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Editorial

Clinical Trials and Drug Development

Clinical trials are the principal means through which 
novel therapeutic agents are approved in the field of 
oncology. Clinical research on human volunteers is 
allowed for the benefit of society; at the same time, 
we must safeguard individual rights and interests. The 
goals of clinical trials do not always align with the 
primary reasons of volunteer participation in clinical 
trials. This is especially problematic in early-phase 
clinical trials in which the primary aim generally is 
to find the dose acceptable for future clinical trials 
and evaluate toxicities. A participant may enter such 
a clinical trial in the hopes that treatment will provide 
a meaningful clinical benefit.

Despite an increased awareness, fewer than 1% 
of patients with cancer participate in clinical trials 
within the United States. Low accrual to clinical trials 
hampers the development of novel drugs targeted at 
potentially lethal malignancies, thus questioning the 
generalizability of such trial results. Much uncertainty 
exists among health care professionals with regard to 
referring patients for a phase 1 clinical trial. Frequently, 
by the time patients are referred to a phase 1 study, 
their performance status has declined so much so that 
it precludes them from enrolling in a clinical trial. 

In this issue of Cancer Control, Drs Mahipal and 
Nguyen discuss the harms and benefits of partici-
pating in a phase 1 clinical trial. The response rates 
for patients participating in such clinical trials are  
approximately 10%, and one-third of the patients 
achieve stable disease. The clinical benefit is similar 
to later lines of therapies for many malignancies. In-
creased risk of death (< 1%) and increased adverse 
events are seen in early-phase clinical trials compared 
with phase 3 trials. Phase 1 clinical trials should be 
considered as a therapeutic option earlier in the treat-
ment plan rather than as a last resort when the options 
are hospice care or clinical trial participation.

By the nature of the design of clinical trials, most 
of the patients participating in a phase 1 clinical trial 
will receive a suboptimal dose of a medication, being 
either “too high” or “too low.” Such a dose results in 
either subtherapeutic dosing in which patients may 
not derive benefit (even if the drug is effective treat-
ment for their disease type) or they are unable to toler-
ate the drug secondary to adverse events. Traditional  
3 + 3 design is the most common dose-escalation 
scheme employed and has been utilized in more 
than 95% of phase 1 clinical trials. Dr Hansen and 
colleagues review the literature on the drawbacks 
and advantages of traditional and novel, pharmaco-

kinetically guided, and model-based dose-escalation 
designs. A paucity of patient-based data demonstrates 
whether one dose escalation scheme is superior to an-
other; however, computer simulations suggest that the 
3 + 3 design fails to correctly estimate the maximum 
tolerated dose in the majority of trials. The primary 
concern is that the 3 + 3 design is conservative; there-
fore, many patients are likely treated at subtherapeutic 
doses. Novel designs may help reach the maximum 
tolerated dose with fewer patients, but such designs 
are more complicated and require extensive statisti-
cal input that may not be available at every institute. 
Traditionally, conservative designs may be best suited 
for clinical trials with drugs that have a narrow thera-
peutic index. 

Drs Denson and Mahipal address the issue of 
clinical trial participation among patients who are 
elderly. Although many clinical trials do not exclude 
patients based on age, elderly patients are frequently 
not considered for enrollment in a clinical trial. Valid 
concern exists for some patients secondary to co-
morbidities and performance status. However, much 
misconception exists among oncologists, patients and 
their family members, and researchers who design 
clinical trials. Many of the patients with cancer are 
elderly; therefore, limiting their participation in clini-
cal trials prevents us from making valid assumptions 
about the applicability of study results to the gen-
eral population. Some of the solutions proposed to 
increase trial enrollment among the elderly include 
educating patients and physicians, designing trials 
specific for this population, and providing logistic 
support and effective communication.

As a follow-up to clinical trial participation among 
the elderly, Dr Balducci discusses the challenges of 
cancer care in this population. The age cut-off for 
elderly patients is unclear, with various studies using 
a threshold somewhere between 60 and 75 years of 
age. Physiological and chronological age may differ; 
therefore, although an assessment of physiological age 
is complicated, doing so may help guide the most ap-
propriate treatment plan for a patient. Validated tools, 
such as the Comprehensive Geriatric Assessment, have 
been developed but are frequently underutilized. Fu-
ture clinical trials may incorporate instruments such 
as ePrognosis (University of California, San Francisco, 
CA) to estimate life expectancy and the Chemotherapy 
Risk Assessment Scale for High-Age Patients to esti-
mate the risk of high-grade adverse events. With the 
help of these tools, better risk stratification of elderly 
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patients can be performed in order to choose the most 
appropriate treatment for each patient. 

This issue also includes 2 articles discussing the 
cancer pathways that are changing the landscape of 
oncology treatment, ie, the v-raf murine sarcoma vi-
ral oncogene homolog B (BRAF) signaling and pro-
grammed death 1 (PD-1) pathways. 

Discovery of BRAF mutations and the subsequent 
development of BRAF and MEK inhibitors have rev-
olutionized the treatment of metastatic melanoma. 
Drs Hall and Kudchadkar review the importance of 
BRAF mutation in melanoma and other malignan-
cies, including colorectal, thyroid, and lung cancers, 
as well as hairy cell leukemia. With the advent of 
BRAF inhibitors, for the first time in the history of 
melanoma treatment, response rates were reaching 
50%. However, similar results have not been repli-
cated in BRAF-mutated colorectal cancer. It has been 
previously debated whether tumor histology will lose 
relevance to the molecular characterization of the 
cancer. The differential benefit seen in patients with 
various tumor types and BRAF mutation suggests that 
histology matters — at least for now. It has also been 
suggested that in colorectal cancer, other signaling 
pathways, including phosphatidylinositol 3 kinase 
and epidermal growth factor receptor, are activated, 
thus leading to BRAF inhibitor resistance. Clinical 
trials with dual inhibitors are underway.

After decades of few successes with immunother-
apy, blocking the PD-1 immune checkpoint pathway 
has resulted in impressive results in melanoma, lung 
cancer, and renal cell carcinoma. Drs Dolan and Gupta 
review the PD-1 and programmed cell death ligand 1  
(PDL-1) inhibitors currently in development. At the 

time of publication, at least 7 drugs are being evalu-
ated in various clinical trials that target this pathway. 
None of these agents have been approved by the US 
Food and Drug Administration, but some of these 
are expected to receive such approval once the data 
are mature. In general, these agents are well toler-
ated, but significant and potentially life-threatening, 
immune-related adverse events (rash, colitis, ophthal-
mitis, hepatitis, pneumonitis, hypophysitis) can occur 
in a small proportion of patients.

An urgent need exists to increase the number of 
patients with cancer enrolled into clinical trials. This is 
especially true for elderly patients because, although 
they are frequently under-represented in clinical trials, 
they have the highest incidence of cancer compared 
with younger patient populations; therefore, elderly 
patients would have the largest impact on trial results. 
With the advent of molecular target–driven therapies, 
it is of the utmost importance that patients with spe-
cific molecular alteration are able to receive these 
therapeutic agents in a clinical trial setting. Hopefully, 
trials that are smarter and faster will be developed 
that will then provide huge benefit to a select group 
of patients, rather than a minor benefit to a general 
population. By replicating the success of BRAF and 
PD-1/PDL-1 inhibitors in various malignancies using 
different targets, we may be able to achieve the holy 
grail of cancer treatment: cure.

Amit Mahipal, MD
Assistant Member
Medical Director, Clinical Research Unit
H. Lee Moffitt Cancer Center & Research Institute
Tampa, Florida
Amit.Mahipal@Moffitt.org

mailto:Amit.Mahipal@Moffitt.org


190  Cancer Control July 2014, Vol. 21, No. 3

Clinical Research Unit
H. Lee Moffitt Cancer Center & Research Institute

Moffitt Cancer Center is the only NCI-designated comprehensive cancer center in Florida. Early therapeutic 
trials are of particular interest at Moffitt and more than 350 patients are enrolled in phase 1/2 trials every year. 
The cancer mission of the Clinical Research Unit at Moffitt Cancer Center is to support clinical investigational 
research by monitoring patients and administering investigational agents. The Clinical Research Unit/Phase 1 
program consists of a team of physicians from various oncology disciplines and other health care profession-
als, including nurse practitioners, clinical trial coordinators, pharmacists, research nurses, data managers, and 
regulatory specialists. There are more than 30 active phase 1 clinical trials in solid tumors and hematological 
malignancies at Moffitt to help patients with cancer receive novel therapies. Many of these trials are biomarker 
driven that preselect patients with a higher likelihood of response to therapy. 

Medical Director
Amit Mahipal, MD

Associate Center Director, Clinical Investigations
Dan M. Sullivan, MD

Selected Phase 1 Clinical Trial Faculty

Director, Protocol Review and Regulatory Affairs
Richard M. Lush, III, PhD

BREAST ONCOLOGY
Hyo S. Han, MD

Susan E. Minton, DO
Hatem Soliman, MD

HEAD AND NECK  
AND ENDOCRINE ONCOLOGY

Jeffery Russell, MD, PhD

GASTROINTESTINAL ONCOLOGY
Khaldoun Almhanna, MD

Richard Kim, MD
Amit Mahipal, MD

Jonathan R. Strosberg, MD

GENITOURINARY ONCOLOGY
Shilpa Gupta, MD

Mayer N. Fishman, MD, PhD

MALIGNANT HEMATOLOGY
Dan M. Sullivan, MD

Rachid Baz, MD
Jeffrey E. Lancet, MD

Kenneth H. Shain, MD, PhD
Eric Padron, MD

NEURO-ONCOLOGY
Solmaz Sahebjam, MD

THORACIC ONCOLOGY
Scott J. Antonia, MD, PhD

Jhanelle Gray, MD

NURSE PRACTITIONERS
Barbara Bertels, MSN, ARNP-C

Georgine Blum Wapinsky, MSN, ARNP-C

CLINICAL RESEARCH COORDINATORS
Nancy L. Burke

Jennifer L. Cooksey
Barbara Padilla-Oliver
Irene J. Williams Elson

DATA MANAGERS
Lawrence P. McKinney

Laura A. Narney



July 2014, Vol. 21, No. 3 Cancer Control  191

Selected Active Phase 1 Clinical Trials at Moffitt Cancer Center

MCC 16002 Open Label, Phase 1/2 Study of MEDI-551, a Humanized Monoclonal Antibody Directed Against CD19, in Adult Subjects With 
Relapsed or Refractory Advanced B-Cell Malignancies

MCC 16254 Phase I Study of the HDAC Inhibitor Vorinostat With Chemotherapy and Radiation Therapy for the Treatment of Locally Advanced 
Non-Small Cell Lung Cancer (NSCLC) 

MCC 16434 Study of the Anti-EphA3 Monoclonal Antibody KB004 in Subjects with EphA3-Expressing Hematologic Malignancies

MCC 16523 A Sequential Two-Stage Dose Escalation Study to Evaluate the Safety and Efficacy of Eltrombopag in Myelodysplastic Syndrome 
(MDS) Patients With Thrombocytopenia Who Progressed or Are Resistant to Hypomethylating Agents

MCC 16658 Phase I Multicenter Open Label Dose Escalation Study of Pasireotide (SOM230) LAR in Patients With Advanced Neuroendocrine 
Tumors (NET) 

MCC 16683 Phase I Pharmacokinetic Study of Belinostat for Solid Tumors and Lymphomas in Patients With Varying Degrees of  
Hepatic Dysfunction

MCC 16699 Phase IB/II Trial of ALT-801 in Combination With Cisplatin and Gemcitabine in Muscle Invasive or Metastatic Urothelial Cancer

MCC 16738 Phase I Study to Evaluate the Safety and Tolerability and Pharmacokinetic/Pharmacodynamics of MK-8242 in Patients With  
Advanced Solid Tumors

MCC 17017 Phase 1A/1B, Multicenter, Open Label, Dose-Finding Study to Assess the Safety, Tolerability, Pharmacokinetics and Preliminary 
Efficacy of the Dual DNA-PK and Tor Kinase Inhibitor, CC-115, Administered Orally to Subjects With Advanced Solid Tumors and 
Hematologic Malignancies

MCC 17061 Phase 1B/2 Study to Evaluate the Safety and Efficacy of PF-04449913, an Oral Hedgehog Inhibitor, in Combination With Intensive 
Chemotherapy, Low Dose Ara-C or Decitabine in Patients With Acute Myeloid Leukemia or High-Risk Myelodysplastic Syndrome

MCC 17088 Phase I Study of the Safety, Pharmacokinetics and Pharmacodynamics of Escalating Doses of the Selective Inhibitor of Nuclear 
Export (SINE) KPT-330 in Patients With Advanced Hematological Malignancies

MCC 17096 Phase I Study of the Safety, Pharmacokinetics and Pharmacodynamics of Escalating Doses of the Selective Inhibitor of Nuclear 
Export (SINE) KPT-330 in Patients With Advanced or Metastatic Solid Tumor Malignancies

MCC 17114 Phase I/II Study of Ruxolitinib in Combination With Nilotinib in CML Patients With Evidence of Molecular Disease

MCC 17136 Phase I/II Study of Oral Bicarbonate as Adjuvant for Pain Reduction in Patients With Tumor Related Pain

MCC 17148 Phase 1 Study to Evaluate the Safety, Tolerability, and Pharmacokinetics of MEDI4736 in Subjects With Advanced Solid Tumors 

MCC 17155 Phase I/II Trial of Combination Plerixafor (AMD3100), Bortezomib and Dexamethasone in Relapsed/Refractory Multiple Myeloma

MCC 17164 Phase IB, Multi-Center, Open Label, Dose Escalation Study of Oral LDE225 in Combination With BKM120 in Patients With Advanced 
Solid Tumors

MCC 17176 Phase I Trial Evaluating Safety and Tolerability of the Irreversible Epidermal Growth Factor Receptor Inhibitor Afatinib (BIBW 2992) 
in Combination With the SRC Kinase Inhibitor Dasatinib for Patients With Non–Small-Cell Lung Cancer (NSCLC)

MCC 17208 Phase I, Open-Label, Dose-Escalation Study of SGN-CD19A in Patients With B-Lineage Acute Lymphoblastic Leukemia and Highly 
Aggressive Lymphomas

MCC 17223 Phase 1/2 Open-Label Study to Assess the Safety, Tolerability and Preliminary Efficacy of TH-302, a Hypoxia-Activated Prodrug, 
and Dexamethasone With or Without Bortezomib in Subjects With Relapsed/Refractory Multiple Myeloma

continued on page 192



192  Cancer Control July 2014, Vol. 21, No. 3

To schedule a patient appointment with a physician at Moffitt Cancer Center,  
call the New Patient Appointment Center at 813-745-3980 or 1-888-860-2778 (during normal business hours).

