twice daily at 1.2 to 1.25 Gy per fraction; the 
remainder was treated once daily. The median follow-
up period was 12.3 years. Parameters included in the 
multivariate analysis of local control were tumor stage 
(T1a vs T1b

 
vs T2a vs T2b), anterior commissure inva-

sion, histological differentiation (well, moderate, or not 
otherwise specified vs poor), total dose (≤ 63 vs > 63 Gy), 
fractionation (≥ 2.25 daily vs ≥ 1.2 Gy twice daily vs 
< 2.25 Gy once daily), overall treatment time (continu-
ous variable), and beam energy (60Co vs other).6 

The 5-year local and ultimate local control rates, 
which included successful salvage after local failure, 
appear in the Table.6 The 5-year rates of ultimate lo-
cal control with larynx preservation were 95% for T1a, 
94% for T1b, 81% for T2a, and 74% for T2b. Multivari-
ate analysis revealed that the rate of local control was 
adversely impacted by tumor stages of T2a

 
and T2b

 

(P = .0001), overall treatment time of more than 41 days 
(P = .0016), poorly differentiated histology (P = .0126), 
and once-daily fractionation (P = .0494).6

The 5-year overall rates of neck control and neck 
control with continuous local control of the primary 
site, respectively, were 98% and 100% for T1a, 99% and 
100% for T1b, 96% and 98% for T2a, and 88% and 94% 
for T2b.6 The 5-year rates of neck control without con-
tinuous local control were 75% for T1a, 80% for T1b, 
87% for T2a, and 75% for T2b.6 Thus, the risk of iso-
lated nodal failure ranges from 0% to 6% depending 

on tumor stage; however, 
the risk of nodal failure in-
creases to 13% to 25% if the 
tumor recurs at the primary 
site. Therefore, we suggest 
that salvage surgery should 
include elective neck dis-
section. 

The 5-year distant me-
tastasis-free rates were 99% 
for T1a, 99% for T1b, 99% 
for T2a, and 94% for T2b.6 
The 5-year cause-specific 
and overall survival rates, 
respectively, were 97% and 
82% for T1a, 99% and 83% 
for T1b, 94% and 76% for 
T2a, and 90% and 78% for 
T2b.6 

Ten study patients 
(1.7%) experienced severe, 
acute, late, or postoperative 
complications. One study 

patient with T2N0 SCC who was treated twice daily was 
hospitalized for dehydration. Two others underwent sal-
vage laryngectomy for suspected local recurrence and 
had no tumor in either specimen. Three study patients 
with T2N0 SCC required permanent tracheostomy for 
laryngeal edema. One study patient who underwent sal-
vage total laryngectomy for local recurrence had a pha-
ryngocutaneous fistula. Two received permanent per-
cutaneous gastrostomy tubes. One patient died due to 
radiation-induced carotid artery angiosarcoma. 

T3 to T4 Disease
Patients with fixed-cord T3

 
and T4

 
SCC may be treated 

with definitive RT, surgery, or a combination of the 
2 modalities.8 The probability of local control with a 
functional larynx varies with the volume of the prima-

Fig 2A–B. Typical appearance of the larynx several years following radiotherapy. (A) T1a squamous cell car-
cinoma involving most of the right true vocal cord. (B) By 1 year after radiotherapy with 63 Gy at 2.25 Gy, the 
larynx looks almost normal, except for a contour defect in the portion of the true cord previously destroyed 
by the tumor. Voice quality is usually good and dysphagia is rare.

A B

Table. — Actuarial Local Control Rates by Tumor Stage for 
Squamous Cell Carcinoma of the Glottic Larynx

Tumor 
Stage

No. of 
Patients

5-y Local 
Control Rate, %

5-y Ultimate 
Local Control 

Rate, %
Tis 37 91 91

T1a 253 94 98

T1b 72 93 97

T2a 165 80 96

T2b 95 70 93

T3a 87 63 89b

T4a 22 81 86b

aSelected low-volume T3 to T4 disease. bCrude ultimate local control 
rates. Data from reference 6.
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ry tumor calculated on a pretreatment scan.9 The pri-
mary tumoral volume may vary based on the observer 
and whether contrast-enhanced diagnostic computed 
tomography is employed vs planning computed to-
mography; the former is preferred. 

Tumors with a primary tumor volume of 3.5 to 
4 cm3 or smaller have a high probability of local con-
trol with a functional larynx, and patients with such tu-
mors are good candidates for definitive RT. Those with 
larger tumors have a high likelihood of local failure 
after definitive RT and, if controlled, a higher risk of a 
poorly functioning larynx and may require permanent 
placement of a percutaneous endoscopic gastrostomy 
tube, tracheostomy, or both. In addition, the risk of a 
major complication after salvage laryngectomy is ap-
proximately 30% to 35%.8 These patients’ cancer is best 
managed with total laryngectomy and neck dissection, 
typically followed by postoperative RT. Patients who re-
quire tracheostomy prior to treatment are likely to have 
high-volume tumors that should be surgically managed. 

Patients with T4 disease who are suitable for defin-
itive RT are highly selected and have tumors less than 
3.5 to 4.0 cm3 in size.8 Their disease is often staged as 
T4a

 
based on limited exolaryngeal spread through the 

thyrohyoid membrane, and they commonly have a 
more favorable prognosis than fixed-cord T3 SCC. The 
more common, high-volume T4

 
SCC with cartilage de-

struction has a poor prognosis after definitive RT and 
is best treated with total laryngectomy, neck dissec-
tion, and postoperative RT. 

Patients treated with definitive RT are irradi-
ated with an altered fractionation schedule, prefer-
ably 74.4 Gy in 62 twice-daily fractions in 31 treat-
ment days for 6.5 weeks.7 If this is not feasible for 
logistical reasons, then the Danish Head and Neck 
Cancer Group schedule can be employed, which 
consists of 70 Gy in 35 fractions for 30 treatment 
days with 2 fractions per day, 1 day per week, 
during weeks 2 through 6.7 The simultaneous inte-
grated boost technique is employed if this schedule 
is chosen. The high-risk planning target volume re-
ceives 70 Gy at 2 Gy per fraction, the intermediate-
risk planning target volume receives 63 Gy at 1.8 Gy 
per fraction, and the low-risk planning target vol-
ume receives 56 Gy at 1.6 Gy per fraction.7,10 Patients 
receive concomitant cisplatin 30 mg/m2 per week.7,10

Hinerman et al8 reported on 109 previously un-
treated patients with fixed-cord T3 (n = 87) and T4 
(n = 22) SCC of the glottic larynx treated between the 
years 1966 and 2002. The stage distribution was T3N0 
in 68 patients (62%), T3N1 in 14 patients (13%), T3N2b 
in 5 patients (5%), T4N0 in 17 patients (16%), T4N1 in 
4 patients (4%), and T4N2b in 1 patient.8 Five patients 
received induction chemotherapy with cisplatin and 
fluorouracil, 4 patients received concomitant cisplatin 
alone or combined with fluorouracil, 1 patient received 

concomitant carboplatin and taxol, and 3 patients  
underwent planned neck dissection.8 The median 
follow-up period was 5.7 years for all patients and  
10.6 years for living patients.8

The 5-year local control rates appear in the Table.6 
The crude local control and ultimate local control 
rates for T3 disease were 67% (n = 58/87) and 89%  
(n = 77/87); for T4 disease, they were 82% (n = 18/22) 
and 86% (n = 19/22); and the overall rates were 70%  
(n = 76/109) and 88% (n = 96/109).8 Multivariate analy-
sis of local control revealed cord fixation (P = .5706), 
once- vs twice-daily fractionation (P = .4936), exten-
sion into soft tissue (P = .9324), subglottic extension 
of at least 1.0 cm (P = .2106), dose of no more than 
70 vs more than 70 Gy (P = .4655), histological dif-
ferentiation (P = .8181), and tumor stage (P = .1484). 
Although all of the T3-stage

 
cancers had cord fixa-

tion, some of the T4-staged lesions had at least par-
tially mobile vocal cords. The 5-year outcomes by 
AJCC stage for stage III vs IVa, respectively, were 
62% and 78% for locoregional control (P = .1010), 
97% and 100% for distant metastasis-free survival 
(P = .4323), 83% and 87% for cause-specific survival 
(P = .5075), and 52% and 67% for overall survival 
(P = .5259). Severe complications were observed in  
13 patients (12%) and included cartilage necrosis  
(n = 1; fatal case), permanent gastrostomy (n = 2), 
dysphagia/stricture (n = 1), edema requiring tracheos-
tomy (n = 2), and fatal aspiration (n = 1). 

Pameijer et al11 reported on 42 study patients with 
fixed-cord T3 SCC of the glottis who were treated with 
definitive RT between the years 1980 and 1993, corre-
lating local control rates with primary tumor volume 
and presence of cartilage sclerosis. All patients were fol-
lowed for at least 2 years.11 Patients were stratified into 
low risk (volume < 3.5 cm3 and no cartilage sclerosis  
[n = 13] or volume < 3.5 cm3 and 1 cartilage sclerosis  
[n = 8]), moderate risk (volume < 3.5 cm3 and ≥ 2 carti-
lage sclerosis [n = 5] or volume > 3.5 cm3 and no cartilage 
sclerosis [n = 3] or volume > 3.5 cm3 and single cartilage 
sclerosis [n = 6]), and high risk (volume > 3.5 cm3 and 
≥ 2 cartilage sclerosis [n = 7]). Rates of local control after 
RT were 90% (19 of 21) for the low-risk group, 43% (6 of 
14) for the moderate-risk group, and 14% (1 of 7) for the 
high-risk group.11

Conclusions 
Radiotherapy can produce a high rate of local control 
for patients with squamous cell carcinoma of the glot-
tic larynx. It also can be used to help maintain a func-
tional larynx in patients with carcinoma in situ, T2 dis-
ease, and low-volume T3 to T4 disease. 
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Proton beam therapy may  

be beneficial in reducing toxicity  

and improving outcomes  

in select tumors of the skull base.

Clinical Benefits of Proton Beam Therapy for Tumors of  
the Skull Base
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Background: The unique radiobiological properties of protons have been understood for many years. In 
addition, many of the clinical benefits of radiotherapy were first noted in tumors involving the skull base. 
More public attention has been given to proton beam therapy due to the increasing number of centers now in 
operation or in the planning stages for offering this treatment option. 
Methods: We reviewed the physical properties of protons and the clinical studies performed to justify their use 
in the management of skull-base tumors and determine the benefits of proton beam therapy. 
Results: Published reports suggest a benefit to proton beam therapy for use in tumors of the skull base, includ-
ing craniopharyngiomas, chordomas, skull-base sarcomas, and unresectable meningiomas. 
Conclusions: Use of proton beam therapy may be beneficial in select patients. Surgical and medical oncolo-
gists should have a general understanding of such cases to facilitate their appropriate referral.

Introduction
Proton beam therapy has risen in popularity in recent 
years as a treatment modality in the field of radiation 
oncology. More than 10 centers are in operation with 
many more proton centers under construction or in 
the planning stages.1 There are proven benefits to pro-
ton treatment in select patients, including those with 
chordomas, skull-base tumors, and in the setting of 
childhood malignancies where doses initiated in prox-
imity to adjacent normal structures are of critical im-
portance.2-5 The potential therapeutic benefit of pro-

ton beam therapy is being investigated in many other 
disease sites, including tumors of the lung, pancreas, 
esophagus, prostate, and cervix.6-10 

In this review, we summarize the unique proper-
ties of protons that make them particularly beneficial 
for the treatment of skull-base lesions and review the 
results of clinical studies supporting their use. 

Basic Proton Dosimetry
Although proton beam therapy has been receiving 
more attention in recent years, the unique physical 
properties of protons as charged particles have been 
understood for many years.1 Both photons and elec-
trons deposit the majority of their energy at the surface 
close to their entrance at the body. After transferring 
this energy, the particle continues to deposit energy 
along its path but at a decreasing rate. Thus, the major-
ity of the dose of radiation prescribed to a patient is of-
ten deposited outside of the target location. Therefore, 
the key goal of radiotherapy is to deliver high ablative 
doses to gross or microscopic disease while limiting the 

From the Department of Radiation Oncology (KAA, SKD, PASJ), 
H. Lee Moffitt Cancer Center & Research Institute, Tampa, Florida, 
Health Proton Therapy Center (MM), Indiana University, 
Bloomington, Indiana.

Submitted February 24, 2015; accepted June 4, 2015. 

Address correspondence to Peter A.S. Johnstone, MD, Mof-
fitt Cancer Center, 12902 Magnolia Drive, Tampa, FL 33612.  
E-mail: Peter.Johnstone@Moffitt.org

No significant relationships exist between the authors and the 
companies/organizations whose products or services may be ref-
erenced in this article.



214  Cancer Control July 2016, Vol. 23, No. 3

dose of radiation to normal tissues and to avoid exceed-
ing normal tissue tolerance, which can lead to toxicity. 

Due to this concern, numerous strategies have 
been developed to decrease the dose of radiation de-
livered to normal tissues and include multiple fields, 
3-dimensional (3D) conformal therapy, advanced inten-
sity-modulated radiotherapy (IMRT)/computed tomog-
raphy, stereotactic radiosurgery, and arc therapy. Treat-
ment planning for IMRT and inverse radiotherapy has 
advanced the field of radiation oncology, reducing the 
doses received to normal structures and allowing the es-
calation of doses to target areas. Studies have shown sig-
nificant improvement in tumor 
targeting and normal tissue spar-
ing, thus improving local control 
and reducing toxicity rates.11-14 
IMRT has now become the stan-
dard of care in select adult ma-
lignancies, including head and 
neck cancers,11 gastrointestinal 
malignancies (eg, esophageal,12 
anal cancer13), and prostate can-
cer.14 Although these techniques 
can significantly reduce the dose 
delivered to normal tissues, both 
acute and late toxicities remain a 
concern.11-14

The pattern of dose deposi-
tion in proton particles differs 
from that of photons and elec-
trons. As the proton beam trav-
els through tissue and maintains 
velocity and energy, it begins to 
slow near the end of its path. At 
this point, it abruptly deposits 
the majority of its energy. No fur-
ther energy deposition occurs at 
the end of this path. This phe-
nomenon is known as the Bragg 
peak (Fig 1).15 This makes pro-
tons different from electrons and 
photons, which do not exhibit 
a similar Bragg peak phenom-
enon. All 3 particles — photons, 
electrons, and protons — have 
a place in modern radiotherapy, 
each with unique benefits and 
drawbacks. In tumors likely to 
benefit from proton beam thera-
py, the decision to use proton vs 
photon therapy either with IMRT 
or 3D conformal therapy should 
be made on a case-by-case basis, 
with the clinician evaluating the 
necessary target coverage and 
sparing of critical structures. 

Range Modulation
Even though the fact that protons deposit the majority 
of their dose at a certain distance from their entrance 
seems appealing, few tumors are covered by the nar-
row range provided by a pristine Bragg peak. The so-
lution to this has been to create a so-called spread-out 
Bragg peak (SOBP), which allows for radiation to be 
deposited throughout the extent of the tumor (Fig 2).15 
The SOBP is created using a method known as range 
modulation. The rate of penetration is directly related 
to beam energy: A higher energy beam deposits its 
dose further than a lower energy beam. 

Fig 2. — Summation of individual Bragg peaks to create the spread-out Bragg peak. From McDonald 
MW, Fitzek MM. Proton therapy. Curr Probl Cancer. 2010;34(4):257-296. Reprinted with permission 
by Elsevier.

R
el

at
iv

e 
D

os
e 

(%
)

Depth (cm)

10 12 14 16 18 20 22 24 26
0

20

40

60

80

100

Fig 1. — Proton Bragg peak demonstrating peak energy deposition at the termination of the pro-
ton path. From McDonald MW, Fitzek MM. Proton therapy. Curr Probl Cancer. 2010;34(4):257-296.  
Reprinted with permission by Elsevier.
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A range modulator places varying thicknesses of 
absorbing material in front of the beam to modify an 
otherwise monoenergetic beam. This yields a spec-
trum of proton beam energies, each with a different 
point of maximum dose deposition. When these in-
dividual beamlets are summed together, the SOBP 
is created. A consequence of employing such a strat-
egy is that a once relatively low entrance dose of a 
single proton beam is repeated by each of the beam 
energies, such that the cumulative dose is increased 
when delivering the SOBP. However, the unique dose 
fall-off rate following dose deposition after the final 
Bragg peak is preserved. 

Through and Patch Fields
Historically, the radiotherapy concepts of “dose” and 
“target” were, at best, 2 dimensional. The delivered 
dose was visualized as the intersection of few irregu-
larly shaped cylinders within the patient to form an ir-
regular polyhedron — and was almost always an oddly 
shaped box.16 Sometimes, with arc treatments, a partial 
plane of distributed dose was delivered, with increasing 
intensity to a high-dose apex at the target depth, then 
fanning out again at exit. Because software for nonco-
planar calculation did not exist in the 1980s, noncopla-
nar beams were rare. Beam-eye view involved drawing 
block outlines on the skin, and clinicians were most 
comfortable with relatively few gantry angles.

In the 1990s, combined computed tomography/3D 
dose-calculation algorithms were introduced.17 En-
hanced graphics added color and patient-specific or-
gan anatomy to the 1980s framework, and clinicians 
could now visualize the patient’s body from any angle 
(Fig 3).16 Doing so allowed more frequent use of nonco-
planar beams, off-axis calculations, multiple beam ar-
rangements, and, ultimately, 3D conformal radiothera-
py.17 Conceptually, however, the radiotherapy dose was 
generally delivered via a planar dose bath with more 
sites of beam entry/exit, although exceptions did exist 
(eg, use of oblique or tangential fields could minimize 
the axial volume treated for appropriate lesions).

In the 2000s, intensity modulation, dynamic multi-
leaf collimation, and more sophisticated beam-eye view 
software and image-fusion capacity became available.18 
In this 4-dimensional environment, the perception of 
“target” changed. The target volume was anatomically 
defined and, thus, usually irregular. It could contain dif-
ferent volumes receiving different delivery doses within 
the same duration of therapy. However, despite the so-
phistication of the display and the complexity of beams 
and fluences, the mental picture from the 1990s of a 
planar dose bath remained. The degree of “planarism” 
is based on the dose used; lower doses still outline a 
slice through the patient, with few arcs remaining dose 
free because they may provide no benefit. 

The construct of the planar dose bath became ob-

solete with the introduction of proton beam therapy. 
No dose exists downstream of the Bragg peak for 
any individual beam; however, with compensation 
and range modulation, different depths of individual 
beams may be included in a plan. For instance, match-
ing “through” and “patch” fields in a single plan allows 
for noncoplanar sparing of the brainstem, spinal cord, 
or optic chiasm (Fig 4).

The concepts of “through” and “patch” fields are 
not valid in photon radiotherapy and are infrequent-
ly used in proton radiotherapy. No conceivable bene-
fit exists to their use in treating prostate cancer or in 
standard craniospinal proton beam therapy; however, 
these concepts are critical when treating extensive le-

Fig 4A–D. — (A) Right and left lateral “through” fields, (B) bilateral pos-
terior oblique “patch” fields abutting the brainstem, (C) 4 proton beams 
targeting a midline skull-base lesion (red), and (D) final dose distribution 
showing brainstem sparing.

A C

B D

Fig 3. — Radiation model revealing target dose entry and exit in 3-dimen-
sional space. From Moore EM, Magrino TJ, Johnstone PA. Rectal bleed-
ing after radiation therapy for prostate cancer: endoscopic evaluation. 
Radiology. 2000;217(1):215-218. Reprinted with permission by the 
Radiological Society of North America.
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sions of the brainstem and optic apparatus to high 
doses. A proton “through” field does not traverse the 
patient, but it does traverse the target. A proton “patch” 
field is added when the anatomical or spatial complex-
ity of a lesion abuts a dose-limited normal structure, 
and the through field must sacrifice lesion coverage to 
avoid doses to normal tissue.

Skull-Base Sarcomas
The unique physical properties distinguishing proton 
beam therapy from other radiation modalities have 
been employed to treat select malignancies.3,4,19 Due 
to their proximity to critical structures in the brain, 
such as the brainstem, optic nerves, and optic chiasm, 
skull-base sarcomas can be challenging to manage. 
Complete resection of these malignancies is often not 
possible. Use of proton therapy for these malignan-
cies offers clinicians the opportunity to deliver po-
tentially ablative doses to areas of gross disease while 
avoiding toxicity in the brainstem and optic struc-
tures. Proton therapy also has the potential to pre-
serve excellent local control while also limiting the 
dose to normal structures. 

One group of researchers reported dosimetric 
differences between proton beam plans with photon 
IMRT for the treatment of parameningeal rhabdomyo-
sarcomas in pediatric patients.19 Acceptable target vol-
ume coverage was achieved using both modalities, 
and the proton plans resulted in significant sparing of 
all examined normal tissues, except for the ipsilateral 
cochlea and mastoid.19 In a series involving 16 chil-
dren with rhabdomyosarcoma, similar results were 
found, including rates of good local control and ac-
ceptable toxicity profiles.3 Furthermore, when com-
paring 3D proton planning to 3D photon planning, 
another study showed that protons were able to spare 
radiation to normal tissues in the brain and contralat-
eral orbital structures while also maintaining tumor 
coverage in 7 children with orbital rhabdomyosarco-
ma who received treatment.4 

Craniopharyngiomas
Craniopharyngiomas are histologically benign but ag-
gressive tumors originating from the remnants of the 
Rathke pouch, and they typically affect children and 
adolescents. Because of the location of these tumors in 
the suprasellar region, the temporal lobes, hippocam-
pus, hypothalamus, optic nerves, and chiasm may be 
at risk for acute and late effects of radiotherapy. 

Several institutions have reported their results in 
the treatment of these rare tumors.20-22 A study from 
a proton facility reported 5- and 10-year local control 
rates of 93% and 85%, respectively, in a group of 5 chil-
dren and 10 adults.20 Similar outcomes were reported 
by Luu et al21 in a group of 16 patients with accept-
able toxicity profiles. Bishop et al22 compared the re-

cords of 52 children treated with proton beam therapy 
(n = 21) vs photon IMRT (n = 31). No difference was 
detected between the treatment modalities in rates of 
survival, solid and cystic disease control, and late tox-
icities when measured for a median of 33 months for 
those receiving proton beam therapy and 106 months 
for those receiving IMRT.22 However, another study 
reported on significant reductions in doses to normal 
structures such as the hippocampus, dentate gyrus, 
subventricular zone, and vascular structure while pre-
serving target coverage in a comparison of 3D proton 
and intensity-modulated proton beam therapy with 
photon IMRT.23 However, prospective, quality-of-life 
and formal neurocognitive testing are needed for more 
sensitive measures of benefit to determine how long-term 
toxicity profiles differ between the management of 
these rare malignancies and when comparing proton 
beam therapy with photon treatment.

Chordomas
Chordomas are rare primary bone tumors thought to 
arise from remnants of the embryonal notochord, al-
though they can arise anywhere along the spine as 
well as the base of the skull. When affecting the base 
of skull, chordomas can invade the clivus, petrous 
bone, and extend to the cavernous sinus with direct 
involvement of cranial nerves, potentially leading to 
cranial nerve palsies. These tumors are challenging to 
treat when located in the skull base because surgical 
resection may lead to poor outcomes, with gross resid-
ual disease requiring postoperative radiotherapy. How-
ever, dose escalation with radiation doses greater than 
60 Gy has been proven to lead to improved outcomes.24 
Due to the proximity to critical structures, the delivery 
of acceptable doses of radiation to achieve local control 
can represent a challenge for many clinicians. Many 
studies have been conducted on the benefit of proton 
beam therapy for the management of chordomas, mak-
ing it the current standard of care for managing these 
rare tumors.25-28 

Protons have also been instrumental in the dose 
escalation of chordomas (> 70 Gy); a steep dose-gradi-
ent limits toxicity to critical normal tissues.5 Long-term 
follow-up of patients with chordomas whose condi-
tions were managed with proton beam therapy has 
also been reported.29 With a median dose of 72.1 Gy 
for combined proton/photon beam therapy, a 5-year 
local control rate of 73% has been reported.29 Similar 
findings have been demonstrated in a report of 33 pa-
tients with chordomas and 25 with chondrosarcomas 
who received radiotherapy.25 The mean target dose 
was 70.7 Co Gy equivalent (range, 64.8–79.2), and lo-
cal control rates of 76% were achieved for those with 
chordomas and 92% for those with chondrosarcomas.25 
Similar local control results were reported by Ares et al26 
in a cohort of 64 patients who had skull-base chor-
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domas (n = 42) or chondrosarcomas (n = 22). They were 
treated with protons using a spot-scanning technique, 
and the median total dose was 73.5 Gy for those with 
chordomas.26 The 5-year disease-specific survival rate 
was 81% with a 5-year rate of freedom from high-grade 
toxicity of 94%.26 

In the setting of reirradiation for 16 study par-
ticipants with progressive or recurrent chordomas, 
McDonald et al30 demonstrated that definitive pro-
ton beam therapy, with or without salvage surgery, 
was encouraging for initial disease control and over-
all survival. The median prior dose of radiation was 
75.2 Gy, and the median dose of reirradiation was 
75.6 Gy (relative biological equivalent).30 The 2-year 
local control rate was 85%, the overall survival rate 
was 80%, and the rate of developing distant metasta-
sis was 20%.30 Despite high cumulative, lifetime doses 
of radiation, acceptable toxicities were reported in 
3 patients who experienced grade 3/4 events but no 
grade 5 events; however, the researchers noted that 
additional toxicities could potentially develop with a 
longer follow-up period.30 

Thus, these reports show that proton beam therapy 
has some benefit for the management of chordomas. 

Meningiomas
In general, meningiomas are benign tumors that arise 
from the meninges. Surgical resection is the standard 
of care, and radiotherapy is typically reserved for in-
complete resections, adverse pathology, or for those 
tumors that are not resectable.31,32 For tumors that in-
volve the base of the skull, cavernous sinus, or optic 
chiasm, radiotherapy alone may represent a manage-
ment option. Although intensity modulation and daily 
image guidance allows these lesions to be treated with 
photons and a relatively low relative dose to the normal 
brain, the volume of normal brain in the treatment field 
is often extensive. Although using vertex or angled, su-
perior photon fields may be a viable option to decrease 
brain hemispheric coverage, doing so often leads to a 
high exit dose to the brainstem. Due to the benign na-
ture of these tumors, acute and late sequelae of treat-
ment represent a primary concern. 

Proton therapy offers benefits to select menin-
giomas located proximal to critical structures or in 
the setting of recurrence.33-35 One such experience 
was reported in 46 study patients receiving treat-
ment, 9 of whom received treatment following in-
complete tumor resection, 8 following tumor bi-
opsy, and 29 following tumor recurrence after gross 
total resection and combined photon/proton beam 
treatment plans.33 A 10-year recurrence-free survival 
rate of 88% was achieved, as was a 10-year toxicity-free 
survival rate of 80%.33 Noël et al34 reported on 51 study 
patients treated with combined proton beam/photon 
radiotherapy, noting excellent rates of local control 

and 2 cases of grade 3 toxicity. Improvements were 
seen in eye-related symptoms for the majority of the 
study patients.34 

Another study reported on the management of 
atypical and malignant meningiomas.35 In this series, 
24 study patients were treated with a mean proton to-
tal dose of 34.05 Co Gy equivalent and a mean photon 
total dose of 30.96 Co Gy equivalent.35 The authors of 
that study suggested that a proton boost may improve 
outcomes and rates of survival with dose escalation.35 
No acute cases of morbidity related to radiotherapy 
were reported. 

Midsagittal Lesions
Midline central nervous system lesions are optimally 
treated with proton beam therapy using modified mid-
sagittal proton schemas that allow normal tissue to 
be spared in most of the uninvolved brain while also 
limiting doses to at-risk organs. Estabrook et al36 dem-
onstrated the dosimetric advantage of using protons 
in 9 study patients (n = 5 craniopharyngiomas; n = 4 
meningiomas). The Bragg peak characteristic of pro-
tons allowed for the use of vertex and anterior and/or 
posterior superior oblique beams along the midsagittal 
plane to achieve a mean dose of 52.2 Gy (relative bio-
logical equivalent) to the target.36 The decreased num-
ber of treatment beams and unique angles achieved 
with protons resulted in an improved plan distinct 
from what is currently possible with IMRT photons.36 
The reported midline central nervous system proton 
plans resulted in minimal doses to the normal tissue of 
the brain, as demonstrated by average mean doses of 
18 Gy (relative biological equivalent) to the brainstem 
(range, 0.0–40.1) and 17.1 Gy (relative biological equiv-
alent) to the hippocampi (range, 0.0–45.9).36 

Fig 5 depicts a proton beam arrangement for para-
falcine meningioma.37

Conclusions
The radiobiological benefits of proton beam therapy 
have been understood for many years. As proton beam 
therapy becomes available for more and more patients, 
it will become increasingly important that the benefits 
of this treatment be based on solid clinical evidence. 
The majority of the studies reviewed were retrospec-
tive in nature. As more institutions become equipped 
to deliver this therapeutic option, more opportunities 
will exist for the development of prospective trials to 
study proton beam therapy. 

Due to the rare nature of these tumors, multi-in-
stitutional and collaborative efforts will be important 
to increase our knowledge. At this time, many tumors 
encompassing regions of the skull base have demon-
strated a proven benefit from proton treatment based 
on retrospective results. Studies into dose escalation 
and conformal treatment plans with proton beam 
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therapy may further improve outcomes in these dis-
ease sites without compromising the risk of toxicity to 
normal structures. In addition, future research might 
also reveal that the benefits of proton beam therapy to 
skull-base lesions can translate to treatment options for 
other malignancies. 
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RT plays a role in the treatment of BCC  

and SCC of the head and neck.

Management of BCC and SCC of the Head and Neck
Tobin J. Strom, MD, Jimmy J. Caudell, MD, PhD, and Louis B. Harrison, MD
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Background: For decades radiotherapy (RT) has been shown to treat skin cancers; however, the indications, 
delivery methods, and techniques for RT continue to evolve. 
Methods: Relevant prospective and retrospective reports were reviewed that addressed outcomes with, indica-
tions for, and delivery techniques used with RT for the management of cutaneous basal cell carcinoma (BCC) 
and squamous cell carcinoma (SCC) of the head and neck.
Results: Rates of local control higher than 90% are typically achievable for early-stage BCC and SCC of the 
head and neck. RT is often recommended for tumors located in cosmetically or functionally sensitive areas 
of the face, for patients who cannot tolerate anesthesia, for those taking anticoagulants, or for patients who 
prefer RT to other treatment options. A wide range of radiation doses, daily fractionation schedules, and ra-
diation techniques have been shown to be effective for management. In general, postoperative local radiation 
is recommended following excision for patients with high-risk factors, including those whose tumors have 
close or positive margins, perineural invasion, invasion of the bone or nerves, or those with recurrent disease. 
Conclusions: RT plays an integral role in the treatment of primary and postoperative cutaneous BCC and 
SCC of the head and neck. Prospective trials are in progress to address the roles of concurrent systemic therapy 
and RT for both cutaneous BCC and SCC.

Introduction
An estimated 5.4 million cases of cutaneous basal cell 
carcinoma (BCC) and squamous cell carcinoma (SCC) 
are diagnosed every year in the United States — a num-
ber that is more than all other types of cancer com-
bined.1 Many factors play a role in the development of 
cutaneous SCC and BCC, and the incidence of these 
cancers is also rising as a result of increased exposure 

to ultraviolet light or sunlight, changing clothing styles, 
and increasing longevity.2-4 The socioeconomic burden 
of these cancers is often underestimated because BCC 
and SCC are frequently excluded from cancer regis-
tries.1,3,5 Cutaneous BCC and SCC typically present lo-
cally — rather than regionally or distant — and may be 
curable with local management. 

Cutaneous BCC arises from pluripotent cells in the 
basal layer of the epidermis and tends to develop fol-
lowing exposure to the sun during childhood.2,6 BCC 
often presents as slow-growing, translucent papules 
with raised, telangiectatic borders on the head and 
neck. Rarely, the tumors metastasize to the regional 
lymph nodes (0.01%–0.50% of cases), although lo-
cally advanced lesions can invade nearby structures 
and cause symptoms such as numbness, pain, and 
weakness.7-9 In general, BCC has a slow rate of annual 
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growth (≤ 5 m) and, compared with SCC, has a higher 
cure rate following local management.7,10

SCC arises from epithelial keratinocytes and tends 
to progress over decades of exposure to the sun from 
precursor lesions known as actinic keratoses, which 
are typically small, red, scaly, 1- to 3-mm papules with 
a rough texture.7,11 Compared with BCC, SCC has a 
higher risk of local recurrence (8%–15% of cases) and 
distant metastasis (0.5%–16.0% of cases).9,12-14 The risk 
of recurrence or metastasis with BCC and SCC depends 
on multiple risk factors.

Risk Factors for Recurrence
High-risk factors for locoregional recurrence and dis-
tant metastases following definitive therapy of BCC 
and SCC are important prognostic information and 
central for appropriate management recommenda-
tions. Most risk factors have been identified based 
on retrospective studies and, thus, lack prospective 
validation.15 Risk factors identified for BCC recur-
rence include tumor size (> 2 cm), tumors located in 
the “H zone” of the face (representing embryonic fu-
sion planes and includes portions of the nose, scalp, 
ears, and lips), recurrent tumors, perineural invasion, 
poorly defined borders, and more aggressive histolo-
gies (infiltrative, morpheaform, or basosquamous 
histology).7,16,17 

Because of the compact and complex neurovas-
cular anatomy of the head and neck, as well as the 
functional and cosmetic importance of the head and 
neck region, wide surgical margins are often difficult 
to attain and therefore represent a higher risk factor 
for recurrence than other sites of the body.

Similarly, high-risk factors for 
cutaneous SCC include tumor lo-
cations at specific sites of the head 
and neck, including the lip or ear, 
tumors arising from a scar, recurrent 
tumors, large tumor size (> 2 cm), 
tumor depth of more than 4 mm or 
Clark level of at least IV, invasion 
beyond the subcutaneous tissue, 
rapidly growing lesions, perineural 
invasion, desmoplasia, poor differ-
entiation, or infiltrative margins.18-22 
Among patients who underwent re-
section, positive margins have also 
been reported as prognostic.23,24 Of 
note, clinically evident perineural 
invasion with BCC or SCC has been 
shown to carry a higher risk of re-
currence than incidental perineural 
invasion found on pathology.25,26 
SCC with perineural invasion also 
carries a higher incidence of lymph-
node metastasis.27 

The American Joint Commission on Cancer has 
taken many of these risk factors into account in its 
combined staging system of BCC and SCC, defining 
factors such as Breslow thickness (> 2 mm), Clark level 
(≥ IV), perineural invasion, primary tumor locations of 
the ear or hair-bearing lips, and poorly differentiated 
or undifferentiated tumors as being high risk.17 Given 
that prospective validation of these risk factors is lack-
ing, factors considered to be high risk by the Ameri-
can Joint Commission on Cancer are primarily based 
on consensus opinion; thus, in response, new staging 
schema have been proposed.15,20,28

Radiotherapy
Radiotherapy (RT) plays an integral role in the treat-
ment of cutaneous BCC and SCC of the head and neck 
and can be used in the definitive setting, adjuvant set-
ting, or both. Patient selection for RT is important and 
best determined in the setting of multidisciplinary 
care. Lesions in cosmetically sensitive areas (eyelids, 
nasal skin, central face, contour of the ear) are often 
best managed with RT. The Fig shows 2 examples of 
large-sized SCCs on the face before and after treat-
ment with definitive RT. Similarly, RT allows for func-
tional preservation of organs, eyelids, nasal folds, 
ears, nose, and lips, whereas surgery could lead to 
functional impairment. 

Many retrospective studies have addressed the use 
of definitive RT for epithelial skin cancers of the head 
and neck (Table).9,10,29-49 Local control rates with defini-
tive radiation are generally considered to be excellent, 
but they vary based on the proportion of BCC and SCC 
and recurrent tumors.9,10,29-49

Fig A–D. — A multifocal recurrence of SCC of the skin of the forehead (A) before and (B) after 
definitive radiotherapy. A separate patient with ulcerative SCC involving the nose and right medial 
canthus (C) before and (D) after definitive radiotherapy. SCC = squamous cell carcinoma.

C
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Table. — Select Studies of Definitive Radiotherapy for Cutaneous BCC and SCC of the Head and Neck 

Study No. of 
Study 

Patients

Lesions, 
n (%)

BCC 
Lesions, 

n (%)

SCC 
Lesions, 

n (%)

T4 
Lesions, 

n (%)

Recurrent 
Lesions,  

n (%)

Follow-
Up, y

Overall 
Local 

Control 
Rate, %

BCC  
Local 

Control 
Rate, %

SCC 
Local 

Control 
Rate, %

Cosmesis 
(Good/

Excellent), 
%

Grade ≥ 4 
 Late 

Toxicity, 
%

Head and Neck 

Abbatucci39 675 675 (100) Unknown Unknown Unknown Unknown 2.0 > 96.0 (crude) Unknown Unknown 48.0 Unknown

Al-Othman38 85 88 (100) 41 (46.6) 37 (42.0) 88 (100) 45 (51.1) 4.0 53 (5-y 
actuarial)

Unknown Unknown Unknown Unknown

Avril29,a 173 173 (100) 173 (100) 0 (0) 0 (0) 0 (0) 4.0 92.5 (4-yr 
actuarial)

92.5 (4-y 
actuarial)

— 69.0 Unknown

Cognetta36 854 854 (100) 712 (83.4) 133 (15.6) 0 (0) Unknown 2.6 97.0 (crude) 95.8 (5-y 
actuarial)

93.3 (5-yr 
actuarial)

Unknown Unknown

Olschewski37 85 104 (100) 104 (100) 0 (0) Unknown Unknown 3.1 100 (crude) 100 (crude) — 94.0 Unknown

Petrovich32 646 646 (100) 465 (72.0) 116 (18.0) Unknown Unknown 5.0 90.7 (crude) Unknown Unknown Unknown Unknown

Nasal Skin

Caccialanza40 620 671 (100) 656 (97.8) 15 (2.2) 2 (0.3) 89 (13.3) 3.2 94.3 (crude) 93.3 (crude) 94.4 (crude) 74.5 Unknown

Childers41 26 26 (100) 26 (100) 0 (0) Unknown 5.0 (19.0) 9.3 96.0 (crude) 96.0 (crude) — 81.0 0

Tsao33 94 94 (100) 0 (0) 94 (100) 7 (7.4) Unknown 2.9 85.0 (5-y 
actuarial)

— 85.0 (5-y 
actuarial)

Unknown 0

Eyelid and Medial Canthus 

Fitzpatrick45 
(eyelid)

1,166 1,166 (100) 1,062 (91.1) 104 (8.9) 14 (1.2) 418 (35.8) 5.0 94.9 (5-y 
crude)

95.0 (5-y 
crude)

93.0 (5-y 
crude)

Unknown Unknown

Krema42  
(medial 
canthus)

90 90 (100) 90 (100) 0 (0) Unknown 26 (28.0) 6.7 94.0 (10-y 
actuarial)

94.0 (10-y 
actuarial)

— Unknown Unknown

Rodriguez- 
Sains44  
(eyelid)

631 631 (100) 631 (100) 0 (0) Unknown ~ 315 
(50.0)

6.1 95.8 (crude) 95.8 (crude) — Unknown Unknown

Swanson43  
(medial  
canthus)

23 23 (100) 23 (100) 0 (0) 0 (0) 6 (26.0) 9.9 87.0 (crude) 87.0 
(crude)

— Unknown 0

Pinna 

Caccialanza46 108 115 (100) 99 (86.1) 16 (13.9) Unknown Unknown 2.4 89.6 (crude) 87.9  
(actuarial)

100 (crude) 74.8 Unknown

Silva30 313 334 (100) 201 (60.2) 122 (36.5) 44 (13.2) 50 (15.0) 3.3 86.6 (2-y 
actuarial)

93.0 (2-y 
actuarial)

82.0 (2-y 
actuarial)

Unknown 5.7

Multiple Sites 

Barysch47 179 156 (86.7) 0 (0) 180 (100) Unknown 3 (1.7) 4.9 86.7 (crude) — 86.7 (crude) Unknown Unknown

Griep34 389 370 
(95.0)

295 (75.8) 94 (24.2) Unknown 75 (19.3) 2.0 95.1 (crude) 95.9 (crude) 92.5 (crude) 73.1 Unknown

Locke31 468 491 (92.5) 389 (73.3) 142 (26.7) 31 (5.8) 167 (31.5) 5.8 88.7 (crude) 92.0 (crude) 79.6 (crude) 92.0 Unknown

Lovett9 339 319 (94.1) 242 (71.4) 92 (27.1) Unknown 137 (37.5) 2.0 
(minimum; 
median not  
reported)

86.1 (crude) 90.9 (crude) 75.3 (crude) 91.6 Unknown

Kwan10 182 163 (89.6) 61 (33.5) 121 (66.5) 29 (15.9) 98 (53.8) 3.5 70.3 (crude) 86.0 (4-y 
actuarial)

58 (4-y 
actuarial)

Unknown Unknown

van  
Hezewijk48

333 355 (81.8) 332 (76.5) 102 (23.5) 0 (0) 0 (0) 3.6 97.5 (crude) 97.0 
(crude)

95.1 (crude) Unknown Unknown

Zagrodnik49 148 135 (77.1) 175 (100) 0 (0) Unknown 0 (0) 4.0 84.2 (5-y 
actuarial)

84.2 (5-y 
actuarial)

— Unknown Unknown

aProspective trial. 
BCC = basal cell carcinoma, SCC = squamous cell carcinoma.
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A dermatological surgeon and radiation oncolo-
gist should closely collaborate with each other as well 
as with the patient to devise an appropriate treatment 
plan. Balancing time, cosmetic and functional out-
comes, and cost should all factor into the treatment de-
cision. RT is typically delivered during several weeks, 
possibly creating logistical issues with patients, where-
as extensive surgery with reconstruction can extend 
treatment and healing time. For patients taking anti-
coagulant medication, RT offers the safest option, be-
cause it does not require patients to interrupt their an-
ticoagulants prior to surgery. Other issues to consider 
when discussing surgery and RT include patient age, 
treatment preference, and treatment availability.50 Clin-
ical practice guidelines from the National Comprehen-
sive Cancer Network recommend that definitive RT be 
offered to nonsurgical candidates; they also state that 
radiation is often reserved for patients 60 years or older 
because of concern for long-term sequellae.51,52

A trial that began enrolling patients in 1982 is the 
only trial ever completed that compared surgery with 
RT for the definitive treatment of BCC.29 Avril et al29 
randomized 347 patients with BCC of the face (tumor 
size < 4 cm) to surgery (n = 174 [≤ 2-mm margin]) or 
RT (n = 173; 55% interstitial brachytherapy, 33% contact 
therapy, 12% conventional therapy). The study report-
ed an actuarial 4-year local control rate of 99.3% with 
surgery compared with 92.5% for RT (P = .003).29 At  
3 months, patient-reported cosmesis was equivalent 
in the 2 groups; by 4 years, 87% of participants in the 
surgical arm reported having a good cosmetic outcome 
compared with 69% of those in the RT arm (P = .05).29 
However, the trial took place prior to the availability 
of 3-dimensional treatment planning and, as such, ad-
equate tumor volume coverage and radiation dosim-
etry to prevent extreme radiation hot-spots would 
have been difficult, particularly for deeper tumors. 
This could have been what led to worse cosmetic out-
comes. The recurrence rates and cosmetic outcomes 
were also not reported by the respective method of ra-
diation delivery — information that could have been 
useful to clarify the outcomes and cosmetic results.29 
Interstitial iridium-192 brachytherapy was delivered to 
55% of study volunteers, thus causing a heterogeneous 
radiation dose distribution: high radiation doses near 
the catheters and, theoretically, a higher risk for skin 
toxicity and fibrosis.29 

A French retrospective series reported acceptable 
rates of toxicity with interstitial brachytherapy for the 
treatment of cutaneous carcinomas, but the research-
ers also reported a lower rate of cosmetic toxicity when 
using a dose rate of less than 98 cGy/hour53; the dose 
rate in the trial by Avril et al29 was not reported. The 
trial also allowed superficial, orthovoltage contact 
therapy (50 kV) with a hypofractionated radiation 
dose schedule of 2 sessions of 18 to 20 Gy separated 

by 2 weeks (33% of study patients).53 This high-dose, 
hypofractionated radiation schedule is associated with 
worse cosmetic outcomes.30,31,54 By contrast, cosmetic 
outcomes are generally good or excellent and rates of 
toxicities related to radiation are rare with modern ra-
diation techniques and more protracted fractionation 
schema when properly performed (see Table9,10,29-49). 

Adjuvant Therapy
Following the wide excision of BCC and SCC, the goal 
of postoperative RT is to further minimize the risk of 
local or regional recurrence. In general, adjuvant RT is 
appropriate when either the risk of recurrence is high 
or the probability of successful salvage surgery is rela-
tively low.50 Adjuvant RT is often recommended after 
wide excision with close or positive margins or when 
other high-risk factors are present, including perineu-
ral invasion, invasion of the bone or nerves, or recur-
rent disease.50

Management of regional lymphatics, including 
clinically or radiographically positive lymph nodes, 
typically consists of nodal dissection and adjuvant RT. 
No prospective trials have evaluated adjuvant regional 
RT for cutaneous BCC or SCC, although some retro-
spective series have reported improved rates of locore-
gional control with use of adjuvant RT.55-58 

For patients with mucosal SCC of the head and 
neck, 2 large prospective trials have assessed the util-
ity of chemoradiotherapy compared with RT alone.59,60 
A combined analysis of both trials found a significant 
improvement in rate of survival for study patients with 
positive surgical margins or extracapsular extension 
who were treated with adjuvant chemoradiotherapy.61 
Prospective trials with adjuvant locoregional chemora-
diotherapy for cutaneous BCC and SCC are also lack-
ing. However, the results of adjuvant chemoradiothera-
py for mucosal SCC are often extrapolated and applied 
to cutaneous SCC, and chemoradiotherapy is often rec-
ommended in patients with positive margins or extra-
capsular extension. 