For information about clinical trials, call Cheryl Maker in the Clinical Research Unit at 813-745-4106  
or e-mail Cheryl.Maker@Moffitt.org.

www.MOFFITT.org

Selected Active Phase 1 Clinical Trials at Moffitt Cancer Center (continued)

MCC 17250 Phase IB Study of SAR650984 (Anti-CD38 mAb) in Combination With Lenalidomide and Dexamethasone for the Treatment of 
Relapsed or Refractory Multiple Myeloma

MCC 17259 Sequential Two-Stage Dose Escalation Study to Evaluate the Safety and Efficacy of Ruxolitinib for the Treatment of Chronic Myelo-
monocytic Leukemia (CMML)

MCC 17303 Phase 1, Open-Label, Dose-Escalation Study of SGN-CD19A in Patients With Relapsed or Refractory B-Lineage Non-Hodgkin 
Lymphoma

MCC 17340 Study of HSP90 Inhibitor AT13387 Alone and in Combination With Crizotinib in the Treatment of Non–Small-Cell Lung Cancer 
(NSCLC)

MCC 17378 Phase IB Multi-Cohort Study of MK-3475 in Subjects With Advanced Solid Tumors

MCC 17396 Single-Arm, Multicenter, Nilotinib Treatment-Free Remission Study in Patients With BCR-ABL1 Positive Chronic Myelogenous 
Leukemia in Chronic Phase Who Have Achieved Durable Minimal Residual Disease (MRD) Status on First Line Nilotinib Treatment

MCC 17419 Phase IB/2, Multicenter, Open-Label Study of Oprozomib and Dexamethasone in Patients With Relapsed and/or Refractory Multiple 
Myeloma

MCC 17453 Early Phase I Study of ABT-888 in Combination With Carboplatin and Paclitaxel in Patients With Hepatic or Renal Dysfunction and 
Solid Tumors

MCC 17461 Phase IB, Open-Label Study of Oral BGJ398 in Combination With Oral BYL719 in Adult Patients With Select Advanced Solid Tumors 

MCC 17576 Phase I Trial of SGN-CD33A in Patients With CD33-Positive Acute Myeloid Leukemia

MCC 17608 Phase 1B Open-Label Study to Evaluate the Safety and Tolerability of MEDI4736 in Combination With Tremelimumab in Subjects 
With Advanced Non–Small-Cell Lung Cancer

MCC 17622 Phase I Open Label, Multicenter, Multiple Ascending Dose Trial Evaluating the Safety, Tolerability and Immunogenicity of Intra-
muscular Recombinant NY-ESO-1 Protein With GLA-SE Adjuvant in Patients With Unresectable or Metastatic Cancer Expressing 
NY-ESO-1 Antigen

MCC 17630 Phase 1/2 Clinical Trial of NPI-0052 in Patients With Relapsed or Relapsed/Refractory Multiple Myeloma 

MCC 17682 Phase 1B, Multi-Center, Open-Label Study of Novel Combinations of CC-122, CC-223, CC-292, and Rituximab in Diffuse Large 
B-Cell Lymphoma

MCC 17687 Phase 1/2, Open-Label Study of Nivolumab Monotherapy or Nivolumab Combined With Ipilimumab in Subjects With Advanced or 
Metastatic Solid Tumors

MCC 17690 Phase I Trial of Single Agent Trametinib (GSK1120212) in Advanced Cancer Patients With Hepatic Dysfunction 

MCC 17736 Phase I, Open-Label, Multicentre Study to Assess The Safety, Tolerability, Pharmacokinetics and Preliminary Anti-Tumor Activity of 
Gefitinib in Combination With Medi4736 (Anti Pd-L1) in Subjects With Non–Small-Cell Lung Cancer (NSCLC)
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In the era of molecular-targeted therapy, 

“effective” dose is sometimes measured 

through the inhibition of the intended  

target, which can prove to be problematic.

Risks and Benefits of Phase 1 Clinical Trial Participation
Amit Mahipal, MD, and Danny Nguyen, MD

Background: The results from phase 1 clinical trials can allow new treatments to progress further in drug 
development or halt that process altogether. At the forefront of phase 1 clinical trials is the safety of every patient 
participant, which is particularly true when testing new oncologic treatments in which patients may risk  
potentially toxic treatments in the hope of slowing the progression of or even curing their disease.
Methods: We explore the benefits and risks that patients experience when participating in phase 1 clinical trials. 
Results: Rules and regulations have been put into place to protect the safety and interests of patients while 
undergoing clinical trials. Selecting patients with cancer who will survive long enough to accrue data for these 
trials continues to be challenging. New prognostic models have been validated to help health care profession-
als select those patients who will likely benefit from participation in phase 1 trials. There also are long-lasting 
positive and negative impacts on those patients who choose to participate in phase 1 clinical trials.
Conclusions: Modern phase 1 clinical trials represent a therapeutic option for many patients who progress 
through frontline therapy for their malignancies. Recent phase 1 clinical trials testing targeted therapies have 
increased responses in many diseases in which other lines of therapy have failed. Patients still face many risks 
and benefits while enrolled in a phase 1 trial, but the likelihood of treatment response in the era of rational, 
targeted therapy is increased when compared with the era of cytotoxic therapy.

Introduction
Results from clinical trials help to answer questions 
and provide guidance for practicing health care pro-
fessionals. The regimented clinical trial design was not 
standardized until the twentieth century1; however, 
physicians have been employing concepts of modern 
clinical trials for centuries. An ancient medical text, 

The Canon of Medicine, established guidelines for the 
proper conduct of medical experimentation.2 In this 
text, the principles for testing the efficacy of a new 
medication were laid out, including that the drug must 
be free from any extraneous accidental quality and 
that the experimentation must be performed with the 
human body.2 The essence of these guidelines became 
the scientific method for testing of medications, and, 
for the most part, the medical field regulated itself 
when it came to new medications, elixirs, “cure-alls,” 
panaceas, and the like.

The turning point in medication development that 
resulted in the rigorous, regimented development of 
clinical trials in the United States occurred in 1937 
when pharmaceutical manufacturer S.E. Massengill 
Company (Bristol, Tennessee) released the first elixir 
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formulation of sulfanilamide, an antibiotic that, at the 
time, had been shown to have activity against strep-
tococcal throat infections.3 The elixir was available 
to consumers without undergoing animal or human 
testing of any kind prior to its release. However, the 
antibiotic was suspended in diethylene glycol, also 
known colloquially as antifreeze. The product was so 
extensively disseminated into US stores that the US 
Food and Drug Administration (FDA) and S.E. Mas-
sengill could not fully recall the product, which had 
caused the deaths of at least 100 people.1 Even then, 
the FDA was empowered to recall the drug only be-
cause the label was misleading (ie, it was labeled as 
an “elixir” and, therefore, had to contain alcohol, but 
this “elixir” did not have any). Due in part to this se-
ries of deaths, the FDA was granted new powers in 
1938 under the Federal Food, Drug, and Cosmetic Act, 
which required drug sponsors to submit safety data 
to the FDA for it to evaluate prior to marketing of the 
drug, thus planting the seed for the modern clinical 
trial structure4; this was later modernized by Hill in 
1948.1 Hill, who was a British statistician, performed 
one of the first randomized controlled studies that 
showed that streptomycin could cure tuberculosis.5 

However, in 1962, thalidomide, a drug popular 
as a hypnotic in Europe and suspected to cause birth 
defects, was supplied to US physicians who subse-
quently gave the drug to expectant mothers as a rem-
edy for morning sickness.6 This act resulted in nearly 
a dozen infants being born with birth defects, far less 
than the approximately 10,000 infants worldwide born 
with thalidomide-related defects. The smaller impact 
of thalidomide in the United States was due in part 
to the efforts of the FDA, which denied the thalido-
mide application on grounds that more evidence of 

safety was required.1 The amendments in 1962 that 
followed on the heels of the thalidomide incident 
further strengthened the control of the FDA over new 
investigational drugs, thus requiring pharmaceutical 
companies to demonstrate that their investigational 
drug could be safely given to patients in the preclini-
cal setting, thereby setting the stage for the formation 
of phase 1 clinical trials (Table 1).1,7

Purpose of Phase 1 Trials
Historically, the focus of phase 1 clinical trials has 
been to demonstrate that a new drug can be safely 
given to humans at the maximum tolerated dose 
(MTD),8 which is associated with dose-limiting tox-
icities (DLTs). The MTD, which could be a therapeutic 
dose or the maximum dose that can safely be admin-
istered, is then carried on to further phases of clinical 
trials. In the era of targeted agents, the biologically 
effective dose is now frequently used rather than the 
MTD. Because the primary purpose is not efficacy, 
maintaining patient population homogeneity and ob-
taining measurable tumor response is not required; 
however, many investigators include these factors 
in their protocols.9 Understanding the emphasis on 
safety in phase 1 studies requires an understanding of 
the history of drug development in the United States 
and why the FDA is concerned with establishing safety 
followed by efficacy. 

The field of oncology has matured during the 
last 20 years due in part to the understanding of the 
various molecular pathways involved in tumorigen-
esis. Because of the advent of molecularly targeted 
therapies due to this evolution, the standard dosing 
regimen, which consists of “cycles” of chemotherapy 
at the MTD, may need to be reconsidered.10 In fact, se-

Table 1. — Phases of Clinical Trials

Phase Primary Goal Primary Researcher Subject Type Comment

Preclinical Nonhuman efficacy
Toxicity
PK

PhD, MD, PharmD,  
or any researcher

Cell lines (animal)

0 Determining PK and PD Clinical researcher Human Focuses on determining oral bioavailability 
and half-life
Often combined with phase 1

1 Evaluation of safety and adverse 
events

Clinical researcher Human May be expanded or combined with phase 2

2 Examine efficacy and  
dose range

Clinical researcher Human May help in optimizing dose, schedule,  
and select disease types

3 Expanded study to substantiate 
efficacy and safety

Clinical researcher Human (N = large range) Generally includes multiple sites  
and investigators

4 Postmarketing  
surveillance

Primary physician Human (N = all patients  
taking the drug)

Determines long-term effects

PD = pharmacodynamic, PK = pharmacokinetic.
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lected molecularly targeted therapies such as tyrosine 
kinase inhibitors (eg, imatinib, ibrutinib, sorafenib) 
are not given in cycles but instead are given orally 
every day.10 The goal in such cases may not be tumor 
regression but rather tumor control. As such, dosing 
at the MTD may not be the dose associated with 
the most effectiveness. As in the case of ibrutinib, 
the MTD was never reached because the drug was  
well-tolerated and the dose selected for further clini-
cal trials was based on the dose that caused near 
complete occupation of all Bruton tyrosine kinase 
receptors.11 This calls into question whether toxicity 
can continue to be the primary goal for phase 1 trial 
design.10 For a particular agent, its effects on its pur-
ported molecular target may serve as another marker 
for efficacy. Logistically, this may become a compli-
cated matter, such as repeatedly obtaining tissue or 
routine blood work. For the patient, this may result 
in more invasive procedures, which carry their own 
inherent risks, or more frequent blood work, which 

one may expect to negatively impact patient enroll-
ment. However, study results indicate that patients 
are willing to undergo multiple biopsies if needed.12

Study Design
The difficulty in designing a phase 1 clinical trial is 
the decision of whether to escalate the dose of the 
study drug quickly (such that patients develop toxici-
ties sooner) or whether to escalate the dose slowly 
(such that patients are treated at subtherapeutic doses 
for longer).13 However, study design protocols that at-
tempt to answer this question are out of the scope of 
this review article, but they may be of interest because 
investigators must consider the impact of the study 
design on patient safety. For instance, one study exam-
ining phase 1 patients enrolled between 2002 and 2004 
demonstrated that aggressive dose-escalation schemes 
did not have a response advantage for cytotoxic agents 
but were associated with more toxicity when com-
pared with conservative dose-escalation schemas.14 In 

Table 2. — Selected Dose Escalation Designs

Dose-Escalation Method Description Advantages Disadvantages

Rule-Based Designs

3 + 3 (including 2 + 4,  
3 + 3 + 3, and 3 + 1 + 1)

Dose escalation follows a modified 
Fibonacci sequence (dose escalation 
sequence 100%  67%  50%  
40%, and so on)
If 1 patient has a DLT, 3 more patients 
are added (+ 3)
Escalation continues until 2 patients 
among the same cohort experience  
a DLT

Simple
Safe
Adding 3 more patients per  
dose level supplies more  
PK data

Excessive number of escalation  
steps means more patients  
potentially treated at  
subtherapeutic doses

Accelerated titration Assignment of patients to dose levels 
follows specific rules according to 
observed toxicities at each dose level
Allows intrapatient dose escalation

Reduces the amount of patients 
treated at subtherapeutic doses
Eventual phase 2 dose can be inter-
preted from data from all patients

May mask cumulative toxic  
effects of treatment if model  
does not fit data

Pharmacologic-guided  
dose escalation

Assumes that DLT is predicted by 
plasma drug concentrations and an 
animal model
Area under the curve predicted from 
preclinical data

Reduces the amount of patients 
treated at subtherapeutic doses  
(100% dose increment escalation)
Provides PK data

Logistics behind obtaining  
real-time PK data
Interpatient variability in drug  
metabolism may affect results

Model-Based Designs

Continual reassessment Based on the Bayesian model
Initial dose based on preclinical data
All patients treated at predicted  
maximum tolerated dose
Probability of reaching DLT updated  
for every patient who enters the study 
at every dose level
Stopping rules vary (eg, when  
6 patients are assigned to the  
same dose level)

Reduces amount of patients treated  
at subtherapeutic doses
Uses all data gathered from all 
patients
Phase 2 dose estimated with a  
confidence interval
Late toxicities are accounted for

Logistics and manpower behind  
calculations for every patient for  
every cohort
Requires strong support from  
a statistician for dose escalation

DLT = dose-limiting toxicity, PK = pharmacokinetic.
Adapted from Le Tourneau C, Lee JJ, Siu LL. Dose escalation methods in phase I cancer clinical trials. J Natl Cancer Inst. 2009;101(10):708-720. 
Published in its adapted form by permission of Oxford University Press.
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this study, investigators reported a death rate of 1.1%,14 
which, in general, is more than double the typically 
accepted risk of death for phase 1 studies.15 

Innovative, more efficient, and safer designs are 
being developed compared with the traditional 3 + 
3 dose-escalation design,16 which was designed in 
the era of cytotoxic therapy. During this time, higher 
doses were assumed to result in higher efficacy rates, 
but these doses also resulted in higher toxicity rates. 
Another main drawback of the traditional 3 + 3 design 
is that each escalation step may represent a group of 
patients treated with subtherapeutic levels of a par-
ticular medication. An analysis of 21 trials of cancer 
therapies using the 3 + 3 design between 1992 and 
2008 (therapies eventually approved by the FDA) re-
vealed that more than one-half of these designs had 
at least 6 dose-escalation levels.17 

Many different dose-escalation schemes exist, al-
though the predominant scheme used is the 3 + 3 
design. Table 2 lists the advantages and disadvantages 
of selected dose-escalation designs.17 Ultimately, the 
primary goal of newer dose-escalation schemes is to 
maximize the number of patients receiving the most 
efficacious dose.

In the era of molecular-targeted therapies, new 
questions arise as to what constitutes an “effective” 
dose. Oftentimes, this concept is measured through the 
inhibition of the intended target, which can pose sev-
eral obstacles, such as access and assessment of tissue 
(eg, tumor, peripheral blood) and the determination 
of the level of inhibition required to obtain a clinical 
response.17 In these situations, dose-escalation designs 
may not be as relevant as during the era of cytotoxic 
therapy. However, generally speaking, toxicity is still 
used as an end point for molecular-targeted thera-
pies. In addition, emphasis is placed on the preclinical 
setting and the so-called phase 0 trial in which the 
demonstration of a targeted effect is the primary goal. 
Pharmacokinetic and pharmacodynamic data are also 
obtained during phase 0 trials. The advantage of phase 
0 trials is that having data upfront helps expedite new 
drugs through other phases of clinical testing.7

Patient Selection
From our experience, the largest risk to patients who 
participate in phase 1 trials is death; secondary risks 
include adverse events associated with the study 
drug that may or may not be reversible. Our experi-
ence also suggests that oncologists generally offer 
patients with progressive, refractory malignancies the 
opportunity to participate in phase 1 studies as a “last 
ditch effort.” Consequently, many patients may be 
frail and will have experienced end-organ dysfunc-
tion and have short life expectancies. Early reports 
suggested that approximately 20% of patients passed 
away during the first 90 days of entry into a phase 1 

trial.18 Because of this, modern phase 1 studies use 
arguably biased stringent inclusion criteria, which 
exclude approximately 33% of participants screened 
for entry.19 Moreover, criteria are so stringent that a 
study published by Seidenfeld et al20 concluded that 
93% of participants of phase 1 trials nearly matched 
the performance status (PS) of the general population. 
Other inclusion criteria, along with Eastern Coopera-
tive Oncology Group (ECOG) PS, Karnofsky PS, or 
both, generally look at organ function (eg, creatinine, 
liver enzymes), age, lactate dehydrogenase (LDH), 
and other comorbidities.21 In an effort to select which 
patients might reasonably survive long enough to 
accrue safety data for phase 1 studies, many scoring 
systems have been formulated to help select patients 
with the lowest risk of mortality.22,23 

For instance, Wheler et al24 retrospectively deter-
mined that a history of thromboembolism, the pres-
ence of liver metastasis, and thrombocytosis predicted 
a shorter survival rate in patients enrolled in phase 
1 clinical trials, with each parameter bearing compa-
rable risk of death and weighed equally. From these 
data, they developed a risk score with correspond-
ing risk groups and 6- and 12-month survival rates 
(low risk = 73%, 51%; intermediate risk = 65%, 34%; 
high risk = 35%, 6%, respectively).24 This study was 
the first to report the survival rate of phase 1 par-
ticipants in the era of biologically and molecularly 
targeted therapy. A median overall survival (OS) rate 
of 9 months was reported in this study,24 which is in 
contrast to the median OS rate of 5 months in the era 
of cytotoxic therapy and ECOG PS and LDH levels.21 

Arkenau et al22 from the Royal Marsden Hospital 
(RMH) developed a prognostic score using retrospec-
tive data of 212 patients enrolled in their phase 1 
program (Table 3). In this study, 3 variables associ-
ated with poor outcomes were isolated, including an 
elevated level of LDH (> upper limit of normal), low 

Table 3. — Royal Marsden Hospital Prognostic Score 

Variable Score Hazard Ratio

Lactate Dehydrogenase
< ULN
> ULN

0
1

1.85

Albumin (g/dL)
> 3.5
< 3.5

0
1

1.83

Sites of Metastases
0–2
> 2

0
1

1.54

Scores 0–1 = good prognosis, 2–3 = poor prognosis.
ULN = upper limit of normal.
Data from reference 22.
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level of albumin (< 3.5 g/dL), and more than 2 sites 
of metastasis. Patients with a score of 0 to 1 had a 
median OS rate of 74.1 weeks, whereas patients with 
a score of 2 to 3 had a median OS rate of 24.9 weeks 
across all tumor types.22 These data were prospec-
tively studied at the same institution and validated in 
a follow-up study.25 Using the RMH score, Arkenau et 
al25 demonstrated that nearly 90% of patients who died 
within the first 90 days of entry into a phase 1 trial 
had a prognostic score of 2 to 3. At the time of the 
study, those with a score of 0, 1, 2, or 3 had a median 
OS rate that was not reached: 25.7 weeks, 15.7 weeks, 
and 14.1 weeks, respectively. This scoring system was 
further modified and validated at the phase 1 clinic at 
the University of Texas MD Anderson Cancer Center in 
Houston.23 Wheler et al23 added gastrointestinal tumor 
type and ECOG PS (≥ 1) to the RMH score as factors 
associated with a poor prognosis (Table 4). Using their 
prognostic score, they found that median survival rates 
for the low-risk (0), low-intermediate (1), intermediate-
risk (2), high-intermediate risk (3), and high-risk (4–5) 
groups were 24.0 months, 15.2 months, 8.4 months, 
6.2 months, and 4.1 months, respectively.23 The rela-
tive risk of having more than 2 sites of metastasis 
and ECOG PS of at least 1 was lower than the other 
variables, a finding likely due to stringent inclusion 
criteria and clinical judgment. Also of note is the me-
dian survival rate of 10 months, with 86% patients hav-
ing received a targeted therapy/biological agent and 
32% having received a cytotoxic agent.  These results 

further demonstrate the increased clinical benefit of 
phase 1 clinical trials in the era of targeted therapies.

Phase 1 Trial Participation as a  
Therapeutic Option
Although the goal of phase 1 studies has primarily 
focused on safety profiles, most patients with can-
cer participate in these trials with the hope of de-
riving clinical benefit, and health care professionals 
are beginning to integrate participation in a phase 1 
study as part of a patient’s plan of care.26 Historically, 
health care professionals expected that phase 1 studies 
would yield a response rate of approximately 6% and 
a death rate due to the study drug of approximately 
0.5%.27 With the advent of molecular targets and im-
munotherapy, this expectation of efficacy has changed. 
Horstmann et al15 updated these findings using data 
from the Cancer Therapy Evaluation Program, which 
consisted of data from 10,402 participants of phase 
1 trials that took place between 1991 and 2002. They 
found an overall response rate of 10.6% and partial 
response and complete response rates of 7.5% and 
3.1%, respectively. They reported that 0.49% of patients 
died while participating in a trial (0.21% of patient 
deaths were attributed to the study drug). 

Italiano et al26 reviewed the efficacy of phase 1 
trials from their own institution between the years 
2003 and 2006. The researchers found an objective 
response rate of 7.2%, a rate of stable disease of 41%, 
a progression-free survival rate of 2.3 months, and a 
median OS rate of 8.7 months.26 In addition, 56.6% 
of participants went on to pursue different treatment 
options after exiting the phase 1 study, demonstrating 
that clinicians at that institution were incorporating 
participation in a phase 1 study as part of treatment 
pathways, particularly for malignancies without a clear, 
preferred treatment option with good effectiveness.26 
Moreover, in some malignancies (eg, progressive head 
and neck cancers), participating in a phase 1 clinical 
trial could potentially mean that patients would have 
progression-free survival rates similar to those seen 
in third-line therapies already approved by the FDA.28

Considering the evidence of efficacy behind se-
lected approvals by the FDA,29,30 these results are 
significant. For instance, the addition of cetuximab 
to leucovorin/fluorouracil/irinotecan compared with 
leucovorin/fluorouracil/irinotecan alone in KRAS 
wild-type patients increased the progression-free sur-
vival rate from 8.7 months to 9.9 months29 and the 
addition of nab-paclitaxel to gemcitabine increased 
the progression-free survival rate from 3.7 months 
to 5.5 months.30 

Further expanding on the benefit of targeted 
therapy, one study found that the risk of death dur-
ing a phase 1 trial testing a cytotoxic agent was nearly 
quadruple that of a trial testing a targeted agent.31 

Table 4. — MD Anderson Clinical Center Prognostic Score

Variable Score Relative Risk for Death

Lactate Dehydrogenase
< ULN
> ULN

0
1

1.74

Albumin (g/dL)
> 3.5
< 3.5

0
1

1.58

Sites of Metastases
0–2
> 2

0
1

1.26

ECOG PS
0
≥ 1

0
1

1.32

Tumor Type
Non-GI
GI

0
1

1.42

Scores: 0 = low risk, 1 = low-intermediate risk, 2 = intermediate risk,  
3 = high-intermediate risk, 4–5 = high risk. 
ECOG PS = Eastern Cooperative Oncology Group performance status, 
GI = gastrointestinal, ULN = upper limit of normal. 
Data from reference 23.
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Phase 1 studies that include cytotoxic agents that 
have received approval from the FDA also tend to 
have lower risks of death and toxicity than novel 
cytotoxic agents.14

Patient Benefits
In addition to the possibility of controlling or reduc-
ing disease burden when other lines of therapy have 
failed, patients derive other benefits from participating 
in phase 1 trials. Per our experience, some research-
ers view early access to a potentially helpful drug as a 
benefit; however, by the very nature of phase 1 clini-
cal trials, this early access may also prove to be a risk. 
Dealing with a refractory, recurrent, nonoperable, and/
or metastatic malignancy can be taxing on patients and 
family members. Most patients are overall satisfied with 
their experiences in phase 1 trials.32,33 The regimented 
routine that patients undergo as part of a phase 1 
trial, which may include routine physical examinations, 
laboratory draws, biopsies, and radiological examina-
tions, help alleviate some fear about the gravity of 
their disease, and patients were generally satisfied to 
receive more information about their disease as well 
as to supply information themselves.33 Given the very 
nature of toxicity reporting in a phase 1 trial — with 
every symptom scrutinized — patients unexpectedly 
viewed this as being positive. Many of these patients 
developed trust in the trial physician and were content 
knowing that their participation might contribute to 
future patients’ health.11,32 Many also felt empowered 
by attempting to control their disease.13 

Patient Risks
Participation in a phase 1 clinical trial has known 
and unknown risks. The primary risk is death from 
the investigational agent or death from malignancy 
progression or malignancy-related complications. In 
addition to this risk of death, other risks that patients 
may experience include acute toxicities (eg, nausea, 
fatigue, diarrhea) or delayed toxicities, which may not 
be detected until the completion of the phase 1 trial 
and further studies progress. For instance, ponatinib 
was approved by the FDA after study results indicated 
great response rates.34 However, the correlation be-
tween the risk of thrombotic events was made only 
after ponatinib had been approved by the FDA for 
the treatment of chronic myelogenous leukemia blast 
crisis or those with a T315I mutation.35 

With regard to patient satisfaction, many patients 
do not feel better about their disease once their trial 
participation is completed.32 With the advent of bio-
marker-driven trials that require the testing of tumor 
tissue, the unavailability of tissue for future trials can 
become an issue. Moreover, many early-phase trials 
require fresh biopsies that subject individual patients 
to risks without any direct benefit to them.

Conclusions
Study design was originally focused on dosing and 
safety; however, the design of trials is becoming in-
creasingly sophisticated and includes ways in which 
to maximize clinical benefit through dosing schemes, 
incorporate randomized trial designs36 (including ele-
ments of phase 2 trial designs), and to use more target-
ed and biological therapies. During the last 20 years, 
the advent of targeted therapies in phase 1 trials has 
improved clinical benefit in terms of overall survival 
rates and toxicity profiles when compared with the era 
of cytotoxic agents. It is because of the progression 
and refinement of our knowledge of cancer that such 
therapies are available for testing, and it is because of 
better therapeutic targets for drugs that clinical trials 
can often be considered treatment options for patients 
with recurring, relapsed, or refractory malignancies. 
Phase 1 clinical trials should not be viewed as a last 
resort for patients who have failed current therapy. 
Rather, enrollment in clinical trials should be viewed 
as another therapeutic option. The field of oncology 
will continue to accumulate more knowledge and be 
able to rationally target molecular pathways as they 
become elucidated. Indeed, it is an exciting time to 
be in the field of oncology, and phase 1 clinical trials 
are one of the ways that both physicians and patients 
can help reinforce its foundation.
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Innovative trial designs  

addressing the limitations  

of traditional dose-escalation 

methods have yet to establish  

their clinical superiority in  

the phase 1 trial setting.

Phase 1 Trial Design: Is 3 + 3 the Best? 
Aaron R. Hansen, MBBS, Donna M. Graham, MBBCh, Gregory R. Pond, PhD, and Lillian L. Siu, MD

Background: Concerns have been recognized about the operating characteristics of the standard 3 + 3  
dose-escalation design. Various innovative phase 1 trial designs have been proposed to address the issues and 
new challenges posed by molecularly targeted agents. However, in spite of these proposals, the conventional 
design is still the most widely utilized. 
Methods: A review of the literature of phase 1 trials and relevant statistical studies was performed. 
Results: Beyond statistical simulations, sparse clinical data exist to support or refute many of the shortcomings 
ascribed to the 3 + 3 rule method. Data from phase 1 trials demonstrate that traditional designs identified the 
correct dose and relevant toxicities with an acceptable level of precision in some instances; however, no single 
escalation method was proven superior in all circumstances.
Conclusions: Design selection should be guided by the principle of slow escalation in the face of toxicity and 
rapid dose increases in the setting of minimal or no adverse events. When the toxicity of a drug is uncertain 
or a narrow therapeutic window is suggested from preclinical testing, then a conservative 3 + 3 method is 
generally appropriate. However, if the therapeutic window is wide and the expected toxicity is low, then rapid 
escalation with a novel rule- or model-based design should be employed.

Introduction
The primary objective of a phase 1 oncology trial is 
to define the recommended phase 2 dose (RP2D) of 
a new drug or multiagent combination in the sched-
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ule tested. Although many crucial components make 
up a phase 1 study, this article will focus on various  
dose-escalation methods that can be incorporated into 
such trials. The conventional 3 + 3 design, as described 
by Storer1 in 1989, was originally introduced in the 
1940s2 and was among the earliest dose-escalation 
and de-escalation schemes utilized. However, several 
concerns have been raised about the quality of the 
operating characteristics of the 3 + 3 design. Statisti-
cal simulations have demonstrated that a trial using 
the 3 + 3 design identifies the maximum tolerated 
dose (MTD) in as few as 30% of trials.3 Furthermore, 
some argue that this method of dose escalation may 
result in a high proportion of patients being treated 
at subtherapeutic doses.4 

Innovative trial designs that offer potentially 
more superior operating characteristics have been 
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proposed. However, despite these advances, the 3 + 
3 dose-escalation method remains the most popular 
method employed by researchers of phase 1 trials. 
In a review of more than 1,200 phase 1 studies from 
1991 to 2006, more than 98% of trials utilized the 3 + 
3 dose escalation scheme.5 This figure was confirmed 
in a review of 181 phase 1 trials from January 2007 to 
December 2008, with more than 96% of trials using 
the traditional 3 + 3 design or a variation.6 

Given the time frame of these reviews, most of 
the agents included in these 2 reports were cyto-
toxic chemotherapeutic agents,5,6 with molecularly 
targeted agents (MTAs) comprising only 18% in the 
latter report.6 MTAs are defined as anticancer agents 
that selectively target molecular pathways, as opposed 
to DNA, tubulin, or cell division machinery.7 The  
recent surge in the development of MTAs has chal-
lenged early-phase trial design. Because MTAs were 
purported to have a more specific therapeutic index 
on tumor tissue while sparing normal tissue, it was 
believed that studies of MTAs would have resulted in 
a shift toward newer methods with less conservative 
dose escalations. However, in a review of 155 MTA 
phase 1 trials published between 2000 and 2010, more 
than 60% of them incorporated the conventional 3 + 
3 dose escalation.8 Logistical simplicity of the 3 + 3 
design and clinician familiarity with the escalation 
rules may explain this observation and preclude the 
transition to novel designs on a larger scale. More-
over, it is not clear whether the advantages offered by 
newer methodologies are negated by their complexity 
and difficulty to implement. This article will review 
the current phase 1 trial design landscape and evalu-
ate which dose-escalation methods are optimal for 
determining dose and safety in an efficient manner, 
in addition to addressing several challenges faced by 
modern phase 1 trials.

Dose-Escalation Designs
Phase 1 trials must prioritize safety while attempting 
to maintain efficiency. A typical dose-escalation phase 
1 study selects a safe starting dose based on preclini-
cal data from in vitro and in vivo testing of the drug. 
Incremental dose increases for assigned patient cohorts 
occur until a prespecified end point is reached, which, 
in general, is the incidence of dose-limiting toxicities 
(DLTs). DLTs are severe but ideally reversible adverse 
events that occur within a protocol-defined period, 
usually the first cycle. Geographical variations in no-
menclature for the final dose levels in phase 1 trials 
can be confusing. In Europe, the MTD is defined as the 
dose level in which an allowable frequency of DLTs has 
been exceeded, and the dose level immediately below 
is usually expanded to confirm that its incidence of 
DLTs is within an acceptable threshold.9 If such is the 
case, then that penultimate dose level is considered 

the RP2D. In North America, the highest dose level 
reached, in most instances due to an unacceptable 
incidence of DLTs, is referred to as the maximum ad-
ministered dose (MAD). The MTD is typically defined 
as the dose level immediately below the MAD and cor-
responds with the RP2D.9 In the event that the MTD is 
not reached, other non–toxicity-based end points can 
be considered in order to recommend a dose, such as 
a pharmacodynamic (PD) marker of sufficient pathway 
inhibition of a putative molecular target. 

Phase 1 trial designs are broadly divided into 
rule- or model-based methods. Rule-based methods 
utilize prespecified rules based on actual observations 
of target events (eg, DLT) from the clinical data to as-
sign patients to dose levels and determine the MTD or 
RP2D. Model-based designs use a statistical estimation 
of the target toxicity level by depicting the dose-toxicity 
relationship. The model is used to assign patients to 
dose levels and define the MTD or RP2D. Safeguards 
are established in most model-based designs to limit 
escalation above the MTD and patient exposure to 
excessively toxic treatment doses.4 The Table2,4,10-18 out-
lines selected examples of these phase 1 trial designs.