A retrospective analysis of 61 patients with Amer-
ican Joint Commission on Cancer stage III/IV SCC of 
the skin and at least 1 risk factor, including at least 
2 lymph nodes, close (< 1 mm) or positive surgical 
margins, or extracapsular nodal extension, found a 
significantly improved rate of median recurrence-
free survival with adjuvant chemoradiotherapy com-
pared with adjuvant RT alone (40.3 vs 15.4 months, 
respectively).62 An ongoing prospective phase 3 trial 
is also evaluating the potential benefit of concur-
rent carboplatin with RT compared with RT alone in  
individuals with high-risk postoperative cutaneous 
SCC of the neck (NCT00193895). The trial is expected 
to close at the end of 2016, and its results may help 
guide treatment decisions with concurrent adjuvant 
systemic therapy.
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Dosing Schedule
Various radiation dose and fractionation schedules 
have been used for both the definitive and adjuvant 
treatment of BCC and SCC. Few retrospective series 
have shown improved rates of local tumor control for 
epithelial skin cancers with increasing the biologi-
cally effective dose, increasing the daily fraction size, 
and/or increasing the total dose of radiation.31,32,54  
For definitive treatment, radiation doses higher than 
5 Gy, typically delivered every other day or twice per 
week, have been shown to offer equivalent rates of lo-
cal control at the cost of increased toxicity and, often, 
poor cosmesis.31,32,54 

Because of these increased rates of toxicity, dai-
ly radiation doses higher than 5 Gy are typically re-
served for patients who are frail and unable to make 
daily office visits. By contrast, radiation schedules us-
ing lower daily radiation doses between 2 and 5 Gy 
(ie, 3 Gy daily fractions for a total dose of 51–54 Gy 
or 2.5 Gy daily fractions for a total dose of 50–60 Gy) 
are commonly used due to their favorable toxicity and 
cosmetic profiles.30-34 

For lesions involving bone or cartilaginous tissues 
or for very large tumors, conventional daily radiation 
doses of 2 Gy are often used, with total doses rang-
ing from 66 to 76 Gy.34 In general, fraction sizes of less 
than 4 Gy offer optimal cosmesis and fraction sizes of 
less than 3 Gy should be considered if bone or carti-
lage is present in the treatment field.7 In our experi-
ence, abbreviated schedules, such as 51 Gy in 17 frac-
tions of 3 Gy per fraction, produce an excellent balance 
of cosmetic outcomes and time sensitivity.

Technique
Many RT techniques have been used for the treatment 
of epithelial skin cancers. The appropriate radiation 
technique depends on multiple factors, including pri-
mary tumor location, tumor size, scar length (in the 
postoperative setting), neighboring anatomy, and 
whether the regional lymph nodes are included. 

Many options are also available for the treatment 
of cutaneous cancers. Superficial megavoltage elec-
trons are typically used for primary lesions or tumor 
beds 5 mm or deeper. Electrons are produced from 
linear accelerators and have a dose distribution, with 
the peak dose near the skin surface and a rapid dose  
fall-off beyond the target.7 Superficial orthovoltage  
x-rays, or photons, have also traditionally been used 
to treat cutaneous BCC and SCC and provide less of a 
penumbra (the distance from the area receiving 20% 
and 90% of the dose) surrounding the radiation target 
than electrons. Superficial kV x-rays also have a peak 
dose near the skin surface, do not require a bolus, and 
work well on irregular surfaces without having to cre-
ate a smooth, tissue-equivalent bolus, as is necessary 
with electrons. Despite this, superficial kV x-rays are 

limited to use with superficial tumors and, as a result, 
are not frequently used.7 

For the treatment of larger and more complex tu-
mors and postoperative tumor beds, treatment with 
megavoltage photons using either 3-dimensional con-
formal or intensity-modulated RT may be appropriate. 
Intensity-modulated RT can be advantageous for larger 
cutaneous head and neck tumors because of its ability 
to limit radiation to nearby critical structures, including 
the parotid and submandibular glands, and it has been 
shown to improve quality of life.63 

Select retrospective, single-institution compari-
sons of electrons and superficial photons have found 
no difference in outcomes. Locke et al31 reviewed 
and compared outcomes of 531 patients with BCC 
and SCC who were treated with superficial electrons 
(19%), superficial kV photons (60%), or a combination 
of both (20%); they found no difference in rates of lo-
cal recurrence. Similarly, Griep et al34 assessed out-
comes of 389 patients with BCC and SCC who were 
treated with superficial photons or electrons, and 
they too reported no difference in local recurrence 
by treatment technique; however, they did report im-
proved cosmetic outcomes with smaller daily doses of 
radiation (3 Gy daily fractions) compared with larger 
daily doses (6–10 Gy daily fractions). Because recur-
rence is similar between techniques, the appropriate 
technique should instead be based on factors such as 
tumor size, depth, location, and field size.

Cutaneous Brachytherapy
Brachytherapy is frequently used for superficial 
(< 1 cm depth) skin cancers. High-dose-rate brachy-
therapy can incorporate 3-dimensional dosimetric 
planning, and it can be used with surface applicators 
or molds that conform to the contours of a patient’s 
skin. For smaller tumors of the skin (size < 3 cm, depth 
≤ 5-mm), a Leipzig applicator (Nucletron, Veenendaal, 
The Netherlands) or Valencia applicator (Nucletron) 
can be used. For more extensive skin lesions (surface 
depth < 1 cm), a Freiburg Flap applicator (Elekta, 
Stockholm, Sweden) or HAM applicator (Mick) is of-
ten used.64 Guix et al65 reported on 102 facial cases 
of BCC and 34 cases of SCC definitively treated us-
ing high-dose-rate brachytherapy with iridium-192 
and surface molds. Gross tumors were treated with a 
minimum dose of 6000 to 6500 cGy in 180 cGy daily 
fractions calculated at a 5-mm depth.65 The group re-
ported a 5-year actuarial local control rate of 98% for 
all tumors and local control rates of 99% for primary 
tumors and 87% for recurrent tumors.65 No severe ear-
ly or late complications were reported. 

Systemic Approaches to Aggressive  
Cutaneous Malignancies
In an attempt to improve rates of locoregional control 
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for high-risk skin carcinomas, systemic therapy with 
or without concurrent RT has been investigated. The 
literature addressing systemic chemotherapy for cuta-
neous BCC and SCC is generally limited to small ret-
rospective series and case reports.56-68 Substantial im-
provements have been made in our understanding of 
the molecular changes present in BCC and SCC. For ex-
ample, the sonic hedgehog signaling pathway has been 
shown to play a key role in the development of most 
cases of BCC, so it is being investigated as a therapeu-
tic target.3,69,70 The efficacy and safety of vismodegib, a 
sonic hedgehog inhibitor, was first investigated by Ra-
leigh et al,71 and then was tested in patients with met-
astatic (n = 33) or locally advanced (n = 71) BCC that 
recurred following surgery and in those who were not 
candidates for surgery or RT.72 Results of the trial were 
promising. Among the study patients with metastatic 
and locally advanced tumors, objective response rates 
of 33.3% and 47.6%, respectively, were seen by inde-
pendent review, as were median duration of responses 
of 7.6 and 9.5 months, respectively.72 

A second larger trial addressed rates of response 
and toxicity of vismodegib among a similar group of 
patients with metastatic (n = 31) or locally advanced 
(n = 468) BCC who were not surgical candidates.73 
The results were promising, with overall and com-
plete response rates by investigator review of 66.7% 
and 33.8%, respectively, among patients with locally 
advanced disease.73 The rate of median duration of 
response was 22.7 months among study patients with 
locally advanced and metastatic disease.73 Nearly all 
study participants experienced toxicities (98.0%), al-
though grade 5 toxicities were relatively rare, occur-
ring in 21 (5.0%).73 

Another sonic hedgehog inhibitor, sonidegib, was 
tested in a randomized phase 2 trial at 2 different dose 
levels (200 and 800 mg) in a similar setting with both 
locally advanced and metastatic BCC.60 At a median 
follow-up of nearly 14 months, 43% and 15% of study 
patients with locally advanced and metastatic BCC, 
respectively, had an objective response at the 200-mg 
dose level; similar response rates were seen in the 
higher dose group but at the expense of increased ad-
verse events.60 

Preliminary case reports of concurrent treatment 
with RT and vismodegib have been reported with 
promising results.75 A phase 2 trial is also underway to 
test the safety and tolerability of vismodegib combined 
with RT for locally advanced BCC (NCT01835626). The 
results of this trial will help guide future trials and 
treatment decisions with respect to combined modality 
treatment for BCC.

Similar to mucosal SCC of the head and neck, 
cutaneous SCC also frequently overexpresses epider-
mal growth factor receptor.76 Cetuximab has been 
shown to prolong survival in patients with untreated 

recurrent and metastatic mucosal SCC of the head 
and neck when cetuximab is combined with fluoro-
uracil/platinum compared with fluorouracil/platinum 
alone.77 Adding cetuximab to RT has also been shown 
to improve rates of survival for patients with locally ad-
vanced mucosal SCC of the head and neck compared 
with RT alone.78 Despite this, the data addressing ce-
tuximab use in patients with cutaneous SCC are in 
their infancy and largely consist of cases reports.79,80 A 
pilot study reported on the use of cetuximab in 20 pa-
tients with inoperable cutaneous SCC.81 Overall, 47% 
of study patients had a response; 33% with cetuximab 
alone (n = 6), 80% with cetuximab and RT (n = 5), and 
38% with carboplatin (n = 9).81 

Two additional epidermal growth factor recep-
tor tyrosine kinase inhibitors, erlotinib and gefitinib, 
have been assessed in phase 1 and 2 studies, respec-
tively, with concurrent RT for cutaneous SCC.35,82 In 
the phase 1 trial, erlotinib was concurrently delivered 
with RT in 15 patients with locally advanced cutane-
ous SCC (93% with T4 disease).82 The combination 
therapy resulted in a grade 2/3 skin reaction in 100% of 
the study volunteers, mucositis in 87%, and diarrhea in 
20%; the researchers concluded that the combination 
therapy had an acceptable toxicity profile.82 Gefitinib 
was studied in a phase 2 trial in which it was first de-
livered neoadjuvantly and study participants were as-
sessed for response.35 Those who responded were then 
treated with definitive local therapy followed by main-
tenance gefitinib. Among 22 study patients evaluable 
for response, 18% achieved a complete response and 
27% had a partial response; 59% experienced adverse 
effects from the neoadjuvant therapy.35 Following in-
duction, 12% were treated with surgery, 18% with RT 
alone, 12% with concurrent gefitinib and RT, and 47% 
with surgery and postoperative RT and concurrent ge-
fitinib.35 The outcomes were promising: The 2-year dis-
ease-specific and progression-free survival rates were 
72% and 64%, respectively.35 

However, further studies addressing the use of 
epidermal growth factor receptor inhibitors alone and 
concurrently with RT for cutaneous SCC are needed. 

Conclusions
Radiotherapy (RT) plays an integral role in the treat-
ment of primary and postoperative cutaneous basal 
cell and squamous cell carcinomas of the head and 
neck. In general, definitive RT is recommended for 
tumors located in cosmetically or functionally sensi-
tive areas of the face, for patients who cannot toler-
ate anesthesia and, often, for those who are taking 
anticoagulants, or for patients who prefer RT to other 
treatment modalities. A wide range of radiation dos-
es, daily fractionation schedules, and radiation tech-
niques are effective for basal and squamous skin can-
cers, and recommendations should take into account 
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the size, depth, location, field size, and neighboring 
anatomy of the tumor. 

In general, adjuvant local RT is recommended fol-
lowing excision for patients with high-risk factors, in-
cluding those with close or positive tumoral margins, 
perineural invasion, invasion of the bone or nerves, or 
recurrent disease. Adding concurrent chemotherapy 
to adjuvant RT can be considered for patients at higher 
risk, including those with positive tumoral margins or 
nodal extracapsular extension. Prospective trials are 
currently underway to address the role of concurrent 
systemic therapy and RT for both cutaneous basal cell 
and squamous cell carcinomas.
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When treatment for paragangliomas  

of the head and neck is indicated,  

an algorithm-based approach can help  

optimize outcomes.

Treatment of Head and Neck Paragangliomas
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Background: Commonly occurring in the head and neck, paragangliomas are typically benign, highly vascular 
neoplasms embryologically originating from the extra-adrenal paraganglia of the neural crest. Frequently, 
these tumors are associated with the vagus, tympanic plexus nerve, the carotid artery, or jugular bulb. Their 
clinical presentation can vary across a wide spectrum of signs and symptoms.
Methods: We reviewed and compared standard treatment approaches for paragangliomas of the head and neck.
Results: In general, surgery is the first-line choice of therapy for carotid body tumors, whereas radiotherapy 
is the first-line option for jugular and vagal paragangliomas.
Conclusions: Because of the complexity of clinical scenarios and treatment options for paragangliomas, a 
multidisciplinary algorithmic approach should be used for treating paragangliomas. The approach should 
emphasize single-modality treatment that yields excellent rates of tumor control, low rates of severe, iatrogenic 
morbidity, and the preservation of long-term function in this patient population. 

Introduction
Commonly occurring in the head and neck, paragan-
gliomas are typically benign, highly vascular neoplasms 
embryologically originating from the extra-adrenal 
paraganglia of the neural crest, and they are typically 
associated with the vagus, tympanic plexus nerve, the 
carotid artery, or jugular bulb.1-3 Clinically, patients with 
paragangliomas present with diverse signs and symp-
toms. They may have a family history of paragangliomas 
and can present with multicentric tumors regardless of 
sporadic or familial origin. 1-3 

In the era of safe embolization protocols and so-
phisticated surgical approaches to the skull base, sur-
gery has become the preferred treatment method for 
paragangliomas.1-5 Historically, health care profession-
als relied on radiotherapy to treat debilitated or elderly 
patients with unresectable, extensive tumors or para-
gangliomas, but long-term experience and advances in 
the field of radiation oncology have demonstrated that 
first-line radiotherapy for the treatment of paraganglio-
mas has low rates of long-term complications and high 
rates of tumor control.1-3 Thus, radiotherapy now plays 
an important role in treatment algorithms.1-3 In addi-
tion, individualized treatment strategies may also in-
clude observation.

Multicentricity
Rarely, sporadic cases (10%) will present with a concur-
rent second paraganglioma, and multicentricity may be 
present in up to 85% of those with a genetic predisposi-
tion.6-8 A second carotid body tumor is by far the most 
common pattern of a synchronous secondary paragan-
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glioma (20% of carotid body tumors).6-8 An additional 
contralateral or ipsilateral paraganglioma, as well as bi-
lateral carotid body tumors, poses significant and chal-
lenging treatment problems for the clinician, because 
patients undergoing resection of bilateral carotid body 
tumors may experience baroreceptor function loss and 
deficits in the cranial nerves resulting in labile hyper-
tension.1,2,9 These tumors may be metachronous, indi-
cating that surveillance may be appropriate for select 
paraganglioma cases. Routine follow-up imaging with 
magnetic resonance imaging (MRI) or fluorodeoxy-
glucose/fluorodopa or indium pentetreotide positron 
emission tomography (PET) is warranted in multicen-
tric, metachronous tumors.1-3

Malignancy
Paragangliomas are rarely malignant, representing a 
small subset of extra-adrenal paragangliomas with a 
propensity for regional lymph-node and distant meta-
static disease, primarily to bone, the lungs, and liver.1-3 
A higher rate of malignancy has been observed in 
sporadic paragangliomas compared with the familial 
type, with the exception of the familial syndrome 
associated with SDHB mutation (rate of malignancy, 
30%–70%).10,11 The rate of malignancy depends on 
the site of origin: Although rare, orbital and laryngeal 
paragangliomas have a 25% rate of malignancy, which 
is the highest rate of any paraganglioma.1-3 By compari-
son, the rate of malignancy for vagal paragangliomas 
is between 16% and 19%, between 5% and 6% for jugu-
lotympanic paragangliomas, and between 3% and 4% 
for carotid body tumors.10 No histological criteria exist 
to diagnose malignancy in primary tumors. The health 
care professional can make the diagnosis only if malig-
nancy is confirmed by the presence of a tumor in the 
lymph nodes or the disease has metastatically spread 
to distant sites.1-3

It is worth emphasizing that the implications for 
treatment are significant when malignant disease is 
present.11-13 Locoregional control is best achieved with 
primary resection followed by adjuvant radiothera-
py.1-3 The disease is known to recur for up to 20 years.1-3 
The 5-year survival rates are 50% to 80% for those 
with nodal disease and up to 11% for those with dis-
tant spread.14

Anatomy and Physiology 
Diffusely distributed throughout the upper part of 
the body, paraganglia facilitate the chemoreceptive 
reflexes of the cardiovascular system. They contain 
chief cells with the capacity to secrete neuropeptides 
(eg, norepinephrine), which, in turn, influence vascu-
lar reflexes.1-3

The carotid body, which is a type of paragan-
glion, can sense changes in pH, arterial oxygen pres-
sure, and level of carbon dioxide.1-3 Located within 

the carotid bifurcation, the carotid body is a discrete, 
oval structure that directly receives its blood supply 
from the carotid bifurcation via the glomic arteries 
(Fig 1).3 The afferent reflex is mediated by a glosso-
pharyngeal nerve branch called the nerve of Hering. 
Expanding tumors that originate from here can im-
pair sympathetic nerve chain function as well as cra-
nial nerves X and XII.1-3

Distributed within the temporal bone in close as-
sociation with the Jacobsen nerve, which is the tym-
panic branch of the glossopharyngeal nerve (see Fig 
1), are the jugulotympanic paraganglia.3 Typically, 
temporal bone paraganglia are located in the jugu-
lar fossa, and symptoms may involve early function-
al impairment of cranial nerves IX, X, XI within the 
jugular foramen, and XII as it exits the hypoglossal 
canal.1-3

Vagal paraganglia are distinctly separate from 
jugulotympanic paraganglia because they do not form 
discrete bodies; in addition, they may be interspersed 
within the vagal nerve fibers in the pars nervosa of the 
jugular foramen (which transmits lower cranial nerves 
IX, X, and XI) or located within the vagus nerve be-
neath the perineurium.1-3 The superior vagal ganglion 
is visible at the level of the jugular foramen. The ori-

Fig 1. — Schematic representation of common sites of head and neck 
paragangliomas and their relationship to the lower cranial nerves and major 
vessels. 
From Persky MS, Hu KS. Paragangliomas of the head and neck. In: Harrison 
LB, Sessions RB, Hong WK, eds. Head and Neck Cancer: A Multidisciplinary 
Approach. 3rd ed. Lippincott Williams and Wilkins, Philadelphia, PA; 2009. 
Reprinted with permission by Wolters Kluwer.
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gin of most vagal paragangliomas is the nodose vagal 
ganglion, which is located approximately 1 to 2 cm 
below the jugular foramen (see Fig 1).3 Both the su-
perior and nodose vagal ganglia are proximal to the 
pars venosa of the jugular foramen, cranial nerves IX 
to XII, and the ascending portion of the petrous inter-
nal carotid artery.15 Therefore, vagal paragangliomas 
have distinct therapeutic sequela based on their close 
anatomical association with the superior portion 
of the vagal nerve and other adjacent neurovascular 
structures.1-3 

Extra-adrenal paraganglia lack methyltransferase, 
a requirement for converting norepinephrine to epi-
nephrine; the metabolic breakdown of catecholamines 
to metanephrine (from epinephrine) and normeta-
nephrine (from norepinephrine) as well as vanillyl-
mandelic acid can be detected in urine. Thus, appro-
priate urine and serum analysis can be used to detect 
actively secreting paragangliomas.1-3

Workup 
History and Physical Examination
The health care professional should obtain a thor-
ough history and perform a physical examination for 
any patient presenting with a paraganglioma, eval-
uating for cranial nerve dysfunction, possible signs 
and symptoms related to catecholamine secretion 
as well as evidence of malignant transformation.1-3 
Typically, carotid body tumors present as an enlarg-
ing asymptomatic mass at the level of the carotid bi-
furcation. Dysfunction of the cranial nerve may be 
indicative of the presence of large tumors extending 
into the jugular foramen.1-3 Patients with jugulotym-
panic tumors may present with pulsatile tinnitus 
or conductive hearing loss. Otoscopic examination 
may reveal the Brown sign involving a red-blue le-
sion in the middle ear that blanches with positive 
pressure.1-3 For patients with more advanced disease, 
lower cranial nerve deficits may become apparent. 
Frequently (< 50% of cases), vagal paragangliomas 
present with multiple cranial neuropathies involv-
ing the hypoglossal, vagus, and spinal accessory 
nerves.3,13,16,17 

Attention should be given to a possible familial 
history of paragangliomas, von Hippel–Lindau syn-
drome, and type 2 multiple endocrine neoplasia.1-3 
Sweating, hypertension, tachycardia, and nervousness 
may be symptoms of secreting tumors. Laboratory 
studies, including 24-hour urinalysis and serum cat-
echolamine screening (norepinephrine, epinephrine, 
and metanephrine), should be ordered for all patients 
with suspected paraganglioma.1-3

Diagnostic Imaging
In general, fine needle biopsy is not indicated because 
radiographic studies are pathognomonic.1-3,16,18 The 

health care professional can obtain computed tomog-
raphy (CT) with contrast for delineating paraganglio-
mas because the contrast enhances these highly vas-
cular tumors.1-3 In addition, CT is frequently diagnostic 
given the characteristic patterns tumors displace to 
the internal and external carotid arteries.3 CT can be 
utilized to define the erosion and any possible skull-
base involvement, including in the temporal bone. A  
well-circumscribed mass occupying the carotid bifur-
cation that has splayed the external and internal ca-
rotid arteries is characteristic of carotid body tumors, 
which posterolaterally displace the internal carotid 
artery. Typically, when vagal paragangliomas are pres-
ent, the internal carotid artery is anteriorly/medially 
displaced, occupying the superior parapharyngeal 
space (with or without skull-base involvement).1-3 In 
the early disease stage, jugulotympanic paragan-
gliomas can be distinguished — in particular when  
a paraganglioma is located in the tympanic cavity 
alone — and bone destruction patterns typical for this 
type of paraganglioma are observed.1-3

MRI with gadolinium contrast is a complementary 
imaging modality that the health care professional can 
also employ for evaluating head and neck paragangli-
omas.1-3 Gadolinium should be used, if available, be-
cause paragangliomas show intense signal enhance-
ment in this medium.19 Similar to CT, use of contrast for 
MRI aids the health care professional in the delineation 
of the tumor, and it also helps to survey and detect syn-
chronous paragangliomas of the head and neck as well 
as confirm the diagnosis. On T2-weighted MRI, the 
characteristic “salt and pepper” appearance observed 
is essentially pathognomonic and is related to the  
high-flow vascular voids within the vascular tumor. 

Findings on magnetic resonance angiography 
that demonstrate the patency of the circle of Willis 
provide the surgeon with critical information about 
intracranial circulation. Angiography can be used 
to detail the features of tumor flow dynamics (the 
venous drainage and blood supply of the tumor ve-
nous drainage) as well as the vascular anatomy of 
the intracranial space and head and neck (Fig 2).3 If 
carotid artery sacrifice is anticipated, then cerebral 
angiography with ipsilateral internal carotid balloon 
occlusion can be obtained to define the intracranial 
cerebral circulation. However, because techniques in 
high-resolution MRI and CT have evolved, the role of 
magnetic resonance angiography is limited in diag-
nosis, although it does remain important for use in 
preoperative planning for tumor resection. Obtaining 
superselective angiography and performing emboli-
zation of the arterial supply can decrease the risk for 
intraoperative blood loss. 

Radionuclide imaging can be used to target the 
biochemical pathways of catecholamine synthesis. 
Such imaging techniques include fluorodeoxyglucose 
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with or without metaiodobenzylguanidine, dihydroxy-
phenylalanine, fluorodopamine, fluorodopa, or indium 
octreotide for use with PET.20,21 

Surgery
Prior to surgery, the health care professional should 
typically perform an angiographic evaluation. To eval-
uate for use of anesthesia, the presence of catechol-
amine-secreting tumors should be considered because 
they require an alpha- and beta-adrenergic blockade. 
Continuous arterial pressure monitoring is ideal, and 
preparing for possible blood transfusions should be 
expected. 

Based on our experience with paragangliomas, 
any proposed treatment must be individualized to each 
patient. Issues to be considered include patient age, 
medical comorbidities, location and size of the tumor, 
possible presence of synchronous tumors, and a his-
tory of progressive neurological dysfunction. 

Angiographic Evaluation
An important preoperative adjunct for the surgical ap-
proach to paragangliomas is superselective angiog-

raphy because it can be used for arterial mapping to 
identify tumor blood supply, tumor flow dynamics, 
and — perhaps the most important — the displace-
ment of major vessels. Angiography is particularly use-
ful for patients whose tumors are large and are sup-
plied by the external and internal carotid arteries and 
anastomoses are present between the internal and ex-
ternal carotid systems.22 The health care professional 
should evaluate the internal carotid artery for areas of 
irregularity or constriction as well as the structural in-
tegrity of the vessels, because either may indicate that 
removal could be necessary. Equally important is the 
venous phase of angiography because it can help the 
health care professional identify draining vessels, and 
evaluate the amount of invasion and occlusion of the 
lumen of the jugular bulb, jugular vein, and sigmoid 
sinus — which are characteristic findings of jugulo-
tympanic paragangliomas. 

If the surgeon anticipates that disruption or re-
moval of the internal carotid artery might be neces-
sary during surgery, then he or she must evaluate for 
adequate contralateral cerebral circulation; several 
methods can be used for this purpose. Although it is 
not available in all settings, xenon CT in conjunction 
with ipsilateral balloon occlusion can be useful to 
measure cerebral flow.23,24 While monitoring the clini-
cal neurological status of the patient, temporary bal-
loon occlusion of the internal carotid artery if a patent 
circle of Willis is present may be easier to perform. 
In addition, this method is reliable: Approximately 
93% of patients can tolerate removal of their ipsilat-
eral internal carotid artery based on findings from the 
angiographic evaluation.9 It is worth noting that con-
ditions in the operating room and the angiographic 
suite may differ in terms of the cerebral delivery of 
oxygen.9 A patient’s tolerance for the temporary oc-
clusion of the internal carotid does not preclude the 
possibility that a delayed cerebrovascular ischemic 
event may occur following surgery. Particularly 
among patients with jugulotympanic paraganglio-
mas, venous outflow of the contralateral and ipsilat-
eral transverse sinus and jugular systems should be 
evaluated. Because anatomical variations exist, an ab-
sent or contralateral hypoplastic jugular system may 
be a contraindication for surgery because of an in-
creased risk of venous stroke after surgery.25-27

Embolization
Embolization is important adjunct therapy, and this is 
especially true for surgery to treat large paraganglio-
mas. Experienced interventional radiology teams are 
necessary to avoid surgical complications. Emboliza-
tion carries the risk of the potential migration of em-
bolization particles into the cerebral circulation, thus 
resulting in stroke, and it is known to occur in the pres-
ence of anastomoses between the internal and exter-

Fig 2. — Carotid body tumor splaying the carotid bifurcation. 
From Persky MS, Hu KS. Paragangliomas of the head and neck. In: Harrison 
LB, Sessions RB, Hong WK, eds. Head and Neck Cancer: A Multidisciplinary 
Approach. 3rd ed. Lippincott Williams and Wilkins, Philadelphia, PA; 2009. 
Reprinted with permission by Wolters Kluwer.
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nal carotid systems or flow reversal from the arterial 
blood supply of the tumor. Advantages to emboliza-
tion include tumor shrinkage, decreased blood flow, 
and additional surgical benefits. A decrease in the 
rate of intraoperative bleeding after embolization re-
sults in fewer transfusions, making for more effective 
tumor dissection with more well-defined tissue planes 
and more effective identification and preservation of 
normal anatomical structures, including the cranial 
nerves. Larger paragangliomas usually demonstrate 
multiple arterial feeding vessels that should be individ-
ually addressed through superselective angiography. 
With progressive embolization of these vessels, addi-
tional compartments of the tumor are devascularized 
until a tumor “blush” is absent. Surgery should be per-
formed within 48 hours of embolization to avoid collat-
eral or intracranial arterial supply, and steroids should 
be administered to reduce the inflammatory response 
following embolization.28,29

Observation
Judicious observation may be appropriate for select 
patients prior to performing surgery or providing ra-
diotherapy. Small- or moderate-sized, unilateral carotid 
body tumors can be easily and safely resected; howev-
er, enlarging tumors or progressive neurological dys-
function warrants intervention. 

Carotid Body Tumors
The surgeon can make an oblique vertical incision 
along the anterior border of the sternocleidomastoid 
muscle to visualize large-sized tumors; by contrast, a 
transverse neck incision across the sternocleidomas-
toid muscle should be made to approach small-sized 
carotid body tumors. Dissection distal and proximal 
to the tumor helps the surgeon identify the common, 
internal, and external carotid arteries, and vessel loop 
control must be applied to anticipate possible injury to 
the carotid. Precautions related to carotid bypass must 
be available. 

The surgeon should expose the most superior 
and inferior extent of the internal carotid artery; typi-
cally, the vessel is posterolaterally displaced. Because 
hemostasis is generally feasible with paragangliomas, 
tumor embolization prior to surgery is unwarrant-
ed.1-3 The surgeon should use caution when dissect-
ing the tumor in the subadventitial plane. Although 
it should be avoided in most cases, external carotid 
artery sacrifice may be required if the artery is en-
cased and infiltrated by the tumor. The last surgical 
step when dissecting the tumor (at the bifurcation of 
the common carotid artery) occurs when the artery 
is at its most vulnerable point for damage.1-3 The sur-
rounding cranial nerves in carotid body tumors may 
have marked hyperemia of the vasa nervosum of their 
nerve sheath. In larger tumors, these nerves may be 

involved and their dissection may cause dysfunc-
tion of the hypoglossal, vagus, and glossopharyngeal 
nerves. Ligation of the external carotid artery has 
been previously reported as a way to control blood 
flow to the tumor, but this maneuver should be avoid-
ed because it does not affect blood flow to the tumor 
and collateral circulation may be profuse.1-3

Jugulotympanic Paragangliomas
The surgeon can perform tympanotomy to approach 
small-sized tympanic paragangliomas through the 
external auditory canal. Embolization of these small 
tumors is not required. Larger-sized tympanic para-
gangliomas that are confined to the mastoid, middle 
ear, or both places without breaching the bone across 
the jugular bulb or the jugulo carotid spine can be 
exposed through a combined postauricular/endaural 
approach. 

The surgeon is required to combine the temporal 
and cervical approaches when the jugular bulb is in-
volved. Because intraluminal vascular invasion will be 
present, the surgeon is required to pack or ligate the 
internal jugular ligation located inferior and the sig-
moid sinus located superior to tumor involvement. The 
surgeon must also proximally and distally trace and 
identify cranial nerves IX, X, and XI. More advanced 
tumors with the potential to involve various branches 
of the petrous carotid artery that may also extend into 
the intracranial area might require a postauricular in-
fratemporal fossa approach. 

The modes of spread for jugular paragangliomas 
are shown in Fig 3.3

Vagal Paragangliomas
Located below the jugular foramen (~ 2 cm), vagal 
paragangliomas typically begin in the inferior (no-
dose) vagal ganglion. They have also been known to 
originate in the middle and superior ganglia, situated 
within the jugular foramen; this location results in 
early skull-base invasion and, in some cases, extends 
to the intracranial space. Growth of tumors bidirec-
tionally along the vagus nerve will also inferiorly and 
superiorly involve the poststyloid parapharyngeal 
space and jugular foramen, respectively. In general, 
the internal carotid artery is medially and anteriorly 
displaced.7 The surgical approach for jugulotympanic 
paragangliomas involving the skull base is similar to 
vagal paragangliomas. 

The modes of spread for vagal paragangliomas are 
shown in Fig 4.3

Complications 
Vascular Injury
The incidence rate for stroke following surgery for 
paragangliomas has been reported to be as high as 
20% and as low as 2% or less.1-3 With the evolution of 
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preoperative planning, surgical techniques, and diag-
nostic evaluations, the need to sacrifice the internal 
carotid and the risk of injury are minimal. The risk of 
injury to the carotid artery or need for sacrifice follow-
ing treatment of carotid body tumors is size specific: 
tumors larger than 5 cm are likely to require carotid 
reconstruction.

Unlike jugulotympanic paragangliomas and ca-
rotid body tumors, vagal paragangliomas are not 
closely associated with the carotid artery, although 
the internal carotid artery may be involved in its pe-
trous portion in advanced disease. Rarely, injury may 
occur, even with adequate surgical exposure and mi-
crosurgical technique. If the patient is at high risk for 
vessel injury within the petrous carotid portion and 
balloon occlusion testing has been safely and satisfac-
torily performed, then the surgeon may consider per-
manent preoperative occlusion of the carotid distal to 
the tumor.1-3 

Baroreflex Failure
Following the resection of bilateral carotid body tu-
mors, the baroreceptor reflex is lost and bilateral de-
nervation of the carotid sinus is unavoidable, resulting 
in postoperative labile refractory hypertension, tachy-
cardia, diaphoresis, and headache.30 The long-term 
treatment of choice is clonidine.31 Algorithms have 
been created for the management of bilateral carotid 
body tumors to avoid long-term postoperative hyper-
tensive issues.1-3 

Cranial Nerve Injury
The surgical risk to the lower cranial nerves for the 
treatment of paragangliomas is site specific and di-
rectly related to tumor size. Vagal, jugulotympanic, 
and carotid body paragangliomas represent, in de-
creasing order, risk of injury to the cranial nerves. 
The size of the tumor is especially important in vagal 
and jugulotympanic paragangliomas. Tumors pre-
senting with extensive skull-base involvement are 
likely to have extensive lower cranial nerve involve-
ment and often preoperatively present with multiple 
cranial nerve deficits. Facial nerve involvement in 
conjunction with preoperative paralysis is a sign of 
such extensive involvement.16,30,32-34 

Following surgery, deficits in the cranial nerve may 
involve impaired aspiration, deglutition, tongue mo-
tion, and phonation. Patients with more than 1 cranial 
nerve deficit do not respond well to treatment because 
these deficits have additive effects. Those who are old-
er may experience difficulty in recovery because vocal 
cord medialization may be necessary if a risk of aspira-
tion is present. In such patients, tracheostomy or gas-
trostomy may be necessary — this is especially true for 
patients with injuries to the high vagus nerve. 

Injury to the accessory nerve results in func-

Fig 3. — Modes of spread for jugular paragangliomas.
From Persky MS, Hu KS. Paragangliomas of the head and neck. In: Harrison 
LB, Sessions RB, Hong WK, eds. Head and Neck Cancer: A Multidisciplinary 
Approach. 3rd ed. Lippincott Williams and Wilkins, Philadelphia, PA; 2009. 
Reprinted with permission by Wolters Kluwer.

Fig 4. — Modes of spread for vagal paragangliomas.
From Persky MS, Hu KS. Paragangliomas of the head and neck. In: Harrison 
LB, Sessions RB, Hong WK, eds. Head and Neck Cancer: A Multidisciplinary 
Approach. 3rd ed. Lippincott Williams and Wilkins, Philadelphia, PA; 2009. 
Reprinted with permission by Wolters Kluwer.
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tional loss of the sternocleidomastoid and trape-
zius muscles. Patients with such injury should be 
referred to physical therapy to help avoid shoulder 
pain secondary to shoulder “drop” and limited range 
of motion. If the nerve is injured below the jugular 
foramen, then primary repair or nerve grafting may 
be performed.17

Hypoglossal nerve injury results in paralysis of 
the ipsilateral tongue. Long-term hypoglossal nerve 
paralysis results in hemiatrophy of the tongue with-
in a few months. If this occurs in combination with 
other lower cranial nerve injuries, then swallowing 
therapy will be required to prevent aspiration. Swal-
lowing therapy is usually focused on educating the 
patient to direct the bolus to the functioning side.17 
More significant, persistent swallowing and aspira-
tion issues may require feeding via tracheostomy 
and gastrostomy tubes.

Radiotherapy
Traditionally, radiotherapy was offered to those with 
postoperative recurrence or for those patients who 
were not surgical candidates due to technical unresect-
ability issues, patient refusal, age, or illness. Unlike 
surgery, concern exists with radiotherapy because le-
sions may remain dormant as they rarely regress com-
pletely after this treatment modality. Yet, evidence 
supports the long-term efficacy of moderate doses 
of radiation to prevent tumor progression while also 
preserving cranial nerve function.1-3 Thus, radiother-
apy has become a first-line treatment for these large-
ly benign tumors, and it is commonly considered for  
skull-base tumors of a jugulotympanic origin as well as 
vagal tumors.1-3 Given the demonstrable and favorable 
long-term outcomes, successful treatment is typically 
defined as lack of tumor progression on serial radio-
graphic follow-up and includes stability of tumor size 
or partial regression.1-3 

Primary radiotherapy may be delivered with con-
ventional external beam radiotherapy (EBRT), stereotac-
tic radiosurgery, or hypofractionated stereotactic radio-
therapy — all of these approaches have excellent rates of 
local control and outcomes.1-3 Typically, doses of 45 Gy 
in 5 weeks are given with conventional EBRT, 12 to 
15 Gy with stereotactic radiosurgery, and 21 Gy for 
3 fractions or 25 Gy for 5 fractions with hypofractionat-
ed stereotactic radiotherapy.1-3 Patients whose intracra-
nial tumors measure less than 3 cm are the best candi-
dates for stereotactic approaches, whereas those whose 
tumors are larger or have a component of extracranial 
spread are best suited for EBRT.1-3 The ablative nature of 
stereotactic radiosurgery can cause a small increase or 
exacerbation in the rate of cranial neuropathy, and, thus, 
a more fractionated approach with stereotactic radiother-
apy or conventional EBRT may be considered in those 
whose baseline cranial nerve function is excellent.1-3

Histopathological Changes
Multiple reports have described the histopathological 
impact of radiation on paragangliomas.35-37 Gardner 
et al36 studied 6 irradiated tumor specimens resected 
4 to 6 weeks following radiotherapy and found evi-
dence of vascular endarteritis with mural thrombi as 
well as necrotic infarct and pyknotic cellular death. 
Fibrosis around nests of the pathognomonic chief 
cells has been reported at 6 months post-treatment 
with diminished vascularity.35,38-40 Chief cells may 
show evidence of senescence such as nuclear pleo-
morphism, irregular nuclear outlines, and chroma-
tin clumping.36,37,40 Thus, radiation appears to cre-
ate sclerosing endarteritis with subsequent fibrosis, 
which in turn prevents tumor growth and involution 
while also causing a loss of reproductive capacity of 
the chief cells.22,35,41

External Beam Radiotherapy
Ever since the first major review was published more 
than 50 years ago of 106 cases of paragangliomas that 
demonstrated similar rates of efficacy between radio-
therapy and surgery, numerous retrospective stud-
ies have confirmed the effectiveness of radiation for 
managing head and neck paragangliomas.35,42-68 Re-
flecting a wide variety of delivery techniques, beam 
energies, and dosing schedules, cumulative rates of 
local control average 90% (range, 65%–100%) and are 
based on more than 1,000 cases (median follow-up time, 
10 years).35,42-68 

Primary radiotherapy may be delivered with con-
ventional fractionation, the results of which have the 
largest and longest experience. Typically, a dose of 
45 Gy in 5 weeks is given with conventional frac-
tionation (Fig 5).3 The effectiveness of radiotherapy is 
not affected by site of origin, whether it be the jugulo-
temporal, carotid body, or vagal space.43,48,62,69 Gilbo 
et al63 reported on a 45-year experience with conven-
tional fractionation and prescribed a dose of 45 Gy. 
A total of 131 patients were enrolled and 156 paragan-
gliomas were studied. The 5- and 10-year rates of local 
control were 99% and 96%, respectively, at a median 
follow-up of 8.7 years.63 Five tumors recurred between 
approximately 1 and 8 years following treatment.63 

Compared With Surgery: The effectiveness of 
surgery compared with EBRT is difficult to ascertain 
because of the retrospective nature of data from au-
thors at single institutions, who report small patient 
numbers confounded with selection bias and other 
conflicting outcomes.66,70-73 To extract meaningful com-
parative outcomes based on a common staging system, 
an analysis of 5 studies was performed to report on 
the outcomes of temporal bone tumors using McCabe/
Fletcher staging.43,47,51,60,68 That analysis demonstrated 
that study patients treated with radiotherapy, surgery, 
or a combination of both had average rates of local 
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control of 93%, 78%, and 85%, respectively, for a medi-
an follow-up period of 11 to 16 years.43,47,51,60,68 Despite 
a larger number of advanced tumors in the radiother-
apy group, the rate of local control was similar or bet-
ter than those undergoing surgery alone or receiving 
combination treatment.43,47,51,60,68 Others have shown 
debulking surgery does not improve outcomes when 
patients are treated with radiotherapy.60 

In a systematic literature review, Suarez et al10 re-
ported on the role of surgery and EBRT in the treat-
ment of carotid body paragangliomas. The mean fol-
low-up times were 80.6 months for surgery (n = 2,175) 
and 99.9 months for those receiving EBRT (n = 127).10 
No difference was seen in local control in the surgery 
and EBRT arms (93.8% vs 94.5%, respectively).10 
Reduction in tumor size was reported in 25.2% of 
study patients treated with EBRT. All received conven-
tional doses of radiotherapy (40–65 Gy); 44% received 
doses between 40 and 50 Gy.10 Iatrogenic cranial 
neuropathy — primarily occurring in cranial nerves 
X and XII — occurred in 22.2% of patients treated with 
surgery vs 0% in those treating with EBRT (P = .004).10 
Iatrogenic Horner syndrome occurred in 2.5% of pa-
tients treated with surgery.10 The carotid artery was 
resected in 12.5% because of injury or tumor encase-

ment, 3% developed permanent stroke, and 1.3% died 
because of postoperative complications.73 The rates 
of iatrogenic cranial neuropathy and vascular compli-
cations were 2.3% for Shamblin class 1/2 tumors and 
35.7% for Shamblin class 3 tumors (P < .001).74 With 
use of EBRT, a potential increased risk of ischemic 
stroke of approximately 12% has been observed with  
long-term follow-up of 15 years.75,76 

Suarez et al73 also studied patients with jugu-
lar or vagal paragangliomas treated with surgery 
(n = 1,310), EBRT (n = 461), or stereotactic radiosur-
gery (n = 261). The median follow-up times for sur-
gery, EBRT, and stereotactic radiosurgery were  
66 months, 113 months, and 41 months, respective-
ly.73 Among patients with jugular paragangliomas, 
better rates of local control were observed with ra-
diotherapy compared with surgery (91.5% vs 78.1%; 
P = .002), and fewer major complications were seen 
with radiotherapy compared with surgery (11% vs 
26%; P = .02) — in particular, lower iatrogenic cranial 
neuropathy (0.08 vs 1.0/per patient; P < .001).73 Peri-
operative complications of major importance were, 
in order of decreasing incidence, cerebrospinal fluid 
leak, aspiration/pneumonia, wound infection, men-
ingitis, and stroke.73 A rate of perioperative mortal-

Fig 5. — Jugular paraganglioma treated with external beam radiotherapy. A man aged 27 years presented with diplopia and tinnitus and was found 
to have paraganglioma of the jugular area that extended extracranially and to the cavernous sinus. He was treated with definitive intensity-modulated 
radiotherapy (dose of 45 Gy in 25 fractions). Both symptoms resolved by the end of radiotherapy. 
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ity was reported to be 1.6%.73 Severe complications 
from radiotherapy included, in order of decreasing 
incidence, deafness, osteonecrosis, death, and brain 
necrosis.73 No significant difference was observed in 
rates of local control between EBRT and stereotactic 
radiosurgery.73

Impact on Neurological Function
In the majority of patients with jugulotympanic tumors 
who present with tinnitus, EBRT can be used to reduce 
or resolve it.48,55 Cummings et al55 demonstrated com-
plete resolution of tinnitus in 79% and stable or par-
tial relief in 21% of the cases they studied. With regard 
to sensorineural hearing loss, they found that 5% of 
patients reported a return to normal hearing, 30% re-
ported some improvement, and 62% noted no change 
after radiotherapy.55 Improvement of other cranial 
neuropathies after radiotherapy has been reported in 
approximately one-third of patients.44,47,48,50,51,53,55,62,69 
Complete restoration of cranial nerve function 
is less common, occurring in about 10% (range,  
8%–20%).44,47,48,50,51,53,55,62,69 The probability that cranial 
nerve function will improve following radiotherapy is 
most likely inversely related to the duration of cranial 
neuropathy.48,73 Suarez et al73 reported improvement of 
cranial nerve function in 8.8% of patients after stereo-
tactic radiosurgery compared with 4.1% in those treat-
ed with EBRT. Hearing loss occurred in 6.5% patients 
treated with stereotactic radiosurgery.73 

Radiation-induced cranial neuropathy follow-
ing EBRT is rare and has been associated with doses 
above what are recommended.48,53,62 Four such cases 
have been reported: 2 cases of cranial nerve VII palsy, 
1 case of cranial nerve VIII dysfunction occurring after 
a high dose of radiotherapy (64–66 Gy), and 1 case of 
cranial nerve VI palsy that the authors stated had an 
“unclear etiology.”48,53,62

Impact on Radiographic Tumor Regression
Results of the radiographic follow-up of patients af-
ter EBRT demonstrate stability in tumor size or mod-
est tumor regression.51,60,77 Mukherji et al78 reported on  
17 patients with 18 paragangliomas treated with defini-
tive radiotherapy who underwent pre-treatment and 
post-treatment imaging using CT or MRI. A total of 61% 
showed a decrease in tumor size, with an average re-
duction of 23% (range, 8%–45%) at a median follow-up 
of 2.5 years. Postradiotherapy findings on MRI includ-
ed reduction in flow voids, decreased heterogeneous 
enhancement, and a reduced T2 signal.78 Other studies 
have demonstrated tumor regression in 57% to 73% of 
patients followed by CT.47,49 Thus, paragangliomas will 
show modest radiographic change or stable tumor in 
the majority of cases. 

van Hulsteijn et al79 performed a meta-analysis of 
15 studies involving 283 jugulotympanic paraganglio-

mas in 276 patients to evaluate the proportion of pa-
tients whose tumors had regressed after stereotactic 
radiosurgery or conventional EBRT. All studies had to 
have a minimum of 12 months of follow-up with ad-
equate radiologic evaluation.79 The percentages of 
patients demonstrating some regression after stereo-
tactic techniques and treated with definitive intent, 
combined modality, and salvage treatment were 21%, 
33%, and 52%, respectively; for those receiving con-
ventional EBRT, the corresponding outcomes were 
4%, 0%, and 64%.79 No differences in local control were 
noted between the 2 treatment techniques nor in those 
with tumor regression vs those without.79

Fractionated Radiotherapy
Rates of morbidity following radiotherapy vary accord-
ing to the radiation technique and treatment site.1-3 
Common toxicities related to radiotherapy include mu-
cositis, fatigue, otitis, dermatitis, nausea, xerostomia, 
epilation, skin dryness, fibrosis, and cerumen build 
up.1-3 Severe complications after radiotherapy have 
been reported in 30 series and occur in approximately 
6% of patients; the rate of treatment-related mortality 
has been observed to be 0.6%.35,42-68 Severe morbidity 
primarily consists of osteoradionecrosis, chronic otitis, 
brain necrosis, radiation-related cranial neuropathy, 
radiation-induced sarcoma, external auditory canal ste-
nosis, and trismus.1 

Most of these severe complications are related to 
radiotherapy that exceed the current recommended 
dose, use outdated treatment techniques, or are due to 
toxicity from reirradiation.1 For example, of the 4 re-
ported cranial neuropathies related to radiotherapy, 
3 occurred after receiving 64 to 66 Gy of radiation.48 

Cole et al45 reported that all of the severe complica-
tions seen in their series occurred in patients treated 
with orthovoltage; none occurred in those treated with 
megavoltage. It is worth noting that the reported inci-
dence of radiation-induced secondary malignancies 
was low (0.4%).45 These included 2 fibrosarcomas oc-
curring 15 and 25 years after treatment and 1 osteosar-
coma occurring 5 years post-treatment.45 In 2015, Gilbo 
et al63 reported on 131 patients (156 benign paragangli-
omas) in a 45-year report. The patients were treated for 
paragangliomas of the jugular bulb, vagal area, tempo-
ral bone, and carotid body. At nearly 12 years of median 
follow-up, they observed no severe (grade 4/5) com-
plications, and none of their study patients developed 
iatrogenic cranial neuropathy/malignancy.63 Thus, with 
current recommended dosing guidelines and modern 
treatment techniques, definitive radiotherapy can be 
well tolerated in patients with paragangliomas.