The most commonly used rule-based design is the 
traditional 3 + 3 design, which guides “up-and-down” 
decisions, using the modified Fibonacci mathematical 
series to determine the amount of dose increase for 
cohorts of sequentially enrolled patients. The Fibo-
nacci series ensures that dose increases are initially 
large but increments are smaller at higher dose levels 
(Fig 1A).2 Newer trial designs have explored modifica-
tions of the process of dose escalation using statistical 
and empirical methods.7 

In an effort to expedite the dose-escalation process 
to more rapidly and efficiently determine the RP2D, 
accelerated titration designs have been proposed (Fig 
1B).4 Although they are not commonly used in clini-
cal practice, these designs use single-patient cohorts 
for initial dose escalation until DLT or 2 moderate 
toxicities occur during the first treatment cycle. Fol-
lowing the initial acceleration phase, the traditional 3 
+ 3 design is applied, which theoretically reduces the 
number of patients treated at subtherapeutic doses. In 
this design, intrapatient dose escalation is permitted 
if no or minimal toxicities are observed.4 Accelerated 
titration designs are still rule based, but they can in-
corporate model-based designs following the initial 
single-patient cohorts to create hybrid methods.

Interests in exploring nontoxicity end points have 
been fuelled by the observation that MTAs do not have 
the classical monotonic dose-toxicity curve as seen 
with cytotoxic chemotherapy. Therefore, escalating 
doses solely based on toxicity may not be the most 
appropriate strategy, and using alternative end points 
such as pharmacokinetic (PK) or PD data may be more 
appropriate for determining the optimal dose of these 



202  Cancer Control July 2014, Vol. 21, No. 3

Table. — Selected Examples of Trial Escalation Designs

Trial Design Method Comments

Rule-Based Designs

Key Points 
No prior assumptions about dose-toxicity curve
Decision to escalate based on toxicity results from first course administration of current level

3 + 32 

(Fig 1A)
3 patients treated per dose level 
If no DLT, dose is escalated for the next cohort of 3 patients 
If 1 DLT, 3 additional patients are treated at this level with dose 
escalation only if no additional DLTs 
If ≥ 2 DLTs, prior dose level is defined as MTD
MTD decided when 6 patients are treated at a dose level  
with < 2 DLTs

Potentially more patients are treated at subthera-
peutic doses
Statistical simulations suggest RP2D often at 
lower doses than other designs

Accelerated titration4  
(Fig 1B)

A series of designs have been proposed. All have fixed increments 
for dose escalation:

Design 1 is as for 3 + 3 design but with 40% dose increments
Design 2 has single patient cohorts during accelerated phase. 
When a first-course DLT or second first-course intermediate 
toxicity occurs, cohort expands and reverts to design 1
Design 3 has single patient cohorts with double-dose escalation 
steps (80% dose increments). Revert to design 1 with same  
trigger as design 2
Design 4 is per design 3 but trigger to revert to design 1 is any 
course DLT or second instance of any course intermediate toxicity

Acceleration and escalation phase in one design
Intrapatient dose escalation, where permitted,  
may mask delayed or cumulative toxicity

PGDE

Key Points
Requires real-time PK measurement and assessment for dose modification
Assumes DLT can be predicted by plasma drug concentration

PGDE10  

(Fig 1C)
Starting dose is determined by animal data as standard
First cohort treated as standard with average AUC measured for 
this cohort
Dose escalation occurs according to distance to target AUC either:

Initially by a factor equal to the square root of the ratio of the  
target AUC to the AUC associated with the initial dose and  
subsequently follow a Fibonacci scheme; OR
Initially by a factor of 2 until AUC is 40% of target AUC and  
subsequently follows Fibonacci scheme

Interpatient variability may limit dose escalation
Differences between species used for dose esti-
mation and humans may affect utility of method

continued on page 203

agents. Robust preclinical data to support the use of 
these end points are imperative if such methodology is 
to be used. Pharmacokinetically guided dose escalation 
(PGDE) involves regular PK assessments to determine 
subsequent dose modifications (Fig 1C).10 The main 
practical limiting factors of PGDE include interpatient 
variability and the need for timely PK analysis.10 Where 
a PD end point of target inhibition is used, there must 
be a predefined target, available tumor tissue for test-
ing, and a validated assay to determine and quantitate 
the extent of target inhibition. These are difficult cri-
teria to meet, and the ability to reliably correlate PD 
readouts with clinical outcomes based on limited data 
further challenges the use of this strategy. 

Model-based designs were developed to improve 
precision in estimating the RP2D as well as efficiency 
during dose escalation. Model-based designs estab-
lish a dose-toxicity curve prior to patient enrollment 
and then use toxicity data from enrolled patients and 
Bayesian statistical methods to modify and update this 
curve as the study proceeds. The first model-based 
method was the continual reassessment method 
(CRM).2 Modifications to this design have been devel-
oped with the aim of improving safety and avoiding 
an overestimation of the MTD. These include modified 
CRM,11,12 escalation with overdose control (Fig 1D),13  
and the time-to-event continual reassessment method  
(TITE-CRM).14 It has been suggested that model-
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Table. — Selected Examples of Trial Escalation Designs (continued)

Trial Design Method Comments

Model-Based Designs

Key Points 
Establishes dose-toxicity curve prior to patient enrollment 
Uses toxicity data from enrolled patients to modify curve as study proceeds 
Requires good biostatistical support for constructing and updating dose-toxicity estimates

CRM17 A target level of toxicity defined at baseline. Increased dose levels 
defined with initial expectations of the probability of DLT at these 
doses to construct a statistical dose-toxicity model 
Single patient cohorts; fixed sample size
With treatment of successive patients the statistical model  
is recalculated using Bayesian principles to update estimated  
probability of a DLT and increase certainty associated with  
dose-toxicity relationship
Dose associated with the target DLT rate according to the final 
dose-toxicity model at trial completion is defined as the MTD
If a patient experiences no toxicity, dose may be escalated to the 
next dose level for subsequent cycles

May overestimate dose for MTD
Uncertainty about toxicity of investigational agent 
may be reflected in initial dose-toxicity model

Modified CRM11,12 Conservative starting dose, as with 3 + 3 design
Dose escalation may only occur by a single dose level per patient 
cohort
Following DLT, the dose for the next patient may not be escalated
Cohorts may be larger than single patient 
Stopping rule defined rather than fixed sample size

Safety improved compared with CRM

EWOC13 (Fig 1D) Dose-toxicity curve modeled to minimize the probability a patient 
will be treated at an unacceptably high dose, ie, a dose where the 
probability of a DLT is greater than some value 

Dose-toxicity curve constantly remodeled  
requiring additional statistical support

TITE-CRM14 Data from all treated patients, including partial data, incorporated 
into dose-toxicity curve and subsequent dose calculations
Patients experiencing DLT are fully weighted
Patients not experiencing toxicity are weighted by the proportion of 
time observed on study

Allows toxicity information of patients to  
contribute to dose recommendation before  
all patients are fully followed

mTPI18 Bayesian framework used to calculate posterior probabilities of 
intervals, reflecting relative distance between toxicity rate of each 
dose level to the target probability with a fixed sample size
Dose-escalation decisions depend on category of toxicity rate: 
categorization as underdosing results in dose escalation and  
overdosing results in de-escalation 
When toxicity rate is categorized as proper dose, dose is  
not modified

Software provided online
Fewer patients treated at doses above MTD

Mixed-effect POM15 Repeated measurements of graded toxicities are used to generate 
per-cycle toxicity estimates
Modified definition of RP2D: dose associated with a predefined 
probability of severe toxicity per cycle

May be more useful for agents with chronic  
toxicities (eg, MTAs)

Fractional dose-finding 
methods16

May be applied to 3 + 3 design or CRM
Time to toxicity modeled using Kaplan-Meier estimator. Mass of 
each censored observation redistributed to the right
Censored observation is taken if patient has not experienced a  
DLT at the time of observation. Fractional contribution of each 
patient used in dose-escalation decisions

May shorten duration of trial while maintaining 
accurate determination of RP2D

AUC = area under the curve, CRM = continuous reassessment method, DLT = dose-limiting toxicity, EWOC = escalation with overdose control,  
MTA = molecularly targeted agent, MTD = maximum tolerated dose, mTPI = modified toxicity probability interval, PGDE = pharmacologically guided dose 
escalation, PK = pharmacokinetic, POM = proportional odds model, RP2D = recommended phase 2 dose, TITE = time to event.
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based designs achieve better estimations of the target  
probability of a DLT at the RP2D while minimizing  
suboptimal dosing.19 These designs require biostatistics 
expertise and adequate software for modeling. 

By contrast to cytotoxic chemotherapy, which is 
generally delivered intermittently and for a predefined 
duration, MTAs are often continuously dosed until the 
development of resistance and, thus, chronic or late 
toxicity can emerge. Recently, model-based methods 
have been employed to incorporate these factors into 
dose-escalation decisions. The modified toxicity prob-
ability interval,20 proportional odds model (POM),21 
mixed-effect POM,15 and fractional dose-finding meth-
ods16 utilize toxicity information from treated patients, 
including those who have not experienced a DLT at 
the time of observation, to accurately reflect the ongo-
ing effects of the agents under investigation.

Phase 1 Design Elements
Critical aspects of a phase 1 study include the accurate 
determination of RP2D, a comprehensive assessment 
of toxicity, and efficiency in time to study completion, 
patient accrual, and logistical requirements. Study de-
signs that can precisely determine RP2D and drug 
toxicity profile, shorten trial duration, subject fewer 
patients to subtherapeutic or overly toxic doses, and 
place fewer demands on clinical and trial resources 
are preferred. 

Determining the Recommended Dose
Beyond statistical simulations, sparse clinical 
data exist that compare the accuracy of different  
dose-escalation schemes in predicting the correct 
RP2D. In a review from 1990 to 2012 of registration 
trials of cancer drugs approved by the US Food and 

A B

C D

Standard 3 + 3 Design Accelerated Titration Design

Pharmacokinetically Guided
Dose-Escalation Design

Adaptive Model-Based Design

Fig 1. — (A) Schematic of the standard 3 + 3 design. (B) Schematic of the rule-based accelerated titration design. (C) Schematic of the pharmacokinetically 
guided dose-escalation design. (D) Schematic of an adapative model-based design (eg, escalation with overdose control). DLT = dose-limiting toxicity,  
EU = European Union, MAD = maximum administered dose, MTD = maximum tolerated dose, PK = pharmacokinetics, RP2D = recommended phase 2 dose, 
US = United States.
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Drug Administration and their corresponding phase 1 
studies, the registered doses of the drugs were within 
20% of the RP2D in 73% (62 of 85) of the matched 
phase 1 trials.22 An important caveat reported in this 
study was that phase 1 trials of MTAs performed 
poorly in predicting the registered dose to within 
20% of the RP2D when compared with phase 1 trials 
of cytotoxic treatments (odds ratio = 0.2 [0.03–0.8], 
P = .025).22 The type of dose escalation employed in 
these phase 1 studies was not reported, and uncer-
tainty remains as to whether the registered dose is the 
optimal dose of drug. Furthermore, drugs that failed 
to achieve registration were not included; thus, their 
impact on the results is unknown. 

The broad implication of this study is that, overall, 
phase 1 trials are reasonably accurate in predicting the 
correct RP2D in most — but not all — cases. Given that 
most phase 1 trials utilize the 3 + 3 design, it is plau-
sible to extrapolate that these figures reflect the ac-
curacy of this type of methodology in most instances. 
However, the lack of trial design details from this re-
view renders it difficult to draw definitive conclusions. 
These empirical data contrast with the many statistical 
simulations that report the inaccuracy of the 3 + 3  
method compared with novel rule- or model-based 
strategies.11,17,23-26 In a recent comparative simulation 
study of the modified toxicity probability interval and 
the 3 + 3 designs using matched sample sizes, the 
former was found to reliably select the true MTD 
in 32 out of 42 scenarios.18 The reason for the dis-
crepancy between empirical and statistical simulation  
data is unclear, but many factors can influence the 
RP2D that may not be incorporated into the simula-
tion; in addition, computational modeling has its own 
set of limitations. 

Rather than ascribing a particular escalation 
scheme as the most appropriate for all situations, it 
is more informative for clinical trialists to determine 
the contexts in which specific methods perform bet-
ter or are more fit-for-purpose. A key principle of 
any phase 1 study is to escalate slowly in the face of 
toxicity and rapidly in the setting of minimal or no 
adverse events. In situations in which the toxicity of 
a drug is uncertain or preclinical testing suggests that 
the therapeutic window is narrow, then a conserva-
tive 3 + 3 escalation may be reasonable. By contrast, 
rapid escalation designs using either novel rule- or  
model-based schemes would be appropriate if the 
expected toxicity was low or high-quality preclini-
cal data indicated a wide therapeutic index. Failing 
to accurately define the true RP2D of a drug may 
compromise further drug development by testing a 
subtherapeutic dose and schedule in phase 2 or 3 
trials. Agents not successfully registered may be ei-
ther intrinsically ineffective or not evaluated at the 
correct RP2D. 

Determining the Relevant Toxicities 
A critical assumption with the early-phase drug de-
velopment of cytotoxic agents is that toxicity and ef-
ficacy monotonically increase with dose. In the era of 
MTAs, this assumption is challenged by the premise 
of differential target saturation of the drug in tumor 
versus normal tissue, whereby target blockade can 
become saturated in tumor, thus leading to a plateau 
of antitumor effect. However, toxicity may continue to 
rise with an increasing drug dose due to unsaturated 
targets in normal tissue. In addition, off-target effects 
may occur such that dosing to toxicity for MTAs may 
not be appropriate. Despite this, determining the tox-
icity level remains a critical goal in all phase 1 trials, 
regardless of the dose-escalation method. It has been 
reported that around 70% of all clinically significant 
adverse events are identified in the phase 1 study.22 

The probability of observing an adverse event 
related to a study drug is increased by using a larger 
sample size. A trial has a 90% chance of detecting 
an adverse event occurring in 5% of patients with 
a sample size of 57 patients, a rate that increases to 
99% with 82 patients.27 Increasing the sample size of 
a trial can be achieved by using prespecified expan-
sion cohorts after the dose-escalation component of 
the trial is completed. Often referred to as a phase 
1b or dose-expansion phase study, this part of the 
trial typically tests a particular dose and schedule, 
which may be restricted to a population of patients 
with specific tumor types, molecular aberrations, or 
some other criteria.28 

Study Size, Timing, and Other Logistics 
Several factors can affect the efficiency of a phase 1 
trial (eg, number of patients enrolled and the frac-
tion of those treated at subtherapeutic doses, trial 
duration, number of dose levels tested). Statistical 
simulations have attempted to assess the efficiency of 
various dose-escalation designs.28,29 In a comparative 
simulation of 3 + 3 and CRMs, the latter treated fewer 
patients at subtherapeutic doses and, depending on 
the true MTD, required a smaller sample size than the 
3 + 3 design.31 However, real-world experience does 
not appear to demonstrate substantial differences in 
efficiency across dose-escalation methods, possibly 
because of neutralization by other factors. In a retro-
spective review of 81 trials evaluating 60 MTAs, the 
ratio of MTD or MAD to starting dose was calculated 
for each trial and compared with the number of dose 
levels tested.32 Trials with a high MTD or MAD to 
starting dose ratio (presumably representing trials of 
agents with wider therapeutic indices) versus those 
with a low ratio (presumably representing trials of 
agents with narrower therapeutic indices) had similar 
numbers of tested dose levels. This phenomenon was 
not explained by the use of different dose-escalation 
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methods. Instead, it appears that higher increments 
between dose levels were selected for agents deemed 
to have wide therapeutic indices based on preclini-
cal data, regardless of the dose-escalation method 
used.32 Furthermore, in a review of 84 phase 1 trials 
of MTAs from 2000 to 2010, trial size and the number 
of patients treated at doses below MTD were similar 
across 3 + 3, accelerated titration, and CRM designs.33  

One criticism of the conventional 3 + 3 design 
is that the escalation is unnecessarily slow, thus pro-
longing the duration of the trial.4 Similar complaints 
have been leveled at the CRM, because results from 
the last patient are required to dose subsequent pa-
tients.11 Modifications to CRM and accelerated titration 
designs have sought to address these concerns, and 
simulations have demonstrated that they speed up the 
completion of a phase 1 study but also provide more 
information.4 However, clinical data to substantiate 
these simulations are sparse.  

It is important to recognize that the 3 + 3 method 
does not require statistical software support or model-
ing, and it is widely acknowledged as being uncom-
plicated and safe to implement.6 Processes underlying 
model-based designs are often perceived by clinicians 
as being nontransparent.34 Furthermore, the software 
that these systems utilize is often considered difficult 
for those who are not technically inclined.34 Although 
adaptations to these models have been suggested, 
such logistical barriers may limit their widespread 
implementation in phase 1 studies. 

Challenges to Phase 1 Designs 
Delayed or Chronic Toxicities
Many MTAs or biological agents are chronically ad-
ministered as either continuous oral or frequent intra-
venous doses, thus predisposing patients to delayed 
or chronic toxicities. These cumulative adverse events 
can affect the tolerability of the drug and should be 
considered when recommending a phase 2 dose. 
Assessing for DLTs in the initial cycle or first few 
weeks of treatment will not account for late or cu-
mulative adverse events. In a retrospective review of 
36 phase 1 trials of MTAs, approximately one-half of 
severe toxicities occur after cycle 1.35 In an initiative 
to redefine criteria for determining the DLT, adverse 
events from more than 2,000 patients, representing 
54 monotherapy MTA studies, concluded that 49.5% 
of patients experienced their first grade 3 or higher 
toxicity after cycle 1, and a significant proportion of 
patients required a dose reduction for selected grade 
2 or lower events as early as cycle 1.36

Several designs have been proposed to account 
for chronic adverse events, including TITE-CRM,  
mixed-effect POM, and fractional dose-finding meth-
ods.15,16 These latter designs have been tested in statis-
tical simulations but have not been widely applied in 

clinical trials. In studies of drugs with delayed toxici-
ties, the TITE-CRM and 3 + 3 design were compared 
utilizing the Monte Carlo simulation.37 The former was 
reported to result in trials of shorter length and a high-
er number of patients treated at or around the MTD. 
When the TITE-CRM was incorporated into 2 phase 1 
studies of concurrent chemoradiotherapy for pancre-
atic cancer, these trials failed to reproduce the pre-
dicted methodological benefits, supporting the notion 
that all designs must be implemented into actual trials 
before their alleged advantages can be accepted.38,39 

Nontoxicity End Points and Optimal  
Biological Dosing
Some MTAs have different dose–effect relationships 
than traditional cytotoxics; therefore, dosing these 
agents to toxicity may not be appropriate. In a re-
view of 24 phase 1 trials of MTAs, 683 patients were 
retrospectively assigned to a cohort based on a com-
parative dose to the MTD (low [≤ 25% MTD], medium  
[25%–75% MTD], or high [≥ 75% MTD]), and their 
outcomes were compared.40 No significant difference 
in response rate or survival was seen across the co-
horts, implying that these agents have a nonmonotonic  
dose-efficacy curve. Under this assumption, escalating 
doses until predefined PK or PD parameters demon-
strate when a target is saturated, or when a biological 
pathway is maximally altered, would be an alternative 
to the traditional toxicity end point. This type of strat-
egy has been termed optimal biological dosing (OBD) 
and is defined as the dose that produces the most 
favorable prespecified effect on a biomarker. How-
ever, toxicity remains the predominant end point as 
evidenced by several reviews of phase 1 trials, which 
have reported that the proportion of studies using 
nontoxicity end points ranges from 24% to 48%.6,7,22  

Because the 3 + 3 design typically uses toxicity 
to guide dose escalation, it is unlikely that such a 
design would be optimized to ascertain the OBD. The 
use of real-time PK monitoring in the PGDE method 
makes it an appealing strategy to determine the OBD. 
Several adaptive dose-finding designs have been pro-
posed to identify the OBD. The nonparametric and  
semi-parametric methods have been proven to have the 
best operating characteristics via computational test-
ing and are recommended for use.41 However, to date, 
no trial reporting an OBD has utilized either adaptive 
methodology. Given the enthusiasm surrounding OBD, 
it is anticipated that more trials utilizing novel trial de-
signs will emerge, providing a deeper understanding of 
which escalation methods are the most appropriate.42

Combination Therapy
The development of treatment resistance has long been 
recognized with cytotoxic therapies. To circumvent this 
phenomenon, combination chemotherapy regimens 
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with non–cross-reactive compounds, administered ei-
ther concurrently or sequentially, were tested.43 This 
rationale also forms the basis for testing MTA combi-
nations. Several unbiased genome sequencing studies 
have shown that many tumors have a complex molecu-
lar profile of low frequency mutations.44 Single-agent 
MTAs have a limited benefit in patients with advanced 
cancer, with progressive disease eventually developing 
in all patients, even among those with significant or 
prolonged responses.45 Complex tumor biology im-
plicates the involvement of multiple interconnected 
signalling networks that drive cancer initiation and 
metastasis.46,47 Thus, rationally designed combination 
MTA therapy is an attractive strategy to prevent — or, 
at the very least, delay — the emergence of treatment 
resistance by perturbing multiple cellular networks, 
potentially thwarting the development of molecular 
escape pathways.45 Major concerns in administering 
these combination regimens include the cumulative 
impact of overlapping toxicities, the potentiation of 
adverse events due to drug–drug interactions, and the 
occurrence of unexpected adverse events.48,49

As with delayed toxicities and OBD, no single 
dose-escalation method has proven to be superior 
for evaluating combination regimens in clinical test-
ing. Combination studies are more complex because 
a number of schedules may be recommended, and 
different schedules can produce the same level of 
toxicity. These types of trials often have RP2D and 
toxicity information from the monotherapy phase 1 
trials of each agent that can be utilized by either 
rule- or model-based designs, possibly improving the 
efficiency of the trial. However, preclinical data de-
scribing PK or PD interactions or potential synergy 
with regard to antitumor activity or toxicity may be 
lacking. Given that the MTD of each drug in the com-
bination is known, it is unlikely that either rule- or 
model-based designs will escalate patients to overly 
toxic dose levels. The challenge facing both types of 
designs is the optimal method by which to escalate 
each drug. Careful selection of starting doses and sub-
sequent dose levels is crucial, regardless of the escala-
tion method. In rule-based methods, the agents can be 
escalated to prespecified doses either sequentially, in 
parallel, or with one drug fixed at either a high or low 
dose while the other is increased toward the RP2D. 
The zone method illustrates a rule-based escalation 
method in which consecutive dosing zones are com-
prised of sequentially increasing dose combinations 
and patients are randomized to these preset doses 
within an individual zone and escalation decisions are 
made using a modified 3 + 3 method.50 These dose 
levels are then compared and the combinations that 
are either too toxic or unlikely to be efficacious are 
eliminated. Statistical simulations have reported that 
this design requires a smaller sample size, has better 

power, and patients are more likely to be treated at 
efficacious doses compared with conventional escala-
tion methods.50 Various Bayesian parametric models 
have been designed and they purport to recommend 
a more accurate dose and schedule for combination 
regimens.51-53 As with monotherapy trials, the escala-
tion method selected for these types of studies should 
be individualized and guided by the anticipated level 
of toxicity from the combination. 

Conclusion 
This article is neither a defense nor homage to the 
standard 3 + 3 design, but rather it is a review of the 
clinical evidence. The conventional escalation method 
is slow, inaccurate in recommending doses, and en-
rolls a significant proportion of patients at subthera-
peutic doses. However, sparse empirical data exist 
to support or refute the assertion that any one trial 
design is superior to another. The evidence from this 
review suggests that the 3 + 3 design identifies the 
recommended phase 2 dose and toxicities with an 
acceptable level of precision in some circumstanc-
es, while being straightforward to operate with few 
logistical demands. Newer escalation methods have 
had limited incorporation into the clinical trial set-
ting and, consequently, have had little opportunity 
to demonstrate favorable clinical application beyond 
statistical simulations. Although such designs may 
have clinical utility, simulations performed under ideal 
circumstances may not reflect the true clinical reality 
in which, for example, protocol deviations for dose 
escalations are permitted due to specific patient-, in-
stitutional-, or treatment-related factors. Thus, novel 
trial designs demonstrating superiority over the 3 + 3 
method in statistical simulations without corroborat-
ing clinical evidence are of theoretical value alone. 

Following the explosion of molecularly targeted 
agents under investigation, delayed toxicities, optimal 
dosing, and combination treatments have presented 
challenges to the design of phase 1 trials. Time-to-
event designs may be the most suitable for testing 
agents with delayed or chronic toxicities; however, 
recently proposed designs, such as the mixed-effect 
proportional odds model, may prove appropriate with 
clinical experience. The pharmacokinetically guided 
dose-escalation scheme is a strategy that may account 
for optimal biological dosing, although the ability to 
confidently define optimal biological activity in the 
phase 1 setting remains elusive. A study of an investi-
gational drug or combination with an uncertain or high 
probability of producing serious adverse events should 
adopt a conservative escalation scheme such as the  
3 + 3 design. By contrast, studies of agents predicted to 
have less toxicity can be quickly escalated with either 
an accelerated titration- or model-based design until 
an acceptable toxicity range is reached. Regardless of 
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the type of agent or setting, the guiding principles of 
safe starting dose selection, minimizing the number of 
patients treated at subtherapeutic doses, rapid escala-
tion in the absence of toxicity, and slow escalation in 
the presence of adverse events will ensure the sound 
design of any phase 1 trial. Therefore, although the  
3 + 3 design may not be the best in all circumstances, 
in this context it should not be abandoned and may 
still have a place in the design of phase 1 studies. 
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Health care professionals and researchers 

must work together to recognize and  

overcome barriers to clinical trial  

enrollment among elderly patients.
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Participation of the Elderly Population in Clinical Trials:  
Barriers and Solutions

Aaron C. Denson, MD, and Amit Mahipal, MD

Background: Despite the fact that cancer disproportionately affects the elderly, most participants of clinical 
cancer trials are relatively young. This misrepresentation greatly affects the oncology treatment of the elderly 
population (> 65 years of age). Few studies have attempted to identify the problems related to discrepancy based 
on age for clinical trial participation.
Methods: A literature review was performed to identify barriers and solutions to enrollment of elderly persons 
for clinical cancer trials.
Results: Physician-related barriers include perception about treatment tolerance, drug metabolism, a lack of 
evidence for efficacy, and age bias. Lack of autonomy, concerns about quality of life and toxicities, accessibility to 
clinical trials, and logistical and financial difficulties are common patient-related barriers. Trial-related barriers 
include eligibility criteria based on performance status, organ dysfunction, and the presence of comorbidities. 
Solutions, such as improved communication, and coordinating logistical challenges may help overcome some 
of these challenges. Studies designed for the geriatric population could modify the perception and behavior of 
health care professionals and improve patient participation in clinical trials.
Conclusions: Implementing some of these solutions and increased research may help overcome shortfalls in 
elderly enrollment, thus allowing for more effective treatment of older patients.

Introduction
Cancer is the second most common cause of death in 
the United States, exceeded only by heart disease, and 
accounts for nearly 1 out of 4 deaths.1 The total cost of 
cancer treatment by the year 2020 is projected to be as 
high as $173 billion, which represents a 39% increase 
from 2010.2 Finding innovative and cost-effective ways 
to treat patients with cancer is more relevant than ever 
due to the increasing age of the American population.3 
It is estimated that the elderly population (defined 
as age ≥ 65 years) in the United States will reach 70 
million by 2030.3 As the “baby boomer” generation 
gets older, the US health care system will be stressed 
by the increasing age of the population.4 
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Breakthroughs in cancer treatment require many 
steps, including large randomized clinical trials to 
evaluate dosing, safety, and effectiveness. A total of 2% 
to 4% of patients with cancer are enrolled in a clinical 
trial, most of whom are younger than 65 years of age.5 
The overall proportion of older patients (> 65 years of 
age) in trials conducted by the Southwest Oncology 
Group was 25%.6 This same age group accounts for 
63% of new cases of cancer in the United States, while 
comprising 14% of the entire US population.6 Cancer 
is a disease that predominantly affects the elderly, yet 
patients older than 65 years are not well represented 
in clinical trials.6,7 This misrepresentation in clinical 
trials impacts the care of elderly patients.3,8,9 

Multiple reasons exist for this discrepancy (Table). 
Compared with their younger counterparts, elderly 
people have increased rates of comorbidities and 
complications.10 Elderly patients also undergo com-
plicated physiological and pathological changes and 
have higher rates of drug interactions, which may 
complicate treatment.11 Furthermore, the perceptions 
of health care professionals and family members can 
make it difficult for elderly patients to participate in 
clinical trials.11 Other obstacles to enrollment include 
trial eligibility criteria, financial, and logistic issues. 

Such enrollment barriers for older patients have 
gained interest in the last 20 years.8,12-14 Although nu-
merous solutions have been proposed, those that have 
been implemented have had limited success. It has 
been suggested that a larger, more succinct effort is 
necessary from the medical community.8,9,13,14 

Methods
The goals of this review are to clarify possible barriers 
and solutions to participating in clinical trials among 
the elderly. To do this, we reviewed the medical lit-
erature from the last 10 years through PubMed, using 
the keywords “cancer,” “clinical trials,” and “elderly.” 
Additional published studies were included based on 
manual searches as well as references from reviews 
or original articles. Articles included were original  
research primarily focused on the barriers or solu-

tions faced by elderly patients with cancer with re-
gard to clinical trial enrollment. It is worth noting 
that only publications in English were reviewed and 
may not be representative of situations seen outside 
of English-speaking countries.

Barriers
Physician-Related
The understanding of physician-related barriers to 
elderly enrollment is evolving and becoming increas-
ingly complex. Some studies have implicated physician 
fears of possible toxicity and comorbidity interactions 
in the elderly as the main barriers to enrollment, sug-
gesting that response to treatment has been poorly 
understood due to low numbers of elderly patients 
in clinical trials.14,15 In fact, data on toxicity are lim-
ited for patients older than 75 years, and a paucity of 
data exists for patients older than 80 years of age.16-18 
However, several studies demonstrate that treatment 
tolerance in clinical trials is similar across different age 
groups,19,20 while others suggest that age bias among 
physicians is an independent barrier to enrollment 
among the elderly patient population.21,22 One study 
reported that 11% of physicians explicitly stated age as 
a reason for not enrolling a patient in a clinical trial.21 

Perceptions among physicians about age and 
clinical trial participation are complicated.23 Physi-
cians acknowledge that they recommend less aggres-
sive treatment to elderly patients, yet their reasonings 
are multifactorial and not well understood.23 The bio-
logical changes of aging, in addition to the complex 
pharmacokinetics involved, require more extensive 
care when administering systemic therapy, and such 
a perception about treatment tolerance may decrease 
elderly patient enrollment in clinical trials.17 Find-
ings from 1 study demonstrated that, among patients 
eligible for the study, clinical trial participation was 
discussed with 76% of those younger than 65 years 
of age and 58% of patients older than 65 years,21 and 
advanced age may deter oncologists from choosing 
intensive cancer therapy, even if patients are highly 
functional and lack comorbidities.21,23 Although this 

Table. — Selected Barriers and Solutions

Patient-Related Physician-Related Trial-Related

Barriers Logistics
Finances
Lack of understanding of benefits
Autonomy

Perceptions
Culture
Complex pharmacokinetics/pharmacodynamics
Lack of evidence

Strict inclusion criteria
Poor methods for evaluating functional status
Lack of funding dedicated to elderly population

Solutions Provide transportation
Provide lodging
Research nurses, trial coordinators
Improved communication

Elder-focused studies
Improved communication
Increase physician training in geriatrics specialty

Create geriatric-focused trials
Increase/fund studies of elderly population
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disparity has been documented, the reasons for this 
gap have not been well elucidated, but possible bar-
riers to enrollment may be physician fear of a lack 
of survival benefit among older patients.21 However, 
a paucity of evidence supports the belief that elderly 
people do not derive benefit from participating in a 
clinical trial. It remains a matter of controversy that 
physician bias could be based on toxicity difference 
or age alone, but both of these factors are likely to 
play a role as a barrier to clinical trial participation 
among the elderly.21

Patient-Related
When patients eligible for a clinical trial consider 
whether to participate, many cite a lack of autonomy 
over treatment choice as being a reason for foregoing 
participation.24 Many patients also want to choose 
their own treatment and fear that their participa-
tion in a clinical trial will mean they will lose that 
decision-making capacity. Increased survival was less 
important than improved quality of life for older pa-
tients when declining trial enrollment.24 These prefer-
ences illustrate a cultural or philosophical difference 
that may exist between age groups, which may be a 
barrier, yet it is difficult to describe.24 

Elderly patients also cited other reasons for declin-
ing to enroll in a clinical trial, including such concerns 
as adverse events, friends who oppose participation, 
or a belief that participation in a clinical trial would 
provide no value to future generations.21 Family oppo-
sition to enrollment is a more important issue for older 
patients compared with their younger counterparts. 