Stereotactic Radiosurgery
Stereotactic radiosurgery is a successful first-line 
treatment for paragangliomas and as salvage therapy 
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for treatment failure. Stereotactic radiosurgery uses 
a highly focused, single ablative dose of radiation to 
a small target with a steep dose gradient to spare as 
much surrounding normal tissue as possible. For most 
patients, the plan for treatment and the treatment itself 
are performed in a single session. Radiation is deliv-
ered using non-coplanar beams, rigid immobilization, 
and MRI-based treatment planning. 

Multiple series have reported on the success of this 
approach to treat jugular paragangliomas and have 
observed generally high rates of local control.77,80-84 A 
wide range of median doses has also been reported be-
tween 15 and 32 Gy, with 15 Gy being the most com-
mon.77,80-84 Chen et al85 reported on a 15-patient series 
and found that 13 Gy was associated with higher rates 
of failure than 15 Gy (P = .08). Treatments appeared to 
be well tolerated, with low incidence rates of transient 
facial neuropathy, hearing impairment, and vertigo.85 
Stereotactic radiosurgery does have limitations, which 
include the location of the intracranial tumor and tu-
mor size.80 Tumors are typically no larger than 3 cm to 
achieve tight dose conformality.

A population-based meta-analysis of 19 studies 
comprising 335 glomus jugulare cases treated with ra-
diosurgery was reported by Guss et al.86 For all of the 
19 studies, the rate of tumor control was 97%; among 
8 reports studied whose median follow-up times were 
longer than 36 months, the rate of control achieved 
was 95%.86 No difference in outcome was reported by 
radiosurgical technique used.86 

Compared With Surgery: Gottfried et al87 per-
formed a meta-analysis of 109 studies comprising 
869 glomus jugulare cases treated either by gross total 
resection, subtotal resection, stereotactic radiosurgery 
alone, or subtotal resection combined with stereotac-
tic radiosurgery. The median follow-up times for gross 
total resection, subtotal resection, subtotal resection 
in combination with stereotactic radiosurgery, and 
stereotactic radiosurgery were 88 months, 72 months, 
96 months, and 71 months, respectively.87 The rates of 
tumor control for gross total resection, subtotal resec-
tion, subtotal resection in combination with stereotac-
tic radiosurgery, and stereotactic radiosurgery were 
86%, 69%, 71%, and 95%, respectively.87 The study pa-
tients undergoing stereotactic radiosurgery alone had 
the best tumor control rates (P < .001).87 Those under-
going gross total resection had worse deficits in cra-
nial nerves IX to XI compared with those assigned to 
stereotactic radiosurgery, although deficits in cranial 
nerve XII were comparable in the 2 groups.87 

Gottfried et al87 also performed a comprehensive lit-
erature review comparing stereotactic radiosurgery and 
conventional surgery for the treatment of jugular para-
gangliomas in 576 patients. They reviewed 8 radiosur-
gery series reporting outcomes on 142 patients and 
7 conventional surgical series that detailed outcomes on 

374 patients.87 The mean age for patients undergoing 
surgery was 47 vs 57 years of age for those treated with 
stereotactic radiosurgery.87 A total of 48% of patients 
underwent first-line radiosurgery and 52% underwent 
salvage or adjuvant radiosurgery.87 Tumor shrinkage 
was reported in 36% of patients treated with radiosur-
gery while 61% remained unchanged.87 With regard 
to neurological symptoms, 39% showed improve-
ment, 58% showed no change, and 3% had worsening 
symptoms; moreover, most study patients experienc-
ing neurological improvement did so within the first 
12 months.87 At a follow-up period of 49 and 39 months 
(range, 20.0–86.4 months) for the surgical and radiosur-
gical groups, respectively, the rates of local control in 
the surgical group were 92% and 98% for the radiosur-
gical group.87 The neurological complication rate after 
stereotactic radiosurgery was 8.5% (6.4% transient, 
2.1% permanent).87 Transient complications included 
exacerbation of pre-existing cranial nerve deficits, tin-
nitus, or vertigo; permanent complications were report-
ed as worsening facial nerve function (n = 3), worsen-
ing vertigo (n = 1), and progressive hearing loss to 
deafness (n = 1).87 No patients experienced new deficits 
in the lower cranial nerves.87 Meningitis, wound infec-
tion, pneumonia, ischemia, cerebrospinal fluid leak, 
and aspiration were the major surgical complications 
reported.87 Iatrogenic cranial nerve deficits were re-
ported in several surgical series and involved cranial 
nerves VII and IX to XII.87 The rate of perioperative 
mortality was 1.3%.87 

Hypofractionated Stereotactic Radiotherapy
Hypofractionated stereotactic radiotherapy combines 
the high precision of stereotactic planning, the function 
preservation advantages of fractionation, and the con-
venience of short-course treatment. Some authors have 
reported excellent outcomes with low rates of severe 
toxicity. For example, Wegner et al88 reported an early 
experience of 18 glomus jugulare cases treated with lin-
ear accelerator–based stereotactic radiotherapy; 8 had 
persistent tumors after prior surgery, 1 had recurrence 
after EBRT, and 2 were treated with combined extracra-
nial stereotactic radiotherapy with intracranial Gamma 
Knife (Elekta, Crawley, UK) radiotherapy.88 The me-
dian radiation dose was 21 Gy delivered in 3 fractions 
(16–25 Gy in 1–5 fractions) to the 80% isodose line.88 At 
a median follow-up of 22 months, the observed rate of 
local control was 100%. No cases of new or worsening 
pre-existing neurological deficits were observed.88 

Chun et al89 reported on 31 patients with jugular 
paragangliomas (n = 30) or carotid body tumors (n = 1) 
treated with CyberKnife (Accuray, Sunnyvale, Califor-
nia) fractionated stereotactic radiotherapy at a dose of 
25 Gy in 5 fractions.89 Mean tumor size was reported as 
10.7 mL, which is twice the size of the typical volumes 
used in Gamma Knife series.88,89 At a median follow-
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up time of 24 months, the rate of local control was 
reported as 100%.89 Tumor volume was reduced for 
the entire study population by 37%; at 2 years, that 
rate was 49%.89 A total of 60% of patients reported 
improvement in tinnitus.89 Grade 1/2 adverse events 
(primarily headache) were reported in 19% of the pa-
tients studied.89

Lieberson et al90 reported on 36 patients (41 para-
gangliomas): 17 of whom were treated with fraction-
ated stereotactic radiotherapy, and 19 were treated 
with surgery. They reported that, on average, smaller 
lesions (< 8 mL) were treated with 18 Gy in 1 fraction, 
moderately sized lesions (8–16 mL) were treated with 
20 Gy in 2 fractions, and larger-sized lesions (≥ 16 mL) 
were treated with 22 Gy in 3 fractions (median lesion 
size = 1.64 mL).90 One large lesion measuring 69 mL 
received 25 Gy in 5 fractions, and another measuring 
42 mL received 24 Gy in 3 fractions.90 Five of the 19 pa-
tients treated with single-dose radiation had worsening 
of their pretreatment deficit, 2 patients had transient 
worsening of cranial nerve deficits, and 7 patients had 
an improvement of their pretreatment deficit, including 
4 treated with stereotactic radiosurgery and 3 treated 
with stereotactic radiotherapy.90

Malignant and Catecholamine-Secreting 
Paragangliomas
The diagnosis of malignant tumors is radiographically 
determined, because no distinguishing histological fea-
tures of transformation exist. The standard treatment for 
malignant paragangliomas is resection of the primary tu-
mor and neck dissection. 91 Data regarding the outcomes 
of malignant paragangliomas after definitive radiother-
apy are rare.37,43 Hinerman et al43 reported on 3 patients 
with malignant carotid body tumors and neck metasta-
ses who underwent definitive radiotherapy (64.8–70 Gy) 
who were without evidence of disease at 15 months, 
4 years, and 6 years. Catecholamine-secreting tumors 
should be treated with resection as results from case re-
ports indicate poor functional control in patients treated 
with radiotherapy despite lack of tumor progression.37 

Multidisciplinary Treatment Algorithms
The management of paragangliomas is challenging 
given the complexity of possible presentations, the 
availability of multiple treatment options, and the na-
ture of these tumors to indolently grow but with the 
potential to severely impact functioning of the head 
and neck. 

Observation without treatment is an appropri-
ate initial option in patients who are asymptomatic, 
particularly among older individuals with comorbidi-
ties who are willing to undergo watchful surveillance. 
Some authors indicate that paragangliomas can re-
main stable for long periods of time and, if growth is 
detected, then the rate of expansion is generally slow 

and more sensitive imaging techniques can detect and 
accurately follow the progress of these tumors.92 In an 
observational study of 47 tumors followed for 5 years, 
the researchers found that 38% progressed at an an-
nual growth of 2 mm while 42% were stable and 20% 
decreased in size.92 Others have reported a higher rate 
of progression (≤ 60%) and an annual average growth 
rate of 1 mm, with variable doubling times between 
6 months and 21 years.93 Whether observation for all 
asymptomatic patients is the best initial strategy re-
mains to be determined. Moreover, additional research 
is needed to identify the following: 

• Optimal surveillance strategies across a long time 
period

• Thresholds for active treatment with regard to 
symptom onset or changes in tumor size that im-
pact morbidity 

• Reversibility of symptoms that develop from active 
surveillance with subsequent treatment 
If treatment is to be pursued, then we propose 

multidisciplinary algorithms that take into account 
multiple factors, such as type of paraganglioma, ma-
lignant status, whether the tumor is catecholamine-se-
creting, presence of synchronous tumors, and extent 
of pre-treatment cranial neuropathy (Figs 6 and 7).1-3 
Patient factors include age, presence of comorbidities, 
potential for rehabilitation, lifestyle, and wishes. The 
focus of the treatment algorithms is unimodality treat-
ment to control the tumor, minimize iatrogenic mor-
bidity, and preserve cranial nerve function as optimally 
as possible.

First-line surgery is preferred for patients with carot-
id body tumors, especially those whose tumors are less 
than 5 cm in size and also lack carotid artery encase-
ment, because these tumors are usually excised with a 
low associated risk of carotid artery sacrifice. In cases of 
bilateral synchronous carotid body tumors, bilateral re-
section is contraindicated due to baroreflex failure syn-
drome. Rather, resection of the smaller tumor and radio-
therapy to the larger tumor are recommended. 

For patients with catecholamine-secreting or ma-
lignant tumors, first-line resection is recommended 
with adjuvant radiotherapy as needed based on patho-
logical factors. 

Radiotherapy is the preferred modality for the treat-
ment of jugular and vagal paragangliomas because 
this therapeutic option offers the opportunity for high 
rates of local control combined with likely resolution of 
pre-existing tinnitus and possibly improvement in cra-
nial neuropathy. First-line surgery may be considered 
for small tympanic tumors and in those with advanced 
jugular/vagal paragangliomas in which resection would 
not worsen any pre-existing cranial nerve palsy. 

First-line radiotherapy should be considered in 
patients who are elderly, those with multiple comor-
bidities, and in those whose tumors have advanced  
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Fig 7. — Algorithm for the treatment of vagal and jugular paragangliomas. IMRT = intensity-modulated radiotherapy, RT = radiotherapy.
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into the skull base or extended into the intracranial 
space.

Conclusions
Management of head and neck paragangliomas has 
evolved with advances in the understanding of the 
natural history of the disease, genetic testing, and 
the improvements of multiple treatment options. Be-
cause paragangliomas are benign in the vast majority 
of cases, survival is not a common end point reported 
in studies. Rather, the primary focus of study is pre-
serving function and the prevention of morbidity from 
progressive disease. Watchful waiting represents an 
initial management strategy that may be appropriate 
for select patients whose tumors are incidentally found 
and remain asymptomatic. For those who require treat-
ment, a multidisciplinary approach that emphasizes 
single-modality therapy offers optimal outcomes. 
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Background: Salivary carcinomas are a rare group of biologically diverse neoplasms affecting the head 
and neck. The wide array of different histological entities and clinical presentations has historically limited 
attempts to establish well-defined treatment algorithms. In general, low-risk lesions can be managed with a 
single treatment modality, whereas advanced lesions require a more complex, multidisciplinary approach. 
Methods: The relevant literature was reviewed, focusing on diagnostic and treatment algorithms for salivary 
malignancies. 
Results: Salivary carcinomas with high-risk features require an aggressive treatment approach with complete 
surgical resection, neck dissection to appropriate cervical lymph-node basins, and postoperative radiotherapy.
Conclusions: The heterogeneity of salivary neoplasms represents a unique clinical challenge. Despite the 
multidisciplinary management paradigm detailed in this review, outcomes for advanced disease are unsat-
isfactory. Future progress will likely require the addition of novel systemic therapeutic strategies. 

Introduction
Salivary carcinomas are a rare collection of neoplasms 
that account for roughly 3% to 5% of all head and neck 
malignancies.1-3 In the United States, 2,500 new cases 
are diagnosed each year, and salivary carcinoma has 
an estimated incidence rate of 2.2 to 3.0 cases per 
100,000 people per year.1,4,5 A broad array of unique 
clinical entities comprises this group of salivary car-
cinomas. From a pathological perspective, the World 

Health Organization identified 24 well-defined malig-
nant histologies that can arise within major or minor 
salivary tissue.4,6 The spectrum of biological behavior 
expressed is diverse, ranging from indolent, low-grade 
tumors that almost mimic a benign process to aggres-
sive, high-risk lesions with a propensity for early dis-
seminated metastasis.3 

Approximately 70% of these lesions originate 
within the parotid glands, often presenting as a pain-
less but slowly enlarging preauricular mass.1 A distinct 
feature of these carcinomas is their wide anatomical 
distribution.7,8 The remaining 30% of tumors can arise 
throughout the upper aerodigestive tract, particularly 
affecting the oral cavity, pharynx, larynx, nose/para-
nasal sinuses, and middle ear space.9 The initial pre-
sentation and potential morbidity depend on the site 
of involvement, which necessitates a nuanced and indi-
vidualized treatment strategy.1,6,9 

A well-defined treatment algorithm has long been 
lacking for salivary carcinomas due to their clinical 
and biological heterogeneity. Research is further con-
founded by a known propensity for late treatment fail-

From the Department of Otolaryngology - Head & Neck Surgery (MJM), 
University of Toronto, Toronto, Ontario, Canada, Department of 
Otolaryngology - Head & Neck Surgery (JNB, TAP), University of 
South Florida Morsani College of Medicine, Tampa, Florida, Depart-
ments of Radiation Oncology (AMT), Head and Neck and Endo-
crine Oncology (TAP), H. Lee Moffitt Cancer Center & Research 
Institute, Tampa, Florida.

Address correspondence to Matthew J. Mifsud, MD, Department 
of Otolaryngology-Head & Neck Surgery, Mount Sinai Hospital, 
600 University Avenue, Room 401, Toronto, ON M5G1X5. E-mail: 
Mifsud.Matthew@gmail.com

Submitted December 15, 2015; accepted March 30, 2016. 

No significant relationships exist between the authors and the 
companies/organizations whose products or services may be ref-
erenced in this article.



Cancer Control  243July 2016, Vol. 23, No. 3

ure, with 25% to 50% of all disease recurring more than 
5 years after initial management.10 In general, tumors 
can be stratified into low- or high-risk categories on the 
basis of clinicopathological risk features. Some key fea-
tures include patient age, tumor size, cervical lymph-
node metastasis, grade/histology, American Joint 
Committee on Cancer (AJCC) tumor stage, and gross 
perineural invasion.11-13 

For low-risk tumors, a single-modality treatment 
approach is likely to yield a high rate of locoregional 
disease control (88%–95%) with a correspondingly 
high 5- to 10-year survival rate.14-16 By contrast, neo-
plasms with high-risk features tend to have an aggres-
sive clinical course and 5-year survival rates ranging 
from 30% to 40%.1,15,17,18 

Diagnostic Challenges
The difficulty distinguishing benign tumors from ma-
lignancies is a key management challenge for salivary 
gland carcinomas, particularly those within the parot-
id glands. They commonly present as a painless and 
slowly evolving neck mass. “Worrisome” clinical symp-
toms (eg, pain, hard consistency, rapid tumor growth, 
cranial nerve deficits, cervical adenopathy) may be 
utilized to identify a malignancy in approximately 
30% of cases.7 Imaging studies (eg, ultrasonography, 
computed tomography, magnetic resonance imaging 
[MRI]) are often utilized in this setting to better define 
the neoplastic lesion. The soft-tissue definition afford-
ed by MRI makes this imaging modality the most use-
ful for characterizing salivary pathology.19,20 MRI can 
also be utilized to discriminate between benign and 
malignant tumors because certain findings on MRI, 
including T2 hypointensity, ill-defined tumor margins, 
diffuse growth pattern, and invasion of subcutaneous 
tissue, are strongly supportive of a malignant process.19 
However, a certain subset of salivary cancers will have 
a relatively benign appearance on imaging, potentially 
leading to misdiagnosis in select patients if pathologi-
cal analysis is not performed.20

The role of routine pretreatment biopsy for sali-
vary masses remains a controversial topic.21 Fine nee-
dle aspiration biopsy (FNAB) is considered by some 
to be an important diagnostic tool to assist with ini-
tial treatment planning and patient counseling.7,22 The 
sensitivity rates of FNAB for distinguishing malignant 
from benign lesions range from between 80% and 98%, 
and this technique is particularly accurate at differen-
tiating high-grade from less-aggressive lesions.7,21-23 
However, FNAB is poor at clearly defining tumor pa-
thologies, and it has a relatively low specificity rate and 
a potentially high false-negative rate.22,24 Cytological 
assessment of salivary pathology by FNAB can also be 
challenging to interpret, potentially leading to inaccu-
rate interpretations at low-volume centers. Ultrasono-
graphic-guided core biopsy may be an improvement 

over FNAB, but it can cause patient discomfort, comes 
with risk of facial nerve injury, and the theoretical 
(though clinically unproven) risk of tumor seeding.21 
Therefore, the initial approach to salivary neoplasms 
must combine data obtained from the clinical exami-
nation as well as imaging, biopsy, and potentially intra-
operative findings to ensure patients receive optimal 
first-line treatment. 

Surgical Considerations
Regardless of tumor location, histology, or stage, the 
first-line treatment approach for salivary malignan-
cies should be curative surgical resection, when fea-
sible.1,6,7 Other first-line treatment modalities have 
been studied, but those modalities have generally 
been reserved for patients with either unresectable 
disease or medical comorbidities preventing a surgi-
cal approach.25 Preoperative decision-making is chal-
lenging in these cases because the operative strategy 
must take into account the anatomical tumor localiza-
tion, the extent of locoregional disease, the cosmetic/
functional morbidity of tumor extirpation, and need 
for reconstruction of the postoperative defect.26,27 An-
other important consideration is a tendency of cer-
tain tumor histologies (eg, adenoid cystic carcinomas) 
for perineural invasion.28,29 In this scenario, the op-
erative strategy may require extensive nerve dissec-
tion (eg, trigeminal or facial nerve branches) toward 
and through the skull-base foramina in an attempt to 
achieve tumor clearance.28,30 

Because the parotid location is the most common 
site, many of these tumors will be addressed with 
some form of parotid surgery. Conservative resection 
(superficial parotidectomy) with facial nerve dissec-
tion and preservation is considered to be appropriate 
in most cases.7,27,31,32 Nerve sacrifice is considered nec-
essary only when gross nerve adherence/invasion is  
intraoperatively observed. When possible, nerve 
grafting should be considered at the time of resection 
to theoretically optimize long-term functional out-
comes. 7,27,31,32 Rarely, lateral temporal bone resection 
or parapharyngeal space dissection/mandibulotomy 
may also be required for complete excision of gross 
disease in extensive tumors. For lesions outside of the 
parotid tissue, a broad array of surgical strategies may 
be applicable, ranging from traditional open ablative 
approaches to transoral, endoscopic, or robotic-as-
sisted techniques.9,33,34 Regardless of the approach,  
the operative management of salivary carcino-
mas should be to attempt complete tumor eradica-
tion, with the goal being microscopically negative  
surgical margins.6,7,9,32 

Role of Adjuvant Radiotherapy
Despite an adequate surgical resection, locoregion-
al treatment failure is common for advanced tumors. 
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Chen et al26 observed a 10-year locoregional disease 
control rate of 80% for T1 to T2 lesions vs 63% for T3 
to T4 lesions. Postoperative radiotherapy (RT) has 
been utilized, in particular, to enhance locoregional 
control in this setting. Armstrong et al14 presented a 
matched-pair analysis of salivary malignancies treated 
with surgery alone (n = 46) vs surgery plus adjuvant RT  
(n = 46). Although no difference was seen in locore-
gional disease control rates in low-stage disease, the 
5-year rate of locoregional disease control improved 
from 17% to 51% when RT was added for treatment of 
advanced lesions (stages 3/4).14 A review by Chung et al35 
of multiple retrospective series published between 
1989 and 2012 further supports the benefit of adjuvant 
RT. In that series for which surgery and adjuvant RT 
were combined, 5-year locoregional control rates of RT 
ranging from 73% to 96% were achieved vs 66% to 84% 
for surgery alone.35 

The decision as to when postoperative RT should 
be recommended for salivary carcinomas generally 
depends on the presence/absence of “high-risk” clini-
cal/pathological features. This timing is derived from 
study authors who have identified the most predic-
tive variables of locoregional treatment failure.26,36,37 
Of these characteristics, tumor size (> 4 cm), cervi-
cal lymph-node metastases, high-grade histopathol-
ogy, and positive surgical margins are considered the 
most significant.26,36,37 Conversely, a small series of  
58 study patients conducted by Zbären et al38 sug-
gested a potential benefit of adjuvant RT, even in the 
setting of low-risk disease (T1 and T2 and N0). How-
ever, this series is considered by some authors to be an 
outlier and, consequently, adjuvant RT may be of little 
benefit for small (< 4 cm), low-grade lesions without 
additional adverse pathological features.6,14,16,26 

Terhaard et al16 conducted the largest institution-
al series to address the use of postoperative RT for  
salivary malignancies. Of 498 study patients with ma-
jor/minor salivary carcinoma, 386 received a combined 
treatment approach (surgery in combination with 
RT).16 With a mean follow-up period of 76 months, 
multivariate analysis indicated a locoregional control 
benefit of adjuvant RT only in the settings of T3 to T4 
tumors, node-positive disease, positive/close margins, 
bone invasion, or perineural invasion.16 The most re-
cent guidelines from the National Comprehensive 
Cancer Network reflect these findings, advocating use 
of RT for patients with major or minor salivary malig-
nancies and these particular adverse features.39 Opti-
mal results may be achieved with a radiation dose of  
60 Gy, increased to between 66 and 70 Gy for those 
with gross residual disease.16,25,36 

Treatment of the Neck
Management of the cervical lymph nodes warrants 
particular discussion. There is little debate on the ap-

proach to node-positive disease, with a neck dissec-
tion advocated at the time of primary surgery followed 
by adjuvant RT.7,9,16 In particular, for major salivary tu-
mors, when node-positive disease is present, multiple 
ipsilateral neck levels are often involved. In 31 parot-
id malignancies with node-positive disease, Ali et al40 
identified the risk of nodal involvement to be greater 
than 70% for levels 2 and 3, greater than 50% for levels 
1 and 4, and 40% for level 5. Lim et al41 further con-
firmed these findings in their review of 39 primary 
parotid malignancies with node-positive necks at pre-
sentation. In these cases, pathologically positive nodal 
metastases were uniformly found across all neck lev-
els when dissected.41 Thus, when a therapeutic neck 
dissection is undertaken, comprehensive clearance of  
all major nodal basins in the involved side of the neck 
is advocated.40-42

Elective treatment of the N0 neck is a contro-
versial topic. Some authors propose node sam-
pling (neck dissection) in all patients with salivary 
carcinoma, because current methods of predict-
ing the presence of lymphatic metastasis (in N0 
necks) can be imprecise.43 However, the litera-
ture is also suggestive of a more selective manage-
ment algorithm on the basis of clinicopathological 
risk features. A retrospective series of 363 cases by 
Yoo et al42 helps to elaborate on patterns of cervi-
cal lymph-node metastasis in major/minor salivary 
tumors. The total rate of nodal involvement was 
20.1%, including 51 study patients with clinically  
node-positive disease at presentation.42 Of the  
312 N0 cases, 110 study patients underwent elective 
neck dissection and had a 15.5% rate of occult metas-
tasis.42 The other 202 study patients underwent sur-
gical resection of the primary lesion without neck 
dissection (with or without RT) and experienced  
a 2.5% rate treatment failure within the cervical 
lymph-node basins.42 

Of the literature series reviewed, most indicated 
that high tumor grade, adverse histology, and poten-
tially tumor size (> 4 cm or T3/T4 tumors) are the most 
important predictors for cervical lymph-node metasta-
sis.16,42,44-46 When positive nodes are identified in these 
cases after elective neck dissection, they are clustered 
within levels 1 to 3 in both major and minor salivary 
malignancies.42,46 Consequently, elective neck man-
agement is generally advocated only in these high-risk 
scenarios to the most likely affected nodal basin.16,42,44 
A paucity of evidence exists to distinguish the opti-
mal treatment modality in this setting. Because these  
high-risk patients meet the criteria for adjuvant RT, 
elective neck irradiation would seem appropriate. An 
elective neck irradiation approach, generally with a 
dose of 46 to 50 Gy for N0 disease, has also been em-
ployed in select patients with a high degree of regional 
disease control (> 90%).16,45 However, in most cases, a 
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combined approach is offered, given both the prognos-
tic benefit of pathological nodal staging and the poten-
tial therapeutic benefit of identifying these occult nod-
al metastases.16,42,46 

An alternative approach for the N0 neck in pa-
tients at high risk is selective level 2 nodal sampling.7 
The approach is performed at the time of primary sur-
gery with frozen section analysis: Patients with posi-
tive nodal disease undergo comprehensive lymph-
adenectomy plus adjuvant RT, whereas those with 
negative findings on biopsy receive elective neck ir-
radiation alone. Such an approach still requires vali-
dation, but it could offer a more selective approach 
with diminished morbidity.7 However, we continue to 
recommend elective neck dissection (generally incor-
porating levels 1–3) followed by adjuvant RT for pa-
tients with high-grade or locally advanced (T3 or T4) 
salivary carcinoma. 

Management of Inoperable Disease
For patients who present with metastatic disease, ex-
tensive locoregional disease deemed to be unresect-
able, or with medical comorbidities that make them 
inappropriate surgical candidates, nonsurgical treat-
ment strategies can be considered.25 In these settings, 
high-dose RT (> 66 Gy) may be reasonable to promote 
durable disease control.7,16,17,26 For example, a series of 
64 cases attained a 10-year locoregional disease con-
trol rate of 40% rate with RT alone.26 In a series of  
40 study patients, Terhaard et al16 further elaborated 
on the dose-response relationship between radia-
tion and treatment effect. They found that a 5-year 
locoregional disease control rate of 50% could be 
achieved at a radiation dose of at least 66 Gy vs 0% 
for lower than 66 Gy.16 

High linear energy transfer neutron RT has been 
explored in this patient population (particularly for 
adenoid cystic carcinomas) due to presumed radio-
resistance.47,48 A randomized trial completed during 
the 1980s compared neutron beam RT vs photon 
beam therapy in unresectable disease.49 At 10 years, 
a significant benefit in locoregional control was seen 
with neutron RT vs photo beam therapy (56% vs 17%;  
P = .009).7,48,49 Some retrospective series have con-
firmed this finding, with 5- to 6-year locoregional 
control rates as high as 75% after particle beam thera-
py.48 This has led some authors to conclude that neu-
tron beam RT could be considered the treatment of 
choice for unresectable salivary malignancies or in 
those with gross residual disease following attempted 
surgical extirpation.47,49,50

Despite the potential benefits afforded by neu-
tron beam RT (compared with conventional RT) in 
this population, few barriers have prevented its wide 
utilization. It is an expensive technology and avail-
able in limited centers worldwide.48 Relatively high 

rates of severe late toxicity (in particular, cranial neu-
ropathy and soft-tissue/brain necrosis) have been re-
ported with neutron beam RT when compared with 
conventional RT.7,16,48 Neutron beam RT has also failed 
to improve survival rates (despite its improved rates 
of locoregional control) due to the likelihood of dis-
ease dissemination.48,50 

 
Prognostication and Survival Outcomes
Given the varying range of tumor histologies and 
disease presentation, surrogate clinicopathological 
factors are used as a means of stratifying the pre-
sumed biological aggressiveness of each individual 
case.10,37,51-53 Bhatacharyya et al54 reviewed 903 study 
patients with parotid gland carcinomas identified by 
the Surveillance, Epidemiology and End Results da-
tabase. Patient age, tumor histology, extraglandular 
spread, tumor grade, and cervical lymph-node status 
(N stage) were all found to have an impact on rates  
of survival.54 

Other authors have attempted to synthesize these 
data into clinical nomograms to theoretically pre-
dict the likelihood of disease recurrence and patient 
death.12,13 Carillo et al55 describe a 3-tiered risk-strat-
ification scheme utilizing patient and tumor-specific 
features, including age and tumor stage, grade, and 
margin status. In their single institution experience, 
disease recurred in 71.4% of high-risk and 8.8% of 
low-risk cases.55 Therefore, a multidisciplinary treat-
ment approach is advocated for those with interme-
diate- or high-risk disease, whereas single-modality 
(surgical) management is considered acceptable for 
low-risk cases.55 Although nomograms may be of ben-
efit for patient counseling, none have been widely ad-
opted or validated for routine clinical use.56 

A risk-stratification scheme that incorporates 
current AJCC tumor, node, and metastasis guidelines 
and tumor histological grading (for appropriate enti-
ties such as mucoepidermoid or salivary duct carci-
nomas) can be used to guide treatment decisions and 
for reasonably accurate prognostication.57 A multimo-
dality treatment approach with primary tumor resec-
tion — likely elective neck dissection — and adju-
vant RT is advocated for high-stage (AJCC stage 3/4),  
high-grade salivary carcinomas, or both. This ap-
proach has been proven successful in a number  
of series because durable rates of locoregional  
disease control within the head and neck have been 
achieved.7,9,16,17,35

However, this aggressive multimodality treat-
ment approach has not had a robust impact on 
survival rates among patients with advanced sali-
vary malignancies.26,35 Bjørndal et al17 reported a  
5-year crude survival rate of 30% for stage 4 tumors  
(n = 251), despite 60% of study patients receiving ad-
juvant RT. A meta-analysis of parotid adenocarcino-
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ma, which included 19 series (n = 4,631), did identify 
a modest improvement in survival with use of adju-
vant RT; however, the 5-year rate of overall survival 
among those with high-grade lesions was 35%, often 
despite a multimodality approach.18 A multivariate 
analysis of Surveillance, Epidemiology and End Re-
sults data reported a statistically significant improve-
ment in overall survival with adjuvant RT in cases of 
salivary malignancies classified as high-risk, locally 
advanced (T3/T4 or node-positive), or both (hazard 
ratio = 0.76; P < .001).58 However, squamous cell carci-
nomas (likely metastatic cutaneous neoplasms) were 
included, making these data somewhat less applica-
ble to tumors of true salivary origin.58 Overall, a poor 
prognosis is generally attributed to advanced salivary 
malignancies. The presumed mechanism for this is 
a biological propensity for distant metastasis, which 
thus far has been unchanged by locoregional man-
agement strategies.1,11,17,59

Systemic Therapy 
Applying effective systemic treatment approaches 
presumably will be necessary to improve outcomes 
for patients with high-risk salivary malignancies due 
to their likelihood of distant disease dissemination.26 
The appropriate use of chemotherapy has not been 
confirmed and is generally studied only in the setting 
of palliation of metastatic disease. Some barriers ex-
ist that prevent the appropriate use of systemic treat-
ment strategies for salivary malignancies, including 
historically low response rates to standard chemo-
therapeutic agents, biological tumor diversity (which 
theoretically necessitates use of a histologically 
specific drug regimen), and a paucity of literature 
mostly comprised of small, nonrandomized phase 2  
studies.60 

In the palliative setting, a wide array of conven-
tional chemotherapeutic agents can be used (both 
singe- and poly-drug regimens); partial and complete 
response rates range from 25% to 60%.60-63 These 
responses are also generally of a short duration, as 
demonstrated by a median 7-month partial response 
rate of 27% achieved in a single phase 2 trial of cis-
platin, doxorubicin, and cyclophosphamide.62,64 Be-
cause these study results are not promising for the 
palliative setting, conventional chemotherapeutic 
agents have not generally been considered for the 
adjuvant management of advanced salivary malig-
nancies; however, the exception has been a group 
of exploratory studies that have employed concur-
rent chemoradiotherapy.65 Rationale exists for use of 
chemotherapy as a radiosensitizer against salivary 
malignancies, which could theoretically impact the 
risk of distant disease dissemination.66,67 At pres-
ent, the research base is too small to advocate for a 
standard approach involving use of chemoradiother-

apy for these carcinomas, but chemoradiotherapy is  
being explored for the treatment of advanced sali-
vary tumors. 

The failure of most conventional chemothera-
peutic agents has led to the use of targeted agents 
to treat salivary neoplasms.61 Preliminary studies of 
agents, including tyrosine kinase inhibitors (eg, ce-
tuximab, gefitinib, imatinib) and appropriate mono-
clonal antibodies (eg, trastuzumab, lapatinib), had 
mixed results, with no agent showing clear antitumor 
activity.58,60,65,66 However, other drug targets continue 
to be identified, ranging from key cell-surface recep-
tors (eg, epidermal growth factor, C-kit, human epi-
dermal growth factor receptor 2, androgen receptors) 
to histologically specific oncogenic gene fusions.6,60,67 
How this exploratory phase into the molecular ge-
nomics of salivary malignancies will evolve into new 
systemic treatment paradigms remains uncertain.63 

Conclusions
The optimal management of salivary malignancies 
requires combining accurate diagnostic pathology 
with an understanding of key patient- and tumor-
specific clinicopathological features to facilitate 
risk stratification. Although low-risk tumors can be 
controlled in most situations with surgery alone,  
a more complex multidisciplinary approach is neces-
sary in cases of intermediate- to high-risk disease. 
In this setting, aggressive surgical extirpation, neck 
dissection, and postoperative radiotherapy (to re-
section bed and at-risk cervical lymph-node basins) 
are advocated. Treatment escalation with concur-
rent chemoradiotherapy is also under investigation 
as a potential means of improving management out-
comes. However, in the absence of a more robust  
evidence base, this approach cannot be routinely 
recommended. 

It is our belief that future progress in this field 
will require the innovative use of systemic therapeu-
tic agents. This may include the use of newer, targeted 
therapies or the novel use of conventional agents in ei-
ther the adjuvant or neoadjuvant setting. Regardless, 
the biological diversity of salivary gland malignancies 
will likely continue to pose both unique and fascinat-
ing clinical challenges.
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Background: Retroperitoneal sarcoma is rare. Using initial specimens on biopsy, a definitive diagnosis of 
histological subtypes is ideal but not always achievable.
Methods: A retrospective institutional review was performed for all cases of adult retroperitoneal sarcoma 
from 1996 to 2015. A review of the literature was also performed related to the distribution of retroperitoneal 
sarcoma subtypes. A meta-analysis was performed.
Results: Liposarcoma is the most common subtype (45%), followed by leiomyosarcoma (21%), not otherwise 
specified (8%), and undifferentiated pleomorphic sarcoma (6%) by literature review. Data from Moffitt Cancer 
Center demonstrate the same general distribution for subtypes of retroperitoneal sarcoma. A pathology-based 
algorithm for the diagnosis of retroperitoneal sarcoma is illustrated, and common pitfalls in the pathology of 
retroperitoneal sarcoma are discussed. 
Conclusions: An informative diagnosis of retroperitoneal sarcoma via specimens on biopsy is achievable and 
meaningful to guide effective therapy. A practical and multidisciplinary algorithm focused on the histopathology 
is helpful for the management of retroperitoneal sarcoma. 

Introduction
Soft-tissue sarcomas are mesenchymal neoplasms 
that account for up to 1% of all newly diagnosed ma-
lignancies at a rate of 3.6 per 100,000 per year.1-3 Com-
pared with bone or visceral sarcomas, they make up 
58% of all sarcomas.3 Although the extremities rep-
resent the most common location of soft-tissue sarco-
ma, retroperitoneal sarcoma accounts for 9% to 15% 
of all adult soft-tissue sarcomas.3,4 For surgical pathol-
ogists, retroperitoneal tumors will be encountered in 
daily practice regardless of the practice setting. Ret-
roperitoneal sarcoma presents diagnostic challenges 
due to its rarity, variety of tumor types, a general level 
of unfamiliarity among surgical pathologists, and lack 
of generally accepted guidelines in its diagnostic ap-
proach. In the era of personalized medicine, pathol-
ogists play a critical and central role in patient care. 
Demand has increased to obtain diagnostic, prognos-

tic, and predictive information based on a relatively 
small amount of tissue obtained on biopsy. 

In this study, we compare our experience, espe-
cially the distribution of histological subtypes, with 
the literature to develop a better understanding of 
common and rare tumor types, pertinent ancil-
lary testing, diagnostic pitfalls, and refine a practi-
cal, multidisciplinary, and algorithmic approach to 
achieve an informative diagnosis to help guide the 
therapeutic plan. 

Methods
After obtaining Institutional Review Board approval, 
the database Transmed (H. Lee Moffitt Cancer Center 
& Research Institute, Tampa, Florida) was retrospec-
tively reviewed for all histological subtypes of retro-
peritoneal sarcomas from 1996 to 2015. Transmed in-
tegrates data from all patients seen at Moffitt Cancer 
Center since 1996 (approximately 395,000 patients, 
regardless of diagnosis) as well as other patients not 
treated at Moffitt Cancer Center but who consented to 
the Total Cancer Care protocol at one of 17 consor-
tium sites (approximately 36,000 patients). This result 
was cross-checked by sarcoma pathologists as well as 
the deidentified result of another retroperitoneal sar-
coma retrospective institutional review. 

A systematic review of the English literature 
was conducted for works published between 2000 
and 2015. This yielded 85 search results. Another 
literature search was conducted yielding an ad-
ditional 444 results. After excluding case reports 
and studies with locations of retroperitoneal sarco-
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ma mixed with other locations, our search yielded  
54 studies from which we extracted information 
about the distribution of histological subtypes with-
in each study patient population. 

The meta-analysis was conducted using Stats-
Direct (Cheshire, United Kingdom). 

Results
Literature Review
A literature search revealed the following list of most 
to least common histological subtypes of tumors. Per-
centages shown are out of all retroperitoneal sarcoma 
subtypes (Table 1). Our review and data analysis of 
retroperitoneal sarcoma studies concluded that the 
most common subtype of retroperitoneal sarcoma 
is liposarcoma, which constitutes 45.1% of all retro-
peritoneal sarcoma (Fig 1). The next most common 
subtypes are leiomyosarcoma (21.3%), other (8.2%), 
and malignant fibrous histiocytoma/undifferentiated 
pleomorphic sarcoma (6.4%; see Table 1). Well-differ-
entiated liposarcoma and dedifferentiated liposarco-
ma constituted 45.8% and 44.8% of all retroperitoneal 
liposarcomas, respectively (Fig 2). The less common 
subtypes were myxoid/round cell liposarcoma and 
pleomorphic liposarcoma. 

Institutional Results 
A review of Transmed, which represents single-insti-
tution data, is summarized in Table 1. Our data for 
retroperitoneal sarcoma subtypes are consistent with 
our literature search. Liposarcomas of all subtypes at 
Moffitt Cancer Center make up 54.6% (168 cases) of all 
retroperitoneal sarcoma (307 cases), followed by leio-
myosarcomas (80 cases), sarcoma not otherwise spec-
ified (15 cases), malignant peripheral nerve tumor  
(3 cases), and other less common subtypes (1–2 cases; 
see Table 1). The trend for most to least common tu-
mor types appears to be similar (Fig 3). In Fig 4, data 
from Moffitt Cancer Center on the histological sub-
types of retroperitoneal liposarcomas are compared 
with the data found during our literature search. 
The median age of the patients in all 54 studies was  
58 years. The percentages of those who were men 
and women were 53.2% and 46.8%, respectively.

Gap Between Practice and Literature
Most of the literature we reviewed describes sarcoma 
in categories based on histological type and morpho-
logical pattern.5 Morphological features are evaluated 
to determine the differential diagnosis, ranking pos-
sible diagnoses from most likely to least likely in con-
junction with clinical and radiological clues, and then 
applying ancillary testing to narrow down the diagno-
sis. Thus, it is important to understand the common 
and rare types of retroperitoneal sarcoma. 

Some sarcomas have molecular and immunohis-

tochemical hallmarks and characteristics that can be 
diagnosed with a small amount of tissue acquired on 
biopsy; however, commonly, sarcoma does not have 
such a signature and morphologically overlaps with 
other tumors. Ancillary tests can be performed to 
narrow the diagnosis, with the understanding that it 
may not be possible to achieve a definitive diagno-
sis. However, it is important to realize that, when a 
definitive diagnosis is not achievable, an alternative 
option is to provide useful, diagnostic information to 
guide the clinical team in the next appropriate step 

Table 1. — Distribution of Histological Subtypes of 
Retroperitoneal Soft-Tissue Sarcoma

Subtype Distribution 
From the 

Literature, 
%

Distribution 
From 

Moffitt, %

Liposarcoma (all subtypes) 45.1 54.6

   Well differentiated 23.9 15.3

   Dedifferentiated 20.9 15.6

   Myxoid/round cell 0.9 6.8

   Pleomorphic 0.4 1

Leiomyosarcoma 21.3 26.1

Other 8.2 0

Malignant fibrous histiocytoma/ 
undifferentiated pleomorphic 
sarcoma

6.4 1

Sarcoma not otherwise specified 1.6 4.9

Malignant peripheral nerve sheath 
tumor

1.3 1

Solitary fibrous tumor/ 
hemangiopericytoma

0.8 0

Fibrosarcoma (nondesmoid) 0.5 1

Rhabdomyosarcoma 0.4 1

Schwannoma 0.3 0

Angiosarcoma 0.1 0

Anaplastic sarcoma < 0.1 0

Adenosarcoma < 0.1 0

Chondrosarcoma < 0.1 0

Desmoplastic small-round cell tumor < 0.1 0

Epithelioid sarcoma < 0.1 0

Extraskeletal osteosarcoma < 0.1 1

Fibromyxosarcoma < 0.1 1

Giant cell sarcoma < 0.1 3

Mesenchymoma < 0.1 0

Primitive neuroectodermal tumor/
extraskeletal Ewing sarcoma

< 0.1 1

Small cell/embryonal/synovial/
undifferentiated sarcoma

< 0.1 0

Spindle cell sarcoma < 0.1 1

Undifferentiated round-cell 
sarcoma

< 0.1 1

Well differentiated

Dedifferentiated

Myxoid/round cell

Pleomorphic
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for the patient’s care. In such situations, being aware 
of the management plan for various diagnoses is criti-
cal. Some diagnoses are managed according to estab-
lished institutional pathways. The literature often fo-
cuses on achieving a definitive diagnosis, rather than 
realizing an informative diagnosis. 