The role of altruism in trial participation has also 
been explored, but conclusions about altruism are 
difficult to make.25 Moreover, compared with their 
younger counterparts, elderly patients are less likely 
to actively seek participation and less informed of 
the availability of clinical trials, which may be related 
to the differences seen in literacy rates among the 
age groups.24 Other cultural implications from both 
patients and physicians may also be present and are 
difficult to assess but do lead to decreased trial en-
rollment.24 When patients were surveyed, the reason 
given for enrolling in a trial was “I trusted the doctor 
treating me,” although it was also given as a reason 
for those who chose not to enroll in a trial.25 

Patient perceptions of trial efficacy appear to play 
a role in patient enrollment. One study found that 44% 
of patients who declined enrollment did so when of-
fered participation in a trial comparing standard treat-
ment with a novel agent.25 Patients surveyed reported 
a higher likelihood to enroll in trials that included 
standard treatment with or without the addition of a 
novel drug. As many as 20% of surveyed patients re-
ported that they chose to enroll in a trial because they 
felt that the trial provided the best treatment options.25 

In addition, some patients felt that they must receive 
at a minimum standard treatment and said they could 
not afford to be assigned to a placebo group. 

Logistical barriers present another obstacle to 
enrollment in clinical trials among the elderly, mak-
ing a difficult-to-recruit population even smaller.26 
Participation in a clinical trial may require patients 
to travel to cancer or academic centers, and elderly 
persons may have a smaller support network than 
their younger counterparts; however, in 1 study, this 
factor was not significantly different between older 
and younger patients.21 Financial issues may also play 
a role in elderly patients choosing not to enroll in 
clinical trials, although no difference was seen among 
age groups in this study.21

Trial-Related
Generally, clinical trials do not limit eligibility based 
on age alone, but other criteria, including perfor-
mance status (PS), organ dysfunction, and disease 
status, may preclude older patients from participating 
in a study. Previous studies have demonstrated that 
survival correlates well with PS and comorbidities, 
and study exclusion criteria often are based on these 
data.27,28 Although these are logical exclusion criteria, 
they limit elderly enrollment in clinical trials because 
older patients generally have a higher number of co-
morbidities than their younger counterparts. 

In multiple studies, trial ineligibility was the great-
est barrier to clinical trial enrollment among older 
persons, with both patients and physicians perceiv-
ing this barrier as a major obstacle, and up to 60% of 
elderly patients who did not enroll in a clinical trial 
stated they failed to do so because of trial unavail-
ability or ineligibility.21,29 One study reported that 65% 
of patients 65 years of age or older were eligible to 
participate in the trial compared with 78% of younger 
patients.21 However, if patients were eligible, trial par-
ticipation rates did not significantly differ by age (34% 
for age ≥ 65 years vs 40% for age < 65 years). After 
considering other factors, overall survival and toxic-
ity rates were similar among the younger and older 
patients. PS was the most significant determinant of 
overall 30-day (PS 0–1, 97.5%; PS 2–3, 79%) and 1-year 
(PS 0–1, 21%; PS 2–3, 9.5%) survival rates (P = .029). 
Similarly, PS was the most important factor for the 
development of serious toxicities (P = .034). 

One study found that the most common reasons 
for nonenrollment due to ineligibility were poor PS 
(13.7% [32 patients]), the need for emergent radio-
therapy (8.6% [20 patients]), patient refusal (6.0% [14 
patients]), geographical issues (4.3% [10 patients]), 
and insurance issues (4.3% [10 patients]).29 These re-
sults support the claim that poor PS is the most com-
mon reason for nonenrollment into a clinical trial, 
while also emphasizing the complex nature of trial 
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enrollment.29 Therefore, criteria should be thoughtful-
ly revised to include these large numbers of patients 
being excluded because of poor PS and trials should 
be aimed at elderly patients to increase enrollment 
among this difficult-to-recruit population.

Solutions
Physician-Related
Enrollment in clinical trials relies heavily on physi-
cians, creating many barriers for the elderly.24 Both 
physician bias and perception have been shown to be 
impediments to enrollment of older persons in clinical 
trials.14,26 Therefore, it is imperative to create a cultural 
shift among oncologists to boost trial enrollment of 
older patients.26 

The factors influencing physician culture can be 
complex and difficult to manipulate. One commonly 
cited issue is the lack of data on toxicity and survival 
rates among elderly patients, a challenge that may 
enable bias.21 Physicians report that how elderly pa-
tients are likely to tolerate a specific treatment has not 
been well elucidated, a barrier that creates unknown 
variables favoring conservative treatment for this pa-
tient population.21 Because of the low numbers of 
participation among elderly patients in clinical trials, 
the problem of lacking data on treatment tolerance 
is further compounded. Although some studies have 
demonstrated that age itself does not change tolerance 
to treatment, additional studies are needed to further 
clarify this issue.4,27 As more specific data become 
available, physician attitudes toward trial participation 
are likely to change. 

It is important to increase trials specifically target-
ing elderly patients,14 because older patients with can-
cer may require more thorough care when instituting 
systemic therapy compared with younger patients with 
cancer.21 This is due to the biological changes of aging 
and uncertainties of the pharmacokinetic profiles of 
some medications, including chemotherapy, which is a 
concern common among oncologists that may hinder 
patient enrollment.21 Studies of pharmacodynamics 
and pharmacokinetics directed at elderly populations 
will be important for solving these challenges. 

Late-stage clinical trials can also stratify patients 
based on age, and increasing data on the elderly pa-
tient population may improve treatment and decrease 
physician-related barriers. The prognoses of elderly 
patients referred to a phase 1 study are comparable 
with the rest of the study population.17 In fact, elderly 
patients enrolled in phase 1 trials had improved sur-
vival rates when compared with elderly patients who 
did not receive treatment during a phase 1 trial.17 
However, some physicians do not perceive clinical 
trials as being beneficial for their patients.24 Therefore, 
increasing data on the older population, as well as 
changing physician perceptions, will be important in 

increasing the numbers of trials specifically target-
ing the elderly, possibly acting as the key to shifting 
physician attitudes away from age bias.

Patient-Related 
The most common patient-related challenges relate 
to understanding the benefits of clinical trials and the 
logistics of clinical trial enrollment.17,30 Solutions to 
these problems are complex and can be approached 
in different manners.26 For example, controversy ex-
ists as to whether increased patient information will 
increase levels of enrollment in clinical trials among 
the elderly.17,26 By contrast, logistical issues have been 
an easier challenge to address.30 

Transportation is difficult among older patients 
who, compared with younger patients, more fre-
quently require help from a family member or friend 
for travel. In addition, older patients have increased 
time requirements for transportation. Housing is also 
more complicated among elderly patients. Among 
older persons, a small inconvenience can become a 
major issue, such as having access to an elevator.30,31 
Communication is a key factor in facilitating clinical 
trial participation, with research indicating that more 
time is often required for nurses to effectively com-
municate with the geriatric population, in particular 
elderly patients who are frail.30 

Ensuring that trials are accessible is important 
with any study population, but this is especially true 
among older patients. Accessibility can be achieved 
by providing funding for transportation, housing, and 
coordination, provided that no ethical dilemmas are 
presented. Although it is unethical to provide direct 
monetary incentives for trial enrollment, financial 
support to offset logistical barriers is considered ap-
propriate.31 Solutions such as home visits and flex-
ible scheduling have also been proposed.30 Additional 
research staffing may be needed to account for the 
extra time and resources required for enrolling older 
patients into clinical trials. 

Increasing the number of research personnel was 
rated by oncologists as the most important method to 
increase trial accrual among the elderly.32 A team ap-
proach involving family members, physicians, support 
staff, and others provides the most effective method to 
overcoming logistical barriers to patient enrollment.30 
An increase in logistical support will be a key feature 
in attracting more elderly patients to clinical trials, 
and, although the data on patient-related solutions 
are sparse, improving logistical support, follow-up 
methods, and patient education are likely to increase 
enrollment among this patient population.17

 
Trial-Related
Issues of eligibility and availability to clinical trials 
continue to be the most obvious trial-related barriers 
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to enrollment among elderly patients.30 Therefore, 
increasing the number of trials aimed at this target 
population, with protocols specifically written to in-
clude elderly patients, will help address these chal-
lenges.30 Trial design must adapt to fit the needs of 
this unique population. For example, assessing patient 
status through the use of a comprehensive geriat-
ric assessment rather than through traditional meth-
ods might improve cancer treatment in the geriatric 
population.23 Researchers should also aim to create 
study criteria that allow the inclusion of additional 
elderly participants without interfering with survival 
statistics.14,17 Several methods have been identified for 
evaluating life expectancy rates and functional status 
among patients with cancer,16,33,34 and, although these 
improve the ability of researchers to evaluate patient 
eligibility, these methods must be further studied and 
refined. There is a trend in the right direction, but 
more is needed to address the problem.25,29,30 

Designers of clinical trials must also anticipate 
the increased costs and time associated with treating 
an elderly population.30 Providing extra funding for 
trials aimed at older populations has the potential to 
offset these limitations, thus improving data, which 
could then be used in clinical practice. Members of 
the team should also have an affinity with older pa-
tients and be cognizant that extra time and financial 
resources will be required when conducting research 
on frail patients.30 Resource barriers are a key target 
when considering clinical trials in an elderly popula-
tion.26 Data are lacking on practical and specific solu-
tions to trial-related barriers, which is indicative of the 
overall issues limiting enrollment in this population. 
Increased funding for these studies as well as involv-
ing the elderly population in breaching these barriers 
will be crucial when moving forward.

Discussion
What began in 1993 with the National Institutes of 
Health Revitalization Act was a movement to develop 
evidence about participation barriers in the elderly 
population.35 The scientific community has made 
some efforts to define these barriers, yet solutions 
continue to be poorly defined.5,8,30 It is obvious that 
more information is needed to further refine barriers 
to identify practical and effective solutions to them. 

The largest physician barrier identified is the cul-
ture of the medical community, which is a broad and 
complex area of study that the health care industry 
may find difficult to change. Currently, the most prom-
ising solution is increasing data on the outcomes and 
tolerances of various therapeutic regimens among the 
elderly, including increasing clinical trials or providing 
alternative methods. Currently, models expanded from 
the analyses of prospectively obtained information are 
the most effective strategies for gathering information 

about chemotherapy tolerance in the elderly popu-
lation.12,19,36 Understanding tumor biology and treat-
ment tolerance could also provide concrete evidence 
for physicians to base enrollment decisions on, thus 
decreasing the impact of age bias. 

Patient barriers continue to be poorly defined and 
difficult to assess.14,16,24 This is in part due to the cul-
tural and psychological differences among the elderly 
population; therefore, such issues are more difficult to 
generalize and may be best managed on an individual 
level. Increased communication with older patients is 
key to increasing clinical trial enrollment among the 
elderly as well as exploring patient-centered barriers 
to enrollment.

Barriers related to trial design are the most stud-
ied and well understood of the barriers to patient 
enrollment. Historically, trials excluded patients on 
the basis of age alone; however, age is no longer 
an exclusion criterion for most trials. Trial eligibil-
ity is now mostly based on PS, comorbidities, and 
organ function.5,17,22 However, clinical trials do not 
distinguish methods for evaluating elderly or younger 
patient functional status. 

More research is needed to effectively evaluate 
elderly patients and target appropriate populations. 
Trials specifically designed for the elderly have in-
creased in recent years,30,37 yet more data are needed 
to understand how to treat this patient population. 
As the number of research teams comfortable with 
elderly patients increases, the solutions to these prob-
lems are likely to become obvious. For example, some 
researchers have discovered they do not fully under-
stand the implications of working with an elderly 
population, and specifically designed trials for an 
older patient population may be more complex than 
previously thought.26 

It will also be important to address logistical bar-
riers to trial participation, which are some of the most 
obvious and well-known barriers, yet often they be-
come the most difficult to overcome.19,30 Appropriate 
trial management and allocation of funds are impera-
tive in order to avoid logistical barriers to enrollment.

Conclusions
The issues facing our health are constantly changing 
and increasingly complex. Enrolling diverse patient 
populations in clinical trials is just one example of the 
many challenges we face as health care professionals. 
Focusing clinical trials on the elderly population is 
of increasing importance, particularly with the aging 
population of the United States. 

To address the shortage of older patient enroll-
ment, physicians and patients must work together to 
recognize and overcome barriers. Physicians should 
be encouraged to reflect on their own practice and 
consider changes to help alleviate the shortage of el-
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derly patients in clinical trials. Although more research 
is needed to elucidate these barriers and solutions to 
enrollment issues among the older patient population, 
obvious causes should be addressed. Increasing eligi-
bility of elderly patients, decreasing logistical barriers 
to participation, and instituting a cultural shift are all 
major improvements that can be immediately enacted. 
It is imperative that data collected from clinical trials 
are applicable to the patient population to be treated. 
Otherwise, health care professionals will continue to 
treat the majority of patients with cancer based on 
perceptions and best clinical judgment rather than 
on conclusive data. 
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A multipronged approach is needed when 

caring for elderly patients with cancer.

Studying Cancer Treatment in the Elderly Patient Population
Lodovico Balducci, MD

Background: Data relating to cancer treatment in the older patient population are limited because older in-
dividuals have been under-represented in clinical trials. The goal of this review was to establish which factors 
hinder the participation of older individuals to clinical trials and to examine possible solutions.
Methods: The literature relating to cancer treatment in the older patient population was reviewed.
Results: The benefit of systemic cancer treatment may decrease with age, and risks may be increased due to 
reduced life expectancy and reduced tolerance of stress in the older population. Therefore, a multipronged 
approach is recommended for clinical studies in these patients, including phase 2 studies limited to persons 70 
years of age and older, stratification by life expectancy and predicted treatment tolerance in phase 3 studies, 
and registration studies to establish predictive variables for treatment-related toxicity in older individuals.
Conclusions: A combination of prospective and registration studies may supply adequate information to study 
cancer treatments in the older patient population.

Introduction
The study of cancer care in the older population is 
a complex task. The word “complex” derives from 
the Latin cum plexere, meaning to weave together. 
In an older person, many interwoven conditions may 
conspire to reduce life expectancy, the tolerance of 
stress, and the ability to live independently.1 Anemia 
in an older person is an example of such a complexity, 
because it may be affected by multiple causes, includ-
ing hemopoietic insufficiency, chronic renal dysfunc-

tion, chronic inflammation, and iron deficiency from 
chronic bleeding and iron malabsorption.2 

The study of cancer care in the older popula-
tion must take into account the complexity of aging; 
therefore, as described in this article, a multipronged 
approach is needed for this patient population.

 
Definition of Age
Aging is associated with common trends that include 
a decreased functional reserve of multiple organ 
systems and an increased susceptibility to diseases 
and injuries.1 These changes occur at different rates 
in different individuals and are poorly reflected in 
chronological age. The assessment of physiological, 
rather than chronological, age is paramount to the 
enrollment of older individuals in clinical trials of 
cancer treatment. Chronological age may be used as a 
landmark to establish when the assessment of physi-
ological age becomes necessary, and this landmark 
is commonly established to be 70 years of age3; how-
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ever, this statement does not imply that all individuals  
70 years of age and older are elderly.

Assessment of Physiological Age 
Age is associated with decreased life expectancy and 
tolerance of stress. Thus, the determination of physi-
ological age may be based on the assessment of mor-
tality risk and stress-related complications. For this 
purpose, the best validated instrument is a Compre-
hensive Geriatric Assessment (CGA; Table 1).3-5

Activities of daily living (ADLs) are activities 
necessary to basic survival and include transferring, 
eating, grooming, dressing, going to the bathroom 
alone, and continence. A person dependent in at least 
1 ADL requires a full-time caregiver or admission to 
an assisted-living facility. In general, patients depen-
dent in at least 1 ADL have a limited life expectancy, 
a limited tolerance for stress, and are candidates for 
palliative care; however, exceptions do exist. If a pa-
tient who was previously independent is now ADL 

dependent due to a treatable neoplastic condition, 
such as lymphoma, then treatment is indicated. In 
these situations, treatment may reverse ADL depen-
dence. Instrumental activities of daily living (IADLs) 
are activities necessary to live independently and in-
clude the use of transportation, ability to take medica-
tions, to use the telephone, to manage one’s finances, 
and to provide to one’s meals. A person dependent 
in one or more IADLs will require assistance. The 
determination of IADLs is relevant to this review, be-
cause it implies an increased incidence of therapeutic 
complications in addition to an increased mortality 
risk.6,7 Presently, polymorbidity is a more popular term 
than comorbidity, implying that different diseases 
may influence both the treatment and the behavior 
of other diseases.8 Polymorbidity is associated with 
a decreased life expectancy, decreased tolerance to 
antineoplastic treatment and, in general, a poor can-
cer prognosis.3 Geriatric syndromes include common 
conditions, although not all are unique to aging.9 Pa-

tients with cancer, ADL dependence, and 
at least 1 geriatric syndrome are candidates 
for symptom control, unless the geriatric 
syndrome is reversible. Malnutrition is a 
common complication of both cancer and 
aging and is associated with a decreased 
tolerance of chemotherapy and decreased 
immune function.10

In addition to the CGA, other forms 
of assessing physiological age are note-
worthy. The frailty index is calculated by 
summing the functional deficits in an ag-
ing person.11 Physiological age is assessed 
based on the average number of deficits 
accumulated by a person of that chrono-
logical age. For example, if a 75-year-old 
woman has the number of deficits that 
correspond to an average 61-year-old, the 
woman’s physiological age is assessed as 
61 years. However, determining the frailty 
index is too laborious for clinical applica-
tions because it requires the clinician to 
evaluate 70 conditions11; in addition, it is 
not clear whether the index predicts mor-
tality risks and tolerance of stress.

Numerous laboratory tests have been 
proposed for the assessment of physio-
logical aging. Of these, the assessment of 
inflammatory markers in the circulation12 
and the length of leukocyte telomeres13 
bear a relation to mortality risk. Telomere 
length also predicts the risk of adverse 
events from cytotoxic chemotherapy.14 
Although these tests are of interest, they 
have not been validated. The determina-
tion of inflammatory markers lacks ad-

Table 1. — Examples of Domains of the Comprehensive  
Geriatric Assessment and Potential Clinical Applications

Domain Clinical Application

Functional Status  

Activities of daily living 
Instrumental activities of daily living

Relation to life expectancy
Functional dependence 
Tolerance of stress

Comorbidity

Number of comorbid conditions  
and comorbidity indices

Relation to life expectancy 
Tolerance of stress

Mental Status

Mini-Mental State Examination  
(Folstein test)

Relation to life expectancy  
and dependence

Emotional Conditions

Geriatric Depression Scale Relation to survival
May indicate motivation to receive treatment

Nutritional Status

Mini Nutritional Assessment Reversible condition
Possible relationship to survival

Polypharmacy
Risk of drug interactions

Geriatric Syndromes

Delirium
Dementia
Depression
Falls
Incontinence
Spontaneous bone fractures
Neglect and abuse
Failure to thrive

Relationship to survival and stress tolerance
Functional dependence
May be reversible to some extent



July 2014, Vol. 21, No. 3 Cancer Control  217

equate sensitivity; moreover, the telomere length 
varies among different persons, thus making the 
comparison of physiological age based on telomere 
length problematic.

Influence of Aging on Cancer Treatment
Factors related to aging that may influence cancer 
treatment include cancer biology, which may be dif-
ferent among younger and older patients; decreased 
life expectancy of the older person, which may reduce 
the benefits of cancer treatment; and increased vul-
nerability to complications due to cancer therapies.

Biology of Cancer and Aging
Cancer growth and aggressiveness are influenced by  
2 factors, namely, the tumor cell and the tumor host. 
For example, acute myeloid leukemia is less suscep-
tible to treatment in the elderly patient population, 
and this is due — at least in part — to the higher 
prevalence of unfavorable prognostic factors, includ-
ing complex cytogenetic changes, MDR-1 gene expres-
sion, and the involvement of the early multipotential 
hemopoietic progenitors.15 By contrast, in the setting 
of breast cancer, the prevalence of favorable prognos-
tic factors, such as hormone receptor concentration 
and good cellular differentiation, increases with age.16 
Genomic and proteomic analysis may help account 
for these factors in clinical trials.

Assessment of patient-related factors is difficult. 
Such factors may include immunosenescence, endo-
crine senescence, proliferative senescence, and chron-
ic inflammation.17 Animal data suggest that immunose-
nescence may have different effects on the growth of 
various neoplasms; for example, immunosenescence 
may enhance the growth of highly immunogenic neo-
plasms, while disfavoring the growth of poorly immu-
nogenic neoplasms. Decreased production of sexual 
hormones may inhibit hormone-dependent cancers, 
such as breast and prostate cancers. 

Age is associated with increased insulin resis-
tance, which results in an increased concentration 
of insulin, a powerful growth factor for several tu-
mors, in the circulation.18 The aging of stromal tissues 
involves the proliferative senescence of fibroblasts, 
facilitating neoplastic growth with the production of 
tumor growth factors and enzymes that dissolve basal 
membranes.19 Age is also associated with progressive 
and chronic inflammation, which may contribute to 
immunosenescence and tumor growth.17 

Polypharmacy is another patient-related factor 
among the older population because the number of 
medications used and the prevalence of polypharmacy 
increase with age.8 For example, the use of metfor-
min, a drug that decreases insulin resistance and, con-
sequently, circulating levels of insulin, is associated 
with prolonged survival in patients with prostate or 

breast cancer.20,21 As mentioned previously, polymor-
bidity may also affect cancer growth. For example, the 
prognosis of breast, prostate, or large bowel cancer 
is worse in individuals with diabetes than in those 
without diabetes.8 At present, these factors cannot be 
accounted for in randomized clinical trials.

Treatment Goals 
The risk–benefit ratio of antineoplastic treatment may 
be reduced in the majority of older individuals. The 
expected benefits are lower in this population due to 
a progressive decline in life expectancy. Even in the 
most fit of older persons, individual age is a risk factor 
for some complications of chemotherapy, including 
myelosuppression, mucositis, cardiomyopathy, and 
peripheral neuropathy.22 The risk of such complica-
tions increases in individuals with compromised func-
tion and multiple morbidities.

It is reasonable to aim for a cure when facing 
a rapidly lethal but curable disease, such as large  
B-cell lymphoma or acute leukemia, despite the high 
risk of serious complications. Currently, it is reason-
able not to submit older individuals with limited life 
expectancies and a chronic, but not life-threatening 
disease, such as chronic lymphocytic leukemia, to 
the toxicity of fludarabine, cyclophosphamide, and 
rituximab,23 which may add a few months of survival 
at a time when most patients might have died of a 
disease other than cancer.

Cure, prolongation of survival, and symptom man-
agement are the main goals of treatment; however, 
the preservation of function and active life expectancy 
should also be goals for older patients.24 Active life 
expectancy is a period of time during which a person 
remains functionally independent. Loss of functional 
independency is a significant threat to the quality of 
life of older individuals.24

Barriers to Treatment
Numerous social factors may preclude cancer treat-
ment in older patients, including accessibility (eg, 
many older individuals may not be able to negotiate 
their way alone to a treatment center), difficulty with 
finances (recipients of Medicare may have to pay un-
affordable co-payments for cancer treatment), and 
inadequate home support. However, it is important 
to remember that ageism can be a hindrance to the 
reception of adequate cancer treatment.25 

A study conducted by the Cancer and Leukemia 
Group B (CALGB) demonstrated that the main ob-
stacle to clinical trial participation of older patients 
with breast cancer was the reluctance of physicians 
to offer experimental treatment to older individuals.25 
Clinical studies of cancer treatment among older pa-
tients must account for the factors outlined in this 
brief review, including a poor understanding of the 
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interaction between tumor and patient, a reduced 
risk–benefit ratio, the increased risk of treatment 
complications, the inclusion of active life expectancy 
among the treatment goals, and the socioeconomic 
barriers to treatment. 

Clinical Trials in Older Patients With Cancer
Aging may be associated with a number of pharma-
cological changes that render the study of new drugs 
in the older population necessary (Table 2).22 Data on 
drug absorption are wanted, but the bioavailability 
of oral drugs is expected to decrease with age. De-
creased total body water content is associated with 
a decreased volume of distribution and an increased 
level of water-soluble drugs in the circulation, which 
may purportedly increase toxicity. Renal excretion and 
hepatic metabolism of drugs are universally decreased 
with age. Although the decline in the glomerular fil-
tration rate may be accounted for by calculating the 
level of creatinine clearance, a clinical test of hepatic 
metabolism is still needed. As already mentioned, 
numerous age-related changes in target organs may 
be associated with increased hemopoietic, mucosal, 
cardiac, and neurological toxicities. The question of 

whether a new agent is effective and safe in both the 
younger and older patient populations must be ad-
dressed in appropriate clinical trials.

Advanced age should never be a criterion to ex-
clude older individuals from participating in clinical 
trials designed for adults. Rather, as clinicians, we 
must ask whether certain clinical trials should be ex-
clusively dedicated to older individuals.

Phase 1 and 2 Trials
Older individuals should have access to phase 1 trials, 
but reserving clinical trials for older individuals alone 
is not a productive strategy. Due to the increased risk 
of adverse effects in the older population, phase 1 
trials dedicated to older individuals may unnecessar-
ily delay the development and approval of life-saving 
drugs. Instead, a representation of individuals 70 years 
or older in phase 2 trials should be adequate to estab-
lish the activity and the safety of a new drug among 
this older population. In my opinion, phase 2 trials 
represent a convenient way to study the pharmacol-
ogy of new agents among the elderly without delaying 
drug development.

Phase 3 Trials
Phase 3 trials dedicated to the elder-
ly may be conducted for 2 reasons:  
(1) to determine whether the benefits 
of a treatment strategy decline with 
age, and (2) whether the use of new 
drugs may improve the treatment of 
elderly patients who are not candi-
dates for more aggressive treatment.

In a seminal study of the CAL-
GB, women 65 years of age or older 
with early-stage breast cancer were 
randomized to receive combina-
tion chemotherapy or single-agent 
capecitabine.26 The study showed 
that combination chemotherapy in the 
adjuvant setting reduced recurrence 
rates and improved survival among 
these patients. This study resolved a 
decade-long controversy of whether 
adjuvant chemotherapy was benefi-
cial to older women. Other important 
studies of this type demonstrated that 
doublet chemotherapy was superior 
to single-agent chemotherapy in older 
patients with metastatic non–small-cell 
lung cancer27 and that full-dose che-
motherapy with cyclophosphamide, 
doxorubicin, vincristine, and predni-
sone was superior to chemotherapy in 
reduced doses among elderly patients 
with large cell lymphoma.28 These tri-

Table 2. — Pharmacological Changes of Aging

Type of Change Comments

Pharmacokinetics

Absorption Effects of aging on absorption are unknown
Reasonable to assume a progressive decrease in absorption due 
to atrophic gastritis, decreased gastric motility, and decreased 
splanchnic circulation

Volume of distribution Changes in body composition; increased fat and decreased 
water content

Metabolism Hepatic metabolism reduced from progressive loss of  
liver mass and decreased splanchnic circulation

Renal excretion Glomerular filtration rate declines with age in nearly  
all individuals

Hepatic excretion Biliary excretion appears to remain intact

Pharmacodynamics

Hematopoietic system Decreased concentration of early hematopoietic progenitors
Decreased lymphocytic production
Homing abnormality may reduce concentration of early  
progenitors in bone marrow

Mucosa epithelium Decreased epithelial stem cells 
Increased proliferation of differentiated cells

Heart Reduction in myocardial sarcomeres 
Increased fibrosis and degenerative processes (amyloid)

Peripheral nervous system Increased degenerative processes

Central nervous system Atrophy 
Increase in degenerative processes with decreased circulation
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als determined that age alone is not a contraindica-
tion to active cancer treatment; however, these trials 
included healthy elderly patients, and, thus, shed no 
light on the best treatment options for elderly persons 
affected by disability and multiple morbidities.

A 2014 study demonstrated that elderly patients 
with diseases and disability can be studied in ran-
domized controlled trials.29 Individuals with chronic 
lymphocytic leukemia who were 70 years of age or 
older and not eligible for more aggressive treatment 
(eg, combination fludarabine, cyclophosphamide, and 
rituximab) were randomized to receive chlorambu-
cil or chlorambucil plus rituximab or obinutuzumab. 
Nearly 1,500 patients were stratified during random-
ization according to comorbidity severity. Disease-free 
and overall survival rates were improved in patients 
treated with obinutuzumab. The results from this re-
cent study represent a model for future randomized 
controlled studies among older patients with an esti-
mated life expectancy of several years.

Future Directions
The Figure illustrates how future studies might be 
conducted. To estimate a patient’s life expectancy, the 
use of ePrognosis (http://eprognosis.ucsf.edu; Uni-
versity of California, San Francisco) is recommended, 
which is available free of charge.4 To estimate an older 

person’s risk of grade 3/4 toxicity, I recommend the 
Chemotherapy Risk Assessment Scale for High-Age 
Patients and the Cancer and Aging Research Group 
instruments, both of which have been validated in 
older individuals.6,7 Of course, the risk of toxicity that 
disqualifies an individual from a trial may vary from 
disease to disease. For example, the threshold may be 
higher in cases in which the disease is rapidly lethal 
and the treatment option offers an opportunity for 
cure or prolonged survival.

Other Studies in Older Patients With Cancer
Clinical trials exclusively dedicated to older patients 
will still be unable to embrace the diversity of this 
patient population. The questions that persist include:

• Is the treatment beneficial to the majority of  
 older individuals?

• Which individual factors determine the benefit  
 and risk of treatment in the older population?

Studies that match Surveillance Epidemiology and 
End Results data with Medicare records may provide a 
partial answer to the first question above. Because of 
these data, it was possible to discern that individuals 
75 years and older benefit from the adjuvant treat-
ment of colon and rectal cancers30 and that adjuvant 
chemotherapy is leukemogenic in older women.31 

However, it is impossible to establish from 
these results exactly which patients may 
benefit and which ones may be harmed by 
cytotoxic chemotherapy, as it is not pos-
sible to analyze certain prognostic factors 
from these data.

A prospective evaluation of these pa-
tients alone is the way to build prognostic 
models that encompass the variabilities 
among the older patient population, in-
cluding all of the factors with the potential 
to interact with treatment options. Through 
this process, models were derived to esti-
mate the risk of chemotherapy complica-
tions in older individuals.6,7

The advent of the electronic medical 
record offers a unique opportunity to per-
form studies in such a way that the major-
ity of older patients with cancer can be 
included in research trials. As long as all 
relevant information related to function, 
comorbidity, emotional status, and social 
support is included within the medical re-
cord, it may become possible to create pre-
cise prognostic models that help deliver 
personalized care to older patients with 
cancer. Such is the aim of the project Can-
cerLinQ, which is a system designed by the 
American Society of Clinical Oncology.32Fig. — Suggested future stratification of older patients with cancer into clinical trials.
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Conclusions
Age should not be considered a criterion for disquali-
fying a person with cancer from a clinical trial. Phase 
2 trials dedicated to older individuals are necessary 
to establish the pharmacology of novel agents in the 
older patient population. Phase 3 trials that study the 
older patient population should stratify patients ac-
cording to life expectancy and treatment risks. Registry 
studies with prospective data collection are necessary 
to encompass the diversity of all older individuals.
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Detecting BRAF mutations in a wide array 

of cancers represents an advance in  

delivering molecularly targeted therapies  

to patients with cancer.