Multidisciplinary Approach to  
Pathology-Focused Management
The interdisciplinary management of retroperitoneal 
sarcoma involves chemotherapy, radiotherapy, and 
surgery, along with providing prognostic, predictive, 
and diagnostic information to the clinical team and the 
patient. The mainstay of treatment for retroperitoneal 
sarcoma is surgical resection. Complete resection with 
a microscopically negative margin (R0) remains the po-
tential likelihood for cure.6 Surgical decision-making 
in retroperitoneal sarcoma is not solely based on his-
tological subtypes, but rather on factors such as per-
formance status, patient comorbidities, and extent of 
tumor involvement into adjacent organs and vascular 
structures.1 Adjunctive therapies such as perioperative 
radiotherapy and chemotherapy are also selectively 
used within the context of interdisciplinary review on 
a case-by-case basis. At this time, use of radiotherapy 
does not depend on histological subtypes but rather on 
tissue tolerance and tumor grades, with intermediate- 

and higher-grade tumors being more appropriate for 
treatment.1 Future research may enable more histolo-
gy-specific decisions. We speculate that new data may 
suggest no role exists for radiotherapy in the treatment 
of leiomyosarcoma. 

However, histological subtypes play a role in che-
motherapy. Some subtypes may respond better to 
certain chemotherapeutic agents or regimens and, 
conversely, several different sarcoma subtypes will 
similarly respond to identical chemotherapy treat-
ments (Fig 5; Table 2).7-18 The role of chemotherapy 
in the management of retroperitoneal sarcoma is not 
well defined. The 2 most important determinants of 
overall survival (OS) are tumor grade and extent of re-
section, with subtypes having a less important role in 
determining prognosis.6,19 Therefore, when consider-
ing whether to pursue a definitive diagnosis for a tu-
mor subtype, the relative costs and turnaround time 
of ancillary tests vs the importance or relevance of the 
test results in the larger context of the interdisciplin-
ary management of retroperitoneal sarcoma must be 
considered; therefore, pathologists must make judi-
cious use of their tissue samples, time, and institutional  
resources. 

Neoadjuvant Chemotherapy
The role of neoadjuvant chemotherapy is not well de-

Fig 1. — Distribution of histological subtypes of retroperitoneal sarcoma.
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Fig 2. — Distribution of histological subtypes of retroperitoneal liposarcoma.
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fined in retroperitoneal sarcoma due to the rarity of the 
disease; therefore, its role is often extrapolated from 
studies that include extremity sarcoma. Several case 
series have been reported, but no definitive prospec-
tive trials have examined OS differences in those re-
ceiving preoperative vs postoperative chemotherapy.1 
Similarly, to date, no randomized trials exist of neoad-
juvant chemotherapy vs resection alone for retroperi-
toneal sarcoma.7 Although data are limited, preopera-
tive chemotherapy appears to be safe and occasionally 
induces a modest radiographic response, which may 
impact surgical outcomes in select patients.20-23 The 
theoretical advantage of preoperative chemothera-
py focuses on the potential to reduce the complex-
ity of potential surgery for the tumor subtypes that re-
spond to systemic therapy, especially intermediate- or  
high-grade tumors.1,8 Opportunity also exists to deter-
mine the response to chemotherapy in the neoadjuvant 
setting as a determinant of therapy continuation in the 
adjuvant setting. 

The administration of systemic therapy in the neo-
adjuvant setting is often combination therapy with 
doxorubicin and ifosfamide, a regimen with potential 
for renal toxicity but with a higher response rate (31% 
vs 14% in the single-arm doxorubicin alone).24 As a con-
sequence of resection, nephrectomy is often required, 
so chemotherapy in the neoadjuvant setting allows for 
use of ifosfamide, which, in combination with doxo-
rubicin, may have a larger effect on tumor response 
when compared with doxorubicin alone.24 

Localized Treatment (Curative Intent) 
Retroperitoneal sarcoma is a heterogeneous group of 
tumors with multiple histological subtypes and grades 
that vary in chemosensitivity. For localized treatment, 
doxorubicin and ifosfamide are commonly used.25 
Among the liposarcomas, well-differentiated liposar-
coma does not respond (response rate = 0%) to che-
motherapy and dedifferentiated liposarcoma responds 
poorly (response rate = 25%).9 Myxoid liposarcoma has 

Fig 3. — Comparison of retroperitoneal sarcoma subtypes demonstrates a consistent distribution at Moffitt Cancer Center vs literature search.

Data Source Malignant Peripheral 
Nerve Sheath Tumor

Sarcoma Not Otherwise 
Specified
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All Subtypes of 
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     Moffitt 1.0 4.9 26.1 54.7
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Fig 4. — Comparison of liposarcoma subtypes distribution at Moffitt Cancer Center vs literature search. Percentages take into account all retroperi-
toneal sarcoma subtypes.
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the highest response rate at 48%.9 Round cell liposarco-
ma, a high-grade spectrum of myxoid liposarcoma, has 
a response rate of 17%.9 Pleomorphic liposarcoma has 
a response rate of 33%.1 The response rate of leiomyo-
sarcoma to chemotherapy is 25%.10-12 For the remain-
ing retroperitoneal sarcoma subtypes, response rates 
range from 21% to 31% (see Fig 5).7,9,11-14,16,26 

Chemotherapy for Metastatic or Advanced 
Soft-Tissue Sarcoma (Palliative Intent)
Chemotherapy has an established role in the palliative 
management of metastatic or advanced soft-tissue sar-
coma.6,14 In the metastatic setting, use of single-agent 
doxorubicin or combination doxorubicin/ifosfamide has 
shown a consistent response.24 However, some subtypes 

Table 2. — Use of Chemotherapy for the Management of 
Retroperitoneal Soft-Tissue Sarcomas

Subtype Chemotherapy 
Response 
Rate,a %

Type of 
Chemotherapy

Myxoid/round cell 
liposarcoma 

Myxoid: 48
Round cell: 179

Neoadjuvant Setting 
Doxorubicin/ifosfamide 
for localized treatment 
Metastatic Setting 
Single-agent doxorubicin 
Adjuvant Setting 
Adjuvant chemotherapy 
determined on  
case-by-case basis; with  
large high-grade tumors, 
adjuvant chemotherapy 
increases metastasis-free 
survival rate8 

Dedifferentiated  
liposarcoma
Leiomyosarcoma
Pleomorphic  
liposarcoma
Undifferentiated  
pleomorphic sarcoma
Other subtypes

21–3310-12

Angiosarcomab

Solitary fibrous 
tumorb

Hemangiopericytomab

Ewing/primitive  
neuroectodermal 
tumorb

Nonpleomorphic 
rhabdomyosarcomab,c

—

Histological specific 
treatment (not 
anthracycline-based) 
recommended16 

Synovial sarcoma/
MPNST

Synovial  
sarcoma: 
25–3110,12

MPNST: 2113

Synovial Sarcoma 
Responds best to  
ifosfamide-based  
first-line therapy  
(doxorubicin/ 
ifosfamide)10,12;  
also sensitive to  
radiotherapy15

MPSNT 
Responds best to  
doxorubicin/ifosfamide 
in metastatic setting13

Preoperative Radiotherapy: External beam radiotherapy used for 
intermediate- to high-grade tumors, especially in more radiosensitive 
tumors (eg, extraosseous Ewing sarcoma, primitive neuroectodermal 
tumor). The more common subtypes, such as well-differentiated 
liposarcoma and leiomyosarcoma, are generally unresponsive to 
radiotherapy.18

Postoperative Radiotherapy: Not commonly used due to toxic effects 
to adjacent organs with no apparent benefit.17 
aIn general, response rates extracted from studies of soft-tissue sarcomas 
(not restricted to retroperitoneum). 
bComprises < 0.8% of all subtypes.
cMost studies reviewed list rhabdomyosarcoma as a general subtype 
without denoting more specific subtypes. 
MPNST = malignant peripheral nerve sheath tumor.

Image-Guided Core Biopsy
Preferred to open surgical 

biopsy

Surgery = Mainstay 
Treatment

If tumor is partially resect-
able, then neoadjuvant  

radiotherapy/chemotherapy 
becomes more important  

to treat periphery of lesion as 
it abuts critical structures 

with intent of consolidating 
peritumoral reactive zone  
and rendering the close 

margin sterile
Neoadjuvant chemotherapy 

also important for  
chemosensitive histologies7,11

New evidence may suggest  
no role for radiotherapy in  
treating leiomyosarcoma

Differential Diagnoses
GIST

Desmoid tumor  
(aggressive fibromatosis)

Metastatic lesion
Lipoma

Lymphoma
Primary neoplasm arising 
from pancreas, adrenal 

glands, kidneys, duodenum 
Adenopathy from testicles  

in a young male

May Not Require Surgery  
as First Approach

Examples: lymphoma, GIST, 
Ewing sarcoma

Refer to Table 2

Clinical and radiological information (including contrast-enhanced 
abdominopelvic CT or MRI to evaluate local extent of  

disease and CT of the chest to evaluate for distant metastases) 
assessed by interdisciplinary teama 

Patients with Li-Fraumeni syndrome should be referred for  
further genetic assessment11,16

Other Retroperitoneal  
Soft-Tissue Sarcoma Subtypes

Well-Differentiated 
Liposarcoma (24%)

Further biopsy not mandatory 
depending on cross-sectional 

imaging
Complete resection is  
mainstay of treatment

Unresponsive to anthracycline-
based chemotherapy or 

radiotherapy9 
Most locoregionally occur 
rather than metastasize9,14

Fig 5. — Proposed algorithm for the pathology-focused management of 
retroperitoneal soft-tissue sarcoma.
aTeam is made up of a surgical oncologist, radiologist, oncologist, and 
pathologist.
CT = computed tomography, GIST = gastrointestinal stromal tumor,  
MRI = magnetic resonance imaging.
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(eg, solitary fibrous tumor, well-differentiated liposarco-
ma) are resistant to anthracycline-based therapy, while 
others show a differential response to cytotoxic system-
ic therapy.9,27 Thus, the concept of histology-driven treat-
ment has arisen, rather than a one-size-fits-all or all-in-
clusive approaches to therapy in patients with metastatic 
soft-tissue sarcoma. Angiosarcomas have been shown 
to respond to paclitaxel and pegylated liposomal doxo-
rubicin, leiomyosarcomas to combination gemcitabine/
docetaxel, desmoid tumors to liposomal doxorubicin, 
and synovial sarcoma and malignant peripheral nerve 
sheath tumor (MPNST) respond best to doxorubicin/
ifosfamide.10-15,26-28 Pazopanib, a multitargeted tyrosine 
kinase inhibitor, has demonstrated single-agent activity 
in patients with advanced soft-tissue sarcoma subtypes, 
except for liposarcoma.16 Consensus-based recommen-
dations for the treatment of metastatic soft-tissue sarco-
ma from the National Comprehensive Cancer Network 
provide specific therapy regimen recommendations 
for the following retroperitoneal sarcoma subtypes: 
soft-tissue sarcoma with nonspecific histologies, angio-
sarcoma, solitary fibrous tumor/hemangiopericytoma, 
Ewing sarcoma/primitive neuroectodermal tumor, non-
pleomorphic rhabdomyosarcoma, and desmoid tumors 
(see Fig 5).7,9,11,14,16 Although select patients with sarcoma 
do derive substantial clinical benefit from chemothera-
py, most patients develop metastatic disease that is in-
curable.29 In a study of 488 participants with advanced 
soft-tissue sarcoma who were treated with first-line che-
motherapy at a single institution, 45% of them derived 
clinical benefit from treatment in terms of partial re-
sponse (PR) or prolonged disease stabilization; the me-
dian rate of OS was 12 months.30

Furthermore, in the past decade, greater empha-
sis has been placed on identifying the underlying mo-
lecular drivers of sarcomas.31 Several potential novel, 
systemic therapies for soft-tissue sarcoma have been 
identified, including MDM2 targets, cyclin-dependent 
kinase 4 inhibitors, peroxisome proliferator-activated 
receptors (critical regulators of normal adipocyte dif-
ferentiation), and tyrosine kinase receptors.32 Other 
targets reported but not yet tested include YEATS4, 
c-Jun, and JNK.32 

Adjuvant Chemotherapy
Several prospective, randomized trials of study pa-
tients who received adjuvant regimens following sur-
gical resection have demonstrated decreased local re-
currence rates, but the effect on OS is less clear.1 The 
benefits of adjuvant chemotherapy must be addressed 
based on the individual while simultaneously taking 
into consideration performance status, disease loca-
tion, tumor size, comorbid factors (including age), and 
histological subtype. The potential for benefit must be 
discussed in the context of expected treatment-related 
toxicities, including sterility in younger individuals, re-

nal damage, secondary cancers, cardiomyopathy, and 
overall impairment of quality of life.16

Radiotherapy 
The overall benefit of radiotherapy for use with retro-
peritoneal sarcoma has yet to be established, with most 
of the data being extrapolated from studies of soft-tissue 
sarcoma of the extremities.33 However, concern remains 
about the increased risk of treatment-related toxicity to 
highly radiosensitive visceral structures due to their rap-
idly proliferating mucosa and rich blood supply.34 The 
relatively low rate of radiation tolerance for surrounding 
normal tissues (liver, kidney, gastrointestinal tract, spi-
nal cord) predisposes patients to risks of intestinal per-
foration, peritonitis, and peripheral neuropathy.35 

Use of preoperative radiotherapy is currently being 
investigated in an accruing, prospective, randomized, 
multicenter trial (NCT01344018). This type of trial is in-
vestigating the potential for external beam radiotherapy 
(EBRT) to reduce local regional failure.36 Proponents of 
preoperative radiation cite the potential benefits of po-
tentially using lower doses, while the tumor displaces 
radiosensitive viscera outside the field of radiation.37 
Proponents also claim gross tumor volume can be more 
adequately defined, which would allow for more accu-
rate preoperative treatment planning.37 

Use of postoperative EBRT has been studied but 
largely abandoned due to its toxic effects of the remain-
ing organs within the tissue bed after resection, with no 
apparent improvement in survival.17 Another concern 
with postoperative radiation suggests the difficulty in 
defining a precise area of the tumor bed to apply EBRT.17 

Our experience at Moffitt Cancer Center favors use 
of preoperative EBRT for intermediate- to high-grade 
tumors, especially in more radiosensitive tumors, such 
as extraosseous Ewing sarcoma/primitive neuroecto-
dermal tumor. The more common subtypes, such as 
well-differentiated liposarcoma and leiomyosarcoma, 
are generally unresponsive to radiation.18 Thus, concern 
remains about the increased risk of treatment-related 
toxicity to visceral structures. 

Pathological Prognostic Factors
The most important prognostic factors for survival are 
extent of tumor resection and histological grade, al-
though histological subtype is also emphasized as an 
important factor.38 Other factors influencing prognosis 
include tumor stage, patient age, tumor size, and mul-
tifocality. Nomograms have been developed and vali-
dated to more accurately predict postoperative survival 
based on these and other factors.39 Well-differentiated 
liposarcomas have the most favorable outcome, where-
as leiomyosarcomas, pleomorphic sarcoma/malignant 
fibrous histiocytoma, MPNST, and dedifferentiated li-
posarcomas exhibit the least favorable outcomes.38 

Other prognostic concerns include risks for locore-



Cancer Control  255July 2016, Vol. 23, No. 3

gional recurrence and metastasis. Local regional relapse 
is the main cause of disease-related death and, in con-
junction with retroperitoneal sarcoma, the risk for de-
veloping abdominal sarcomatosis also results in death, 
even in the absence of systemic dissemination.40,41 Tu-
mor grade and histological subtypes are major prognos-
tic factors related to metastatic occurrence.19,42 Toule-
monde et al42 reviewed the data of 586 study patients 
with retroperitoneal sarcoma during a multicenter anal-
ysis, looking at patterns of care at diagnosis and prog-
nostic factors, with a focus on main histological sub-
types. Those findings are summarized in Table 3.8,14,42 

Proposed Algorithm for Management 
A patient’s clinical and radiological information is first 
assessed by an interdisciplinary team that generally in-
cludes a surgical oncologist, radiologist, medical and 
radiation oncologists, and a pathologist — preferably 
all of whom have expertise in soft-tissue sarcoma (see 
Fig 5). Cross-sectional imaging, including computed to-
mography (CT) or magnetic resonance imaging (MRI), 
preferably with intravenous contrast, can demonstrate 
predictable displacement of retroperitoneal structures, 
allowing for localization of a tumor to the retroperito-
neum rather than the peritoneal cavity. When a mass 
is detected in the retroperitoneum, the differential 
diagnoses may include primary retroperitoneal soft-
tissue sarcomas, metastatic disease, including lymph-
adenopathy from primary sites of disease elsewhere, 
lymphoma, primary neoplasms arising from retroperi-
toneal viscera such as the pancreas, kidneys, ureters, 
adrenal glands, duodenum, or ascending/descending 
colon such as adenocarcinoma or gastrointestinal stro-
mal tumor (GIST), paraspinal neurogenic tumors, and 
retroperitoneal fibrosis. Clinical symptomatology, such 
as B symptoms in cases of lymphoma or findings on 
physical examination such as a palpable testicular ab-
normality, which may be associated with retroperito-
neal lymphadenopathy, will direct diagnostic consid-
eration away from primary retroperitoneal sarcoma. 

Other symptoms such as hematuria, uncontrollable 
hypertension, or early satiety may raise concern for a 
primary tumor of a retroperitoneal origin rather than 
primary retroperitoneal sarcoma.1

Findings on cross-sectional imaging may also help 
assess the internal composition of the tumor, allowing 
for the preoperative prediction of tumor histopathol-
ogy and assessment of local extent of disease; these 
may have an impact on neoadjuvant treatment, surgical 
planning, or both. Tumor staging should include imag-
ing of the chest to evaluate for pulmonary metastatic 
disease and is typically performed with CT.

Of all the retroperitoneal sarcoma subtypes, well-
differentiated liposarcomas make up 24% and are com-
prised of simple-appearing fat that has a characteristic 
appearance on cross-sectional imaging (Fig 6).1 For 
lesions demonstrating typical imaging findings of 
well-differentiated retroperitoneal liposarcoma, 
biopsy is typically not indicated given the high rate 
of diagnostic sensitivity of CT for low-grade adipo-
cytic lesions and no role for neoadjuvant therapy 
with these tumors.1 

If imaging findings do not suggest well-differen-
tiated liposarcoma, then image-guided core needle bi-
opsy or fine needle aspiration (FNA) is required and 
is preferred to open surgical biopsy.16 However, core 
needle biopsy is preferred to FNA due to the difficulty 
that exists in discerning histological subtype by FNA.

If results on biopsy suggest retroperitoneal sar-
coma, then surgery is the mainstay treatment for all 
subtypes (see Fig 5). If the tumor is partially resectable, 
then neoadjuvant radiotherapy and chemotherapy be-
come more important for treating the periphery of the 
lesion because it will abut critical structures; both types 
of therapy have the intent of consolidating the peritu-
moral reactive zone and rendering close margins sterile. 
Neoadjuvant chemotherapy is also important for tumors 
with chemosensitive histologies.7,11 For the palliative 
management of metastatic or advanced soft-tissue sar-
coma, chemotherapy has an established role.6 

Table 3. — Risk by Subtype for Local Regional Relapse, Metastasis, and OS Rates

Subtype Risk for Locoregional Relapse42 OS Metastasis8

Leiomyosarcoma Piecemeal resection predictive  
of relapse

Adjacent organ involvement associated 
with worst OS 
Associated with high risk of competitive 
systemic relapse42

Exceptions to typical pattern of  
metastatic disease
Commonly metastasizes to liver, lung
High risk of metastatic disease14

Well-differentiated 
liposarcoma

Piecemeal resection predictive  
of relapse

Adjacent organ involvement associated 
with worst OS
Multifocality significantly associated 
with worse survival42

Nearly all recur locoregionally, not via 
metastasis14

Dedifferentiated 
liposarcoma

Surgeon specialization and periopera-
tive radiotherapy associated with lower 
risk of relapse

Grade 3 associated with worst OS42 Nearly all recur locoregionally, not via 
metastasis14

OS = overall survival.
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Fig 5 summarizes relevant information regard-
ing subtypes and perioperative therapy consider-
ations.7,9,11,14,16 Myxoid/round cell liposarcoma as a 
primary malignancy is rare in the retroperitoneum 
(< 0.9% of all retroperitoneal sarcoma subtypes), and 
physical examination and imaging of the extremities 
to rule out a primary site in an extremity with distant 
retroperitoneal metastasis are indicated.6,43 Primitive 
neuroectodermal tumors, Ewing sarcoma, and alveo-
lar/embryonal rhabdomyosarcoma are radiosensitive 
and chemosensitive, so they should not be considered 
for first-line surgery. Because primary chemotherapy 
is always given, the strategy for these tumors signifi-
cantly differs from that undertaken for adult-type 
soft-tissue sarcoma. Subsequent surgery is then con-
sidered for responsive tumors to achieve complete 
resection of all visible tumors; however, adjacent vis-
cera is only included if true invasion is evident.14 Our 
experience with GIST is that neoadjuvant tyrosine ki-
nase inhibitor therapy for large lesions and abutting 
critical structures should be used to reduce tumor size 
and limit the complexity of the procedure. Reduction 
of tumor size due to effective preoperative imatinib 
occurs in the majority of patients.44,45 In such a sce-
nario, proper therapy is warranted for larger tumors 
that may require multivisceral resection. 

Determination of Tumor Types With  
Radiological and Histological Correlation 
Well-Differentiated and Dedifferentiated  
Liposarcoma
CT or MRI can be used to recognize well-differentiated 
liposarcoma (see Fig 6). Histomorphological findings 
that support a diagnosis of well-differentiated liposar-
coma include proliferation of mature adipocytes with 
marked variation in cell size and a focal nuclear atypia 
in both adipocytes and stromal cells. Identification of 
lipoblasts does not make (or is required for) a diagno-
sis of liposarcoma.46 Lipoblasts may be seen in benign 
lesions such as lipoblastoma, pleomorphic lipoma, and 
chondroid lipoma. 

Based on morphology, 4 main subtypes exist: adi-
pocytic (lipoma-like), sclerosing, inflammatory, and 
spindle cell. The sclerosing subtype of well-differen-
tiated liposarcoma tends to occur in the retroperito-
neum and microscopically demonstrate scattered, 
hyperchromatic, bizarre stromal cells set in extensive 
fibrillary collagenous stroma. With the exception of the 
spindle-cell subtype, well-differentiated liposarcoma 
has been found by molecular and cytogenetic studies 
to harbor a characteristic ring and giant marker chro-
mosomes containing amplification of the 12q13-15 re-
gion, including MDM2.47-50 Several other genes located 
in the 12q14-15 region, including CDK4 and HMGA2, 
are frequently coamplified with MDM2.46 

Immunohistochemically, expressions of MDM2 

and CDK4 are present in most cases and are in keeping 
with gene amplification.49 Molecular, cytogenetic, and 
immunohistochemistry applications help distinguish 
well-differentiated liposarcoma from benign adipose 
tumors. Well-differentiated liposarcoma is locally ag-
gressive and lacks metastatic potential.47 Unless it be-
comes dedifferentiated (dedifferentiated liposarcoma), 
well-differentiated liposarcoma is potentially curable 
with complete excision when located in the extremities; 
however, sites like the retroperitoneum and mediasti-
num pose difficulty in obtaining a microscopically neg-
ative margin (R0).46,51 The differential diagnosis of well-
differentiated liposarcoma from benign adipose tumors 
in a limited specimen, such as specimens from core 
needle biopsies, can be difficult. MDM2 fluorescence 
in situ hybridization is sensitive and specific to iden-
tify MDM2 amplification in morphologically atypical 
and typical lesional cells.51 The immunohistochemistry 
performance of MDM2 decreases when working with 
limited specimens on biopsy, a rate typically attributed 
to the focal staining seen within the majority of well-
differentiated liposarcoma on whole-tissue sections.51

MDM2 has been useful in identifying dedifferen-
tiated liposarcomas in addition to well-differentiated 
liposarcoma. Several studies have reported that most 
poorly differentiated sarcomas arising in the retroperi-
toneum are, in fact, dedifferentiated liposarcoma and 
can be diagnosed on the basis of MDM2 amplification 
even without an atypical adipocytic component.52-54 
Like well-differentiated liposarcoma, dedifferentiated 
liposarcoma harbors the ring or giant marker chromo-
somes, whereas MDM2 (12q15) is consistently ampli-
fied and overexpressed.46,49,55-58 

Fig 6. — Axial contrast-enhanced computed tomography demonstrates 
a large, round, adipocytic left retroperitoneal mass (dashed circle) that 
displaces the descending colon and compresses the left kidney with 
minimal fat stranding and few thin septations consistent with well-dif-
ferentiated liposarcoma.
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Histologically, dedifferentiated liposarcoma con-
tains a well-differentiated liposarcoma component jux-
taposed to areas of either low- or high-grade nonlipo-
genic sarcoma (dedifferentiation). The dedifferentiated 
component may exhibit a wide variety of morphology 
from high-grade sarcoma resembling undifferentiated 
pleomorphic sarcoma or high-grade myxofibrosar-
coma to low-grade dedifferentiation resembling fibro-
matosis or fibrosarcoma.59-62 Historically, many dedif-
ferentiated liposarcomas were diagnosed as malignant 
fibrous histiocytoma, particularly de novo dedifferen-
tiated liposarcomas.54 Dedifferentiated liposarcoma 
commonly occurs in the retroperitoneum, with more 
than 90% arising de novo, whereas less than 10% rep-
resent recurrences.46,58 

Radiologically, the presence of a nonlipogen-
ic soft-tissue mass within an otherwise fatty tumor 
would be consistent with dedifferentiation (Fig 7). 
Given the internal heterogeneity, it is important to cor-
relate the histopathological findings with radiological 
imaging because results on tissue sampling may yield 
low-grade lipomatous tissue or high-grade sarcoma 
depending on the target of the biopsy. Surgically, the 
dedifferentiated part of the tumor is regarded as the 
only part needed to be excised, whereas surrounding 
well-differentiated liposarcoma is regarded as normal 
tissue. Therefore, dedifferentiated liposarcoma is rare-
ly excised with margins free of well-differentiated li-
posarcoma. Dedifferentiation is associated with a 15% 
to 20% metastatic rate; however, the mortality rate is 
more often related to uncontrolled local recurrences 
than to metastatic spread.50 A case illustration of de-
differentiated liposarcoma appears in Fig 8. 

Other Subtypes of Liposarcoma
Myxoid/round cell liposarcoma and pleomorphic lipo-

sarcoma constitute 0.9% and 0.4% of all retroperitoneal 
soft-tissue sarcomas, respectively (see Table 1). Myxoid 
liposarcoma demonstrates areas of myxomatous tis-
sue that appear similar to fluid (low density on CT; 
high signal intensity on T2-weighted MRI) prior to 

Fig 8A–C. — Dedifferentiated liposarcoma. (A) Nonlipogenic malignancy is 
revealed on core biopsy. Hematoxylin and eosin stain, × 400. (B) Nuclear-
positive MDM2. Immunohistochemistry, × 400. (C) Amplification of MDM2 
(red signals). Green signals are chromosome 17 and confirm dedifferenti-
ated liposarcoma. Fluorescent in situ hybridization, × 1000. 

Fig 7. — Axial contrast-enhanced computed tomography demonstrates 
a large infiltrative retroperitoneal mass encasing the right kidney (K), 
displacing the ascending colon (C) with lipogenic elements (large arrow), 
thick septations (small arrow), and nonadipocytic soft-tissue masses (*) 
anterior to the inferior vena cava and aorta (A).

A

B

C
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administering intravenous contrast. However, myx-
oid elements will be enhanced as opposed to non-
enhanced fluid in areas of cystic degeneration or 
tumor necrosis. Occasionally, liposarcoma may dem-
onstrate areas of mineralization or ossification. More 
than 95% of cases of myxoid liposarcoma demon-
strate a classical t(12;16)(q13;p11) or t(12;22)(q13;q12) 
translocation, which results in fusion of FUS-CHOP 
or EWSR1-CHOP, respectively.46 A diagnosis of pri-
mary retroperitoneal myxoid liposarcoma should 
made with caution, because such cases represent 
either metastatic myxoid liposarcoma or well-differ-
entiated/dedifferentiated liposarcoma with myxoid 
stromal change.43,63 Round cell liposarcoma is not an 
independent subtype but rather a high-grade spec-
trum of myxoid liposarcoma. Round cell liposarcoma 
shares the same molecular change as myxoid liposar-
coma but is morphologically composed of blue round 
tumor cells. 

Pleomorphic liposarcoma often presents as a non-
specific soft-tissue mass without obvious fat evident by 
results on imaging mimicking other high-grade retro-
peritoneal sarcomas. Pleomorphic liposarcoma exhib-
its pleomorphic lipoblasts without well differentiation 
or other types of liposarcoma.46 This is a rare type of 
high-grade liposarcoma that can be differentiated from 
dedifferentiated liposarcoma by the absence of MDM2 
amplification. Pleomorphic liposarcoma also has a dif-
ferent clinical metastatic rate than other pleomorphic 
or high-grade sarcoma types (Table 4).46

Retroperitoneal Leiomyosarcoma
Retroperitoneal leiomyosarcomas typically arise 
from smooth muscle within the soft tissues of the ret-
roperitoneum itself or within the walls of large ret-
roperitoneal vessels such as the inferior vena cava, 
aorta, or gonadal veins.64 Radiographically, the most 
helpful diagnostic clue may be identification of a 
mass associated with one of these vascular struc-
tures. Typically, retroperitoneal leiomyosarcomas are 
hypervascular solid tumors with minimal necrosis 
and a notable absence of internal fat compared with 
liposarcomas. Mineralization is rarely seen. Com-
pression of the underlying vessel may result in ve-
nous thrombosis, and intraluminal extension of dis-
ease is not uncommon.

Retroperitoneal leiomyosarcoma shows a high pro-
pensity of occurrence in women. When arising from 
large blood vessels, it commonly occurs from the in-
ferior vena cava and its major tributaries.65 Grossly, 
leiomyosarcomas may exhibit either a grey-to-white 
whorled appearance or form fleshy, tan-white masses 
with hemorrhage, necrosis, and/or cystic change in-
distinguishable from other sarcomas.66 Typical his-
tomorphology consists of intersecting fascicles of 
spindle cells with elongated and blunt-ended nuclei 
and eosinophilic cytoplasm. Nuclear hyperchroma-
sia and pleomorphism (ranging from mild to severe) 
can be observed. Pleomorphism in leiomyosarcoma 
may resemble undifferentiated pleomorphic sarco-
ma.66 Mitoses, including atypical mitotic figures, are 
usually present. Occasionally, retroperitoneal leio-
myosarcoma may have areas exhibiting epithelioid 
cytomorphology, multinucleated giant cells, promi-
nent inflammatory infiltrate, or exuberant myxoid 
change.67-70 Rarely, leiomyosarcoma contains granular 
cytoplasmic change.71 Leiomyosarcoma, specifically 
of soft-tissue origin, is considered malignant when 
some degree of nuclear atypia and mitotic activity, 
which may be very low (< 1/10 hpf), are present.66 An-
tibodies to smooth-muscle actin, desmin, and caldes-
mon are positive in most types of leiomyosarcoma.72-74 
Smooth-muscle, myosin heavy chain is less sensitive 
and may be expressed in myoepithelial cells.75-77 Ab-
errant cytokeratin is frequent and epithelial mem-
brane antigen expression may also be seen.78-81 S100, 
CD34, estrogen, and progesterone receptors may also 
be positive in leiomyosarcoma.46,82 Hormone-receptor 
expression can be seen in leiomyosarcoma of a uter-
ine origin but is not specific for leiomyosarcoma of a 
gynecological origin.66

Undifferentiated Pleomorphic Sarcoma 
Undifferentiated pleomorphic sarcoma was previ-
ously referred to as malignant fibrous histiocytoma. 
It has no identifiable line of differentiation when 
analyzed by current technologies and represents a 
diagnosis of exclusion.66 Undifferentiated pleomor-
phic sarcoma typically presents as a large, nonspe-
cific, heterogeneous, enhancing soft-tissue mass with 
internal necrosis and intratumoral hemorrhage, of-
ten with lobulated morphology and well-defined 
margins due to the presence of a pseudocapsule. 
Occasionally, internal fibrous tissue may be iden-
tified as areas of low signal intensity on T1- and  
T2-weighted MRI (Fig 9).64 Myxoid elements may be 
seen as regions of increased T2-weighted signal with 
enhanced intravenous contrast. Tumor heterogene-
ity, including hemorrhage, is typical of undifferenti-
ated pleomorphic sarcoma. Given the propensity for 
hemorrhage, underlying neoplasms, including undif-
ferentiated pleomorphic sarcoma, must be consid-

Table 4. — Sarcoma Types and Clinical Metastatic Rates

Type Incidence, %
Dedifferentiated liposarcoma 15–20

High-grade myxofibrosarcoma 25–30

Pleomorphic liposarcoma 30–50

Pleomorphic leiomyosarcoma 70

Pleomorphic rhabdomyosarcoma 90
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ered in any patient presenting with spontaneous he-
matoma. When arising in the retroperitoneum, these 
tumors tend to be larger than when they occur in the 
extremities. Adjacent bone invasion is more common 
than in liposarcoma or leiomyosarcoma and may help 
suggest the diagnosis. Undifferentiated pleomorphic 
sarcoma represents the most common soft-tissue 
sarcoma following prior radiotherapy. 

When encountering a retroperitoneal soft-tissue 
tumor with the appearance of undifferentiated pleo-
morphic sarcoma, pathologists must exclude possible 
pleomorphic sarcoma of a specific type (eg, pleomor-
phic leiomyosarcoma, pleomorphic liposarcoma), a de-
differentiated component of another type of sarcoma 
(eg, dedifferentiated liposarcoma), and other sarcoma-
toid carcinomas. Rarely, sarcomatoid mesothelioma, 
dedifferentiated melanoma, and anaplastic lymphoma 
can also occur.66 

The histology of undifferentiated pleomorphic sar-
coma is variable and may reveal several morphologi-
cal patterns, from storiform areas composed of spindle 
cells to pleomorphic areas composed of large, round-
ed, fibroblastic-like cells with marked nuclear atypia 
and bizarre, multinucleated-tumor giant cells.46,66 Mi-
totic activity is prominent with atypical mitotic fig-
ures. The background stroma is usually collagenous, 
but, rarely, the stroma may have metaplastic osteoid 
or chondroid material. Some cases of undifferentiated 
pleomorphic sarcoma have prominent background 
xanthomatous and neutrophilic infiltrates.83 

Prominent stromal myxoid change may be pres-
ent in undifferentiated pleomorphic sarcoma, either 
focally within the tumor or as large areas abutting cel-
lular zones. Tumors with cytomorphology indicative 

of undifferentiated pleomorphic sarcoma with promi-
nent myxoid stroma and features such as multinodular 
growth pattern and prominent curvilinear vasculature, 
even focally, should be diagnosed as high-grade myxo-
fibrosarcoma.66 

Immunohistochemistry serves as a method to ex-
clude other pleomorphic tumors. Undifferentiated 
pleomorphic sarcoma often shows patchy to rare cells 
positive for cytokeratin, actin, desmin, or epithelial 
membrane antigen. Vimentin and CD34 may be posi-
tive but are of no diagnostic value.46 Over the years, 
complex cytogenetic aberrations have been identified 
in undifferentiated pleomorphic sarcoma, but they are 
nonspecific.84,85 Similarities between undifferentiated 
pleomorphic sarcoma and leiomyosarcoma have been 
reported from comparative genomic hybridization 
analyses, suggesting a possible shared lineage.86,87 Fur-
thermore, Carneiro et al87 reported that losses of 4q13 
(encompassing SMAD1) and 18q22 were independent 
predictors of metastasis. 

Neurogenic Tumors
Neurogenic tumors, including nerve sheath tumors 
(both benign and malignant), are more common in 
the extremities, but they have been known to occur 
in the retroperitoneum, often in paraspinal or pre-
sacral locations. Neurogenic tumors tend to demon-
strate a fusiform shape, increased T2-weighted sig-
nal intensity, and intravenous contrast enhancement. 
Bony erosions and scalloping, including widening of 
the neural foramina, are commonly associated osse-
ous findings. Differentiation of benign and malignant 
neoplasms can be difficult, but increased size, rapid 
growth, internal necrosis, and increased vascularity 
all favor malignancy. Malignant neurogenic tumors 
also tend to demonstrate greater fluorodeoxyglucose 
uptake than benign tumors on positron emission to-
mography/CT. Malignant tumors are often seen in the 
setting of type 1 neurofibromatosis.64

Ganglioneuroma is a rare, benign, differentiat-
ed neoplasm of the sympathetic nervous system that 
contains no immature neuroblastic elements.66,88 Gan-
glioneuromas predominantly arise within the poste-
rior mediastinum and retroperitoneum.66,89 They are  
well-circumscribed tumors with a fibrous capsule, and 
cut sections are gray to yellow with a whorled-like pat-
tern similar to leiomyoma.66 Histologically, this tumor 
consists of Schwann cells with scattered deposits of gan-
glion cells, isolated, or small clusters. Surgical excision is 
appropriate. Ganglioneuromas rarely recur. Malignant 
transformation into MPNST has been reported.90,91 

Schwannoma, a peripheral nerve sheath tumor 
consisting of well-differentiated Schwann cells, is usu-
ally encapsulated, and its cut surfaces have a pink, 
white, or yellow appearance.66 Retroperitoneal tumors 
are large and may have areas of cystic degeneration 

Fig 9. — Axial contrast-enhanced computed tomography demonstrates 
a heterogeneous nonadipocytic, largely necrotic upper retroperitoneal 
mass along the aorta (stent graft in place) and pulmonary metastases. 
Although nonspecific, imaging characteristics would favor undiffer-
entiated pleomorphic sarcoma rather than liposarcoma or leiomyo-
sarcoma. 
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and calcification. Classic histology shows a pattern 
of alternating Antoni A (cellular areas of spindle cells 
with occasional palisading) and Antoni B (loose myx-
oid areas with scattered spindle cells and thick-walled, 
hyalinized vessels) areas. 

Retroperitoneal schwannomas may be exclusive-
ly or predominantly composed of Antoni A tissue.92,93 
Schwannomas with increased cellularity and occasion-
al mitoses are referred to as cellular schwannomas, a 
variant of schwannoma.92-96 Degenerative changes such 
as cyst formation, calcification, hemorrhage, and hya-
linization may be present in retroperitoneal schwanno-
mas, especially if the tumor has been present for a long 
time. Marked nuclear atypia characterized by Schwann 
cells with large, hyperchromatic nuclei are usually as-
sociated with schwannomas with degenerative change 
(ancient schwannoma). They behave similar to con-
ventional schwannomas. S100 is strongly and diffuse-
ly expressed in schwannomas.97 SOX10, a marker of 
neural crest differentiation, exhibits nuclear staining 
in schwannomas.98 Of note, retroperitoneal schwanno-
mas may express cytokeratin AE1/3 due to cross-reac-
tivity with GFAP.46

MPNST is an aggressive sarcoma arising from a 
peripheral nerve (eg, sciatic nerve, brachial plexus, 
sacral plexus) or preexisting benign nerve sheath tu-
mor (eg, neurofibroma). Nearly 50% of MPNSTs occur 
in patients with type 1 neurofibromatosis and the re-
mainder sporadically occurs.46,66 Retroperitoneal in-
volvement is rare.99,100 Grossly, MPNSTs arising from a 
nerve form a large fusiform mass and often measure 
more than 5 cm and have a tan-white, fleshy cut sur-
face with areas of hemorrhage and necrosis.46 Tumor 
histomorphology is diverse. Classic cases of MPNST 
exhibit spindle cells arranged in densely cellular fas-
cicles alternating with less cellular, myxoid areas, creat-
ing a marble-like effect.66 The cells can have a whorling 
or, rarely, palisading architecture with large areas of 
necrosis. The spindle cells have hyperchromatic nuclei 
and pale cytoplasm. Mitoses are readily seen. Occa-
sionally, MPNSTs demonstrate marked pleomorphism, 
simulating high-grade, undifferentiated pleomorphic 
sarcoma. Skeletal muscle differentiation, glandular dif-
ferentiation, and heterologous elements have been re-
ported in MPNSTs.101,102 Between 50% and 90% of cases 
of MPNST are positive for S100, which demonstrates 
focal staining, and 2% to 15% show weak expression 
of TLE1.97,103-108 SOX10 has recently been reported to 
show better sensitivity and specificity for the diagno-
sis of MPNST than S100.109 A rare variant, epithelioid 
MPNST, is not associated with type 1 neurofibromato-
sis and commonly arises from preexisting schwanno-
ma.46 Histologically, epithelioid MPNST is composed 
of short cords of large epithelioid cells arranged in a 
vague, nodular pattern.66 The cells have large, round 
nuclei with prominent nucleoli. They may be associ-

ated with myxoid matrix. They can resemble melano-
ma or carcinoma. Immunohistochemically, epitheli-
oid MPNSTs show strong and diffuse S100 positivity,  
one-half of cases lack SMARCB1 staining, and rare 
cases show keratin positivity.110,111 MPNST may also 
have rhabdomyoblastic differentiation (malignant 
triton tumor), which has a worse prognosis than con-
ventional MPNST.112

Cellular schwannoma may be misdiagnosed as 
MPNST due to it hypercellularity. Significant institu-
tional data do not exist to address how to differentiate 
MPNST from cellular schwannoma in the retroperito-
neum. One large study suggested that certain features 
distinguish cellular schwannoma from MPNST, but 
only in general and not specifically to the retroperito-
neum (Table 5).113

Solitary Fibrous Tumor/Hemangiopericytoma
Solitary fibrous tumor is a mesenchymal tumor of fi-
broblastic origin that occurs in deep soft tissue such 
as the thigh, pelvis, retroperitoneum, and serosal 
surfaces.114 Solitary fibrous tumor typically demon-
strates marked enhancement when viewed with in-
travenous contrast and presents as a solid, enhancing 
soft-tissue mass with prominent tortuous and ser-
pentine vessels extending to and seen within the pe-
riphery of the mass. Central necrosis is common. The 
cut surface of the tumor is gray-white to red-brown 
in color and hemorrhage or cystic degeneration may 
be seen.66 Histologically, solitary fibrous tumors 

Table 5. — Distinguishing Features Between Cellular 
Schwannoma and Malignant Peripheral Nerve Sheath Tumora 

Cellular Schwannoma Malignant Peripheral Nerve 
Sheath Tumor

Benign
Free of metastasis 
Disease-specific–related deaths

Malignant

Schwannian whorls
Peritumoral capsule
Subcapsular lymphocytes
Macrophage-rich infiltrates
Fascicles absent

Perivascular hypercellularity
Tumor herniation into vascular 
lumens
Necrosis

Expression of p75NTR  
observed in 31% of cellular 
schwannomas*

Expression of p75NTR observed in 
80% of tumors*

Complete loss of SOX10*
Neurofibromin or p16 expression*
Presence of EGFR immunoreactivity 
is specific*

Ki-67 labeling indices > 20% 
highly predictive (87% sensitivity, 
96% specificity)

aIn general, not specific to the retroperitoneum. 
*P < .001.
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can demonstrate a variable appearance, from being 
highly cellular to densely hyalinized and hypocellu-
lar tumors. Cellular, solitary fibrous tumors show a 
patternless architecture composed of tightly packed, 
bland-appearing, spindle- to fusiform-shaped cells 
with indistinct cytoplasmic borders arranged around 
prominent dilated, branched vessels. Myxoid change 
is common, as is stromal and perivascular hyaliniza-
tion. Mitoses are scarce. 

A solitary fibrous tumor variant, the fat-forming 
solitary fibrous tumor, often affects the thigh and 
retroperitoneum.46 It contains a variable amount 
of mature adipocytes that should not be confused 
with well-differentiated liposarcoma. Solitary fi-
brous tumors can be malignant, and these cases 
demonstrate dense cellularity, increased mitoses  
(> 4 mitoses/10 hpf), variable cytological atypia, tu-
mor necrosis, and/or infiltrative margins.115,116 Tu-
mor cells are typically positive for CD34 (80%–90%), 
CD99 (70%), BCL2 (30%), epithelial membrane an-
tigen (30%), and actin (20%).117-123 Desmin, cyto-
keratin, and S100 are usually absent.117 Recently,  
NAB2/STAT6 was identified in solitary fibrous tu-
mors, strongly suggesting that this type of tumor is 
a translocation-associated neoplasm and that STAT6 
immunostain is a sensitive and specific marker for 
solitary fibrous tumor.124,125

Other Rare Considerations
GIST in the retroperitoneum is rare: One case report 
has been documented in the literature.126 Characteris-
tic immunostain pattern of CD117, CD34, and DOG1 
immunoreactivity is helpful in confirming the diag-
nosis.46 Ewing sarcoma in the retroperitoneum is also 
rare. Hallmark translation (EWSR1/FLI1 or EWSR1/
ERG) detection is helpful in confirming Ewing sarco-
ma in the majority of cases.46 

Retroperitoneal desmoid tumor has been de-
scribed in 11 articles since 1991.127-137 These tumors 
are characterized by proliferation of spindle (fibro-
blast) cells, with a moderate amount of collagen fi-
bers, bland cellular appearance, scant mitosis, and 
lack of metastasis.130,135 Expression of beta catenin in 
tumor cells is helpful for confirming the diagnosis.46 
Most sporadic cases of aggressive fibromatosis con-
tain a somatic mutation in either APC or CTNNB1.128 
Lazar et al138 reported 3 discrete mutations (ACC-
41GCC, TCT45TTT, and TCT45CCT) in 2 codons of 
CTNNB1 exon 3. Targeted therapy for desmoid tumor/
fibromatosis may be a potential treatment option in  
the future.135

Retroperitoneal lipoma is a rare benign tumor of 
mature adipocytes occurring in the retroperitoneum. 
Eighteen cases of retroperitoneal lipoma have been 
described in the literature since 1980.139-155 Retro-
peritoneal lipoma may not be distinguishable from  

well-differentiated liposarcoma on imaging and 
findings on biopsies are often inconclusive. Molecu-
lar testing is recommended to support a diagnosis 
of retroperitoneal lipoma confirming the absence 
of MDM2 amplification; however, a negative result 
does not exclude the possibility of well-differentiat-
ed liposarcoma. Amplification varies in individual 
tumors and among different cells in the same tumor.  
Additional research is necessary to understand the 
etiology and genetic mechanisms of retroperitoneal 
lipomas. Close and regular follow-up is recommend-
ed for such cases.

Conclusions
When a definitive diagnosis of retroperitoneal sarco-
ma, including its histological tumor type and grade, 
is achievable, then such a diagnosis can help pro-
vide useful prognostic and predictive information to 
help guide effective therapy. However, not all tumors 
of the retroperitoneum must be biopsied, subjected 
to work up by ancillary testing, or both methods to 
achieve a definitive diagnosis. Certain tumor types 
may call for specific neoadjuvant therapeutic regi-
mens that might produce excellent responses, thus 
warranting a definitive diagnosis with judicious ancil-
lary testing. By contrast, other tumor types may share 
similar therapeutic regimens, but neoadjuvant thera-
py may not provide any benefit to the patient. In such 
cases, an informative diagnosis should be rendered 
as an alternative, which includes meaningful and use-
ful information to guide the next best step in man-
agement, especially when there is a small amount of 
tissue on biopsy available for analysis. A definitive 
diagnosis can be deferred and then be rendered at 
resection following a full examination of the entire 
tumor. This type of multidisciplinary, pathology-fo-
cused approach is practical and, in our experience, 
works well to serve the needs of patients with retro-
peritoneal sarcoma.
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Background: Opportunistic fungal infections caused by Aspergillus and Candida followed by infections with 
Fusarium, Rhizopus, Mucor, and Alternaria species are an important cause of morbidity and mortality in patients 
with hematological malignancies. Cutaneous mucormycosis infections are rare, and the incidence, outcomes, 
and factors associated with survival in the setting of hematological malignancies are not clear. 
Methods: A literature search was conducted for all cases of primary cutaneous mold infections in patients with 
hematological malignancy, of which 50 cases were found. Our case of a patient with a hematological malignancy 
who sustained a cat bite that in turn caused a primary cutaneous mold infection is also included.
Results: In the 51 cases identified, 66.7% were neutropenic upon presentation, and 54.9% were male with an 
average age of 32 years. Aspergillus species (33.3%) was the most cited followed by Rhizopus species (19.6%). 
Overall mortality rate was 29.4% and was observed more frequently in patients with neutropenia (60.0%) and 
without surgical intervention (73.3%). Survival rate was higher (35.3%) for cases utilizing both antifungal 
and surgical intervention. The antifungal agent with the highest survival rate was amphotericin B and its 
formulations (58.8%).
Conclusions: Neutropenia within hematological malignancies demonstrate a risk for developing severe cutane-
ous fungal infections, of which primary cutaneous mucormycosis can carry significant mortality. Combination 
antifungal therapy and surgical debridement appears to be associated with higher survival outcomes and war-
rants further investigation.

Introduction
Fungi from the Mucorales order are abundant, ubiqui-
tous, and saprophytic, with rapidly growing mycelium 
that are typically unseptate or irregularly septate.1 Al-
though important in the ecosystem,2 they are lethal 
opportunistic fungal infections when encountered in 
persons who are immunocompromised.3 Two main 
types of fungal infections of the skin may be present in 
immunocompromised patients with neutropenia: pri-
mary cutaneous fungal infections and cutaneous mani-
festations of fungemia.4 We present a case of a 72-year-
old, immunocompromised, neutropenic woman with 

aplastic anemia who developed primary cutaneous 
Rhizopus fungal infection on her right forearm follow-
ing a bite from a household cat. The cutaneous fungal 
infection expanded and caused extensive necrotizing 
fasciitis of the entire extensor compartment of the pa-
tient’s right forearm. 

Case Report
A 72-year-old woman diagnosed with aplastic anemia 
received her first chemotherapy cycle of antithymocyte 
globulin, methylprednisolone, and cyclosporine in July 
2013. She  remained neutropenic for 3 weeks prior to be-
ing admitted to the hospital in August 2013. Following 
chemotherapy, she continued on prophylactic acyclovir 
and voriconazole while she concurrently received cyclo-
sporine and weekly intravenous hydrocortisone 100 mg. 

She presented with a flat, homogenous, circular, 
and nonerythematous lesion with a large black eschar 
(Fig 1). She sustained a traumatic cat bite to the area ap-
proximately 5 days prior to her cycle of chemotherapy. 
The patient denied any fever, chills, or sweats. She was 
not dependent on packed red blood cell transfusions 
but did receive biweekly platelets. She had no history 
of hypoglycemic or iron-chelating agents. She was 
empirically started on cefepime, metronidazole, and 
azithromycin.
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Her vital signs were within normal limits. Physi-
cal examination revealed a prominent 12 × 14 cm lesion 
with a large central eschar on her right forearm (see Fig 1). 
Recent laboratory studies included a white blood cell 
count of 0.77/mm3, an absolute neutrophil count (ANC) 
of 70 cells/mm3, a platelet level of 63,000/mm3, and a 
creatinine level of 0.9 mg/dL. The results of liver func-
tion tests were within normal limits.

Punch biopsy from the histological section of 
the lesion on her forearm revealed multiple broad, 
hyposeptated hyphae in cross and longitudinal sec-
tions with abundant vascular invasion (Fig 2). This 
was consistent with Zygomycetes fungi (Mucorales) 
infection. Treatment was modified to liposomal am-
photericin B 5 mg/kg intravenously once daily and 
posaconazole 200 mg suspension 4 times a day via a 
gastrostomy tube. This antifungal regimen was start-
ed immediately, and the patient underwent prompt 
surgical evaluation.

The wound was extensively debrided (Fig 3). The 
cutaneous fungal infection had invaded the entire 
forearm extensor compartment, including the skin, 
fat, fascia and underlying musculature, demonstrat-
ing significant necrosis. Thus, we determined that the 
wound would best be resolved with amputation of 
the extremity, which the patient and daughter both 
declined. The area was closed and a temporary skin 
allograft was applied (Fig 4). 

The patient and her family subsequently declined 
any further surgical intervention or treatment, and she 
was discharged home with hospice care. She died 
2 days later. Debrided, nonviable tissue was positive 
for Rhizopus by both fungal stain and culture. Angio-
lymphatic invasion by Rhizopus was also seen on the 
pathology specimen.

Fig 1. — A prominent 12 × 14 cm flat, homogenous, circular, and nonery-
thematous lesion with an eschar lesion.

Fig 2. — Hematoxylin and eosin stains of specimens obtained from 
punch biopsy showing multiple broad, ribbon-like hyposeptated hyphae 
in cross and longitudinal sections with abundant vascular invasion. This 
is consistent with Zygomycetes fungi (Rhizopus species) infection.
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Literature Review
In the 51 cases identified, 66.7% were neutropenic on 
presentation and 54.9% were male (Table 1).5-23 All pri-
mary cutaneous mold infections in patients with he-
matological malignancy were caused by molds from 
1 of 2 phylum, Zygomycota or Ascomycota (Fig 5).5-23 
Within the phylum Zygomycota, the following 5 gen-
era/classes caused infections: Absidia, Mucorales, 
Rhizopus, Rhizomucor (“Other”), and Cunningha-
mella (“Other”; see Fig 5).5-23 Within the phylum As-
comycota, the following 5 genera caused infections: 
Aspergillus, Alternaria, Fusarium, Acremonium, 
and Curvularia (“Other”; see Fig 5).5-23

In patients with hematological malignancy and 
primary cutaneous mold infection, outcomes were 
determined on whether or not the infection was lo-
calized vs disseminated.5-23 In cases in which the in-
fection remained localized, 100% of patients recov-

Fig 4. — The wound was temporarily closed with skin allograft.

Fig 3. — The wound was extensively debrided surgically, including the 
skin, fat, fascia, and muscle. 

Table 1. — Clinical Characteristics of the Case Series 

Variable No. of 
Patients 
(N = 51)

No. of 
Patients 

Who 
Survived 
(n = 36)

No. of 
Patients 

Who Died 
(n = 15)

Age, y

Mean 32

Median 26

Sex

Male 28 21 7

Female 23 15 8

Neutropenia, cells/mm3

ANC < 500 34 25 9

ANC > 500 5 3 2

Not stated 12 8 4

Malignancy

AML/MDS/AMML 18 15 3

ALL 18 12 6

CML 4 3 1

CLL 1 0 1

Hodgkin lymphoma 3 1 2

NHL/mixed cutaneous 
lymphoma

4 4 0

Aplastic anemia 2 0 2

Multiple myeloma 1 1 0

ALL = acute lymphocytic leukemia, AML = acute myeloid leukemia, 
AMML = acute myelomonocytic leukemia, ANC = absolute neutrophil 
count, CLL = chronic lymphocytic leukemia, CML = chronic myelogenous 
leukemia, MDS = myelodysplastic syndrome, NHL = non-Hodgkin 
lymphoma. From references 5 to 23.

Fig 5. — Distribution of reported primary cutaneous mold infections.
Percentages do not add up to 100 due to rounding. From references 5 to 23. 
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ered; by contrast, in cases of disseminated infection, 
the mortality rate was 29.4%.5-23

Discussion
Mucormycosis, also known as zygomycosis, phyco-
mycosis, or hyphomycosis, is a broad term for a mul-
titude of diseases caused by fungi in the Mucorales 
order, with the most common causative organism be-
ing of the Rhizopus species.24 Other genera include, 
in descending order of prevalence, Rhizomucor, Cun-
ninghamella, Apophysomyces, Saksenaea, Absidia, 
Mucor, Syncephalastrum, Cokeromyces, and Mortier-
ella.24,25 Six clinical forms of mucormycosis have been 
described: rhinocerebral, cutaneous, pulmonary, dis-
seminated, gastrointestinal, and miscellaneous.26 The 
most common clinical presentation of mucormycosis 
is rhino-orbital-cerebral infection.27 

Severe neutropenia with an ANC of less than  
500 cells/mm3 increases susceptibility to bacte-
rial or fungal infections.28 Our patient’s ANC was  
70 cells/mm3, which predisposed her to developing cu-

taneous mucormycosis. It has been postulated that in-
dividuals who lack phagocytes or who have impaired 
phagocytic function are at higher risk of mucormyco-
sis than their normal counterparts.29 By contrast, pa-
tients with HIV/AIDS do not appear to be at increased  
risk for developing mucormycosis.29 Therefore, neutro-
phils — but not necessarily T-cell lymphocytes — are 
critical for inhibiting fungal-spore proliferation.29 

Cutaneous mucormycosis is an increasingly preva-
lent form of mucormycosis that has been predominant-
ly described in immunocompromised patients who are 
recipients of transplants, including both hematopoi-
etic stem cell and solid organ transplants after minor 
trauma.30,31 Some studies suggest that the incidence of 
zygomycosis appears to be increasing in oncology cen-
ters and specifically in patient populations receiving 
hematopoietic stem cell transplants, possibly related to 
the use of voriconazole prophylaxis.32

Penetrating trauma remains the major cause of 
primary cutaneous zygomycosis (Table 2).5-23,33-54 
Other causes reported include elasticized bandages 

Table 2. — Primary Cutaneous Zygomycetes/Mucorales Infections in Patients With Cancer

Study Age, 
y

Sex Malignancy Neutro- 
penia

Fungus Cause of 
Infection

Treatment Outcome

Arnaiz-Garcia38 71 M CML NA Mucor  
species

Dog scratch to 
back of hand

Liposomal amphotericin B
Hand amputation

Survived

72 M MDS
Prostate 
cancer

NA Mucor  
species

NA Excision Survived

Becker42 13 M ALL Yes Absidia  
corymbifera

Fall into an 
emptied pond

Liposomal amphotericin B
Surgical debridement

Survived

Bethge39 26 F AML Yes Absidia  
species

NA Amphotericin B
Surgical debridement

Survived

Cantatore-
Francis34

10 F AML Yes Mucorales  Possible  
insect bite

Liposomal amphotericin B
Surgical debridement

Survived

15 F Hodgkin 
lymphoma

Yes Mucorales  Intravenous  
site

Liposomal amphotericin B
Bedside excision

Deceased

Dennis50 6 F ALL Yes Rhizopus  
oryzae

Under a  
pressure-gauge 
bandage

Amphotericin B
Surgical debridement

Survived

7 M ALL Yes Rhizopus  
oryzae

Under a  
pressure-gauge 
bandage

Amphotericin B
Surgical debridement

Survived

Durand47 53 M AML Yes Rhizopus  
microspores

Site of Foley 
catheter

Liposomal amphotericin B
Surgical debridement

Deceased

Hadithi43 42 M AML Yes Absidia  
species

NA Amphotericin B 
Wide surgical excision, including 
periosteum of mandible and skin 
flap

Survived

Hansen44 4 M Neuroecto-
dermal tumor

Yes Rhizopus  
species

Scraped knees 
after fall

Liposomal amphotericin B
Surgical debridement with skin graft

Survived

continued on next page



Cancer Control  269July 2016, Vol. 23, No. 3

and wound dressings,55 burns,56 motor vehicle colli-
sion,57 intravenous access,58 and dog bite.59 Our case 
report of primary cutaneous mucormycosis after a cat 

bite is a rare finding. Although it was not confirmed, 
we suspect that this patient’s fungal infection may have 
resulted from the cat’s mouth being contaminated with 

Table 2. — Primary Cutaneous Zygomycetes/Mucorales Infections in Patients With Cancer, continued

Study Age, 
y

Sex Malignancy Neutro- 
penia

Fungus Cause of 
Infection

Treatment Outcome

Hocker53 45 M AML Yes Rhizomucor  
species

NA Liposomal amphotericin B
Posaconazole 
Surgical debridement

Survived

Johnson51 79 M Prostate 
cancer

No Rhizopus  
rhizopodiformis

Possible  
contamination 
from endo-
tracheal tape

Amphotericin B Deceased

Karam40 36 M AML Yes Absidia  
corymbifera

NA Amphotericin B
Hyperbaric oxygen therapy
Surgical debridement

Survived

Khardori45 52 F AML Yes Rhizopus  
species

Site of  
intravenous 
catheter

Amphotericin B Survived

Miyamoto49 21 M ALL Yes Rhizopus  
oryzae

Adhesive 
tape at site of 
intravenous 
catheter

Amphotericin B
Surgical debridement
Amputation 

Deceased

Motohashi54 60 F CML No Cunninghamella 
bertholletiae

Site of  
elastic tape 
after puncture 
for pleural 
effusion

Liposomal amphotericin B Deceased

Mueller37 46 M AML No Mucorales  Site of  
catheter  
insertion for 
blood  
transfusion

Liposomal amphotericin B Survived

Roux41 13 F Osteosarcoma Yes Absidia  
corymbifera

Potential  
skin trauma 
under  
nonsterile 
plaster

Amphotericin B
Posaconazole caspofungin

Survived

Rubin46 70 F CLL NA Rhizopus  
arrhizus

Site of arterial 
line

Amphotericin B
Voriconazole 

Deceased

Salati36 23 M ALL Yes Mucorales  Adhesive tape 
at site of lum-
bar puncture

Amphotericin B
Surgical debridement with skin graft

Survived

Sankar35 3 M ALL Yes Mucorales  Adhesive tape 
at site of lum-
bar puncture

Amphotericin B
Rifampicin
Surgical debridement

Survived

Sundararajan48 7 F ALL Yes Rhizopus  
oryzae

NA Amphotericin B
Surgical debridement

Survived

Wirth52 3 M ALL Yes Rhizopus
species

Under  
adhesive tape 
on venipuncture 
site

Amphotericin B Survived

Our case 72 F Aplastic 
anemia

Yes Rhizopus  
species

Cat bite Amphotericin B 
Surgical debridement 
Skin grafting

Deceased

ALL = acute lymphocytic leukemia, AML = acute myeloid leukemia, CLL = chronic lymphocytic leukemia, CML = chronic myelogenous leukemia,  
F = female, M = male, MDS = myelodysplastic syndrome, NA = not applicable, NHL = non-Hodgkin lymphoma. 
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soil that contained Mucorales, because the patient did 
not recall having any other penetrating trauma. 

Zachary et al59 suggest that, in canine flora, Mucor 
species is an atypical finding. Therefore, this could be 
true for a cat’s oral flora. This case is noteworthy be-
cause we found no existing case reports of cutaneous 
mucormycosis following a cat bite.

The diagnosis may be difficult to make because 
these infectious lesions can be confused with ischemic 
pathology.60 Mucormycosis relies on analyses of clini-
cal samples by microscopy and culture. Recovery of 
Zygomycetes from tissue can be problematic, and fun-
gal detection is often hindered by the absence of fun-
gal growth in culture; therefore, the diagnosis is often 
delayed or made postmortem. Furthermore, Larché et al61 
and Nosari et al62 proposed use of a molecular test to 
enable rapid identification of Mucorales at the genus 
and species levels. 

Treatment consists of high doses of amphotericin 
B combined with aggressive surgery and correction of 
the immune deficits. Using lipid formulations of am-
photericin B helps reduce nephrotoxicity and permits 
the administration of higher doses that may increase 
efficacy.63-65 In spite of appropriate management, the 
mortality rate for cutaneous mucormycosis has been 
reported to be up to 16%.66 

The higher overall mortality rate of 29.4% seen 
in the review of the literature was observed more fre-
quently in patients with neutropenia (60.0%) and with-
out surgical intervention (73.3%), and the survival rate 
was higher (35.3%) for cases utilizing both antifungal 
and surgical interventions.5-23 The antifungal agent 
with the highest survival rate was amphotericin B and 
its formulations (58.8%).5-23  

Conclusions
Neutropenia within the setting of hematological ma-
lignancies increases the risk for developing severe 
cutaneous fungal infections, of which primary cuta-
neous mucormycosis can carry significant mortality. 
Combination antifungal therapy and surgical debride-
ment appear to be associated with higher survival 
outcomes and, thus, this treatment plan warrants fur-
ther investigation.
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Summary: Diffuse alveolar hemorrhage is a potentially fatal pulmonary disease syndrome that affects individuals 
with hematological and nonhematological malignancies. The range of inciting factors is wide for this syndrome 
and includes thrombocytopenia, underlying infection, coagulopathy, and the frequent use of anticoagulants, 
given the high incidence of venous thrombosis in this population. Dyspnea, fever, and cough are commonly pre-
senting symptoms. However, clinical manifestations can be variable. Obvious bleeding (hemoptysis) is not always 
present and can pose a potential diagnostic challenge. Without prompt treatment, hypoxia that rapidly progresses 
to respiratory failure can occur. Diagnosis is primarily based on radiological and bronchoscopic findings. This 
syndrome is especially common in patients with hematological malignancies, given an even greater propensity for 
thrombocytopenia as a result of bone marrow suppression as well as the often prolonged immunosuppression in this 
patient population. The syndrome also has an increased incidence in individuals with hematological malignancies 
who have received a bone marrow transplant. We present a case series of 5 patients with acute myeloid leukemia 
presenting with diffuse alveolar hemorrhage at our institution. A comparison of clinical manifestations, radio-
graphic findings, treatment course, and outcomes are described. A review of the literature and general overview of 
the diagnostic evaluation, differential diagnoses, pathophysiology, and treatment of this syndrome are discussed.

Introduction
Diffuse alveolar hemorrhage (DAH) is a potentially fa-
tal pulmonary disease that affects individuals with can-
cer and hematological/nonhematological malignan-
cies. Clinicians caring for patients with acute myeloid 
leukemia (AML) must maintain a high index of sus-
picion for DAH, because these patients are immuno-
compromised by their underlying disease process and 
subsequently at increased risk because they typically 
receive treatment with immunosuppressive agents and 
stem cell transplantation. Here we present a case series 
of 5 patients with AML who developed DAH. We also 
review the clinical presentation, diagnostic evaluation, 
differential diagnosis, and therapeutic management of 
this potentially life-threatening clinical syndrome.

Case Series
Table 1 summarizes the clinical characteristics for the  

5 patients. The median patient age was 57 years (range, 
51–70 years). Three (60%) patients were women. No 
congruity was observed on the AML subtype diag-
nosed by pathology. Two (40%) patients had received 
allogeneic hematopoietic stem cell transplantation 
(HSCT) with matched unrelated donors in the year 
prior to developing DAH, whereas the other 3 patients 
were receiving induction chemotherapy (7 days stan-
dard-dose cytarabine plus 3 days of daunorubicin). 
The 2 patients who received HSCT had prior pulmo-
nary function tests available, with results revealing de-
creased diffusing lung capacity for carbon monoxide 
of below 80%. Three patients had a history of a prior 
or underlying pulmonary disorder, including 1 patient 
with a history of left lower lobe resection, 1 patient 
with a history of chronic obstructive pulmonary dis-
ease, and 2 patients with a history of cryptogenic-or-
ganizing pneumonia. One patient had a history of an 
unknown autoimmune disorder affecting his ear. 

Each patient’s clinical presentation was different. 
One patient presented with fever at the time of diag-
nosis of DAH (by bronchoscopy). Four patients devel-
oped hypoxia with increasing oxygen requirements 
and dyspnea. Three patients complained of cough, and 
2 patients presented with bleeding at other sites in the 
form of epistaxis. One patient had hemoptysis and that 
patient was neither hypoxic nor dyspneic at the time. 
All patients were thrombocytopenic and anemic. 

On radiological imaging, all 5 patients had bilateral, 
ground-glass pulmonary opacities on computed tomog-
raphy (CT). In 3 patients, the findings of bronchoalveo-
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lar lavage (BAL) on bronchoscopy confirmed the diag-
nosis of DAH by retrieving progressively bloody effluent 
on BAL. DAH was suspected in 1 patient by her clinical 
syndrome and pinkish effluent on BAL, and 1 patient 
had suspected DAH based on documentation of bloody 
secretions noted from bronchoscopy performed at a dif-
ferent institution. Although none of the cultures taken 
during bronchoscopy in the 5 patients revealed an un-
derlying infectious process, all patients were being em-
pirically given broad-spectrum antibiotics.

All 5 patients were treated with high-dose steroids 
and 1 patient also received aminocaproic acid and fac-

tor VII. Three patients died due to hypoxic respiratory 
failure within 30 days of confirming the DAH diagno-
sis by bronchoscopy. The other 2 patients did not re-
quire intubation and were weaned off supplemental 
oxygen and discharged home in stable condition. 

Discussion
DAH is a clinical syndrome defined by a disturbance of 
the alveolar-capillary basement membrane that causes 
bleeding into the pulmonary alveoli.1 It is a final, com-
mon pathway for a variety of underlying issues affect-
ing the lungs, including autoimmune vasculitides, drug 

Table 1. — Select Clinical Characteristics of Study Patients  

Patient Sex Age, 
y

Malignancy Oncological 
Therapy 
at DAH 

Diagnosis

Pulmonary 
Disease 
History

Exposure  
to Antico-
agulants

Symptoms Bleeding at 
Other Sites

Available Vitals 
on Presentation

WBC, 
103/
mcL

Hemo-
globin,  
g/dL

Platelet 
Count, 

103/mcL

1 M 63 AML  
(FAB, M5a)

7 + 3 induction COP
LLL resection
Unknown 
autoimmune 
disorder

No Cough
Dyspnea
Fever
Hypoxia

Epistaxis BP: 124/78 mm Hg
HR: 102 beats/
minute
RR: 20 breaths/
minute
Temp: 98.8 °F

3.74 7.4 14

2 F 51 AML  
(FAB, M1  
in relapse)

MUD 
Allogenic 
HSCT

COP
COPD
Rhinovirus

Prophy-
lactic 
dalteparin 
(5000 U)

Cough
Fever
Hemoptysis

Epistaxis
Hemoptysis

BP: 121/80 mm Hg
HR: 109 beats/
minute
RR: 20 breaths/
minute
O2 saturation:
96% on room air 
Temp: 98.7 °F

0.02 8.1 35

3 M 70 ALL  
(WHO,  
therapy-
related 
myeloid 
neoplasms)

Reinduction 
MEC

Nodular 
pneumonia
Suspected 
sleep apnea

No Dyspnea
Hypoxia

No BP: 99/51 mm Hg
HR: 76 beats/
minute
RR: 17 breaths/
minute
Temp: 97.7 °F

0.03 7.4 5

4 F 57 AML  
(WHO, with 
myelodys-
plasia-related 
changes)

MUD 
Allogenic 
HSCT

None No Dyspnea
Hypoxia
Left chest 
wall pain

No BP: 127/71 mm Hg
HR: 78 beats/
minute
RR: 30 breaths/
minute
O2 saturation:
97% on room air
Temp: 97.8 °F

0.30 9.8 15

5 F 56 AML  
(FAB, M4)

7 + 3 induction None No Cough
Dyspnea
Hypoxia

No BP: 139/88 mm Hg 
HR: 109 beats/
minute
RR: 22 breaths/
minute
O2 saturation:
95% on room air
Temp: 99.3 °F

95.10 7.1 20

continued on the next page
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toxicities, infections, organ transplantation, and radio-
therapy.1,2 Among patients with leukemia, DAH is one of 
the most common, noninfectious complications related 
to thrombocytopenia.2 In particular, DAH has been as-
sociated with patients following HSCT, with a reported 
incidence of 3% to 20% in patients following HSCT and a 
mortality rate that ranges from 50% to 80%.3 Early recog-
nition and management is crucial given the potential for 
rapid progression and the high rate of mortality.

DAH can be divided into 3 characteristic patterns 
on histological examination, thus reflecting different 
pathophysiological mechanisms. The most common 
presentation described is associated with pulmonary 
vasculitis or capillaritis and involves neutrophilic infil-
tration and destruction of the pulmonary interstitium.2,7 
This pattern of DAH is often caused by systemic auto-
immune vasculitides. Another characteristic pattern in-
volves extravasation of red blood cells into the alveoli 
without signs of vasculitis or inflammation, and it may 
be seen with infections and a variety of drugs, including 

anticoagulants.2,7 Diffuse alveolar damage with edema 
of the alveolar septa without signs of lung inflammation 
or direct extravasation of red blood cells characterizes a 
third pattern of DAH, with hyaline membranes forming 
along the alveolar spaces.7 Infections, transplantation, 
including HSCT, and radiotherapy have all been associ-
ated with this pattern of DAH.7

Clinical Presentation
In accordance with the patients in our case series, the 
clinical signs and symptoms of DAH may vary. The 
onset of symptoms is typically acute and nonspecific; 
fever, cough, dyspnea, and chest pain are among the 
most commonly presenting symptoms.1 

Although hemoptysis may occur in up to  
two-thirds of individuals with DAH, our case series 
demonstrates that hemoptysis is often absent.1 A de-
crease in hematocrit level should alert the clinician to 
possible DAH. Another report has underscored the ab-
sence of hemoptysis in patients with DAH, so hemopty-

Table 1. — Select Clinical Characteristics of Study Patients, continued

Patient Pro-
calcitonin,  

ng/mL

BAL 
Appearance

CMV 
PCR

Cultures Medical 
Treatment  
for DAH

Antibiotic Treatment Intubation Mortality Length 
of 

Hospital 
Stay, d

Respiratory Sputum Blood Given on 
Admission

Duration

1 NR Bloody Negative Negative No 
results

Negative Steroids None NA Yes Deceased 15

2 NR Bloody Negative Negative No 
results

VRE 
Candida 
glabrata

Aminocaproic 
acid
Factor VII
Steroids

Yes 41 d
Received for 
prolonged 
neutropenia, 
treatment of 
bacteremia

Yes Deceased 41

3 NR Bloody No 
results

Negative No 
results

Strepto-
coccus 
mitis

Strepto-
coccus 
oralis

Steroids Yes 32 d
Empiric 
antibiotics for 
neutropenia, 
treatment of 
bacteremia

No Alive 32

4 0.23 Bloody No 
results

Negative No 
results

Negative Steroids Yes 10 d
Empiric 
antibiotics for 
neutropenia

No Deceased 12

5 1.21 Pinkish No 
results

Negative No 
results

Negative Steroids Yes 22 d
Initially 
started for 
treatment of 
pneumonia
Continued 
for prophy-
laxis after 
prolonged 
neutropenia

No Alive 22

7 + 3 = 7 days standard-dose cytarabine plus 3 days of daunorubicin, ALL = acute lymphocytic leukemia, AML = acute myeloid leukemia, BAL = bronchoal-
veolar lavage, BP = blood pressure, CMV = cytomegalovirus, COP = cryptogenic organizing pneumonia, COPD = chronic obstructive pulmonary 
disease, DAH = diffuse alveolar hemorrhage, F = female, FAB = French American British classification, HR = heart rate, HSCT = hematopoietic stem 
cell transplantation, LLL = left lower lobe, M = male, MEC = mitoxantrone/etoposide/intermediate-dose cytarabine, MUD = matched unrelated donor,  
NR = not reported, PCR = polymerase chain reaction, RR = respiratory rate, Temp = temperature, VRE = vancomycin-resistant enterococci, WBC = white 
blood count, WHO = World Health Organization classification.
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sis alone is not a reliable indicator for diagnosing DAH.4 
However, bleeding from other sites may support clini-
cal suspicion for DAH.5 Our patients exhibited epistaxis, 
but other signs or symptoms of coagulopathy such as 
purpura may be present. Acute respiratory failure with 
hypoxia and an increasing oxygen requirement is also 
often seen as a presenting symptom.2 Findings on a pul-
monary examination are typically nonspecific and may 
reveal tachypnea, crackles, or bronchial breath sounds. 

Although the underlying pathophysiology that 
leads to DAH following HSCT is not well understood, 
patients who have received stem cell transplants are of-
ten at greatest risk for DAH within the first 30 days fol-
lowing transplantation.1,3 DAH occurs in approximate-
ly 5% of allogenic and autologous recipients and has a 
mortality rate that ranges from 50% to 100%.12 Other 
risk factors for DAH following HSCT include advanced 
age, myeloablative chemotherapy prior to transplan-
tation, radiotherapy, and severe acute graft-vs-host 
disease.2 Our 2 patients who received stem cell trans-
plants did not have DAH in the early post-transplant 
period, but it is worth noting that patients with leuke-
mia remain at risk given their underlying immunosup-
pression and hematological disorder. 

Diagnostic Evaluation
Abnormal blood cell counts, including those resulting 
in anemia and leukocytosis, and elevated inflammatory 
markers are typical in the setting of DAH.1 However, in 
patients with AML, these laboratory abnormalities are 
often ubiquitous and, thus, are limited in offering di-
agnostic clues. Furthermore, prior research in patients 
receiving HSCTs has found that the initial degree of 
thrombocytopenia does not correlate with the develop-
ment of DAH.2,6 Findings on pulmonary function tests 
in the setting of DAH are typically characterized by an 
increased diffusing lung capacity for carbon monoxide 
and decreased levels of exhaled nitric oxide.1 The pa-
tients in our case series had normal findings on pulmo-
nary function testing, but these tests were performed 
prior to the onset of clinical symptoms of DAH. With 
the rapid progression and severity of DAH, patients are 
often unable to complete pulmonary function testing at 
the time of symptoms and diagnosis.6 

Findings on chest radiography may appear nor-
mal or may show nonspecific, diffuse opacities reflec-
tive of diffuse lung disease (Fig 1).2 CT of the chest 
will characteristically show diffuse or patchy, bilater-
al ground-glass opacities, as were seen in all 5 of our 
case patients (Fig 2).1 These opacities are often more 
centrally located and at the bases; they typically spare 
the periphery.3 In addition, interlobular septal thicken-
ing may develop.2 Findings on CT are likely to rapidly 
progress in conjunction with disease progression.2 Al-
though DAH is a clinical syndrome drawing together 
clinical symptoms, laboratory abnormalities, and find-

Fig 1. — Posteroanterior radiograph of the chest demonstrates bilateral, 
multifocal opacities. 

Fig 2A–B. — (A) Axial CT of the chest demonstrates bilateral, multifocal 
ground-glass opacities with a geographical distribution compatible with 
alveolar hemorrhage. (B) These opacities were acutely increased from 
findings on CT obtained 5 days prior.
CT = computed tomography.

A

B
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ings on imaging, bronchoscopy with BAL showing pro-
gressively bloody effluent is usually diagnostic.7 When 
it is performed, Prussian blue staining of the BAL fluid 
will characteristically reveal hemosiderin-laden mac-
rophages or siderophages.3 Prussian blue staining was 
not performed in our case series. However, previous 
reports have attempted to define alveolar hemorrhage 
by the presence of at least 20% of siderophages on ex-
amination of BAL fluid samples to aid in the diagnosis 
when BAL findings are equivocal.6

Differential Diagnosis
Although it is essential to maintain a high index of sus-
picion for DAH, clinicians must also consider a broad 
differential of alternative diagnoses. In addition, con-
sideration should be given to the potential etiologies 
instigating DAH. Patients with leukemia may develop 
DAH related to thrombocytopenia or another coagu-
lopathy triggered by the malignancy. These patients 
also often require treatment with anticoagulants given 
their propensity for venous thrombosis. Other treat-
ments can place patients at risk for developing DAH 
through bone marrow suppression. Use of cytarabine 
and all-transretinoic acid are among several immuno-
suppressive agents associated with DAH.2 

When considering alternative diagnoses to DAH, 
localized pulmonary hemorrhage caused by bronchi-
ectasis, tumor, or infection should be distinguished 
from DAH.1 Pulmonary infections, acute eosinophilic 
pneumonia, aspiration pneumonitis, and acute respi-
ratory distress syndrome can all present with similar 
clinical and radiographic findings. Diffuse leukemic 
infiltration of the lungs may be a manifestation of ma-
lignancy and can be confused with DAH.5 Viral pneu-
monias, Pneumocystis jiroveci infection, Mycoplasma 
pneumoniae infection, and toxoplasmosis, among oth-
er atypical infections, can often present with diffuse 
pulmonary infiltrates comparable with CT findings for 
DAH.2 Table 2 lists the infectious causes of DAH.9-20 

It is important that clinicians remember that DAH 
can disguise itself in areas of infection as well as in-
farction.2 As reflected in our case series, it seems rea-
sonable to consider empirical antibiotic coverage while 
establishing a diagnosis. Furthermore, pulmonary ede-
ma and prior injury from radiotherapy can complicate 
or obscure the diagnosis and should be worked-up and 
treated if necessary.2 

In patients who have received HSCT, idiopathic 
pneumonia syndrome and engraftment syndrome 
should also be considered in the differential diagno-
sis.2 Engraftment syndrome is usually characterized 
by noninfectious fever following HSCT, skin rash or 
erythroderma, and increased capillary permeability 
leading to pulmonary edema with similar radiologi-
cal appearances to DAH.2 Engraftment syndrome oc-
curs in 30% to 40% of patients following bone marrow 
transplant, and it is thought to be related to cytokine 
production during engraftment.3 Idiopathic pneumo-
nia syndrome has been described in patients follow-
ing HSCT, typically within the first 6 months after 
transplantation.2,8 This syndrome is associated with 
symptoms and signs of pneumonia and widespread al-
veolar injury despite the absence of infection, cardiac 
dysfunction, renal failure, or iatrogenic fluid.2,8 Indeed, 
this expansive definition encompasses a variety of 
disorders, and DAH following HCST and engraftment 
syndrome have both been considered subset classifica-
tions of idiopathic pneumonia syndrome.8 

Treatment
Standard treatment strategies for DAH are typically di-
rected toward the underlying etiology. Supportive-care 
measures, including hemodynamic support and inva-
sive or noninvasive oxygen supplementation, the dis-
continuation of any offending agents, and reversal of 
coagulopathy are basic first-line therapies. In cases of 
DAH with an etiology suspected to be attributable to 
autoimmune vasculitides, immunosuppressive thera-
pies and plasmapheresis have been used. Systemic 
high-dose steroids are typically recommended for non-
infectious cases of DAH to combat the inflammation 
precipitated by the underlying disease process.9 How-
ever, research has not shown significant differences in 
rates of mortality between patients with DAH receiving 
low-, medium-, or high-dose steroids.9

Use of platelet transfusions to treat thrombocyto-
penia in the setting of hemorrhage is widely accepted, 
but further research is necessary for the use of other 
treatments such as aminocaproic acid and activated 
factor VII. Although initial study results have suggest-
ed a benefit to using aminocaproic acid in addition to 
steroids to treat DAH in patients who had received al-
logeneic HSCT, subsequent research has showed no 
benefit.9 Prior case reports and research have shown 
that use of factor VII can control bleeding in the set-

Table 2. — Infectious Causes of Diffuse Alveolar Hemorrhage

Category Agent/Disease
Bacterial Legionella13

Leptospirosis10

Mycobacterium tuberculosis11

Mycoplasma pneumoniae12

Stenotrophomonas maltophilia9

Fungal Invasive aspergillosis18

Mucormycosis19

Parasitic Strongyloides stercoralis20

Viral Cytomegalovirus15

Dengue14

Influenza H1N116

Hantavirus17



Cancer Control  277July 2016, Vol. 23, No. 3

ting of DAH, but the cost can be restrictive in patients 
whose underlying disease remains grim.10 Use of factor 
VII must also be weighed against the risk of thrombo-
sis, and clinicians should use it with caution or avoid it 
altogether in patients who have had recent surgery or 
have a history of thrombosis, liver disease, myocardial 
infarction, or stroke.10 The patients in our case series 
all received high-dose steroids in accordance with cur-
rent recommendations; 1 patient received aminocapro-
ic acid and factor VII without success. 

Conclusions
Early recognition and prompt diagnosis of diffuse alve-
olar hemorrhage (DAH) in patients with acute myeloid 
leukemia can be a challenging but decisive step toward 
decreasing the high mortality rate associated with this 
life-threatening syndrome. Our case series highlights 
the combination of clinical signs and diagnostic evi-
dence that can help distinguish DAH from alternative 
diagnoses. Further research may help elucidate the un-
derlying pathophysiological mechanisms of DAH, par-
ticularly following hematopoietic stem cell transplanta-
tion, and unlock prospects for improved diagnosis and 
treatment. 

References

 1. Lichtenberger JP III, Digumarthy SR, Abbott GF, et al. Diffuse 
pulmonary hemorrhage: clues to the diagnosis. Curr Probl Diagn Radiol. 
2014;43(3):128-139.
 2. Escuissato DL, Warszawiak D, Marchiori E. Differential diagnosis 
of diffuse alveolar haemorrhage in immunocompromised patients. Curr 
Opin Infect Dis. 2015;28(4):337-342.
 3. Sharma SK, Kumar S, Singh AK, et al. Diffuse alveolar hemorrhage 
following allogeneic peripheral blood stem cell transplantation: a case report 
and a short review. Indian J Hematol Blood Transfus. 2014;30(1):41-44. 
 4. Lara AR, Schwarz MI. Diffuse alveolar hemorrhage. Chest. 
2010;137(5):1164-1171. 
 5. Rabe C, Appenrodt B, Hoff C, et al. Severe respiratory failure due to 
diffuse alveolar hemorrhage: clinical characteristics and outcome of intensive 
care. J Crit Care. 2010;25(2):230-235.
 6. Schwarz MI, Whitcomb ME, Goldman AL. The spectrum of diffuse 
pulmonary infiltration in malignant disease. Chest. 1973;64(1):88-93.
 7. Lewis ID, DeFor T, Weisdorf DJ. Increasing incidence of diffuse 
alveolar hemorrhage following allogenic bone marrow transplantation. Bone 
Marrow Transplant. 2000;26(5):539-543.
 8. Lassence AD, Fleury-feith J, Escudier E, et al. Alveolar hemor-
rhage: diagnostic criteria and results in 194 immunocompromised hosts. 
Am J Respir Crit Care Med. 1995;151(1):157-163.
 9. Tada K, Kurosawa S, Hiramoto N, et al. Stenotrophomonas malto-
philia infection in hematopoietic SCT recipients: high mortality due to pul-
monary hemorrhage. Bone Marrow Transplant. 2013;48(1):74-79.
 10. Gulati S, Gulati A. Pulmonary manifestations of leptospirosis. Lung 
India. 2012;29(4):347-353.
 11. Marruchella A, Corpolongo A, Tommasi C, et al. A case of pulmo-
nary tuberculosis presenting as diffuse alveolar haemorrhage: is there a 
role for anticardiolipin antibodies? BMC Infect Dis. 2010;10:33. 
 12. Kong MX, Newman K, Goldenberg R, et al. Fatal mycoplasma 
pneumoniae infection: case report and review of the literature. N A J Med 
Sci. 2012;5(2):126-130. 
 13. Sundar KM, Pearce MJ. Diffuse alveolar hemorrhage due to Legio-
nella pneumonia. Sarcoidosis Vasc Diffuse Lung Dis. 2004;21(2):158-159.
 14. Gulati S, Maheshwari A. Atypical manifestations of dengue. Trop 
Med Int Health. 2007;12(9):1087-1095.
 15. Gasparetto EL, Ono SE, Escuissato D, et al. Cytomegalovirus 
pneumonia after bone marrow transplantation: high resolution CT findings. 
Br J Radiol. 2004;77(921):724-727.
 16. Kennedy ED, Roy M, Norris J, et al; 2009 Pandemic H1N1 Influen-
za-Associated Lower Respiratory Tract Hemorrhage Working Group. Low-
er respiratory tract hemorrhage associated with 2009 pandemic influenza 
A (HINI) virus infection. Influenza Other Respir Viruses. 2013;7(5):761-765.

 17. Hong YM, Moon JC, Yang HC, et al. Hemorrhagic fever with renal 
syndrome and coexisting hantavirus pulmonary syndrome. Kidney Res 
Clin Pract. 2012;31(2):118-120.
 18. Wah TM, Moss HA, Robertson RJ, et al. Pulmonary complications 
following bone marrow transplantation. Br J Radiol. 2003;76(906):373-379.
 19. Petrikkos G, Skiada A, Lortholary O, et al. Epidemiology and clinical 
manifestations of mucormycosis. Clin Infect Dis. 2012;54(suppl 1):S23-S34.
 20. Steinhaus D, Gainor J, Vernovsky I, et al. Survival in a case of dif-
fuse alveolar hemorrhage due to Strongyloides stercoralis hyperinfection. 
Respir Med Case Rep. 2012;5:4-5.
 21. Panoskaltsis-Mortari A, Griese M, Madtes DK, et al; American 
Thoracic Society Committee on Idiopathic Pneumonia Syndrome. An 
official American Thoracic Society research statement: noninfectious lung 
injury after hematopoietic stem cell transplantation: idiopathic pneumonia 
syndrome. Am J Respir Crit Care Med. 2011;183(9):1262-1279. 
 22. Rathi NK, Tanner AR, Dinh A, et al. Low-, medium- and high-dose 
steroids with or without aminocaproic acid in adult hematopoietic SCT 
patients with diffuse alveolar hemorrhage. Bone Marrow Transplant. 
2015;50(3):420-426. 
 23. Pathak V, Kuhn J, Gabriel D, et al. Use of activated factor VII in 
patients with diffuse alveolar hemorrhage: a 10 years institutional experience. 
Lung. 2015;193(3):375-379. 



278  Cancer Control July 2016, Vol. 23, No. 3

Summary: Worldwide, marijuana (cannabis) is a widely used drug. The incidence of marijuana smoking 
is increasing and is second only to tobacco as the most widely smoked substance in the general population. 
It is also the second most commonly used recreational drug after alcohol. Some adverse effects of marijuana 
smoking have been documented; however, the number of studies on the pulmonary effects of marijuana in 
individuals with leukemia is limited. In our case series, we report on 2 men with acute myeloid leukemia 
with miliary nodular lung patterns on computed tomography of the chest due to heavy marijuana use. We 
also report on 2 patients with acute lymphocytic leukemia who had a history of smoking marijuana and then 
developed lung opacities consistent with mold infection.

Introduction
Use of marijuana (cannabis) is common by many peo-
ple worldwide.1 The incidence of marijuana smok-
ing is increasing, second only to tobacco as the most 
widely smoked substance in the general population.2 
It is also the second most commonly used recreation-
al drug after alcohol.3 As of publication, 23 states plus 
the District of Columbia allow marijuana to be used as 
a medicinal drug and 4 states have passed measures 
to make its recreational use legal.4,5 However, the US 
Drug Enforcement Administration still considers mari-
juana to be a schedule 1 substance.6 Marijuana is a 
greenish-gray mixture of the dried, shredded leaves, 
stems, seeds, and flowers of Cannabis sativa. Prepara-
tions of C sativa have been used for their euphoric ef-
fects.7 The most psychoactive constituent compound 
in marijuana is tetrahydrocannabinol (THC), which is 
rapidly absorbed from the lungs and binds to endog-
enous cannabinoid receptors in the central nervous 
system.

The potency of THC in marijuana has risen from 
approximately 4% in the early 1980s to as much as 30% 

in the 2000s.8 The most common method of marijua-
na use is smoking, either as a rolled cigarette (joint), 
through a water-filled pipe (bong), or the hookah, with 
coal used to vaporize water and then mixed with to-
bacco. The bong is considered the most harmful meth-
od.9 Marijuana can be inhaled up to the peak inspira-
tion, holding the hot fumes for as long as possible prior 
to slow exhalation. Such smoking technique results 
in a greater deposition of toxic substances, such as tar 
and carbon monoxide, as well as damage to the lung 
parenchyma typically seen in those who smoke tobac-
co cigarettes.10-12

The gaseous and particulate composition of mari-
juana is similar to tobacco cigarettes, except that the 
active component in tobacco is nicotine (compared 
with THC in marijuana).13 An accurate study of ad-
verse effects of marijuana is difficult to perform due to 
its illegal status in many states, various smoking tech-
niques, and its shorter duration of use compared with 
tobacco.14 In addition, tobacco smoking is frequently 
a confounding factor in marijuana studies, although 
some pulmonary adverse effects of marijuana smoking 
have been documented and include cough, dyspnea, 
bronchitis, pneumomediastinum, spontaneous pneu-
mothorax, and apical lung bullae.15-18

Marijuana mold contamination has also been re-
ported.19 The association between nodular pneumonia 
and bronchiolitis, with its associated miliary micronod-
ular pattern, and smoking marijuana has been de-
scribed in the literature.20 However, the effect of mari-
juana smoking in immunocompromised populations 
has not been studied, except for a few case reports.20

Case Series
We describe 4 cases of nodular lung lesions seen on 
computed tomography (CT) of the chest in patients 
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with leukemia who smoked marijuana. Two patients 
had acute lymphocytic leukemia (ALL) and 2 had acute 
myelogenous leukemia (AML). The patients with ALL 
responded well to treatment and their nodular lung le-
sions resolved with antifungal therapy. Both patients 
with AML died due to disseminated fungal infection.

The Table summarizes the clinical presentation, 
treatment, and outcomes of each of the 4 case patients.

Acute Lymphocytic Leukemia
Case 1: A 27-year-old man with a history of ALL and 
marijuana and cigarette smoking developed neutro-
penia while on chemotherapy and was started on an-
tibiotic prophylaxis (levofloxacin) and fluconazole. He 
was discharged home with neutropenia. He continued 
to smoke cigarettes and marijuana. 

On a second visit, he was admitted to the hospital 
with neutropenic fever. CT of the chest was performed 
and demonstrated a new 1.08-cm cavitary nodule 
(Fig 1). Findings on bronchoscopy, Gram stain, fungal 
stain, acid-fast bacilli smear, viral polymerase chain re-
action, and the respective cultures were all negative. He 
was treated with voriconazole 300 mg twice a day for 
3 months and micafungin 150 mg every day for 6 weeks.

CT findings obtained 2 months later showed the 
nodule dramatically decreased in size from 1.08 to 0.1 cm.

Case 2: A 20-year-old man presented with  
B-cell ALL. One week after receiving chemotherapy, 
he presented with bilateral eye pain, photophobia, 
sore throat, nonproductive cough, rhinorrhea, and 
low-grade fever for 5 days. He had been in contact 
with his niece who had upper respiratory tract in-
fection with cough. He missed his dose of prophy-
lactic levofloxacin the previous night. Except for bi-
lateral erythema of his eyes, nasal congestion, fever  
(100.1 °F), and sore throat, findings on the remainder 
of his physical examination were normal.

Laboratory studies revealed a white blood cell 
(WBC) count of 80 cells/mm3; all other values were 
normal. A respiratory viral panel from nasopharyngeal 
sampling was positive for human metapneumovirus. 
Chest x-ray revealed no evidence of pneumonia. HIV 
testing was negative.

His last use of marijuana was 1 day prior to his 
hospital admission. 

Findings on CT of the chest showed a nodular 
consolidation pattern consistent with fungal infection 
(Fig 2). He was treated with oral voriconazole 200 mg 
twice a day for 3 months. Following treatment com-
pletion, the nodular lesion resolved, as evidenced on 
follow-up CT.

Table. — Summary of the Case Series

Case No. Malignancy Clinical Signs Antifungal 
Prophylaxis

Antifungal Treatment Outcome

1 ALL Neutropenic fever Fluconazole /levofloxacin Voriconazole/micafungin Favorable

2 ALL None Fluconazole /levofloxacin Voriconazole Favorable

3 AML None Posaconazole Liposomal amphotericin B 
Voriconazole

Death

4 AML Neutropenic fever Posaconazole Liposomal amphotericin B 
Micafungin  
Voriconazole

Death

ALL = acute lymphocytic leukemia, AML = acute myelogenous leukemia.

Fig 1. — Computed tomography of the chest reveals a 1.08-cm cavitary 
nodule that responded to voriconazole treatment.

Figure 1.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. — Computed tomography of the chest showed a nodular pneumo-
nia infiltrate consistent with mold infection.
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Acute Myelogenous Leukemia
Case 3: A 36-year-old man with a history of AML pre-
sented with declining neutrophil levels. He was in re-
mission after several cycles of chemotherapy, and he 
had received a matched unrelated donor allogeneic 
stem cell transplant. The prior chemotherapy course 
was complicated by Streptococcus mitis bacteremia with 
acute respiratory distress syndrome and septic shock. 

His history was significant for smoking 1 pack 
of cigarettes per day for 22 years and smoking mari-
juana up until his hospital admission. He also had a 
history of alcohol abuse (quit 11 years ago) and a his-
tory of heroin, cocaine, and methamphetamine abuse 
(stopped 12 years ago).

CT of the chest demonstrated ground-glass pneu-
monia that resolved within a few weeks with cortico-
steroid therapy. Findings on CT at a previous follow-up 
visit were normal. Results from respiratory viral and 
atypical pneumonia panels of a nasopharyngeal speci-
men were negative, as was a sputum culture. A miliary 
nodular pattern was noted on repeat CT and was most 
likely due to his heavy marijuana use (Fig 3).

A review of systems was unremarkable and find-
ings on physical examination were normal. His white 
blood cell count was 5280 cells/mm3 and a lymphocyte 
count was 560 cells/mm3. Results on serum galactoman-
nan testing were positive, but repeat testing was nega-
tive. Findings on pulmonary function testing were nor-
mal. Cardiac testing revealed an ejection fraction of 57%.

Despite taking posaconazole as prophylaxis, he 
died 2 months later from disseminated fungal infec-
tion. The infection was demonstrated on a histopathol-
ogy examination from a skin lesion but was not able to 
grow on culture.

Case 4: A 53-year-old man with relapsed AML was 
admitted to the hospital for reinduction chemotherapy. 
A review of systems was unremarkable, and findings 
on physical examination were normal. This patient 
had a history of smoking 1 pack of cigarettes a day for 
22 years and smoking marijuana twice a week for the 
same duration. Laboratory studies were ordered and 
revealed a white blood cell count of 3340 cells/mm3 
and a platelet count of 73,000 cells/mm3.

Findings on CT of the chest revealed ground-glass 
pneumonia and a miliary pattern due to bronchiolitis 
(negative on serum galactomannan testing; Fig 4). He 
received chemotherapy and posaconazole prophylax-
is, but he later developed neutropenic fever. He also 
developed altered sensorium initially thought to be 
caused by use of pain medication or due to dissemi-
nated Fusarium infection from an injury to his right 
great toe and his right second toe, revealing eschar-like 
lesions. His medication was switched to amphotericin 
B and later to voriconazole and high-dose micafungin. 
However, several weeks later the patient succumbed to 
disseminated Fusarium infection. 

Discussion
Marijuana, hash, and hash oil are the 3 main forms of 
cannabis. Cannabis contains more than 500 chemi-
cals.21 Both natural and synthetic cannabinoids are 
thought to possess neuroprotective properties. The im-
pact of marijuana smoking on respiratory health has 
some similarities to that of tobacco smoking14; however, 
studies conducted on marijuana smoking are subject 
to confounding use of tobacco as well as other social 
factors.3,14,22,23

Marijuana is commonly used by adolescents and 
young adults.21 The incidence of marijuana smoking 
has increased in the western world, possibly because 
of the euphoric effects of cannabis and the loosening 
legal restrictions.4,21 Rarely, marijuana use can trigger 
acute myocardial infarction by inducing coronary ar-
tery vasospasm24; marijuana use may also be associ-
ated with atrial fibrillation.25 Marijuana smoking has 
been implicated as a causative factor in traditionally 

Fig 4. — Computed tomography of the chest showed ground-glass 
pneumonia and a miliary pattern due to bronchiolitis related to smoking 
marijuana.

Fig 3. — Computed tomography of the chest demonstrates a miliary 
reticulonodular pattern presumed to be due to bronchiolitis related to 
smoking marijuana.



Cancer Control  281July 2016, Vol. 23, No. 3

tobacco-related tumors of head, neck,26 and lung,27 as 
well as in cases of transitional cell carcinoma.28 

Tobacco smoking is also a recognized behavior-
al risk factor for periodontal disease, and marijuana 
smoking likely contributes to this risk in a similar fash-
ion.29 Daily use of marijuana is associated with moder-
ate to severe liver fibrosis, and its misuse may be a risk 
factor for cerebrovascular disease — this is particularly 
true among young people.30,31 Marijuana use may ad-
versely affect the mucous membranes and the skin, 
as well as cause Raynaud phenomenon and arteritis.32 
Long-term, heavy cannabis use has also been associat-
ed with cognitive dysfunction, leading to attention and 
memory impairment.33,34

Marijuana smoke contains up to twice as many 
polyaromatic hydrocarbons as tobacco smoke.27 These 
hydrocarbons, along with other carcinogenic com-
pounds found in marijuana smoke and the technique 
of marijuana smoking, suggest that an associated risk 
of malignancy may be present. Numerous case reports, 
cohort, and case-control studies have examined the ef-
fect of marijuana smoking on the risk of malignancies 
but with variable results.35-38

One cohort study looked at such a link for 40 years.39 
The authors examined approximately 50,000 Swedish 
military recruits during the years 1969 and 1970 who 
were between 18 and 20 years of age and who also 
used marijuana.39 The cohort was followed until 2009. 
After taking into account the baseline use of marijuana 
and alcohol, as well as various respiratory and socio-
economic conditions, the study authors concluded that 
the study participants who were heavy smokers had 
more than a twofold risk of developing lung cancer.39

Use of marijuana as a medicinal agent is also gain-
ing in popularity among individuals with cancer to treat 
neuropathic pain and to stimulate appetite due to the 
potent, antiemetic properties of cannabis.40,41 One his-
toric report from 1997 concluded that nearly one-third 
of clinical oncologists surveyed supported the use of 
marijuana as an antiemetic agent.42 Another survey from 
Colorado, where recreational marijuana use has become 
legal and more prevalent, concluded that approximate-
ly one-fifth of physicians support use of medical mari-
juana, and more than 60% believe that it poses serious 
mental and physical health problems.43

Regarding the pulmonary effects of marijuana, the 
relationship between marijuana smoking and respira-
tory complications is poorly understood. Short-term 
exposure has been associated with bronchodilation, 
and adverse effects of long-term marijuana smoking in-
clude cough, dyspnea, chronic bronchitis, spontaneous 
pneumothorax, and apical lung bullae.10-12

A miliary nodular pattern, similar to what is seen 
in cases of miliary tuberculosis and disseminated fun-
gal infection, has also been seen in individuals who 
use marijuana44; this was true for 2 of our cases. The 

pattern is comparable with respiratory bronchiolitis 
commonly seen among those who smoke cigarettes. 
Respiratory bronchiolitis is characterized by accumu-
lation of tan- or yellow-pigmented, “smoker” macro-
phages in the bronchiolar lumens, with associated 
chronic inflammation and fibrosis extending from re-
spiratory bronchioles to the alveolar wall.44,45 This dis-
tinct finding of miliary micronodular imaging should 
alert physicians to include synthetic marijuana abuse 
in the differential diagnosis.46

Regular smoking of marijuana may cause alveo-
lar macrophage damage, and the immune systems 
of individuals who smoke marijuana on a regular ba-
sis may be unable to fight against inhaled pathogens 
such as bacteria, fungi, or cease the growth of tumor 
cells.47 Marijuana use is also known to increase the ac-
cumulation of alveolar macrophages, which trigger 
an inflammatory response.45 Cannabis may also cause 
squamous metaplasia in the bronchial tree, thus in-
creasing an individual’s susceptibility to infection and 
cancer. In addition, cannabis may inhibit the produc-
tion or function of cytokines, possibly leading to the 
inability of the immune system to fight infections.43 
Because THC is a general “immunosuppressant” 
affecting macrophages, natural killer cells, and T cells, 
its use as a medicinal agent in patients with preexisting 
immune deficits might have serious consequences.48 
Several infectious complications from marijuana smok-
ing have been reported.49 In 1 case, a 46-year-old man 
who was immunocompetent presented with a 1-week 
history of fever, headache, cough, dyspnea, and with 
evidence of a healed ulcer on his left upper lip.50 Find-
ings on transbronchial biopsy supported a diagnosis of 
herpes simplex virus–related bronchiolitis and pneu-
monitis due to long-term marijuana use.50 This study il-
lustrated marijuana-induced squamous metaplasia that 
promoted replication of the herpes simplex virus in the 
lower respiratory tract.

Results of an Australian study suggest that tubercu-
losis could be spread after sharing a bong with an indi-
vidual with pulmonary tuberculosis.51 Of the 45 people 
who shared the same bong, 29 tested positive for latent 
tuberculosis; several cases of active tuberculosis also 
occurred.51 On typing of Mycobacterium tuberculosis, 
all of the isolates were identical.51

Marijuana can also become contaminated with vari-
ous molds such as Aspergillus, Mucorales, and Fusar-
ium.52 In a single study, marijuana was cultured and its 
mold load was compared with that of tobacco.53 The re-
sult was significant: 100,000 colony-forming units of mold 
on marijuana vs 200 colony-forming units on tobacco.53 

Marijuana smoking has been linked to the devel-
opment of invasive pulmonary aspergillosis in immu-
nocompromised individuals, including those with can-
cer and neutropenia. One of the earliest reports found 
of pulmonary aspergillosis due to inhaling marijuana 
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was in a patient with chronic granulomatous disease; 
it was published in 1975.54 Following this report, the 
development of bronchopulmonary aspergillosis due 
to smoking marijuana was highlighted again in 1978.55 
Subsequently, case reports of pulmonary aspergillosis 
in individuals with cancer or those needing transplan-
tation have been reported and include small-cell lung 
cancer,56 colorectal cancer,57 leukemia,58 and bone mar-
row59 and renal transplants.60 

Other fungal infections directly or indirectly 
linked to smoking include cryptococcosis, coccidi-
oidomycosis, paracoccidioidomycosis, and penicil-
liosis. These infections have been primarily related 
to smoking tobacco, but marijuana may also play 
a role. Although no reports have been published, in-
gestion of fungally contaminated marijuana is a cause 
for concern among persons who are immunocompro-
mised. However, other relevant examples have been 
published: Following a bone marrow transplant, 1 pa-
tient developed hepatic Mucor infection after ingesting 
naturopathic medications, and another individual with 
neutropenia developed disseminated fusariosis after 
eating cereal contaminated with the pathogen.49

Confirming the diagnosis of invasive fungal in-
fection in severely immunocompromised patients re-
mains a challenge for infectious diseases specialists. 
Coagulation abnormalities and coexisting thrombocy-
topenia may preclude invasive procedures for tissue 
harvesting, and sputum cultures are neither sensitive 
nor specific. In a setting where cultures may be diffi-
cult to obtain, a non–culture-based diagnostic modal-
ity, such as CT, can be used as an alternative approach 
based on revised definitions and guidelines.61,62 Imag-
ing data support using CT of the chest for the early de-
tection of invasive pulmonary aspergillosis in severely 
immunocompromised patients.61,62 Most patients (94%) 
presented with at least 1 macronodule (nodule diam-
eter ≥ 1 cm) on CT of the chest.63 In a study conducted 
by Marchiori et al,64 findings on CT helped to differen-
tiate between invasive fungal infection and organizing 
pneumonia. 

Prophylaxis, empirical therapy, and treatment for 
probable or proven fungal infection are 3 strategies for 
the prevention and treatment of individuals at high risk 
for fungal infection.65 Invasive fungal infection pro-
duced by yeasts and molds is the main infectious cause 
of death in patients with hematological malignancies; 
therefore, antifungal prophylaxis is recommended.66,67 
Clinical practice guidelines from the Infectious Diseas-
es Society of America62 recommend intravenous or oral 
voriconazole as first-line therapy for invasive pulmo-
nary aspergillosis. 

Conclusions
Marijuana smoking can be dangerous and life threat-
ening in the setting of neutropenia and T-cell immu-

nodeficiency, although other risk factors and lifestyle 
practices may contribute to this pulmonary pathology. 
Marijuana smoking is associated with fungal pneumo-
nia due to the possible inhalation of mold spores on 
the leaves of the marijuana plant. This is because mari-
juana cigarettes typically do not have a filter to prevent 
spore inhalation, which is generally in contrast to ciga-
rettes. Marijuana can also damage the lungs and impair 
local lung immune responses, thus possibly predispos-
ing those who smoke marijuana to invasive pulmonary 
fungal infection. Bronchiolitis may also occur in those 
who smoke marijuana because the small airways of  
the lungs may become irritated when hot smoke is 
inhaled — this can also occur with smoking tobacco, 
breathing air pollution and other types of smoke, and 
being exposed to chemical irritants.

The findings from this case series highlight the 
need to consider antifungal prophylaxis and cessa-
tion of marijuana use among patients with prolonged 
neutropenia and concomitant marijuana use. In addi-
tion to miliary tuberculosis and endemic mycosis, inva-
sive fungal infections possibly related to cannabis use 
should also be included in the differential diagnosis of 
those who demonstrate a nodular pattern and repre-
sent a susceptible host. 
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Background: Hematological biomarkers of inflammation such as the neutrophil-to-lymphocytic rate have 
been reported as predictors of survival in a variety of cancers. The aim of the present study was to investigate 
the prognostic value of the perioperative platelet-to-lymphocyte ratio in patients with non–small-cell lung 
cancer (NSCLC) and to elucidate the effects of the perioperative use of nonsteroidal anti-inflammatory drugs 
(NSAIDs) on tumor recurrence and survival in patients undergoing surgical resection for NSCLC.
Methods: This retrospective study included data from 1,637 patients who underwent surgical resection for stage 
I, II, or III NSCLC. Perioperative data and tumor-related variables were included. Univariate and multivari-
able Cox proportional hazard ratio (HR) models were used to evaluate the association between perioperative 
platelet-to-lymphocyte ratio and NSAID use on recurrence-free survival (RFS) and overall survival (OS). 
Results: Multivariate analysis showed that a preoperative platelet-to-lymphocyte ratio of at least 180 was as-
sociated with reduced rates of RFS (HR = 1.22; 95% confidence interval [CI], 1.03–1.45; P = .019) and OS (HR 
= 1.33; 95% CI, 1.10–1.62; P = .004). Perioperative use of NSAIDs showed no statistically significant changes 
in RFS and OS rates (P = .72 and P = .44, respectively). 
Conclusions: A higher preoperative inflammatory status is associated with decreased rates of RFS and OS 
in patients with NSCLC undergoing curative surgery. Perioperative use of NSAIDs was not found to be an 
independent predictor of survival.

Introduction
Lung cancer is the leading cause of cancer-related 
death in both men and women in the United States.1 
Non–small cell lung cancer (NSCLC) makes up 83% of 
lung cancer cases,2 and it has a 5-year overall survival 
(OS) rate of 21% when considering all stages together.1 
Surgery remains the first-line treatment for the major-
ity of patients with stage I or II NSCLC, and most pa-
tients with stage III or IV NSCLC will typically receive 
chemotherapy with or without radiotherapy.2 There-
fore, great effort has been placed on investigating peri-
operative factors that could predict and/or improve the 
poor survival rates of this patient population.3,4

Current risk-stratification characteristics used in 
patients with NSCLC are associated with surgical stag-
ing and include tumor size, invasion to adjacent or-
gans, nodal status, and presence of metastasis. Some 
clinically available inflammatory biomarkers have 
been identified to improve and guide therapy in pa-
tients with cancer, particularly those with NSCLC.5 We 
previously reported the importance of the preopera-
tive neutrophil-to-lymphocyte ratio in the context of 
NSCLC, indicating that those with a high preopera-
tive inflammatory status have an elevated mortality 
risk; however, other investigated markers, including 
the platelet-to-lymphocyte ratio, have been shown to 
correlate with poor prognosis in various types of can-
cer.6-9 The interaction between platelets and cancer 
cells, as well as between platelets and immune cells, 
has previously been described, and platelets may me-
diate tumor growth by stimulating angiogenesis and 
inducing immunosuppression through the release of 
growth factors.10,11

The potential link between inflammation and can-
cer has been previously studied, and findings suggest 
that an inflammatory microenvironment promotes 
tumor growth, progression, and immunosuppres-
sion.12,13 Understanding cancer-associated inflamma-
tion is crucial because this information can be used to 
predict survival in most patient with cancer, including 
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those with NSCLC.5 Similarly, use of nonsteroidal anti-
inflammatory drugs (NSAIDs) has been implicated in 
the modulation of cancer-related inflammation; more-
over, use of NSAIDs could reduce proliferation, inva-
sion, and micrometastasis of malignant cells by reduc-
ing the inflammatory state associated with the tumor 
microenvironment and by promoting apoptosis in can-
cer cells.14-16 In the context of oncological surgery, a ret-
rospective study demonstrated an association between 
intraoperative use of NSAIDs and improved oncologi-
cal outcomes in breast cancer; this finding may be the 
result of a reduction in the inflammatory response as-
sociated with surgery.5,17

The predictive value of the platelet-to-lymphocyte 
ratio has not been determined in patients with NSCLC. 
Therefore, the aim of this retrospective study is to test 
the hypothesis that a low perioperative platelet-to-lym-
phocyte ratio is associated with improved recurrence-
free survival (RFS) and OS rates in patients with NSCLC 
undergoing surgery. We also investigated the effects of 
NSAID use on survival rates in patients with high and 
low platelet-to-lymphocyte ratios.

Methods
Patient Selection
This study was approved by the Institutional Review 
Board of the University of Texas MD Anderson Cancer 
Center (Houston, TX). Demographical, perioperative, 
and survival data were retrieved from the MD Anderson 
Research Electronic Data Capture database for patients 
with NSCLC. We obtained information for 1,637 patients 
with stage I, II, or III NSCLC who underwent surgery 
between January 1, 2004, and July 31, 2011. Patients  
18 years of age or older who underwent thoracic sur-
gery for NSCLC with intention to cure were included in 
the analysis. We excluded those who had undergone 
palliative surgery or had secondary malignancies.

All patients had surgery under balanced, gen-
eral anesthesia. Postoperative pain management 
consisted of patient-controlled epidural analgesia or 
patient-controlled intravenous opioid analgesia with 
or without the addition of NSAIDs that started within 
72 hours after surgery. Those patients treated with 
NSAIDs received ketorolac (30–60 mg/day), ibuprofen  
(200–800 mg/day), rofecoxib (50 mg/day), or celecoxib 
(200–300 mg/day) alone or in combination.

Statistical Analysis 
The following variables were included in our analy-
sis: age, sex, body mass index, American Society of 
Anesthesiologists (ASA) physical status, tumor histol-
ogy, stage of disease, type of surgery, types and doses 
of NSAIDs, and neoadjuvant chemotherapy with or 
without adjuvant chemotherapy with or without ra-
diotherapy. 

The platelet-to-lymphocyte ratio was calculated 

as the platelet count divided by the lymphocyte count. 
Preoperative platelet-to-lymphocyte ratios and postop-
erative platelet-to-lymphocyte ratios on days 1, 2, and 
3 were calculated from routine complete blood counts.

The primary end points of this study were RFS and 
OS. RFS was defined as the time in months from the 
date of surgery to the date of recurrence or the date 
of death, whichever occurred first.5 Patients were cen-
sored at the last recurrence-free date if neither recur-
rence nor death occurred. OS was defined as the time 
in months from surgery to death from any cause.5

Descriptive statistics for demographics and base-
line patient characteristics, including mean, standard 
deviation, median, and interquartile range, were calcu-
lated for continuous variables. Frequency counts and 
percentages were calculated for categorical variables. 
A Fisher exact test or chi-square test was used to evalu-
ate the association between 2 categorical variables. A 
Kruskal–Wallis test was used to evaluate the difference 
in a continuous variable between patient groups. Two 
different cutoff values were used to discriminate pa-
tients with high inflammatory status from those with 
low status. First, the median platelet-to-lymphocyte ra-
tio at each time point (preoperative and postoperative 
days 1, 2, and 3) was used to divide patients with high 
inflammatory status from those with low status. We 
also used a cutoff value of 180 to discriminate between 
patients with high preoperative and postoperative 
platelet-to-lymphocyte ratios (≥ 180) from those with 
low ratios (< 180).18 The Kaplan–Meier method was 
used for time-to-event analysis, including RFS and OS 
analyses. The median time to event in months and sur-
vival rates at 3 and 5 years with 95% confidence inter-
vals (CIs) were calculated. The log-rank test was used 
to evaluate the differences in time-to-event end points 
between patient groups. Univariate Cox proportional 
hazard ratio (HR) models were fitted to evaluate the ef-
fects of continuous variables on RFS and OS. Multivari-
able Cox proportional HR models were used for multi-
variate analyses to include covariates associated with 
prognosis in previous studies or had a P value of less 
than .2 in univariate analyses.5,19 A P value less than .05 
was considered statistically significant. SAS 9.1.3 (SAS, 
Cary, NC) and S-Plus 8.0 (TIBCO Software, Palo Alto, 
CA) were used for the analyses.

Results
Patient Characteristics
A total of 1,637 patients with NSCLC were included in 
the analysis. Approximately one-half (51.9%) had stage 
I cancer. In general, patients with stage I or II disease 
were older than those with stage III disease (Table 1). 
More women had stage I tumors than did women with 
stage II/III tumors (see Table 1). Overall, more patients 
had adenocarcinoma (903; 55.2%) than other histolo-
gies of NSCLC. When comparing the percentage of 
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Covariate Stage P  
ValueI II III

Age, median 
(IQR; y)

66.62  
(19.29–
89.96)

66.08  
(18.14–
88.96)

64.67  
(19.02–
88.61)

.0005

BMI, median (IQR; 
kg/m2)

26.6  
(16.10–
54.91)

26.37 
(16.10–
54.91)

26.21 
(17.13–
57.13)

.5031

Sex, n (%) .0001

   Female 454 (53.5) 166 (41.3) 172 (44.6)

   Male 395 (46.5) 236 (58.7) 214 (55.4)

ASA physical 
status, n (%)

.4436

   1–2 91 (10.7) 44 (10.9) 33 (8.5)

   3–4 758 (89.3) 358 (89.1) 353 (91.5)

Adenocarcinoma, 
n (%)

.0004

   Yes 497 (58.5) 188 (46.8) 218 (56.5)

   No 352 (41.5) 214 (53.2) 168 (43.5)

Type of surgery, 
n (%)

< .0001

   Thoracotomy 545 (64.2) 323 (80.3) 328 (85)

   Thoracoscopy 304 (35.8) 79 (19.7) 58 (15)

Neoadjuvant 
chemotherapy, 
n (%)

< .0001

   Yes 64 (7.5) 77 (19.2) 164 (42.5)

   No 785 (92.5) 325 (80.8) 222 (57.5)

Neoadjuvant ra-
diotherapy, n (%)

.0056

   Yes 4 (0.5) 5 (1.2) 10 (2.6)

   No 845 (99.5) 397 (98.8) 76 (97.4)

Adjuvant chemo-
therapy, n (%)

< .0001

   Yes 91 (10.7) 148 (36.8) 150 (38.9)

   No 758 (89.3) 254 (63.2) 236 (61.1)

Adjuvant radio-
therapy, n (%)

< .0001

   Yes 24 (2.8) 43 (10.7) 154 (39.9)

   No 825 (97.2) 59 (89.3) 232 (60.1)

Use of ketorolac, 
n (%)

.0065

   Yes 375 (44.2) 188 (46.8) 208 (53.9)

   No 474 (55.8) 214 (53.2) 178 (46.1)

Preoperative 
platelet-to-lym- 
phocyte ratio

< .0001

   Median (IQR) 128.31 
(3.05–
1141.3)

146.93 
(21.75–

1,203.57)

137.75 
(13.19–

1,028.21)

.0001

   High: ≥ median,        
   n (%)

386 (45.5) 233 (58) 200 (51.8)

   Low: < median,     
   n (%)

463 (54.5) 169 (42) 186 (48.2)

Covariate Stage P  
ValueI II III

Table 1. — Characteristics of Patients (N = 1,637)

Postoperative  
day 1 platelet-to-
lymphocyte ratio

.0237

   Median (IQR) 213.33 
(2.96–

3,022.22)

219 
(22.09–
1071.74)

230.23 
(19.38–

1,476.92)

.2478

   High: ≥ median,  
   n (%)

702 (82.7) 320 (79.6) 324 (83.9)

   Low: < median,  
   n (%)

147 (17.3) 82 (20.4) 62 (16.1)

Postoperative  
day 2 platelet-to-
lymphocyte ratio

.0049

   Median (IQR) 150.76 
(32.31–

1,900.00)

170.18 
(39.77–
821.65)

171.43 
(24.16–

1,269.23)

.0821

   High: ≥ median,  
   n (%)

187 (61.3) 102 (66.2) 133 (71.1)

   Low: < median,  
   n (%)

118 (38.7) 52 (33.8) 54 (28.9)

Postoperative  
day 3 platelet-to-
lymphocyte ratio

.088

   Median (IQR) 163.41 
(16.28–
890.00)

185.63 
(48.32–
792.00)

180.92 
(27.31–

1,250.00)

.5415

   High: ≥ median,  
   n (%)

184 (70.5) 110 (74.8) 107 (69.5)

   Low: < median,  
   n (%)

77 (29.5) 37 (25.2) 47 (30.5)

Preoperative 
platelet-to- 
lymphocyte  
ratio, n (%)

.0001

   High: ≥ 180 169 (19.9) 122 (30.3) 107 (27.7)

   Low: < 180 680 (80.1) 280 (69.7) 279 (72.3)

Postoperative  
day 1 platelet-to-
lymphocyte ratio,  
n (%)

.3128

   High: ≥ 180 532 (62.7) 260 (64.7) 259 (67.1)

   Low: < 180 317 (37.3) 142 (35.3) 127 (32.9)

Postoperative  
day 2 platelet-to-
lymphocyte ratio,  
n (%)

.0099

   High: ≥ 180 109 (35.7) 72 (46.8) 90 (48.1)

   Low: < 180 196 (64.3) 82 (53.2) 97 (51.9)

Postoperative  
day 3 platelet- 
to-lymphocyte 
ratio,  n (%)

.1816

   High: ≥ 180 115 (44.1) 77 (52.4) 79 (51.3)

   Low: < 180 146 (55.9) 70 (47.6) 75 (48.7)

ASA = American Society of Anesthesiologists, BMI = body mass index, IQD = interquartile deviation, SD = standard deviation. 
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patients who had adenocarcinoma with the percent-
age of those with other forms of NSCLC within each 
disease stage, the percentages were higher among 
those with stage I disease (58.5%) and among those 
with stage III disease (56.5%) than among those with 
stage II disease (46.8%). Thoracotomy was the most com-
mon surgical procedure across the 3 groups of patients, 
although more than one-third (35.8%) of patients 
with stage I disease underwent video-assisted tho-
racoscopic surgery (see Table 1). Most patients with 
stage I or II tumors did not receive neoadjuvant or adju-
vant chemotherapy or radiotherapy; by contrast, patients 
with stage III disease were more likely to receive adju-
vant chemotherapy (38.9%) or radiotherapy (39.9%; see 
Table 1).

A statistically significant difference was found in 
the median preoperative platelet-to-lymphocyte ra-
tio values among patients with various tumor stages. 
Patients with stage I disease had the lowest preopera-
tive platelet-to-lymphocyte ratios compared with those 
with stage II/III disease (P < .0001; see Table 1). Simi-
larly, when the analysis was conducted using the me-
dian values of the entire population or a cutoff plate-
let-to-lymphocyte ratio of 180, a larger percentage of 
patients in stage I had lower platelet-to-lymphocyte ra-
tios than these cutoff values (P = .0001 for both cutoff 
levels). Despite an increase in postoperative platelet-to-
lymphocyte ratios across all groups, the statistical anal-
ysis demonstrated that patients’ median values on days 
1 and 2 significantly differed among the various tumor 
stages. As shown in Table 1, patients with stage III tu-
mors had the highest postoperative median platelet-to-
lymphocyte ratios. When we analyzed the proportion 
of patients with platelet-to-lymphocyte ratios greater 
than or less than the median or those that were high-
er or lower than 180, no statistically significant differ-
ences were observed, except on postoperative day 2. 
Patients with a platelet-to-lymphocyte ratio of at least 
180 on postoperative day 2 had a higher tumor stage 
(stage I = 35.7% vs stage II = 46.8% vs stage III = 48.1%; 
P = .009). A similar trend was found when the median 
was considered as the cutoff value (P = .082).

In regard to the perioperative use of NSAIDs, 
931 patients (56.87%) received this type of analgesic;  
771 (47.1%) were treated with ketorolac alone or in 
combination with ibuprofen, celecoxib, or both. A 
statistically significant difference was found between 
use and nonuse of ketorolac among the various tumor 
stages. Ketorolac was more commonly administered to 
patients with higher tumor stages than to those with 
stage I disease (P = .006; see Table 1). The statistical 
analysis also demonstrated a significant difference be-
tween the median (interquartile range) preoperative 
platelet-to-lymphocyte ratio of patients treated with ke-
torolac (129.91 [range, 3.05–1203.70]) and patients not 
treated with ketorolac (138.88 [range, 21.58–1028.21];  

P = .0148). This difference was also statistically signifi-
cant in the platelet-to-lymphocyte ratio values of post-
operative day 1 (ketorolac: 212.64 [range, 2.96–1,611.76] 
vs no ketorolac: 225.67 [range, 22.09–3,022.22]; P = .0292), 
day 2 (ketorolac: 150.22 [range, 24.16–840.91] vs no 
ketorolac: 171.12 [range, 40.69–1,900.00]; P = .0080), 
and day 3 (ketorolac: 167.44 [range, 16.28–733.33] vs  
no ketorolac: 181.98 [range, 31.07–1,250.00]; P = .0429). 

Recurrence-Free Survival
The median RFS rate of the overall population was 
76 months (95% confidence interval [CI], 68.33–88.53), 
and the RFS rates at 3 and 5 years were 64% (95% CI, 
62–66) and 55% (95% CI, 53–58), respectively. The uni-
variate analysis showed that age, male sex, ASA physical 
status 3/4, neoadjuvant chemotherapy, adjuvant radio-
therapy, and open thoracotomy were all associated with 
decreased rates of RFS at 3 and 5 years (Table 2). The 
analysis also demonstrated that patients with stage I dis-
ease had the highest RFS rates at 3 and 5 years (76% and 
68%, respectively) compared with patients with stage II 
(58% and 46%, respectively) or III disease (44% and 38%, 
respectively; P < .0001). The univariate analysis also 
demonstrated that a preoperative platelet-to-lympho-
cyte ratio greater than the median (133) or higher than 
180 was a predictor of poor RFS rate (P = .0002; see 
Table 2). Similarly, a platelet-to-lymphocyte ratio above 
180 but not greater than the median value on postop-
erative day 3 was associated with significant changes in 
RFS (P = .0414), but not postoperative day 1 (P = .3937) 
or 2 (P = .2206; Fig 1). Use of NSAIDs perioperatively 
was not associated with longer rates of RFS (P = .719).

In a multivariate model analysis, a high preop-
erative platelet-to-lymphocyte ratio (≥ 180), older age, 
and male sex were associated with 22% (P = .019), 2%  
(P < .0001), and 19% (P = .021) increases the risk of 
recurrence, respectively (Table 3). Tumor staging was 
also an independent prognostic factor of poor RFS. 
Thus, patients with stage II/III disease had an in-
creased recurrence risk of 77% (P < .0001) and 116% 
(P < .0001), respectively, compared with the risk for 
patients with stage I disease. Other variables associ-
ated with shorter rates of RFS were administration 
of neoadjuvant chemotherapy (HR = 1.339; 95% CI,  
1.107–1.621; P = .0026) and adjuvant radiotherapy  
(HR = 1.340; 95% CI = 1.083–1.657; P = .0070). The sin-
gle factor that was significantly associated with longer 
rates of survival was minimally invasive surgery; pa-
tients who underwent this surgery had a 19% reduced 
risk of recurrence (P = .049; see Table 3).

Because the preoperative and postoperative 
platelet-to-lymphocyte ratios of patients treated with 
ketorolac were statistically different, we investigated 
the association between platelet-to-lymphocyte ra-
tios and RFS rates in these 2 populations of patients. 
The log-rank analysis demonstrated that a preopera-
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tive (P = .104) or postoperative platelet-to-lymphocyte 
ratio higher than 180 or less than 180 was not as-
sociated with a change in survival (postoperative  
day 1: P = .104; postoperative day 2: P = .952; and post-
operative day 3: P = .307) in patients taking ketorolac. 
By contrast, a platelet-to-lymphocyte ratio higher than 
180 was associated with poor survival in patients not 
treated with ketorolac (preoperative: P = .0006; post-
operative day 1: P = .272; postoperative day 2: P = .008; 
and postoperative day 3: P = .014).

Overall Survival
The median OS rate for the entire population was  

108 months. OS rates at 3 and 5 years were 76% (95% 
CI, 74–79) and 67% (95% CI, 64–69), respectively. The 
univariate analysis demonstrated that a high preop-
erative platelet-to-lymphocyte ratio (≥ 180), older age, 
male, ASA physical status 3/4, ASA physical status 2/3, 
use of neoadjuvant chemotherapy, use of adjuvant ra-
diotherapy, and thoracotomy were associated with 
a decreased OS rate (Table 4; Fig 2). The OS rates at  
3 and 5 years were not statistically significant different 
between patients who did or did not receive periopera-
tive NSAIDs (P = .443), or between those with a ratio 
higher than or less than 180, and a median higher or 
lower platelet-to-lymphocyte ratio on postoperative 

Table 2. — Univariate Analysis for RFS 

Variable No. of Study 
Patients

No. of 
Events

RFS HR 
(95% CI)

Median RFS, mo 
(95% CI)

3-y RFS Rate 
(95%CI)

5-y RFS Rate 
(95% CI)

P 
Value

Age (continuous) 1,637 683 1.02 
(1.02–1.03)

< .0001

BMI (continuous) 1,637 683 0.99 
(0.98–1.01)

.2749

Sex

   Female 792 296 87.58 (75.33–108.38) 0.68 (0.65–0.72) 0.61 (0.57–0.65) .0002

   Male 845 387 63.21 (50.56–77.63) 0.6 (0.57–0.64) 0.5 (0.47–0.54)  

ASA physical status

   1–2 168 57 98.52 (76.02–NA) 0.76 (0.69–0.83) 0.65 (0.57–0.74) .0147

   3–4 1,469 626 71.75 (65.44–83.51) 0.63 (0.60–0.65) 0.54 (0.51–0.57)  

Adenocarcinoma

   No 734 301 81.80 (65.90–108.38) 0.63 (0.60–0.67) 0.55 (0.51–0.60) .8137

   Yes 903 382 71.35 (65.44–88.53) 0.65 (0.61–0.68) 0.55 (0.52–0.59)  

Stage

   I 849 258 NA (99.77–NA) 0.76 (0.73–0.79) 0.68 (0.64–0.71) < .0001

   II 402 193 51.08 (41.92–71.09) 0.58 (0.53–0.63) 0.46 (0.41–0.53)  

   III 386 232 24.11 (20.07–34.89) 0.44 (0.39–0.50) 0.38 (0.33–0.44)  

Type of surgery

   Thoracotomy 1,196 553 67.54 (57.62–77.63) 0.61 (0.59–0.64) 0.52 (0.49–0.56) < .0001

   Thoracoscopy 441 130 NA (95.24–NA) 0.72 (0.67–0.76) 0.65 (0.60–0.71)  

Neoadjuvant chemotherapy

   No 1,332 506 87.58 (76.84–99.77) 0.68 (0.66–0.71) 0.59 (0.56–0.62) < .0001

   Yes 305 177 28.48 (19.05–44.42) 0.46 (0.41–0.52) 0.39 (0.34–0.46)  

Neoadjuvant radiotherapy

   No 1,618 673 76.38 (68.33–88.53) 0.64 (0.62–0.67) 0.55 (0.53–0.58) .3285

   Yes 19 10 18.73 (14.06–NA) 0.47 (0.29–0.76) 0.47 (0.29–0.76)  

Adjuvant chemotherapy

   No 1,248 499 82.19 (68.66–96.81) 0.65 (0.62–0.68) 0.56 (0.53–0.60) .2608

   Yes 389 184 68.33 (52.4–87.58) 0.62 (0.57–0.67) 0.53 (0.48–0.58)  

Adjuvant radiotherapy

   No 1,416 539 89.55  
(78.52–108.28)

0.68 (0.65–0.70) 0.59 (0.56–0.62) < .0001

   Yes 221 144 24.84 (18.43–34.92) 0.42 (0.36–0.5) 0.34 (0.27–0.41)  

continued on next page
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days 1 (P = .907), 2 (P = .103), and 3 (P = .066).
The multivariate analysis showed that age  

(HR = 1.034; 95% CI, 1.024–1.044; P < .0001), male sex 
(HR = 1.328; 95% CI, 1.109–1.590; P = .002), postop-
erative radiotherapy (HR = 1.337; 95% CI, 1.052–1.698;  
P = .0176), and higher tumor stage (II vs I: HR = 1.864, 
95% CI, 1.488–2.335, P < .0001; III vs I: HR = 2.451, 95% 
CI, 1.922–3.125, P < .0001) were independent predictor 
factors of poor OS (Table 5). The analysis also demon-
strated that a preoperative platelet-to-lymphocyte ratio 
of at least 180 was associated with a 33% increase in 
mortality after surgery (P = .0036). 

We also investigated the association between 
platelet-to-lymphocyte ratios and OS in patients treat-
ed with or without ketorolac. Similar to the findings in 

RFS, preoperative (P = .197) and postoperative (day 1: 
P = .302; day 2: P = .678; and day 3: P = .653) plate-
let-to-lymphocyte ratios higher than or less than 180 
were not associated with a change in survival among 
patients treated with ketorolac. However, a platelet-to-
lymphocyte ratio higher than 180 was associated with 
poor survival in patients not treated with ketorolac 
(preoperative: P = .0002; postoperative day 1: P = .278; 
postoperative day 2: P = .013; and postoperative day 3: 
P = .039).

Discussion
The platelet-to-lymphocyte ratio has emerged as a 
potential inflammatory biomarker and a predictor of 
toxicity- and cancer-related survival and OS rates in pa-

Preoperative platelet-to-
lymphocyte ratio

   High: ≥ median 819 370 71.16 (57.39–87.58) 0.61 (0.58–0.65) 0.53 (0.49–0.57) .0342

   Low: < median 818 313 81.80 (68.66–95.24) 0.67 (0.64–0.71) 0.58 (0.54–0.62)  

Postoperative platelet-to-
lymphocyte ratio day 1

   High: ≥ median 1,346 570 75.33 (67.05–88.53) 0.63 (0.61–0.66) 0.55 (0.52–0.58) .3789

   Low: < median 291 113 83.51 (63.24–NA) 0.66 (0.61–0.72) 0.57 (0.51–0.64)  

Postoperative platelet-to-
lymphocyte ratio day 2

   High: ≥ median 422 218 51.08 (37.52–72.34) 0.56 (0.51–0.61) 0.48 (0.43–0.54) .0598

   Low: < median 224 96 68.66 (48.65–NA) 0.66 (0.59–0.73) 0.54 (0.47–0.62)  

Postoperative platelet-to-
lymphocyte ratio day 3

   High: ≥ median 401 202 56.67 (40.28–82.92) 0.58 (0.53–0.63) 0.49 (0.44–0.54) .8775

   Low: < median 161 74 51.25 (36.79–NA) 0.58 (0.50–0.67) 0.49 (0.41–0.59)  

Preoperative platelet-to-
lymphocyte ratio

   High: ≥ 180 398 202 55.22 (38.34–80.32) 0.56 (0.51–0.62) 0.48 (0.43–0.54) .0002

   Low: < 180 1,239 481 81.80 (71.16–96.81) 0.67 (0.64–0.69) 0.58 (0.55–0.61)

Postoperative platelet-to-
lymphocyte ratio day 1

   High: ≥ 180 1,051 450 76.02 (65.54–88.53) 0.63 (0.60–0.66) 0.55 (0.52–0.58) .3937

   Low: < 180 586 233 78.52 (64.85–99.77) 0.66 (0.62–0.71) 0.56 (0.52–0.61)

Postoperative platelet-to-
lymphocyte ratio day 2

   High: ≥ 180 271 143 49.24 (33.57–82.92) 0.55 (0.49–0.61) 0.49 (0.43–0.56) .2206

   Low: < 180 375 171 66.52 (44.51–83.51) 0.62 (0.57–0.68) 0.51 (0.45–0.57)

Postoperative platelet-to-
lymphocyte ratio day 3

   High: ≥ 180 271 149 40.11 (25.26–71.09) 0.53 (0.47–0.60) 0.44 (0.38–0.51) .0414

   Low: < 180 291 127 67.54 (49.24–108.28) 0.62 (0.57–0.68) 0.53 (0.47–0.60)

ASA = American Society of Anesthesiologists, BMI = body mass index, CI = confidence interval, HR = hazard ratio, NA = not applicable,  
RFS = recurrence-free survival.

Table 2. — Univariate Analysis for RFS, continued

Variable No. of Study 
Patients

No. of 
Events

RFS HR 
(95% CI)

Median RFS, mo 
(95% CI)

3-y RFS Rate 
(95%CI)

5-y RFS Rate 
(95% CI)

P 
Value
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tients with NSCLC.20-22 Similar to the results of previ-
ously published studies, our work shows that the pre-
operative platelet-to-lymphocyte ratio — but not the 
early postoperative platelet-to-lymphocyte ratio — is a 
predictor of recurrence and mortality in patients with 
NSCLC undergoing surgery. 

Three other studies failed to demonstrate the 
prognostic value of the platelet-to-lymphocyte ratio; 
however, several differences can be seen between 
those studies and the present study.20,23,24 The sample 
size in the other studies was significantly smaller than 
that in the present work; therefore, these previous re-
ports might have been statistically underpowered to 
detect a difference in survival between patients with 
a high or low inflammatory status.20,23,24 By contrast, 
to the best of our knowledge, the sample size of the 
present study is the largest of all studies that have ad-
dressed the prognostic value of platelet-to-lymphocyte 
ratios in patients with NSCLC. The studied population 
of patients in the previously published 3 reports was 
different from ours.20,23,24 For example, Miyazaki et al23 

Fig 1A–D. Kaplan-Meier curves show recurrence-free survival in patients with platelet-to-lymphocyte ratios greater than (high) or less than (low) 180. 
Each panel represents platelet-to-lymphocyte ratios at various time points: (A) preoperative, (B) postoperative day 1, (C) postoperative day 2, and 
(D) postoperative day 3. E = event.
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Table 3. — Multivariate Cox Proportional Hazard Model for 
Recurrence-Free Survival Rates

Covariate HR (95% CI) P Value
Age 1.023 (1.015–1.031) < .0001

BMI 0.991 (0.976–1.007) .2749

Sex (male vs female) 1.198 (1.027–1.396) .0212

ASA physical status 3–4 vs 1–2 1.123 (0.851–1.482) .4129

Stage

   II vs I 1.775 (1.466–2.150) < .0001

   III vs I 2.165 (1.753–2.673) < .0001

Neoadjuvant chemotherapy 
(yes vs no)

1.339 (1.107–1.621) .0026

Adjuvant radiotherapy  
(yes vs no)

1.340 (1.083–1.657) .0070

Type of surgery  
(thoracoscopy vs thoracotomy)

0.818 (0.670–0.999) .0491

Preoperative platelet-to- 
lymphocyte ratio (≥ 180 vs < 180)

1.224 (1.033–1.450) 0.0193

ASA = American Society of Anesthesiologists, BMI = body mass index, 
CI = confidence interval, HR = hazard ratio.
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included elderly patients with stage I disease, and  
Unal et al20 had a larger proportion of patients with 
squamous cell histology. Our study included patients 
who were younger, and adenocarcinoma was the most 
common histology. Although the cutoff values (deter-
mined as the median platelet-to-lymphocyte or plate-
let-to-lymphocyte ratio = 180) used in our study were 
arbitrary, they were different from those used in the 
other prior reports.20,23,24

The findings of this study highlight the impor-
tance of inflammatory status on the survival of patients 
with NSCLC. Inflammation is involved in many aspects 

of malignancy, including tumor escape, cell survival 
and proliferation, epithelial–mesenchymal transfor-
mation, and metastasis.25,26 Activation of platelets in 
the context of inflammation can favor tumor progres-
sion by several mechanisms, including immunosup-
pression and angiogenesis. It has even been suggested 
that platelets can “cover” cancer cells, resulting in the 
escape of cancer cells from immune cytotoxic cells 
such as natural killer cells.27 Platelets can also release 
growth factors, such as prostaglandin E, vascular en-
dothelial growth factor, and transforming growth fac-
tor that disrupt the function of natural killer cells and 

Table 4. — Univariate Analysis for Overall Survival Rates

Variable No. of Study 
Patients

No. of 
Events

RFS HR  
(95% CI)

Median RFS, mo 
(95% CI)

3-y RFS Rate 
(95%CI)

5-y RFS Rate 
(95% CI)

P 
Value

Age (continuous) 1,637 505 1.03 (1.02–1.03) < .0001

BMI (continuous) 1,637 505 0.99 (0.97–1.01) .2490

Sex

   Female 792 206 NA (102.14–NA) 0.82 (0.79–0.85) 0.72 (0.68–0.76) < .0001

   Male 845 299 97.86 (77.63–NA) 0.71 (0.68–0.74) 0.61 (0.58–0.65)  

ASA physical status

   1–2 168 41 NA (98.52–NA) 0.87 (0.81–0.92) 0.77 (0.69–0.85) .0211

   3–4 1,469 464 108.38 (95.2–NA) 0.75 (0.73–0.77) 0.65 (0.63–0.68)  

Adenocarcinoma

   No 734 230 NA (94.74–NA) 0.73 (0.70–0.77) 0.65 (0.61–0.69) .3212

   Yes 903 275 99.67 (89.55–NA) 0.79 (0.76–0.82) 0.68 (0.64–0.72)  

Stage

   I 849 180 NA 0.86 (0.84–0.89) 0.78 (0.74–0.81) < .0001

   II 402 144 77.63  
(66.52–102.14) 0.70 (0.66–0.76) 0.59 (0.54–0.66)  

   III 386 181 58.44  
(46.91–80.32) 0.61 (0.56–0.66) 0.49 (0.44–0.55)  

Type of surgery

   Thoracotomy 1,196 418 99.67 (89.39–NA) 0.74 (0.71–0.77) 0.64 (0.61–0.67) .0002

   Thoracoscopy 441 87 NA 0.83 (0.79–0.87) 0.75 (0.70–0.81)  

Neoadjuvant chemotherapy

   No 1,332 376 109.66 (99.67–NA) 0.78 (0.76–0.81) 0.70 (0.67–0.73) < .0001

   Yes 305 129 70.83 (52.83–NA) 0.67 (0.62–0.73) 0.53 (0.46–0.6)  

Neoadjuvant radiotherapy

   No 1,618 497 108.28 (95.93–NA) 0.76 (0.74–0.79) 0.67 (0.64–0.69) .2800

   Yes 19 8 NA (16.59–NA) 0.63 (0.45–0.89) 0.54 (0.34–0.86)  

Adjuvant chemotherapy

   No 1,248 371 NA (99.77–NA) 0.77 (0.74–0.79) 0.67 (0.64–0.70) .8335

   Yes 389 134 88.53 (81.80–NA) 0.75 (0.71–0.80) 0.67 (0.62–0.72)  

Adjuvant radiotherapy

   No 1,416 393 NA (102.14–NA) 0.79 (0.77–0.81) 0.71 (0.68–0.73) < .0001

   Yes 221 112
52.04  

(45.86–77.63) 0.61 (0.55–0.68) 0.44 (0.37–0.52)  

continued on next page
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stimulate the growth of cancer cells.27,28 
Absolute or relative lymphopenia is another im-

portant component of a high platelet-to-lymphocyte ra-
tio in patients with NSCLC. The results from a previous 
study indicated that patients with low lymphocyte na-
dirs undergoing radiotherapy have lower rates of sur-
vival than patients whose lymphocyte levels are high-
er.29 Likewise, Campian et al30 observed an association 
between severe lymphopenia and reduced survival in 
patients with NSCLC. The results of these publications 
are in agreement with a recent study demonstrating 
that patients with NSCLC who have a high inflamma-
tory status and a number of low CD8-positive T cells at 
the tumor level have a higher risk of mortality.31

Our study also showed that patients with more 
advanced disease had a higher platelet-to-lymphocyte 
ratio, suggesting a link between the amount of tumor 
burden and the magnitude of systemic inflammatory 
response. This finding is in agreement with previ-
ous studies, including a smaller cohort of patients, in-
dicating an association between stage of disease and 
systemic inflammation.5,32 For example, patients with 
gynecological, breast, or colorectal cancer who have el-
evated platelet-to-lymphocyte ratios have a higher risk 
of positive lymph nodes and larger tumors than those 
whose ratios are lower.32-35

In terms of the postoperative inflammatory re-
sponse, our analysis demonstrated that patients with 

Table 4. — Univariate Analysis for Overall Survival Rates, continued

Variable No. of Study 
Patients

No. of 
Events

RFS HR  
(95% CI)

Median RFS, mo 
(95% CI)

3-y RFS Rate 
(95%CI)

5-y RFS Rate 
(95% CI)

P 
Value

Preoperative platelet-to-
lymphocyte ratio

   High: ≥ median 819 279 99.67 (87.58–NA) 0.74 (0.71–0.77) 0.65 (0.61–0.69) .0739

   Low: < median 818 226 NA (95.24–NA) 0.78 (0.75–0.82) 0.68 (0.65–0.72)  

Postoperative platelet-to-
lymphocyte ratio day 1

   High: ≥ median 1,346 420 108.28 (91.49–NA) 0.76 (0.74–0.79) 0.66 (0.63–0.69) .7146

   Low: < median 291 85 108.38 (95.93–NA) 0.75 (0.70–0.81) 0.67 (0.61–0.74)  

Postoperative platelet-to-
lymphocyte ratio day 2

  High: ≥ median 422 167 94.74 (76.51–NA) 0.69 (0.65–0.74) 0.59 (0.54–0.65) .1457

  Low: < median 224 72 97.86 (75.33–NA) 0.78 (0.72–0.84) 0.65 (0.58–0.73)  

Postoperative platelet-to-
lymphocyte ratio day 3

   High: ≥ median 401 160 88.53 (78.52–NA) 0.70 (0.65–0.74) 0.59 (0.53–0.64) .6054

   Low: < median 161 60 73.03 (52.53–NA) 0.66 (0.58–0.74) 0.58 (0.49–0.67)  

Preoperative platelet-to-
lymphocyte ratio

   High: ≥ 180 398 160 87.58  
(77.63–108.38) 0.70 (0.65–0.75) 0.60 (0.55–0.66) .0002

   Low: < 180 1,239 345 NA (102.14–NA) 0.78 (0.76–0.81) 0.69 (0.66–0.72)

Postoperative platelet-to-
lymphocyte ratio day 1

   High: ≥ 180 1,051 329 109.66 (91.49–NA) 0.76 (0.73–0.79) 0.66 (0.63–0.70) .9073

  Low: < 180 586 176 102.89 (95.24–NA) 0.77 (0.73–0.8) 0.67 (0.62–0.71)

Postoperative platelet-to-
lymphocyte ratio day 2

   High: ≥ 180 271 114 90.54 (67.05–NA) 0.69 (0.63–0.75) 0.59 (0.53–0.66) .1060

   Low: < 180 375 125 99.77 (75.49–NA) 0.75 (0.7–0.79) 0.63 (0.57–0.69)

Postoperative platelet-to-
lymphocyte ratio day 3

   High: ≥ 180 271 122
78.52  

(58.31–108.38) 0.65 (0.59–0.71) 0.54 (0.48–0.61) .0668

   Low: < 180 291 98 99.77 (75.49–NA) 0.72 (0.67–0.78) 0.62 (0.56–0.69)

ASA = American Society of Anesthesiologists, BMI = body mass index, CI = confidence interval, HR = hazard ratio, RFS = recurrence-free survival.
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stage II/III disease had significantly higher platelet-to-
lymphocyte ratios than did patients with stage I dis-
ease. This phenomenon might be related to the magni-
tude of the surgical insult because a larger proportion 
of patients with stage II/III disease underwent thora-
cotomies than thoracoscopies. These findings are sup-
ported by Whitson et al,36 who showed that markers 
of inflammatory response such as interleukin 6 corre-
late with the magnitude of surgical trauma. Although 
we failed to demonstrate an association between high 
postoperative platelet-to-lymphocyte ratios and poor 
rates of survival, it is possible that using higher cutoff 
values than those chosen for this study may have re-
sulted in better predictive ability.

Limitations
Our study has the inherent limitations of any retro-
spective study; therefore, the results must be interpret-
ed with caution. Missing and/or confounding variables 
not included in the statistical analysis could have in-
fluenced the survival findings of the studied popula-

Table 5. — Multivariable Cox Proportional Hazard Model  
for Overall Survival

Covariate HR (95% CI) P Value
Age 1.034 (1.024–1.044) < .0001

BMI 0.996 (0.977–1.014) .6371

Sex (male vs female) 1.328 (1.109–1.590) .0020

ASA physical status 3–4 vs 1–2 1.083 (0.781–1.502) .6328

Stage

   II vs I 1.864 (1.488–2.335) < .0001

   III vs I 2.451 (1.922–3.125) < .0001

Neoadjuvant chemotherapy (yes 
vs no)

1.152 (0.922–1.438) .2138

Adjuvant radiotherapy (yes vs no) 1.337 (1.052–1.698) .0176

Type of surgery (thoracoscopy vs 
thoracotomy)

0.790 (0.620–1.006) .0563

Preoperative platelet-to-lympho-
cyte ratio (≥ 180 vs < 180)

1.334 (1.099–1.620) .0036

ASA = American Society of Anesthesiologists, BMI = body mass index, 
CI = confidence interval, HR = hazard ratio.

Fig 2A–D. Kaplan-Meier curves show overall survival in patients with platelet-to-lymphocyte ratio greater than (high) or less than (low) 180. 
Each figure panel represents platelet-to-lymphocyte ratios at various time points: (A) preoperative, (B) postoperative day 1, (C) postoperative day 2, 
and (D) postoperative day 3. E = event.
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tion of patients. For example, we did not account for 
the presence of mutations, for the type of biologically 
targeted therapeutic agents, or for conventional che-
motherapy given postoperatively. We used 2 different 
cutoff values to assess the impact of the platelet-to-lym-
phocyte ratio on rates of RFS and OS. The chosen val-
ues were arbitrarily determined, so they are not based 
on a receiving operative-curve analysis. The platelet-
to-lymphocyte ratio calculation was based on the ab-
solute lymphocyte count obtained from the complete 
blood cell count; hence, the statistical analysis did not 
account for subpopulations of lymphocytic cells. Use 
of NSAIDs after surgery might have been influenced 
by factors such as intraoperative bleeding and comor-
bidities that might be considered sources of bias. Our 
analysis also did not include variables such as intraop-
erative vs postoperative use of NSAIDs, class of NSAID, 
or the total amount of each analgesic. Therefore, we 
cannot comment on whether the class of NSAID, time, 
and amount of administration of each NSAID might 
have had an impact on the survival of our population 
of patients. 

Conclusions
Our results show that a high preoperative inflam-
matory status is an independent predictor of recur-
rence-free and overall survival rates in patients with 
non–small-cell lung cancer. The preoperative platelet-
to-lymphocyte ratio is a simple and readily available 
laboratory parameter that can be used as an indepen-
dent prognostic factor of recurrence-free survival and 
overall survival in patients with nonmetastatic, oper-
able non–small-cell lung cancer. Further research is 
needed to determine the association between a high 
platelet-to-lymphocyte ratio and type of recurrence 
(local vs distant). Other independent factors of sur-
vival include age, male sex, tumor stage, and type of 
surgery. 
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Background: Surgical outcomes for Pancoast (superior sulcus) tumors of the lung have significantly 
changed during the last few decades and have improved with use of curative-intent surgery by utilizing 
en bloc complete resections.
Methods: A retrospective analysis was conducted of 11 selected patients treated at Moffitt Cancer Center from 
2007 to 2016. Data from patient records were collected and analyzed.
Results: All 11 patients with a Pancoast tumor involving the first rib had their T1 root preserved at surgery. In 
10 patients (90.9%), the tumor was removed en bloc. Clear margins of resection were documented in 4 cases 
(36.0%). No patient developed postoperative hand weakness, but 3 patients (27.3%) had minor postoperative 
complications, including air leak, chylothorax, and pericardial effusion. One iatrogenic injury to the subclavian 
artery was reported during surgery; the injury was subsequently repaired. No operative mortality was reported.
Conclusions: Radical resection of Pancoast tumors is considered to be safe, and preserving the T1 nerve root 
provides more favorable, functional outcomes.

Introduction
Pancoast tumor of the lung, also known as superior 
sulcus tumor, constitutes a special variant of lung car-
cinoma localized at the apex of either lung. These carci-
nomas comprise 3% to 5% of all cases of non–small-cell 
lung cancer cases, most commonly squamous cell car-
cinoma.1 Up to 5% of Pancoast tumors are small cell 
carcinomas.2 Originally described by Pancoast3 in the 
early 20th century, these tumors were considered to 
have a uniformly fatal prognosis. By employing com-
bined triple-modality treatment using chemoradio-
therapy with surgical resection, as described by the 
Southwest Oncology Group (SWOG),4 outcomes have 
changed and 5-year survival rates have been markedly 
improved (≤ 55% with complete resection).5

Although radical resection is often considered the 
key element to increased survival following induction 
chemotherapy or chemoradiotherapy, it may be associ-
ated with some degree of functional compromise.1 Al-
though the T1 nerve root is not the main contributor 
of hand muscle function (by contrast to the C8 nerve 

root), its involvement and consequent sacrifice by vir-
tue of involvement of the first rib contributes to some 
degree of functional impairment from paresis of the ip-
silateral hand. 

In this study, we report our experience with en 
bloc resection of the tumor along with the first rib, 
with concomitant preservation of the T1 nerve root.

Methods
Study Protocol and Patient Population
A retrospective cohort analysis was performed of pa-
tients undergoing surgical resection for Pancoast tu-
mors with concomitant preservation of T1 nerve root 
between 2007 and 2014 at the H. Lee Moffitt Cancer 
Center & Research Institute (Tampa, Florida). 

Data Collection 
Eleven patients with Pancoast tumors who underwent 
surgical treatment and T1 nerve root preservation were 
included in the study. Electronic medical records for 
these patients were reviewed. Demographical infor-
mation, preoperative clinical characteristics, postop-
erative assessments, and long-term follow-up data (if 
available) were extracted.

Primary End Point
The primary purpose of this study was to assess the 
oncological and functional outcomes of patients un-
dergoing surgical resection for Pancoast tumors with 
T1 nerve root preservation. 

Presurgical Evaluation 
All patients were initially evaluated by a thoracic onco-
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logical surgeon and subsequently by a neurosurgeon. 
Pretreatment computed tomography (CT)–guided nee-
dle biopsy was performed to confirm the diagnosis in 
all cases. For operative planning, patients were evalu-
ated with contrast-enhanced CT of the chest and mag-
netic resonance imaging (MRI) of the brachial plexus. 
Positron emission tomography (PET) was obtained 
for staging to rule out any local or systemic metasta-
ses. MRI of the brain for staging was also routinely ob-
tained prior to treatment. Fig 1 shows the MRI results 
of a patient with a Pancoast tumor.

At the time of the neurosurgical consultation, 

based on imaging and clinical findings, spinal instru-
mentation was made available during surgery. The 
SWOG protocol for preoperative chemotherapy, con-
sisting of 2 cycles of cisplatin and etoposide, with con-
current radiotherapy (45 Gy) was used in the earlier 
cases, and preoperative chemotherapy alone was given 
in the most recent 5 cases.4 If the pathology specimen 
margins were microscopically positive for the tumor, 
an additional radiation dose of 20 Gy was postopera-
tively administered. Alternatively, patients who did 
not receive preoperative radiotherapy were given a 
dose of 60 Gy in cases of R1 resection (microscopi-

Fig 1A–D. — (A) Sagittal, (B) coronal, and (C) axial views of magnetic resonance imaging from a patient with a Pancoast tumor involving the T1 ver-
tebral body and the (D) lower brachial plexus.
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cally positive margins) or 70 Gy 
in cases of R2 resection (grossly 
positive margins); radiotherapy 
was always postoperatively ad-
ministered to the tumor bed. 

A unique multidisciplinary 
approach for Pancoast tumors 
has been put into place at Moffitt 
Cancer Center. Fig 2 illustrates the 
algorithm of the steps to be fol-
lowed, starting with the diagnosis 
and going through the selected 
treatment plan for Pancoast tu-
mors. In our more than 20 years 
of experience, no patient has had 
R2 resection or N2 (ipsilateral me-
diastinal) positive nodes. 

Statistical Analysis
A descriptive analysis was per-
formed; qualitative variables were 
reported as frequencies and pro-
portions, whereas quantitative 
variables were reported as mean 
plus or minus standard deviation. 
Differences across the mean pre-
operative and postoperative sub-
jective pain scores were obtained 
by an independent sample t test. 
A type 1 error at 5% was set as 
being statistically significant. All 
analyses were 2-tailed and per-
formed using SPSS version 22.0 
(IBM, Armonk, New York). 

Surgical Technique
At Moffitt Cancer Center, the 
surgical resection is jointly per-
formed by a thoracic oncological 
surgeon and a neurosurgeon.2 
The operative plan consists of 
posterolateral thoracotomy with 
upper lobectomy or segmental 
resection of the tumor by the tho-
racic oncological surgeon, with 
the neurosurgeon performing en 
bloc resection of the tumor along 
the posteromedial, superior chest 
wall, the brachial plexus, and 
spine (if involved).

The patient is placed in the 
lateral decubitus position with 
the lung deflated using a double-
lumen endotracheal tube. The initial thoracotomy inci-
sion is posteriorly and superiorly extended, parallel to 
the medial border of the scapula. The trapezius muscle 

is inferiorly transected along the incision and the me-
dial attachment of the trapezius and rhomboid muscles 
to the spine are detached, allowing mobilization of 
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Fig 2. — Flowchart illustrating the multidisciplinary approach to Pancoast tumors at  
Moffitt Cancer Center.
ABG = arterial blood gas, CT = computed tomography, MRI = magnetic resonance imaging,  
PET = positron emission tomography, PFT = pulmonary function test.
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the scapula and exposure of the upper chest wall. Ini-
tially, the lateral chest wall cuts are made to the first 
and typically the second and third ribs, as required. 
A window of approximately 1 cm in the chest wall al-
lows visualization of the upper chest cavity during the 
surgery. Caution should be exercised while resecting 
the anterior segment of the first rib to avoid injuries 
to the overlying subclavian vessels by periosteal dis-
section and bone removal. The underlying intercostal 
nerves and vessels are distally cut, together with the 
ribs. Subsequently, ipsilateral paraspinal muscles are 
partially dissected off the transverse processes, expos-
ing the lateral aspect of the facet joints and pars as well 
as the transverse processes. Using a small osteotome, 
the transverse processes are removed. The costover-
tebral ligaments are cut and a Cobb elevator is placed 
between the head of the rib and the lateral aspect of 
the vertebral body. By elevating the proximal rib, the 
exiting nerve roof is stretched, clipped, and cut (for T2 
and below). 

For the T1 nerve root, special attention is given, 
both at the foramen and distally at the plexus, supe-
rior to the first rib. The attachments of the scalenus 
muscles to the first rib must be carefully dissected un-
til the inferior part of the brachial plexus is exposed. 
The C8 nerve root above the first rib and the junction 
of the T1 nerve root with the former superiorly and lat-
erally to the first rib is visualized. The T1 nerve root is 
subsequently traced proximally along its course pos-
terior to the proximal segment of the first rib. If the 
surgeon has difficulty in identifying the proximal T1 
nerve root, then removal of the lateral aspect of the 
pars-facet complex may be required at the T1 to T2 lev-
el. Fig 3 shows key anatomical landmarks and their re-
lation to the Pancoast tumor during surgical dissection.

Following identification of the T1 nerve proxi-
mally and distally, mobilization of the tumor is initi-
ated. The portion of chest wall for resection is inferi-
orly pushed to identify the subclavian artery and the 
stellate ganglion. Tumor extension to involve the latter 
structure requires cutting the ganglion as low as pos-
sible to avoid Horner syndrome. The proximal first rib 
must be carefully rotated between the C8 and T1 nerve 
roots and inferiorly pushed together with the rest of 
the specimen, which is then marked for orientation, 
and the entire specimen with the en bloc attached tu-
mor and lung tissue is sent to pathology. 

This description of the resection is applicable to 
the majority of Pancoast tumors involving the chest 
wall. In the event that the tumor invades the lateral 
aspect of the vertebral body, the paraspinal muscle is 
severed and retracted, following which unilateral lam-
inectomy is performed. Following the clipping of the 
involved nerve roots proximal to the ganglion, osteot-
omy medial to the pedicle is performed. Pedicle screw 
instrumentation or single-rod vertebral body screw 

placement is then used, if necessary (Fig 4).
Intraoperative somatosensory-evoked poten-

tial monitoring is used with all surgical procedures 
directly involving vertebrae. If concerns exist about 
close soft-tissue surgical margins, then an intraoper-
ative frozen section evaluation of the surgical speci-
men is performed.

Follow-Up Care
At Moffitt Cancer Center, the initial inpatient postop-
erative care is primarily handled by the thoracic onco-
logical surgeon in conjunction with the neurosurgeon; 
this is because any potential complications or prob-
lems are likely to be related to the lung resection. Pa-
tients are then evaluated in the outpatient clinic 2 to 
3 weeks following surgery by the thoracic oncological 
surgeon and the radiation oncologist. The neurosurgi-
cal evaluation occurs within 8 to 12 weeks following 
surgery, after which most of the neurological outcome 
is apparent. At 6 weeks, adjuvant radiotherapy at a 
dose of 65 Gy is delivered to the tumor bed in patients 
who only received preoperative induction chemothera-
py. Long-term follow-up care is usually coordinated by 
the medical oncologist and radiation oncologist.

Results
The mean age of the 11 patients who underwent 
surgical management for Pancoast tumors was  

Fig 3. — Illustration of the anatomical considerations for resecting a 
Pancoast tumor while preserving the T1 nerve.
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60.8 ± 11.8 years (range, 43–81 years; median, 59 years), 
and 82% (n = 9) were men. Their mean height, 
weight, and body mass index were 172.1 ± 7.3 cm, 
69.4 ± 10.7 kg, and 23.5 ± 3.9 kg/m2, respectively. 
Their mean subjective preoperative pain score was 
4.4 ± 2.9; this score improved early on following sur-
gery to 4.1 ± 2.2, although this was not statistically 
significant (P = .598). 

All patients presented with radicular thoracic pain, 
and none had any evidence of metastasis on pretreat-
ment evaluation. All patients were evaluated by the 
same thoracic and neurosurgical team. The SWOG 
regimen4 was followed in most patients, except in the 

most recent 5 patients (45%); these patients received 
preoperative chemotherapy alone. In 2 patients 
(18%), chemoradiotherapy or radiotherapy did not 
precede resection; rather, full-dose radiotherapy 
was postoperatively administered. Subclavian artery 
involvement was seen in 2 patients (18%), 1 of whom 
had an iatrogenic injury that was intraoperatively re-
paired. Two patients (18%) required intraoperative 
spinal instrumentation. The rate of mean blood loss 
was 436 ± 408 mL. Four patients (36%) had margins 
free of disease based on the results of the final patho-
logical evaluation. In all cases, postoperative function 
of the hand was normal. Although preservation of the 
T1 nerve root in its continuity could be achieved for 
all 11 patients, 1 patient (9%) developed hypothenar 
atrophy with altered sensation along the C8 and T1 
distribution but without significant hand weakness.

Three patients (27.3%) developed postoperative 
complications, including late pericardial effusion 
1 month after surgery, persistent air leak, and chy-
lothorax (n = 2) that required repair with re-entry 
thoracotomy at 1 week. No operative mortality was 
reported. Of the 11 patients, 5 died within a mean 
of 21.9 months following surgery. Causes of death 
included distant metastasis to the brain (n = 1) and 
adrenal metastases (n = 1); these patients developed 
metastases 14 and 15 months after lung surgery, re-
spectively. Three additional patients died a mean 
of 15 months after surgery, but the causes of these 
deaths were unknown because the patients were lost 
to follow-up. 

Discussion
The management of Pancoast tumors has signifi-
cantly changed during the last few decades. Locally 
advanced disease with invasion into the vertebral 
bodies was historically considered a relative contrain-
dication for surgery. Komaki et al6 reported a signifi-
cantly improved survival rate in these patients who 
underwent surgical resection compared with those 
who did not. Gandhi et al7 reported outcomes in pa-
tients with Pancoast tumors with vertebral involve-
ment who were preoperatively treated with radio-
therapy, and they reported an increase in the 2-year 
survival rate among those treated with combined mo-
dality therapy compared with those given monothera-
py. SWOG researchers4 reported a 5-year survival rate 
of 54% in patients with T3-4N0 disease who under-
went complete R0 surgical resection following preop-
erative, concurrent chemotherapy and radiotherapy. 

Concurrent induction chemoradiotherapy has 
been the standard of care since 2001, which is when 
the Intergroup Pancoast tumor trial results were pub-
lished.4 However, in this study population (perfor-
mance status 0–1), the induction chemoradiation regi-
men was so toxic that a treatment-related mortality rate 

Fig 4. — Postoperative (A) lateral and (B) anteroposterior radiographs 
show the instrumentation used in a patient after a more extensive resec-
tion of the tumor.

A

B



300  Cancer Control July 2016, Vol. 23, No. 3

of 2.7% was observed, and only 76.0% of all study pa-
tients underwent potentially curative surgery.4 

Despite improving options for chemotherapy and 
radiotherapy, gross complete surgical resection re-
mains fundamentally important for better rates of sur-
vival, although some neurological compromise may 
be seen. Such compromise is generally related to the 
anatomical nature of tumor involvement in the neu-
rovascular structures, including the subclavian artery 
and vein and the lower brachial plexus trunks. In 2007, 
Davis et al8 described how Paulson routinely dissected 
the lower plexus to obtain radical resection. In 1975 
Paulson9 reported a 5-year survival rate of 34% with 
preoperative radiotherapy and surgical resection. Ac-
cording to Davis et al,8 Shahian et al10 were the first to 
report on postoperative functional outcomes with radi-
cal nerve root resection. In other published series, the 
T1 nerve root was either resected or not reported.11-13

The report by Davis et al8 was the initial series that 
reported on T1 preservation as a key element of sur-
gical treatment in this patient population. Although it 
was a small series (n = 7), complete tumor resection 
with sparing of the T1 nerve root was achieved in 
5 patients (71%).8 Preoperative chemoradiotherapy was 
performed and the resection was jointly carried out by 
a thoracic surgeon and a neurosurgeon, which is simi-
lar to our patient cohort. Following this paradigm, the 
group achieved a 2-year survival rate of 80% and nor-
mal hand function.8

In our series of 11 patients for whom the T1 nerve 
root was preserved during surgery, 5 patients (45%) re-
ceived preoperative chemotherapy, 4 (36%) received 
preoperative chemoradiotherapy, and 2 patients 
(18%) received postoperative radiotherapy alone. The  
long-term survival rate with these varying approaches 
is still pending evaluation. 

During the last 5 years, we have adopted an ap-
proach of 3 cycles of preoperative chemotherapy alone 
followed by surgical resection at 3 to 5 weeks, then fol-
lowed by full-dose radiotherapy (65 Gy) at the tumor 
bed. After induction chemotherapy alone, typically a 
clear dissection plane can be seen for surgery; this is 
critical for radical resection and helps to minimize in-
traoperative complications. This chemotherapy-alone 
approach has lower rates of morbidity and helps to fa-
cilitate surgical resection; full-dose radiotherapy post-
operatively is also possible, which is especially impor-
tant for local control if close or microscopically positive 
margins are present. 

In an unpublished series, nearly 100% of study 
patients completed therapy, including surgery, and 
toxicity related to the induction regimen was not a 
limiting factor (compared with concurrent chemora-
diotherapy; Lary A. Robinson, MD, personal commu-
nication, June 8, 2016). The long-term results of this 
modified, preoperative chemotherapy-alone approach 

compared with standard preoperative chemoradio-
therapy are being analyzed in a large series at Moffitt 
Cancer Center (LAR, June 8, 2016). 

Similar to a prior series,14 a relative high rate of 
cerebral metastasis (27%; n = 3) and local recurrence 
(9%; n = 11) was observed in our series after long-term 
follow-up. Based on our experience, free surgical mar-
gins and maximal multimodality therapy did not pre-
clude the occurrence of late cerebral metastases. MRI 
of the brain is not a routine part of the treatment plan 
for long-term follow-up, and it is only preoperatively 
performed. 

The results of T1 nerve root functional preserva-
tion in our series are similar to those of Davis et al,8 
with approximately 91% of patients having good func-
tional, postoperative outcomes. One patient (9%) had 
ipsilateral hypothenar atrophy and altered sensation 
along the distribution of the C8 and T1 nerve roots, 
thereby correlating with the anatomical preservation 
of T1 nerve root intraoperatively. Preoperative chemo-
therapy alone facilitated the optimal dissection, owing 
to tumor shrinkage, maintenance of more visible dis-
section planes, and satisfactory clinical outcomes.

Limitations
The primary limitations of this study are those related 
to its retrospective nature, including inherent selection 
bias and a smaller sample size. This study focused on 
describing the functional outcomes of a select group of 
patients with Pancoast tumor who underwent T1 nerve 
root preservation. Inferential statistics were not feasi-
ble to explore other clinical parameters.

Conclusions
With technical advancements, surgical resection for 
Pancoast tumors appears to be a feasible therapeu-
tic option that should be pursued using a multidisci-
plinary team approach. Induction chemoradiotherapy 
or chemotherapy alone preceding surgical resection 
provides overall improvements in resectability and sur-
vival rates. Meticulous intraoperative dissection with 
complete resection by a multidisciplinary surgical team 
will generally lead to improved functional outcomes by 
preserving the T1 nerve root and without sacrificing 
oncological principles. 
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Background: Cancer survivors remain at increased risk for secondary malignancies, comorbidities, and 
all-cause mortality. Lifestyle behaviors, such as diet and physical activity, are strongly linked to a decreased 
risk of chronic disease and improved health outcomes, yet a paucity of research has been conducted in this 
vulnerable population. 
Methods: Adult cancer survivors were recruited to participate in Growing Hope, an experimental single-group 
study designed to assess the feasibility and efficacy of a theory-driven and evidence-based intervention. For 
4 months, 22 participants received group and individual education and had access to harvesting fresh produce 
at an urban garden. Data on program satisfaction, compliance, diet, and physical activity were collected via 
surveys; anthropometrics, blood values, and skin carotenoids were objectively measured. 
Results: The intervention resulted in significant improvements in consumption of fruits and vegetables  
(P = .003), decreased consumption of red and processed meats (P = .030) and sugar-sweetened beverages  
(P = .020). Levels of skin carotenoids, fasting blood glucose, and non–high density lipoprotein cholesterol were 
also significantly improved (P = .011, P = .043, and P = .05, respectively). 
Conclusions: The results of this study support the feasibility and efficacy of a multifaceted, garden-based 
intervention for cancer survivors. In addition, these preliminary results demonstrate a positive impact align-
ing with the current lifestyle recommendations for cancer survivorship. Larger randomized controlled trials 
are warranted to define impact on sustained health outcomes.

Introduction
Advances in early cancer detection and treatment have 
increased the number of Americans who survive cancer.1 
In 1971, cancer survivors were numbered at 3 million; 
by 2022, the number of survivors is expected to exceed 
18 million.2 Yet the completion of active cancer treat-
ment frequently does not signal an end to the disease 
or its ill effects. Cancer survivors often face ongoing 
medical issues as well as emotional and financial chal-
lenges.3-6 In addition, survivors remain at increased 
risk for recurring primary cancers and secondary ma-
lignancies as well as comorbidities such as osteoporosis, 

cardiovascular disease, and type 2 diabetes mellitus.7-9 
Long-term secondary effects of treatment often affect 
this population, resulting in higher rates of all-cause 
mortality.10,11 

Cancer survivors often lack consistent follow-up 
care and management as they transition from active 
patient with cancer to a cancer survivor.3,4,12 For many, 
the encounter with cancer provides a renewed appre-
ciation for health and an opportunity for empowerment. 
Survivors demonstrate a desire to take “ownership” of 
their own health and make changes that enhance or con-
tribute to the success of cancer therapy, the amelioration 
of treatment-related toxicity, and the overall quality of 
survivorship. 

Modifiable lifestyle behaviors, including consum-
ing a plant-based diet and engaging in physical activ-
ity, have been shown to increase the quality of life in 
cancer survivors.13,14 More than 35% of cancer-related 
deaths are estimated to have been prevented by diet, 
physical activity, and other lifestyle modifications.13,15,16 
However, the dietary and physical activity patterns of 
the majority of cancer survivors mirror that of the US 
population and remain suboptimal.17 Most cancer sur-
vivors consume diets high in saturated fat and low in 
fruits, vegetables, and whole grains, and they often fail 
to meet physical activity guidelines.7,18 

Impactful programs regarding diet, nutrition, 
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and lifestyle are critical for survivorship. Modifi-
able lifestyle behaviors, including engaging in regu-
lar physical activity, consuming a plant-based diet, 
and maintaining a healthy body weight, have been 
shown to improve outcomes, overall functioning, 
and quality of life among cancer survivors.17,19-21 Ex-
pert committees, such as the American Institute 
for Cancer Research/World Cancer Research Fund 
and the American Cancer Society, have defined  
evidence-based recommendations for physical ac-
tivity and dietary patterns relative to cancer sur-
vivors.13,14,22,23 Results of the largest prospective 
study on diet and lifestyle behaviors of more than  
520,000 individuals revealed that participants with 
the greatest adherence to the American Institute for 
Cancer Research/World Cancer Research Fund guide-
lines had a 34% lower rate of death from all causes, 
including cancer-related death, than those with the 
lowest concordance with the recommendations.24 Be-
cause lifestyle behaviors are influenced by a myriad 
of factors, the Academy of Nutrition and Dietetics rec-
ommends interventions that address several key com-
ponents, rather than targeting any single factor, when 
creating programs to facilitate behavioral change.25,26

Purpose
The purpose of this study was to determine the fea-
sibility, acceptability, and preliminary efficacy of a 
multifaceted, evidence-based intervention for cancer 
survivors transitioning out of active treatment and or-
chestrated around a season of herb, fruit, and vegeta-
ble harvesting in an urban garden.

Methods
Participants and Recruitment
Adult cancer survivors were recruited from the James 
Cancer Hospital and Solove Research Institute (Co-
lumbus, OH) at The Ohio State University (OSU) 
Comprehensive Cancer Center, its associated on-
cology clinics, and its affiliated JamesCare for Life  
community-based cancer survivor outreach program. 
Study brochures were distributed, and interested indi-
viduals were instructed to e-mail the study coordinator 
and complete an 11-item eligibility screening. 

Participation inclusion criteria included: adults 
18 years of age or older, an English speaker, access to 
the Internet, basic computer skills, and cancer survi-
vors who had completed active cancer treatment (che-
motherapy, radiotherapy, and/or surgery) within the 
previous 24 months. Use of adjuvant hormone therapy 
was acceptable. Exclusion criteria were: cognitively un-
able to provide informed consent, had physical or men-
tal limitations that would prevent full participation in 
the program, receiving active cancer treatment, preex-
isting medical conditions that precluded unsupervised 
physical activity (eg, severe orthopedic conditions, un-

stable angina), taking medications that did not allow 
for increased intake of fruits and vegetables (eg, warfa-
rin), planning to begin medications during the course 
of the intervention, use of select nonprescription sub-
stances (eg, herbs, botanical products), active metabol-
ic or digestive illnesses (Crohn disease, celiac disease, 
irritable bowel syndrome), renal or hepatic insufficien-
cy, cachexia, or women who were pregnant. All study 
procedures were approved by the Institutional Review 
Board and informed consent was obtained from all in-
dividual participants included in the study.

Study Design
This single-arm study was designed to assess feasi-
bility and compliance with a novel and multifaceted 
intervention. Drawing on successful theoretical prin-
ciples specific to cancer survivorship, the interven-
tion was based on social cognitive theory framework 
and supplemented by motivational interviewing.27-29 
After completion of baseline clinical, anthropomet-
ric, and dietary assessments, study participants were 
involved in a multifaceted intervention focusing on 
cancer survivor–specific nutrition, physical activity, 
and behavioral modifications delivered within a gar-
den setting. The 4-month intervention components 
included13,14,22,23,30: 

• Harvesting produce (fruit, vegetables, herbs) 
≥ 3 times/week at an urban garden aligned with 
a comprehensive cancer center supported by the 
National Institutes of Health

• Biweekly group education classes structured 
around evidence-based cancer survivor guidelines

• Access to remote motivational interviewing coach-
ing by a trained registered dietitian nutritionist

• Access to a secure online web portal to provide 
lifestyle behavior recommendations and survivor-
specific health and wellness tips, recipes, and 
other resources 
At the end of the 4-month intervention, the clinical, 

anthropometric, and dietary assessments were repeated.
Garden Harvesting and Tracking: JamesCare 

for Life, an extension of the OSU Comprehensive Can-
cer Center, provides resources and services to assist 
cancer survivors and their families during their can-
cer journey. Among the offerings at JamesCare for Life, 
programs to educate cancer survivors on the critical 
role of nutrition, physical activity, and other modifiable 
lifestyle behaviors for cancer prevention and survivor-
ship are available. One such program is the Waterman 
Farm’s Garden of Hope, a community garden estab-
lished in 2012, which is supported by the OSU College 
of Food, Agriculture, and Environmental Sciences. The 
garden is a 2.5-acre plot with herbs, fruits, and vege-
tables. Cancer survivors enrolled in the JamesCare for 
Life program were permitted to harvest up to 3 times 
per week (in 2-hour blocks) during the growing season 
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(typically May to October) free of charge. 
Prior to harvesting at the Garden of Hope, par-

ticipants attended a mandatory garden orientation 
to complete registration forms, receive harvesting in-
structions, become familiar with the policies and pro-
cedures of Waterman Farm, and meet the support staff 
at JamesCare for Life. At this orientation, participants 
were given a red harvest bag and a registration card 
with a unique bar code to electronically track the num-
ber of harvests attended throughout the season. 

At the harvest check-in station, participants pre-
sented their Garden of Hope registration cards to staff 
at JamesCare for Life. Using a mobile scanning device, 
the staff members at JamesCare for Life scanned each 
participant’s unique bar code to track harvest visits. 
During each 2-hour harvest block, Garden of Hope 
registrants were encouraged to fill up their red bag 
with fresh garden produce and interact with dietetic in-
terns and dietitians that attended each harvest. These 
trained volunteers were accessible to participants and 
provided safe food-handling tips, recipe suggestions, 
nutrition education, harvesting assistance, and addi-
tional motivation and support.30 

Group Education and Training: In addi-
tion to harvesting, study participants attended 10 ex-
pert-led classes in a group setting focusing on cancer  
survivor–specific guidelines. These 1-hour classes, 
presented in a conference room adjacent to the gar-
den, were held biweekly on Monday evenings, and 
they offered in-depth discussions of evidence-based 
survivorship guidelines. Each class focused on a dif-
ferent recommendation and detailed evidence behind 
the recommendation, application of the guidelines 
into practice, and behavioral regulation guidance 
(goal setting, overcoming barriers, coping strategies, 
and self-management). In addition, each class ended 
with a cooking demonstration that utilized produce 
harvested from the garden that day to demonstrate 
safe food-handling and preparation methods, to share 
healthy recipes, and to serve as an example of translat-
ing guidelines into practice. The chef and dietitians at 
the medical center led these cooking demonstrations. 

Motivational Interviewing: Motivational in-
terviewing is a clinical practice that grew out of theo-
retical and practical considerations. Motivational in-
terviewing relies on both relational aspects between 
interventionist and client as well as behavioral rein-
forcement.31 Our motivational interviewing coach was 
a registered dietitian nutritionist trained and compe-
tent in motivational interviewing techniques as well 
as medical nutrition therapy, theoretical behavioral 
constructs, oncology, and sports nutrition.29,31 Partici-
pants communicated with the motivational interview-
ing coach via e-mail, text, voice-over internet proto-
col methods, or phone throughout the intervention. 
In addition to monitoring participant progress each 

week, the motivational interviewing coach sent weekly  
e-mails, text messages, or both to encourage adher-
ence to the recommendations and to emphasize the 
key points of the group education sessions. 

Web Portal: Participants were provided unlimited 
access to a secure web portal where they could access 
additional evidence-based lifestyle recommendations, 
current research, cancer survivor–specific health and 
wellness tips, recipes utilizing produce from the gar-
den, links to external websites with evidence-based 
content, nutritional information, and updated lists of 
the produce ready to harvest each week at the garden. 
Participants also had access to the group education cal-
endar that listed expert presenters, class topics, and 
objectives. The web portal also housed electronic cop-
ies of all class handouts, slides, and recipes from each 
session. 

Data Collection and Analysis
Medical, dietary, and lifestyle questionnaires were 
collected at baseline (month 0) and immediately pos-
tintervention (month 4). Similarly, objective anthropo-
metric and clinical biomarkers were collected at the 
baseline and postintervention periods during clinical 
laboratory visits. To obtain additional programmatic 
feedback, participants completed a class evaluation 
after each group education session throughout the 
program. Study data were collected and managed us-
ing the Research Electronic Data Capture data capture 
tools hosted at OSU.32

Feasibility
To determine feasibility, the  reach, adoption, adher-
ence, and acceptability of the program were mea-
sured.33 Each component of the intervention was also 
evaluated for translation of research into practice.34,35 
Reach of the program was measured via recruitment 
and enrollment logs. Adoption of the program was 
evaluated through participant retention and question-
naires. Tracking of participation at all harvests and 
group education sessions were tallied throughout the 
intervention to further define compliance and use of 
the program. To assess acceptability of the interven-
tion, individual group education evaluations and over-
all programmatic satisfaction surveys were completed. 

Dietary Intake 
The validated, 26-item Dietary Screener Questionnaire 
developed by the National Cancer Institute was used 
to evaluate dietary intake.36 This screening tool assess-
es the frequency of consumption of a wide variety of 
foods and beverages. Participants were asked to report 
their frequency of consumption of food items during 
1 month prior, and these data were used to estimate 
intakes of fruits, vegetables, red and processed meats, 
dairy, and added sugars. 
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Clinical Measurements
Participants completed laboratory visits at baseline and 
postintervention to assess clinical and biological indi-
ces of health risk. Prior to these laboratory visits, par-
ticipants were instructed to adhere to a 12-hour fast-
ing period, hydrate, and abstain from vigorous exercise 
and alcohol consumption 72 hours prior to the visit. 
Fasting samples were collected between 7:00 and 
10:00 am to control for diurnal variation.

Anthropometric data (height, weight) were collect-
ed to calculate body mass index.37 Participants were 
weighed wearing light clothing and without shoes on 
a standard and calibrated digital scale, standing height 
was measured, and blood pressure was obtained. 

Capillary blood samples were taken by trained 
personnel using standardized sterile techniques. Lipid 
profile and blood glucose screening with a single fin-
ger stick were performed. Skin carotenoid levels were 
measured with a scanner that uses Raman spectrosco-
py to estimate skin carotenoids. The scanner has been 
demonstrated to be sensitive, reproducible, and correl-
ative with both plasma carotenoid levels and fruit and 
vegetable intake.38-44 

Statistical Analysis 
Descriptive statistics were generated for all demo-
graphical and outcome measurements. All analyses 
were performed using SPSS version 21 (IBM SPSS Sta-
tistics, Armonk, NY). Compliance was assessed using 
attendance records from harvests and the group educa-
tion classes. Participants were considered compliant if 
they attended 75% of the offered sessions. 

Statistical analysis for the effect of the interven-
tion on anthropometric, dietary, and clinical mea-
sures were conducted by comparing the prestudy 
and poststudy scores. The hypothesis of no change in 
these variables was tested with paired t tests to deter-
mine which were significantly different. The P values 
of the individual t tests were adjusted via a Bonferroni 
correction. Statistical analysis for efficacy of the inter-
vention was performed using descriptive statistics for 
the outcome variables. A paired t test was performed 
to assess the significance of the shift in the relevant 
outcomes variables. 

Results
The recruitment goals for this intervention were met 
within 4 weeks. A total of 35 adult cancer survivors 
were screened for eligibility and 25 (n = 20 women, 
n = 5 men) were deemed eligible and enrolled. During 
the course of the intervention, 3 female participants 
withdrew from the study secondary to cancer recurrence 
or related health concerns (n = 2) or personal issues 
that interfered with full participation (n = 1). Of the final 
cohort (N = 22), the majority was white and women; 
the mean age was 62 years and the mean age of ini-

tial cancer diagnosis was 59 years (Table 1). Breast and 
prostate cancers were the most prevalent primary can-
cers reported in this cohort (see Table 1). 

A total of 88% of participants completed preinter-
vention and postintervention questionnaires, 80% at-
tended both laboratory visits, and 73% completed the 
postintervention programmatic evaluation. Overall 
study retention was high at 88% (n = 22/25), and no ad-

Table 1. — Baseline Characteristics of Study Participants  
(N = 22)

Demographics No. of 
Participants, 

n (%)
Age, y Start of study 61.7 (mean)

Primary cancer diagnosis 59.3 (mean)

Sex Male 5 (22.7)

Female 17 (77.3)

Race/Ethnicity Black/African American 1 (4.5)

White 21 (95.5)

Othera 0 (0)

Marital Status Married 13 (59.1)

Divorced 6 (27.3)

Never married 1 (4.5)

Widowed 2 (9.1)

Otherb 0 (0)

Education Completed < grade 12 0 (0)

Completed ≥ grade 12 or 
General Education  
Development equivalent

3 (13.6)

Completed 1–3 y college 2 (9.1)

Completed ≥ 4 y college 7 (31.8)

Earned professional or 
graduate degree

10 (45.5)

Employment Employed or self-employed 10 (45.5)

Retired 9 (40.9)

Homemaker 3 (13.6)

Annual Household 
Income, $

≤ 19,999 0 (0)

20,000–24,999 2 (9.1)

25,000–34,999 2 (9.1)

35,000–49,999 2 (9.1)

50,000–74,999 3 (13.6)

≥ 75,000 9 (40.9)

Prefer not to answer 4 (18.2)

Primary Cancer Breast 12 (54.5)

Prostate 4 (18.2)

Otherc 6 (27.3)
aAmerican Indian, Asian, Hispanic, not specified, and Pacific Islander. 
bSeparated or domestic partner. 
cColorectal, endometrial, leukemia, lung, lymphoma, melanoma, not 
specified, ovarian, skin, thyroid, and tonsillar. 
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verse events were reported as part of this study.
The results of the postintervention program-

matic evaluation showed that more than 90% of the 
participants reported the dates and times for both 
harvesting (Monday evening, Thursday morning, 
Saturday morning) and biweekly group classes (Mon-
day evenings) were convenient (Table 2). All par-
ticipants rated the overall program as either “very 
good” or “excellent” and would recommend the pro-
gram to other survivors, and they also reported that 
the program helped them achieve better adherence 
to the evidence-based dietary recommendations and 
had a positive impact on their health (see Table 2).  
Open-ended participant feedback from the postinter-
vention evaluation appears in Table 3.

On average, participants harvested 1.5 times per 
week during the 4-month growing season. The mean 
attendance rate for the group education was 73% 
(n = 16). Objectively, participants rated each separate 
education class positively utilizing a Likert-type scale 
(0–5). More than 90% of participants rated the edu-
cational sessions as “very good” or “excellent” (see 
Table 2). Overall, 95% of session attendees “agreed” or 
“strongly agreed” that expert presenters met the class 
objectives. Subjective data were also positive on all 
postclass evaluations, with recurring statements that 
included words like “educational,” “informative,” and 
“entertaining” (see Table 3).

Fifteen of the participants (68%) utilized the mo-
tivational interviewing coach and all of them indicat-
ed they would utilize the motivational interviewing 
coach if offered again in the future. Furthermore, 93% 
of those participating in the motivational interview-
ing coaching “agreed” or “strongly agreed” that indi-
vidualized motivational interviewing reinforced the 
group education sessions. When asked to describe 
the most beneficial part of the motivational interview-
ing coach, the majority of comments indicated satis-
faction: Recurring phrases praised the accessibility, 
knowledge, and support of the motivational inter-
viewing coach (see Table 3).

Sixteen participants (73%) utilized the web portal 
with mixed results related to ease of use. Fifteen (94%) 
of the portal users “somewhat” or “strongly” agreed the 
web portal reinforced the group education objectives 
and key topics. Of those who did not utilize the web 
portal, qualitative feedback included difficulty with 
portal access (log in), frustration navigating through 
the portal efficiently, and a preference for in-person or 
telephonic correspondence (see Table 3). 

Based on the dietary intake data, participant ad-
herence to the evidence-based guidelines for cancer 
survivorship improved during the course of the inter-
vention. Significant improvements included increased 
consumption of fruits and vegetables (P = .003), de-
creased consumption of added sugars (P = .020), and 

decreased red and processed meat intake (P = .030; 
Fig). No participants reported smoking at baseline or 
postintervention, and all participants reported alcohol 
consumption within the recommended goal range at 
both baseline and postintervention. 

Positive trends were noted in multiple clinical in-
dices of health (Table 4). Blood pressure was the single 
variable that did not trend positively, yet the difference 
was clinically insignificant. Significant changes were 
noted in values of fasting blood glucose, non–high 

Table 2. — Comprehensive Postintervention  
Programmatic Evaluation 

Question Response No. of  
Responses,  

%
Were the Garden of Hope harvesting 
times (Monday evening and Thursday 
and Saturday mornings) scheduled  
at a convenient time for you?

Yes 15 (93.8)

No 1 (6.3)

Were the group educational classes 
(Monday evenings at 6 pm) scheduled 
at a convenient time for you?

Yes 16 (100)

No 0 (0)

How would you rate the group educa-
tional sessions?

Poor 0 (0)

Fair 0 (0)

Good 1 (6.3)

Very good 8 (50.0)

Excellent 7 (43.8)

Did the program help you to achieve 
better dietary patterns that more 
closely aligned with the evidence-
based recommendations (primarily 
plant-based, rich in whole grains, 
fruits, and vegetables and low in 
sodium, simple sugars, and red/
processed meats)?

Yes 16 (100)

No 0 (0)

Did the program impact your overall 
health in a positive way?

Yes 16 (100)

No 0 (0)

Did the program provide you with a 
sense of community and support?

Yes 15 (93.8)

No 1 (6.3)

Which program activity was the most 
effective for you?

Group 
classes

9 (56.3)

Harvesting 4 (25.0)

Remote  
motivational 
interviewing 

coaching

1 (6.3)

Web portal 2 (12.5)

Would you recommend this program 
to other survivors?

Yes 16 (100)

No 0 (0)

How would you rate the Harvesting 
Health Program as a whole?

Poor 0 (0)

Fair 0 (0)

Good 0 (0)

Very good 2 (12.5)

Excellent 14 (87.5)
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density lipoprotein choles-
terol, and skin carotenoids 
(P = .043, P = .050, P = .011, 
respectively; see Table 4 
and Fig). 

Discussion
This study demonstrated 
the feasibility, acceptability, 
and preliminary efficacy of 
a comprehensive interven-
tion delivered at an urban 
garden targeted toward 
cancer survivors. Feasibil-
ity was evaluated from par-
ticipant attendance records 

Table 4. — Clinical Laboratory Results

Variable No. of  
Participants

Baseline 
(mean)

Postintervention  
(mean)

Difference,  
P value

Weight, pounds 20 170.7 169.4 –1.2 (.603)

Body mass index, kg/m2 20 28.1 27.9 –0.2 (.586)

Systolic blood pressure, mm Hg 20 132.9 133.5 +0.7 (.815)

Diastolic blood pressure, mm Hg 20 82.5 83.2 +0.7 (.704)

Total cholesterol, mg/dL 19 211.3 201.7 –9.5 (.150)

HDL cholesterol, mg/dL 18 61.4 65.2 +3.7 (.176)

Non–HDL cholesterol, mg/dL 18 152.3 137.9 –14.4 (.050)*

Fasting blood glucose, mg/dL 19 97.5 93.8 –3.7 (.043)*

Skin carotenoid score (RRS) 20 38,225.5 43,251.4 +5,025.9 (.011)*

*Statistically significant (P ≤ .05). 
HDL = high density lipoprotein, RRS = resonance Raman spectroscopy.

Table 3. — Qualitative Postintervention Programmatic Evaluation 

Intervention Component Participant Feedback
Garden harvesting The volunteers (students) in and out of the garden were extremely helpful.

I liked the wonderful produce from the garden, the friendly and helpful volunteers … the study was a gift!

This study was one of the highlights of my life. I can’t believe how much I have learned about “real” food!

Group education Until now, I did not know all the health benefits associated with my dietary changes. Thank you for a wonderful 
opportunity. I feel very privileged. This has forever changed my life and way of eating.

The classes were excellent and well presented.

The Monday night classes and cooking demonstrations were very interesting. I can’t say enough good things about 
the health coaching and the website. It has made a lasting impression on my health.

I thoroughly enjoyed attending the Monday night classes and following the weekly tips. … It has been a fantastic 
opportunity and I will miss all of you.

Remote coaching I appreciated her knowledge base and sincere willingness to help. She had good ideas and made them relevant to 
me. The goals she helped me set were realistic. I loved having someone to be accountable to.

I am definitely more informed about my food choices and have started making better choices more often. I’m trying 
to approach one issue at a time … and will continue to improve.

“I got materials from [the remote motivational interviewing coach] to look at my own diet and track and develop my 
own dietary patterns. I think those were helpful for me and would be for others, too.

Loved having a health coach and [the study principal investigator] in my back pocket. With their support and 
energy, I felt like I could do it.

Being able to discuss my own personal nutrition issues was the most beneficial part of the health coaching.  
[The remote motivational interviewing coach] always provided helpful information and was supportive of any  
positive steps (no matter how small) that I made.

Every communication appears to be online. It might have made a difference in my decision if the coach had made a 
telephone call. Some of us need to hear a voice until we get used to technology.

Web portal The portal was very easy to use.

I liked the website, the recipes, the tips, the help from [the remote motivational interviewing coach] … everything 
was valuable!

The discussion boards took a little while to get used to navigating them and following the discussions. If there are 
other formats to use, that might help.

Group support I did make many changes to my eating habits, and my husband has made the changes right along beside me.  
I only wish this kind of support were available while I was going through cancer treatment.

When I first started in the study, I thought I knew a lot about nutrition. I discovered I did not. For the first time since 
my cancer diagnosis I felt like I had the know-how and support to make life-long changes.

I enjoyed the camaraderie with other participants.

I very much enjoyed the spirit of community.

All of the study team was fabulous to work with, very knowledgeable, helpful, and enthusiastic. I was blessed to be 
a participant in this study.
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and follow-up questionnaires. The rates of rapid re-
cruitment, high enrollment, and low attrition suggest 
that the intervention was acceptable and well received. 
Previous behavioral interventions report approxi-
mately two-thirds of participant attendance at educa-
tion classes.45-47 The ability to meet recruitment goals 
within 30 days suggests demand for this type of inter-
vention and appropriateness for the target population. 
The accrued sample was relatively modest in size and 
homogenous in terms of primary cancer site (mainly 
breast and prostate), primarily white, older, well edu-
cated, and upper middle class. These factors are likely 
to have contributed to higher attendance and overall 
adherence rates. 

The group education classes were led by an expe-
rienced expert aligned with the evidence-based topic 
presented. For example, the Food Safety for Survivors 
session was led by the state extension specialist in food 
safety. Other classes were taught by registered dieti-
tians, medical oncologists, and academic researchers. 
This level of expertise allowed for additional support 
and discussions of issues pertaining to advanced top-
ics such as adjuvant therapy, post-treatment consider-
ations, and ongoing survivor care plans. Overall, the 
majority of participants reported that the group classes 
were the most important component of the interven-
tion leading to their success. Harvesting free produce 

was rated as the second most important intervention 
component. 

Nearly 70% of participants took advantage of the 
remote motivational interviewing coach. Consistent us-
ers reported that the remote motivational interviewing 
reinforced the classes and was critical in providing an 
additional level of support often overlooked in other 
behavioral interventions.48 Those who declined help 
from the motivational interviewing coach felt that they 
did not have enough time or did not need coaching to 
achieve their goals. 

The secure web portal was utilized with mixed re-
sults in almost three-quarters of the study cohort. The 
majority of participants enjoyed the website and com-
mented that they appreciated the print-ready recipes, 
copies of class handouts, safe food-handling tips, web 
links, and continued updates. However, low comput-
er literacy was evident in a subset of the older partici-
pants throughout the intervention. The research team 
and motivational interviewing coach attempted to re-
solve these issues throughout the study but remained 
largely unsuccessful. These participants appeared to 
prefer face-to-face or telephonic contact and had little 
interest in learning to navigate the website. Similar 
findings have been found in other interventions target-
ing older individuals.49,50 

Using evidence-based guidelines for cancer pre-

Fig A–F. — Preintervention to postintervention changes in dietary intake and indices of health. Box plots depicting significant differences in (A) fruit and 
vegetables (P = .003), (B) sugar-sweetened beverages (P = .020), (C) red and processed meats (P = .030), (D) skin carotenoids (P = .011), (E) fasting 
blood glucose (P = .043), and (F) non–HDL cholesterol (P = .050). HDL = high density lipoprotein.
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vention and survivorship, significant improvements 
aligning with current recommendations were demon-
strated for dietary intake (increased consumption of 
fruits and vegetables and decreased consumption of 
red, processed meats and sugar-sweetened beverages) 
and clinical indices of health (improved fasting blood 
glucose, systolic blood pressure, non–high density li-
poprotein cholesterol, and skin carotenoids). 

Limitations
A limitation to this study was the small sample size  
and lack of control group, although the size was ap-
propriate for a feasibility pilot study. A Hawthorne ef-
fect — whereby the mere presence of the intervention, 
not the intervention itself, is associated with favorable 
changes in outcome measures — must be considered. 
Biases associated with drop-out rates, although mini-
mal, may have resulted in an overestimation of the 
effect of the intervention. It is possible that observed 
changes were caused by a “healthy participant effect,” 
in which participants may have self-reported healthi-
er lifestyles than nonparticipants and, thus, may have 
been more likely to comply with the study protocol. 
However, improvements seen in biological indices of 
health were aligned with self-reported gains (eg, fruit 
and vegetable intake, skin carotenoid levels), thus pro-
viding more information than either presented in iso-
lation. In addition, we did not have a diverse or large 
enough sample to permit adequate comparisons be-
tween variables of interest. 

Conclusions
The results of this study support the feasibility and 
efficacy of a multifaceted, garden-based intervention 
for cancer survivors. In this pilot study, the interven-
tion resulted in significant improvements in dietary 
intake and key biomarkers of health. The intervention 
was staged within the season of an urban garden. This 
innovative clinical intervention might be a model for 
health care professionals to use to address the gap in 
programs for patients transitioning from active cancer 
treatment to becoming healthy cancer survivors. 
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Background: Stereotactic radiotherapy (SRT) may represent a new treatment option for individuals with 
auditory canal or middle ear cancer. 
Methods: Study participants with pathologically proven ear cancer were treated with SRT (35 Gy for 3 fractions 
or 40 Gy for 5 fractions) as first-line therapy. When local tumor recurrence developed following SRT, subtotal 
temporal bone resection and postoperative chemoradiotherapy were performed as salvage treatment. Boluses 
were used for the initial 14 study patients.
Results: Twenty-nine study participants were enrolled and staged with T1 (n = 3), T2 (n = 7), T3 (n = 14), or 
T4 disease (n = 5). Three-year overall survival rates were 69% for T1/2 disease, 79% for T3 disease, and 0% 
for T4 disease. Three-year local control rates were 70% for T1/2 disease, 50% for T3 disease, and 20% for 
T4 disease. Grade 2 or higher dermatitis or soft-tissue necrosis occurred more frequently in study patients 
treated with boluses (8/14 vs 2/15; P = .02). Salvage treatment was safely performed for 12 recurrent cases.
Conclusions: These results suggest that SRT outcomes are promising for patients with ear cancer (≤ T3 disease). 
The rate of toxicity was acceptable in the study patients treated without boluses. Outcomes of salvage surgery 
and postoperative radiotherapy following SRT were also encouraging.

Introduction
Because of the rarity of external auditory canal and 
middle ear cancers, large-scale prospective studies 
have not been performed, and optimal treatment re-
mains controversial.1,2 Nevertheless, surgery followed 
by conventional radiotherapy has been recommend-
ed.3-5 Subtotal temporal bone resection or total tem-
poral bone resection are often performed.3,4 However, 
these procedures often cause severe complications. 
Deafness and facial palsy are generally unavoidable. 

A need exists for the development of less-invasive 
treatments, although some hurdles remain for the 

treatment of ear cancer. For example, reported out-
comes of radiotherapy alone or chemoradiotherapy 
are not satisfactory in patients with advanced-stage 
ear cancer.6 Local recurrence after radiotherapy may 
require surgical intervention. Due to the difficulties of 
en bloc resection and the increased risk of complica-
tions, surgeons may be reluctant to approach recur-
rent ear cancer previously treated with radiotherapy.7,8 
Furthermore, postoperative radiotherapy is difficult for 
patients with a prior history of radiotherapy due to the 
possible toxicities of reirradiation.

Data regarding the outcomes of radiotherapy for 
ear cancer are primarily from series of patients who 
underwent conventional 2- or 3-dimensional radio-
therapy.5,6,9-11 However, developments in conformal 
radiotherapy may provide a new treatment option for 
ear cancer. Stereotactic radiotherapy (SRT) has the do-
simetric advantages of improved target coverage with 
a steep dose gradient and spares surrounding normal 
tissues.12,13 Thus, salvage surgery and postoperative ra-
diotherapy can be performed following SRT for intra-
cranial tumors.14,15 

Materials and Methods
Study Design and Participants
Initiated in 2008, this prospective study included pa-
tients with ear cancer who fulfilled the following in-
clusion criteria: pathologically proven external au-
ditory canal or middle ear cancer and a Karnofsky 
Performance Status scale of at least 70. Exclusion crite-
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ria were multiple malignant tumors, pregnancy, breast-
feeding, previous diagnosis of any psychological dis-
orders, contraindications to iodine or gadolinium, and 
previous radical surgery or irradiation to the skull or 
brain. Once enrolled, the participants were classified 
according to the modified Pittsburgh grading system.2,3 
Those with T1 to T4 or N1-staged ear cancer were treat-
ed with this protocol. Each study patient’s staging clas-
sification was determined prior to treatment with SRT 
based on findings from magnetic resonance imaging, 
computed tomography (CT), and a physical examina-
tion. Study participants were enrolled at a single insti-
tution (International University of Health and Welfare 
Mita Hospital [Tokyo, Japan]). One head and neck sur-
geon performed all of the physical examinations. Writ-
ten informed consent was obtained from all patients. 
This study was approved by our Institutional Research 
and Ethics committee. 

Treatment Strategy and Details
The treatment strategy is described in Fig 1. All study 
participants underwent SRT as first-line treatment. 
SRT was carried out at a single institution (Yokohama 
CyberKnife Center [Yokohama, Japan]). When local 
recurrence occurred, salvage surgery followed by 
conventional 3-dimentional radiotherapy was per-
formed at the International University of Health and 
Welfare Mita Hospital. SRT was performed using 
CyberKnife (Accuray, Sunnyvale, California).13,16 This 
machine was chosen due to the high conformity in 
SRT for head and neck tumors. 

The study participants were placed in a supine 
position and a thermoplastic mask was molded to 
the head and attached to the head support. Axial 
contrast-enhanced CT with a slice thickness of 2 mm 
was conducted for treatment planning. The clinical 
target volume was defined as an abnormal contrast-
enhanced lesion seen on CT and magnetic resonance 
imaging. To create the planning target volume (PTV), 
2-mm margins were added to the bone structure 

side and 5-mm margins to the soft-tissue structure side. 
Dose distribution was calculated with the ray-tracing 
algorithm.17 Boluses with high CT attenuations 
(250–900 HU) were used for the initial 14 study partici-
pants to avoid dose reduction of the skin. Bolus usage 
was ceased for the latter 15 study participants.

The prescribed dose covered 95% of the PTV. De-
pending on tumor volume and risk-organ doses, 37.5 Gy 
in 3 fractions or 40.0 Gy in 5 fractions was delivered on 
consecutive days. The maximum doses to risk organs 
were limited to 21 to 25 Gy for 5 fractions and 15 to 
18 Gy for 3 fractions.12,13 The 5-fraction regimen was ap-
plied to large tumors (size > 30 cc) or tumors close to the 
internal carotid artery. When local tumor recurrence de-
veloped following SRT, subtotal resection of the tempo-
ral bone and postoperative 3-dimentional chemoradio-
therapy (60 Gy/30 fractions) were performed using 4 or 
10 MV photons generated by a conventional linear ac-
celerator.3,4 Intravenous cisplatin 80 mg/m2 was admin-
istered twice on a 3-week interval. Radical neck dissec-
tion was performed for lymph-node metastases.3,4

End Points
We evaluated rates of nonhematological toxicities, 
local tumor control, and overall survival (OS) as end 
points. Toxicities were recorded according to the 
National Cancer Institute Common Terminology Cri-
teria for Adverse Events, version 4. Grade 3 or higher 
toxicity was considered unacceptable. All toxicities 
were evaluated by an otolaryngologist. The OS and lo-
cal control rates were calculated by the Kaplan-Meier 
method. The cumulative incidence of local control fail-
ure was calculated by accounting for death as a com-
peting risk. All local control failures were pathological-
ly confirmed. The log-rank test and the Gray test were 
used in the univariate analyses. These analyses were 
implemented in the R package survival (Therneau, 
Rochester, Minnesota) or package cmprsk (Gray, Cam-
bridge, Massachusetts). All analyses were performed 
in R version 3.0.0 (Hornik, Wien, Austria) for Windows 
(Microsoft, Redmond, Washington).

Results
Between 2008 and 2011, a total of 29 patients with ear 
cancer were enrolled. Details of the study participants 
and treatment prior to SRT are summarized in Table 1. 
Three study participants had T1 tumors. One study pa-
tient had a Karnofsky Performance Status score of 70 
and 22 study participants had scores of 100. Histology 
was squamous cell carcinoma in all study participants. 
The median observation period was 40 months. 

Overall Survival
The three-year OS rates were 69% for T1/2 (95% confi-
dence interval [CI], 31–89), 79% for T3 (95% CI, 47–93), 
and 0% for T4 disease (95 CI, 0–52; P = 0.0003; Fig 2). 

Fig 1. — Protocol design. CRT = conventional radiotherapy,  
SRT = stereotactic radiotherapy.

SRT
37.5 Gy/3 fractions
40.0 Gy/5 fractions

Operable recurrent
          Salvage surgery + CRT

Progression free
          Observation

Inoperable recurrent
          Best supportive care
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In 3 study participants with T1 tumors, recurrence was 
not present at 3 years, and their hearing had been pre-
served. Operability was also a significant prognostic 
factor for median OS (44.0 vs 23.5 months; P = .01). No 
statistically significant differences were observed with 
respect to age (< 65 vs ≥ 65 years), PTV (< 25 vs ≥ 25 cc), 
bolus usage, fractionation schedule, or sex.

Local Control
Three-year local control rates were 70% (95% CI, 
41–94) for T1/2, 50% for T3 (95 CI%, 27–79), and 20% 
for T4 disease (95 CI%, 2–95; Fig 3). Patterns of re-
currence were local failure in 9 study participants and 
mixture of local failure and lymph-node metastases in 
5 study participants. No marginal recurrence was ob-

served. All lymph-node metastases developed in the 
ipsilateral internal jugular nodes, which are usually 
not irradiated in conventional radiotherapy for ear 
cancer.9 In univariate analyses, no statistically signifi-
cant differences were observed with respect to PTV 
(< 25 vs ≥ 25 cc), fractionation schedule, operability, 
or sex. Similar local control rates were obtained after 
ceasing bolus usage (P = .99).

Toxicity
Toxicities after SRT are summarized in Table 2. Grade 
3 vertigo was observed as an early toxicity. These 
symptoms ceased a few weeks following SRT. For late 
toxicities, grade 2 vertigo and grade 2 facial nerve 
disorder were observed (1 patient each). Grade 2 or 
higher dermatitis or soft-tissue necrosis occurred in 
8 of the initial 14 study participants treated with bo-
luses; among them, 1 patient had grade 3 dermatitis, 
which developed around the bolus. Therefore, use of 
boluses was stopped. After boluses were stopped, no 
grade 2 or higher skin toxicity was observed. Asymp-
tomatic auditory canal cartilage exposure was evalu-
ated as grade 2 soft-tissue necrosis because intraear 
washing was regularly performed. Necrosis of at least 
grade 3 occurred in 1 patient. Dermatitis or soft-tissue 
necrosis of at least grade 2 occurred more frequent-
ly in study participants treated with boluses (8/14 vs 
2/15; P = .02). No other statistically significant risk fac-
tors were identified.

Salvage Surgery and Postoperative Radiotherapy
As salvage treatment, subtotal temporal bone resection 
and reconstruction were carried out for 3 study par-
ticipants with T1/2 disease, 7 study participants with 
T3 disease, and 2 study participants with T4 disease 
(Table 3). Among them, 3 study participants (T3 = 1, 

Table 1. — Characteristics of Study Participants, Tumors, 
and Therapy

Variable Stage

T1/2 (n = 10) T3 (n = 14) T4 (n = 5)
Median age, y 65 (37–82) 61 (40–89) 62 (55–70)

Ratio of age 
(< 65:≥ 65) 5:5 11:3 3:2

Male: female 5:5 10:4 1 : 4

Planning target  
volume,a cc 15.0 ± 9.7 42.1 ± 28.4 53.2 ± 19.6

Ratio of 
operable:inoperable 10:0 11:3 0:5

Ratio of bolus usage 
(+:–) 5:5 7:7 2:3

Ratio of No. of  
fractions (3:5) 9:1 10:4 1:4

Ratio of lymph-node 
metastasis (–:+) 10:0 13:1 4:1

aMean ± standard deviation. T = tumor.
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Fig 2. — OS curves after stereotactic radiotherapy. OS = overall survival.
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T4 = 2) had been evaluated as inoperable prior to SRT. 
Among study participants with recurrent T3 disease, 
5 study participants survived more than 3 years after 
salvage treatment. Of the 4 study participants with 
T4 tumors, intrathecal dissemination was observed in 
2 at the recurrence sites. En bloc resection was per-
formed in 9 of the 12 study participants (see Table 3). 
At surgery, dissemination to the dura was observed in 
2 study participants (T3 = 1, T4 = 1). Neck dissection 
was also performed in 5 study participants who devel-
oped lymph-node metastases (T1/2 = 1, T3 = 4). 

As complications of salvage surgery, grade 1 cere-
brospinal fluid leak was observed in 1 patient. Grade 
3 abscess, grade 2 vertigo, and grade 3 necrosis of the 
skin flap also occurred (n = 1 for all). Because of these 
events, 2 study participants required hospital admis-
sion for 71 and 110 days, respectively. The median hos-
pitalization period of the 12 study participants was 

27 days. Postoperative chemoradiotherapy was deliv-
ered to 7 study participants (T3 = 5, T4 = 2; see Table 3). 
The median follow-up period after salvage irradiation 
was 40 months (range, 4–60 months). Grade 2 contra-
lateral side otitis medina occurred 5 years after reirra-
diation. No grade 2 or higher brain necrosis or soft-tis-
sue necrosis was observed.

Discussion
In our study, tumor stage was a prognostic factor of 
OS.3,6 The reported 5-year survival rates for ear cancer 
vary, ranging from 21% to 86%.4,6 Prognosis of early- 
stage ear cancer is generally satisfactory; thus, organ 
preservation should be considered as the treatment for 
early stage ear cancer. By contrast, further improve-
ment in rates of OS and local control also remains an 
issue to be resolved for advanced-stage ear cancer in 
addition to avoiding surgery. The present study was 
designed to achieve these outcomes using SRT.

T1/2-staged disease is confined to the auditory 
canal and receives full benefit from definitive thera-
py. The 5-year OS rates after temporal bone resection 
have ranged from 28% to 100%.4 Zhang et al18 per-
formed definitive surgery to conserve the facial nerve 
for early-stage ear cancer; however, positive surgical 
margins were observed in 54% of patients, and the 
recurrence rate was 46%. In patients with early-stage 
ear cancer, it may be difficult to conserve the facial 
nerve at surgery. By contrast, conventional radiother-
apy achieved sufficient outcomes. Hashi et al10 treated 
8 patients with T1 disease with radiotherapy, and the 
disease control rate was 100%. Pemberton et al11 also 
treated 27 patients with early-stage ear cancer; the 
5-year cancer-specific survival rate was 85%. SRT also 
achieved comparable rates of local control and OS in 
the present study. 

Although a comparison of the treatment strategies 
is difficult, owing to the heterogeneity of staging classi-
fication and the types of treatment used, radiotherapy, 
including SRT, may be preferable to surgery for early- 
stage ear cancer.

The prognosis of T3 disease was nearly equivalent 
to that of early-stage ear cancer in our study. Testa et al19 
reported that the 5-year survival rate for patients who 

Table 2. — Toxicity Rates of Stereotactic Radiotherapy

Toxicity Stage

T1/2 (n = 10) T3 (n = 14) T4 (n = 5)
Early

Ear pain

   Grade 0 8 12 3

   Grade 1 1

   Grade 2 2 1 2

Radiation dermatitis

   Grade 0 9 10 5

   Grade 1 1 4

External ear  
inflammation

   Grade 0 10 14 3

   Grade 1 2

Late

Ear pain

   Grade 0 8 13 5

   Grade 1

   Grade 2 2 1

Radiation-related 
dermatitis

   Grade 0 10 10 4

   Grade 1

   Grade 2 3

   Grade 3 1 1

Soft-tissue necrosis

   Grade 0 7 12 5

   Grade 1

   Grade 2 3 1 0

   Grade 3 1

Table 3. — Rates of Local Recurrence and Salvage Treatment

Stage

T1/2 (n = 10) T3 (n = 14) T4 (n = 5)

Local recurrence 3 7 4

Salvage surgery 3 7 2

En bloc resection 3 5 1

Postoperative 
radiotherapy

5 2
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underwent radiotherapy was 29%, but that rate was 
63% for patients treated with a combination of surgery 
and radiotherapy. Austin et al20 also reported that com-
bination therapy involving surgery and radiotherapy 
provided a higher 5-year survival rate than either sur-
gery or radiotherapy alone. Thus, combination therapy 
has been considered optimal for the treatment of T3 tu-
mors.3,4 The 3-year OS rates after surgery in combina-
tion with postoperative conventional radiotherapy for 
T3 disease has ranged from 21% to 86%.4 

In our study, the OS rate was satisfactory, and 50% 
of our study participants avoided surgery. Although 
50% of study participants experienced local recur-
rence, these patients could undergo radical salvage 
treatment, including subtotal temporal bone resection 
and postoperative radiotherapy. SRT reduces tumor 
bulk and allows salvage surgery, even if pathological 
complete response cannot be obtained; hence, our 
treatment protocol may improve patient prognosis and 
quality of life among those with T3 disease.

By contrast, the prognosis for T4 tumors remained 
poor in the present study. Many investigators have also 
reported similar, unfavorable outcomes. Xie et al21 re-
ported a 2-year OS rate of 22% in 39 patients with 
T4 tumors undergoing temporal bone resection and 
postoperative radiotherapy. Leong et al22 performed 
subtotal resection and postoperative chemoradio-
therapy in 23 patients with T4N0M0 disease. Among 
them, 14 died of ear cancer within 22 months of sur-
gery.22 Koto et al23 reported a 3-year OS rate of 44% 
with carbon-ion radiotherapy in 13 patients with 
T4 tumors. These outcomes are attributed to the tumor 
location and anatomical features. T4 tumors erode the 
deep parts of the auditory canal, including the cochlea, 
petrous apex, carotid canal, dura, and facial nerve. The 
foramina, fissures, and channels for the nerves and 
vessels are thought to provide the routes for tumor dis-
semination. 

In our study, dissemination to the dura was ob-
served in 3 of the 4 patients with T4 tumors. T4 dis-
ease may spread beyond the definitively irradiated vol-
ume of SRT. Therefore, patients with T4 tumors are not 
good candidates for SRT, which is in contrast to those 
with T1/2 or T3 disease.

Grade 2 or higher dermatitis occurred more fre-
quently in study participants treated with boluses in 
our study. Dermatitis was observed in areas around 
the bolus, suggesting that its usage is associated with 
these toxicities. The boluses had high CT values, and 
the PTV was in contact with air-density areas. In such 
cases, the dose around the bolus was overestimated 
or underestimated in the treatment planning system 
due to electron scattering.17 Although dosimetry of ac-
tual skin doses is difficult, ceasing bolus usage may 
decrease actual doses by 5% to 10%.24 With respect to 
soft-tissue necrosis, we may have overdiagnosed the 

toxicities in our study compared with the results from 
previous studies.6,9-11,23 Grade 3/4 necrosis or derma-
titis was previously reported to develop in 6% to 15% 
of patients.6,10,11,23 However, 3 out of 4 of these studies 
were retrospective, and the toxicities were evaluated 
by radiation oncologists.6,10,11,23 By contrast, ours was of 
an exploratory, prospective study design, and toxicities 
were evaluated by an otolaryngologist. Without bolus 
usage, grade 3 necrosis occurred in 1 of our 15 study 
participants, suggesting that SRT had acceptable rates 
of toxicity and did not require bolus treatment.

Conventional radiotherapy may complicate the 
care of patients who require salvage surgery. Surgical 
complication rates in patients with a prior history of 
radiotherapy are generally higher than those with un-
treated disease.7,8 In our study, surgical complications 
of grade 2 or higher were observed in 2 study patients, 
and the median admission period was acceptable, sug-
gesting that salvage surgery had acceptable rates of 
toxicity. In addition, after careful follow-up, no grade 
3 or higher radiation-associated late toxicities (eg, soft 
tissue necrosis, brain necrosis) occurred. With use of 
SRT, the irradiated volume was limited, and the irradi-
ated tissues were excised and reconstructed with nor-
mal tissues. In our protocol, doses to the cranial nerves 
and brain stem were restricted within the tolerance 
level. These results indicated that SRT for ear cancer 
provides a sufficiently steep dose gradient to deliver re-
irradiation after surgery.

Future Directions
Results of the current protocol appear promising, but 
further improvement in local control is desirable, es-
pecially because the local control rate for T3 tumors 
should be increased from 50% of the present study. 
A large tumor may contain many hypoxic cells re-
sistant to radiation.1,25 Thus, the phenomenon of re-
oxygenation and redistribution should be utilized 
in radiotherapy against these large tumors.25 Frac-
tionation has radiobiological advantages because 
reoxygenation of hypoxic tumor cells and the redis-
tribution of the cell cycle to a more sensitive phase 
can be expected.12 Therefore, further increase in the 
fraction number may improve rates of local control. 
In addition, use of radiosensitizers may enhance ra-
diation effects and improve prognosis of individuals 
with advanced cancer.26 Conventional cytotoxic che-
motherapy agents like cisplatin and fluorouracil are 
considered to have a radiosensitizing effect.26 An oral 
formation of tegafur/gimeracil/oteracil has also been 
shown to enhance the radiation effect.27,28 Conven-
tional hypoxic cell sensitizers may also be effective 
when combined with high-dose radiotherapy.29 Thus, 
the increase the fraction number and use of these 
radiosensitizers should be considered for inclusion in 
a new protocol to improve local efficacy rates. 
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Conclusions
To the best of our knowledge, this is the first study that 
demonstrates the efficacy of stereotactic radiotherapy 
for ear cancer. The results of this protocol for individu-
als with T3 disease or higher are promising. In study 
participants treated without a bolus, toxicities were 
acceptable and tolerable. Salvage surgery and postop-
erative radiotherapy after stereotactic radiotherapy are 
also feasible, and these results are encouraging.
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of advanced salivary malignancies because of their 
aggressive disease course. Patients were treated with 
either postoperative chemoradiotherapy or radiother-
apy (RT). High rates of locoregional control were ob-
served in both groups: 91% for RT and 79% for chemo-
radiotherapy. A difference in 3-year progression-free 
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The International Collaboration on Oropharyn-
geal Cancer Network for Staging (ICON-S) aimed 
to develop a tumor, node, metastasis (TNM) clas-
sification for human papillomavirus (HPV)-positive 
oropharyngeal cancer. Patients with oropharyngeal 
cancer whose cancer had not spread were included. 
Stage classifications were ranked according to sur-
vival performance. Because the rate of 5-year overall 
survival was similar for T4a and T4b disease, 
T4 classification was not subdivided in the retermed 
ICON-S T categories. The rates of 5-year overall sur-
vival were similar among N1, N2a, and N2b disease, 
so the authors retermed the 7th edition N categories. 
They then proposed the following ICON-S classifi-
cation: stage I (T1–T2N0–N1), stage II (T1–T2N2 or 
T3N0–N2), and stage III (T4 or N3). They also classi-
fied metastatic disease (M1) as ICON-S stage IV. The 
authors concluded that their ICON-S staging system 
for HPV-positive oropharyngeal cancer is now suit-
able for the 8th edition of the Union for International 
Cancer Control/American Joint Committee on Cancer 
TNM classification. 

Keck MK, Zuo Z, Khattri A, et al. Integrative analy-
sis of head and neck cancer identifies two biologi-
cally distinct HPV and three non-HPV subtypes. 
Clin Cancer Res. 2015;21(4):870-881.

Gene expression–based consensus clustering, hu-
man papillomavirus (HPV) status, and copy number 
profiling were obtained for a clinically homogenous 
patient cohort of 134 locoregionally advanced head 
and neck squamous cell carcinomas to identify sub-
types and translationally relevant characteristics. Five 
subtypes of head and neck squamous cell carcinomas 
were identified, 2 of which were biologically distinct 
HPV subtypes. One HPV negative and 1 HPV posi-
tive subtype had a prominent immune and mesen-
chymal phenotype. Compared with other subtypes, 
these 2 subtypes had low expression and no copy 
number events for epidermal growth factor recep-
tor (EGFR)/human epidermal growth factor receptor 
(HER) ligands. The basal subtype was characterized 
by a prominent EGFR/HER signaling phenotype,  
HPV-negative status, and with strong hypoxic differen-
tiation. The authors concluded that their classification 
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subtypes carry translational implications for develop-
ing biomarkers and personalizing patient care.

Graham DM, Isaranuwatchai W, Habbous S, et al.  
A cost-effectiveness analysis of human papilloma-
virus vaccination of boys for the prevention of oro-
pharyngeal cancer. Cancer. 2015;121(11):1785-1792.

A preliminary analysis and literature review were 
performed to assess the cost effectiveness of human 
papillomavirus (HPV) vaccination in Canadian boys 
with oropharyngeal cancer. The researchers deter-
mined that the quadrivalent HPV vaccine (HPV4) pro-
duced 0.05 more quality-adjusted life years (QALYs) 
and saved $145 Canadian dollars (CAD) per indi-
vidual compared with no vaccine. When the authors 
adjusted for assumed rates of 50% vaccine efficacy 
and 50% uptake, HPV4 resulted in 0.02 more QALYs 
and had a cost savings $42 CAD. Thus, the researchers 
concluded that use of HPV4 for boys living in Canada 
aged 12 years might be a cost-effective method for 
preventing oropharyngeal cancer.

Grossi Marconi D, da Costa Resende B, Rauber E, 
et al. Head and neck non-melanoma skin cancer 
treated by superficial x-ray therapy: an analysis 
of 1021 cases. PLoS One. 2016;11(7):e0156544.

These authors retrospectively reviewed the re-
cords of 597 patients (n = 1,021 lesions) treated with 
superficial X-ray therapy (SXRT) for basal cell carci-
noma, squamous cell carcinoma (SCC), and SCC in 
situ to compare treatment outcomes by fractionation 
schedules. No significant difference was observed 
among the 3 prescribed fractionation schemes in 
terms of toxicity. Use of daily doses higher than  
2 Gy was significantly associated with improved rates 
of local control. The researchers concluded that SXRT 
is well tolerated in this patient population, achieves ex-
cellent rates of local control, and they recommend that 
it should be recommended for disease management. 

Tanvetyanon T, Fisher K, Caudell J, et al. Adjuvant 
chemoradiotherapy versus with radiotherapy alone 
for locally advanced salivary gland carcinoma among 
older patients. Head Neck. 2016;38(6):863-870.

Researchers studied adjuvant chemoradiotherapy 
with adjuvant radiotherapy (RT) in an older patient 
population using Surveillance, Epidemiology, and 
End Results/Medicare data. A total of 13.5% received 
adjuvant chemoradiotherapy and 86.5% received 
adjuvant RT. The rates of median overall survival 
were 41 and 24 months for adjuvant RT and chemo-
radiotherapy, respectively. The authors observed 
that adjuvant chemoradiotherapy was associated 
with increased mortality and that rates of toxicity  
were significantly higher in those treated with 
chemoradiotherapy. 

Spencer S, Schulten J, Hossain A, et al. Cetuximab 
and radiotherapy in laryngeal preservation for 
cancers of the larynx and hypopharynx: a second-
ary analysis of a randomized clinical trial. JAMA 
Otolaryngol Head Neck Surg. 2016. Epub ahead 
of print.

An international, randomized, phase 3 study was 
undertaken to assess the rates of laryngeal preserva-
tion and laryngectomy-free survival among 168 pa-
tients with hypopharyngeal or laryngeal cancer after 
being treated with cetuximab and radiotherapy (RT) 
or RT alone. The rates of laryngeal preservation at 
2 years were 87.9% and 85.7% for those receiving 
cetuximab/RT and RT alone, respectively. The hazard 
ratio for laryngectomy-free survival was 0.78 when 
comparing cetuximab/RT and RT alone. These results 
indicate that a cetuximab-based regimen may provide 
some benefit for patients with cancer of the larynx/
hypopharynx. 

Rosenthal DI, Harari PM, Giralt J, et al. Association 
of human papillomavirus and p16 status with out-
comes in the IMCL-9815 phase III registration trial 
for patients with locoregionally advanced oropha-
ryngeal squamous cell carcinoma of the head and 
neck treated with radiotherapy with or without 
cetuximab. J Clin Oncol. 2016;34(12):1300-1308.

A retrospective evaluation of the association of 
human papillomavirus (HPV) and p16 protein expres-
sion status was undertaken by researchers to study 
outcomes in patients with oropharyngeal carcinoma 
receiving radiotherapy (RT) plus weekly cetuximab or 
RT alone. When treated with RT alone or RT plus ce-
tuximab, patients with p16-positive status had a higher 
rate of overall survival than those whose p16 status 
was negative. Adding cetuximab to RT increased rates 
of progression-free survival, locoregional control, 
and overall survival in those with p16-positive and 
p16-negative oropharyngeal carcinoma. The authors 
observed that p16 status was also strongly prognostic 
for patients with oropharyngeal carcinoma. 
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