BRAF Mutations: Signaling, Epidemiology, and  
Clinical Experience in Multiple Malignancies

Richard D. Hall, MD, and Ragini R. Kudchadkar, MD

 Background: Mutations in BRAF were first reported in 2002. Since that time, the molecular basis for oncogenic  
signaling has been elucidated in multiple malignancies. The development of v-raf murine sarcoma viral  
oncogene homolog B (BRAF) inhibitors has helped improve clinical outcomes in malignant melanoma and is 
suggested by case reports in other malignancies.
Methods: A review of pertinent articles examining the mechanisms of BRAF signaling in various cancer types 
and an update on clinical trials of BRAF inhibitions are presented. 
Results: Clinical response to BRAF inhibition varies by malignancy. In melanoma, single-agent vemurafenib 
or dabrafenib prolongs overall survival compared with chemotherapy, but both are limited by the development  
of acquired resistance in many patients. Results of early-phase clinical trials and case reports demonstrate 
responses in V600E-mutant non–small-cell lung cancer, thyroid cancer, and hairy cell leukemia. However,  
no significant difference in progression-free survival was seen in colorectal cancer with single-agent  
vemurafenib. Overcoming resistance to BRAF inhibition with combination therapy is an active area of research.
Conclusions: The detection of BRAF mutations represents an advance in delivering molecularly targeted  
therapies to patients with a variety of cancers. Acquired resistance limits the ability of BRAF inhibitors to produce 
long-term remissions; however, combining BRAF inhibitors with the mitogen-activated protein kinase pathway 
and/or other pathway inhibitors represents a promising method to improve long-term outcomes.

Introduction
The discovery of mutations in BRAF, part of the 
mitogen-activated protein kinase (MAPK) signaling 
pathway, heralded a new era of therapeutic options 
for patients with malignant melanoma, colorectal can-
cer (CRC), and non–small-cell lung cancer (NSCLC).1 
Additional mutations in BRAF have been described 
in other malignancies as well, including thyroid can-
cer, hairy cell leukemia (HCL), and multiple myeloma 
(where they were initially thought to be absent).2-6 
Significant variation exists in the incidence and epi-
demiology of BRAF mutations across cancers. Muta-
tions in this gene have been found to be universal in 
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HCL, in about one-half of patients with melanoma and 
thyroid cancer, and in about 10% or less in CRC and 
NSCLC.1,5,6 Although using small molecule inhibitors 
of v-raf murine sarcoma viral oncogene homolog B 
(BRAF) in melanoma has produced improved clinical 
outcomes, their use in CRC has not produced clinical 
benefit.7-11 The V600E mutation results in an amino 
acid substitution from valine (V) to glutamic acid (E), 
and it is the most common BRAF mutation detected 
in human cancer; however, among tumors known to 
harbor BRAF mutations, lung cancer is notable for a 
high fraction of non-V600E mutations.1,12,13 

In the 11 years since mutations in BRAF were first 
reported, vemurafenib, dabrafenib, and trametinib 
have received approval from the US Food and Drug 
Administration for the treatment of V600-mutated 
melanoma.14,15 This review will examine the current 
understanding of BRAF cell signaling and will high-
light disease-specific epidemiology and clinical expe-
rience using BRAF inhibitors across a disparate group 
of human cancers. 

BRAF Signaling
Constitutive activation of the MAPK pathway is a com-
mon event in many cancers that leads to sustained 
proliferative signaling.16 The MAPK pathway is best 
defined as the group of kinases comprised of the 
rapidly accelerated fibroblast (RAF) family of serine/
threonine kinases, the MAPK/extracellular-signal-
regulated kinase MEK1/2, and terminating with the 
extracellular signal-regulated kinase (ERK).17 Binding 
of ERK to nuclear protein transcription factors, in-
cluding the E26 transformation specific (ETS) family, 
leads to gene expression that promotes cell growth 
and survival.18 In normal conditions, upstream activa-
tion of the MAPK pathway occurs most often through 
ligand binding to receptor tyrosine kinases. For ex-
ample, binding of the epidermal growth factor family 
of ligands to the epidermal growth factor receptors 
(EGFRs) leads to receptor dimerization followed by 
autophosphorylation and subsequent downstream 
signaling through both the MAPK pathway and the 
phosphatidylinositol 3 kinase/protein kinase B/mam-
malian target of rapamycin (PI3K/Akt/mTOR) path-
way.19,20 Following receptor dimerization, adaptor pro-
teins undergo phosphorylation that ultimately leads 
to the activation of the rat sarcoma (RAS) family of 
GTPases.21 Binding of RAS to one of the RAF proteins 
leads to subsequent downstream MAPK signaling.

The 3 RAS isoforms, HRAS, KRAS, and NRAS, com-
prise a group of highly conserved GTPases and are 
the most frequently mutated oncogenes in human can-
cers.22 KRAS mutations are detected in large percent-
ages of CRC, NSCLC, and pancreatic adenocarcinoma, 
and NRAS is the second most commonly mutated gene 
in melanoma, occurring in approximately 40% of cases 

of BRAF wild-type melanoma.22,23 Similar to KRAS, 
there are 3 RAF isoforms that are serine/threonine 
kinases, which lead to MEK and ERK phosphorylation 
when activated via RAS. Under normal conditions, RAS 
proteins bind to cytosolic RAF dimers, upon which 
they undergo phosphorylation.24 Activated RAF then 
recruits MEK, ERK, and scaffolding proteins to the 
cell membrane, thus leading to the phosphorylation 
of MEK and ERK.25,26

RAF mutations represent another opportunity for 
malignant cells to sustain MAPK signaling. Mutations 
in BRAF, first described in 2002,1 occur most often 
at nucleotide 1796, leading to a valine to glutamic 
acid change at codon 599 (V599E; subsequently re-
named to V600E due to a nomenclature change). The 
V600E mutation leads to a conformational change in 
the G-loop activation segment of BRAF, rendering it 
constitutively active and able to bind MEK and ERK 
as a monomer.25 Mutated BRAF results in persistently 
elevated ERK phosphorylation and target gene tran-
scription. In addition, it is resistant to negative feed-
back signals that attempt to counterbalance the ERK 
activation.27 The multiple tyrosine kinase signaling 
pathways within a cell are interconnected and do not 
exist in isolation. It has been noted that V600E-mutant 
BRAF activates the mTOR pathway.28

The first report on BRAF mutations described 
them as being detected in 59% of melanomas, 18% 
of CRCs, 11% of gliomas, and 4% of lung adenocar-
cinomas and ovarian carcinomas.1 All mutations oc-
curred in either exon 11 or 15 across all malignan-
cies, and the V600E mutation was the most commonly 
detected mutation.1 In addition to melanoma, CRC, 
and NSCLC, BRAF mutations have been detected in 
thyroid cancers, HCL, and multiple myeloma.2,5,6 The 
wide spectrum of cancers in which BRAF mutations 
are detected highlights the prominent role MAPK sig-
naling plays in promoting oncogenesis. The following 
sections will highlight the epidemiology and scientific 
understanding of BRAF mutations in 5 malignancies: 
malignant melanoma, CRC, NSCLC, thyroid cancer, 
and HCL. Clinical experience using small molecule 
inhibitors to inhibit BRAF signaling are reviewed and 
summarized in the Table.

Melanoma
Malignant melanoma ranks as the fifth and seventh 
most commonly diagnosed malignancy in men and 
women, respectively, with an estimated incidence of 
more than 76,000 persons in the United States in 
2013.29 Traditionally, metastatic melanoma has car-
ried a dismal prognosis, with 10-year survival rates 
of less than 10% as recently as 2009, with a historic 
1-year survival rate of 25%.30 However, the discovery 
of BRAF mutations in melanoma changed the patho-
logic understanding of the disease, leading to new 
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treatment options for patients with metastatic dis-
ease. Following the discovery of BRAF mutations in a 
large fraction of primary cutaneous melanoma cases, 
BRAF mutations were identified in a similarly high 
percentage of dysplastic nevi, implicating the BRAF 
mutation as a necessary but insufficient oncogenic 
driver in early melanoma.31 In the metastatic setting, 
BRAF mutations are found in 46% to 48% of metastatic 
biopsy specimens, with V600E as the most common 
mutation (73%–91%) followed by V600K (7%–20%) 
and, less commonly, V600D and L597R mutations.32-34 

There appear to be differences in mutation type 
(V600E vs non-V600E) according to patient age, pri-
mary disease site, type of melanoma, and response 
to BRAF inhibition. In a cohort of 302 patients who 
had melanoma with activating BRAF mutations,  
Bucheit et al35 reported a V600K mutation rate of 24%, 
with statistically significant differences in median age  
(60.0 vs 44.7 years), male sex, and truncal location  
compared with patients with the V600E mutation.  
Menzies et al34 detected a similar trend between V600E 
and non-V600E mutations, with non-V600E mutations 
found in fewer than 20% of patients younger than  
50 years and more than 40% in patients 70 years of 
age or older. They also reported a decreasing inci-
dence of BRAF mutations by decade of life. A total of 
25% of tumors from patients 70 years of age or older 
had a mutation, while the tumors of patients younger 
than 30 years of age almost universally possessed the 
BRAF mutation. V600E mutations occur more common-

ly on intermittently sun-exposed skin and are found 
most often in superficial spreading melanoma, while  
non-V600E mutations occur more frequently on chroni-
cally sun-exposed areas such as the head and neck.34,36,37 
Non-V600E mutations respond to BRAF inhibition in 
clinical trials; however, retrospective evidence sug-
gests that patients with these mutations have a shorter 
disease-free interval (defined as the duration of time 
from primary site diagnosis to metastatic disease) and 
a trend toward inferior survival rates compared with 
those who have V600E-mutant melanoma.7,10,34,35

Efforts to inhibit mutant BRAF in melanoma using 
small molecule inhibitors began following the charac-
terization of BRAF mutations. Based on preclinical data 
that showed the inhibition of growth among melano-
ma tumor xenografts, sorafenib entered clinical trials 
in BRAF-mutated melanoma.38 Overall, the clinical trial 
results of sorafenib were disappointing, although ini-
tial studies showed some promise in combination with 
chemotherapy. In a phase 1 trial of sorafenib combined 
with carboplatin and paclitaxel chemotherapy, patients 
with melanoma had a longer median progression-free 
survival (PFS) rate compared with patients who had 
other tumor types (307 vs 104 days, respectively).39 
However, a phase 2 trial of sorafenib monotherapy 
given to 34 patients with stage 4 melanoma revealed a 
low response rate (2.8%) and no difference in response 
rate between BRAF mutant and wild type, suggesting 
that, as single-agent therapy, sorafenib had minimal 
activity against BRAF-mutant melanoma.40 A multina-

Table.  — BRAF Mutation Prevalence, Clinical Characteristics, and Selected Active Clinical Trials by Cancer Type 

Cancer Type Mutation Frequency and Type Clinical Characteristics Selected Active Clinical Trials

Melanoma 46%–48%, V600E more common  
than V600K; other rare exon  
15 mutations reported

BRAF V600E mutations more common in  
younger persons and in tumors arising from  
intermittently sun-exposed skin
Mutually exclusive with NRAS

NCT01726738
NCT01841463
NCT01826448
NCT01616199
NCT01754376
NCT01682083

Colorectal 7.9%–15.2%;  
predominantly V600E

Associated with inferior outcomes compared  
with BRAF wild-type
Mutually exclusive with KRAS and PIK3CA 

NCT01791309
NCT01750918
NCT01719380
NCT01902173

Thyroid 44% (papillary) and  
24% (anaplastic);  
predominantly V600E

In papillary, associated with increased risk of  
lymph node invasion and metastasis

NCT01723202
NCT01709292
NCT01534897

Non–Small-Cell Lung 1.6%–4.9% (adenocarcinoma),  
4% (squamous). Approximately  
equal numbers with V600E and  
non-V600E in adenocarcinoma

No difference in clinical outcomes between  
V600E and non-V600E
Non-V600E does not respond to BRAF inhibitors

NCT01336634
NCT01514864

Hairy Cell Leukemia Approximately 100%; all V600E Durable complete response reported in 2 patients 
after short treatment with BRAF inhibitors

NCT01711632

BRAF = v-raf murine sarcoma viral oncogene homolog B.
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tional, randomized, double-blind, placebo-controlled 
phase 3 trial of sorafenib or placebo with carboplatin 
and paclitaxel failed to demonstrate a difference in 
PFS rate (17.9 weeks with placebo, 17.4 weeks with 
sorafenib; hazard ratio [HR], 0.91; 99% confidence 
interval [CI], 0.63–1.31; 2-sided log rank test P = .49), 
though BRAF status was not reported in the baseline 
characteristics of trial participants.41 Although addi-
tional studies explored combination strategies with 
sorafenib and either temozolomide or temsirolimus, 
the development of selective BRAF inhibitors largely 
supplanted the work to use sorafenib as a therapeutic 
agent in BRAF-mutated melanoma.42-44

Eight years after the discovery and characterization 
of BRAF mutations in melanoma, a dose-escalation, ex-
tension phase 1 trial of vemurafenib in 81 patients with 
melanoma was undertaken by Flaherty et al.9 Of the 
32 patients with melanoma who were treated with the 
recommended phase 2 dose, 24 patients experienced 
a partial response (PR) and 2 patients had a complete 
response (CR).9 In 2011, Chapman et al7 reported the 
results of an international, randomized, open-label 
phase 3 trial comparing vemurafenib with dacarbazine 
in patients with the V600E mutation. The trial met the 
prespecified early stopping rule at the time of interim 
analysis in December 2010, with both overall survival 
(OS) and PFS rates favoring vemurafenib. Response 
rates (PR or CR) approached 48% in the vemurafenib-
treated cohort compared with 5% in the dacarbazine 
cohort.7 Following publication, the US Food and Drug 
Administration (FDA) approved vemurafenib for the 
treatment of BRAF-mutated melanoma, along with a 
companion diagnostic test, in August 2011.15 Updated 
OS results from the Chapman et al7 study were pre-
sented in 2012, and showed a continued significant 
difference in OS rates (13.2 months [95% CI, 12.0–15.0] 
for vemurafenib and 9.6 months [95% CI, 7.9–11.8] 
for dacarbazine) and 12-month OS rates of 55% for 
vemurafenib and 43% for dacarbazine.45 

The BRAF inhibitor dabrafenib has also been stud-
ied as a single agent as well as in combination with 
trametinib, a MEK1/2 inhibitor.8,10,46 In a phase 3 open-
labeled, randomized controlled trial comparing dab-
rafenib with dacarbazine, dabrafenib had significantly 
improved PFS (5.1 and 2.7 months for dacarbazine; 
HR, 0.30; 95% CI, 0.18–0.51; P < .0001).10 

In addition to the direct inhibition of BRAF, 
evidence exists to support MEK inhibition in 
BRAF-mutant melanoma.47-49 Several clinical trials  
have examined MEK inhibitors as single agents in 
BRAF-mutant melanoma. In a phase 1 study by Falchook 
et al,50 treatment with trametinib resulted in a 33% 
overall response rate in patients with melanoma who 
were treatment naive compared with a 10% response 
rate in patients with BRAF wild-type melanoma. A 
phase 2 trial subsequently compared overall response 

(CR or PR) in 2 cohorts of patients, ie, those naive 
to BRAF inhibition (previously treated with chemo-
therapy or immunotherapy) or patients previously 
treated with a BRAF inhibitor.51 Interestingly, overall 
responses were only seen in patients naive to BRAF 
inhibitors (25% vs 0%), and stable disease was higher 
in the group naive to BRAF treatment (51% vs. 28%). 
The results of this trial suggested that the develop-
ment of acquired resistance following BRAF inhibition 
also affected response to single-agent MEK inhibi-
tion. Therefore, single-agent MEK inhibition following 
treatment failure by either single-agent BRAF inhibitor 
is not recommended. 

Although the clinical experience involving BRAF 
and MEK inhibitors as single agents represents a sig-
nificant advance in the treatment of metastatic mela-
noma, secondary or acquired resistance to single-agent 
therapy appears to be universal. Acquired resistance 
to BRAF inhibitors was predicted by preclinical stud-
ies that suggested combination therapies would be 
needed to treat melanoma.52,53 Unlike the experience 
derived from the use of small molecule inhibitors in 
chronic myeloid leukemia, in which progressive dis-
ease most often results from kinase domain gatekeep-
er mutations, Nazarian et al54 reported the absence 
of acquired mutations in BRAF among resistant cell 
lines. Resistance developed through the reactivation 
of MAPK signaling via upregulated platelet-derived 
growth factor receptor beta (PDGFR β) and NRAS 
mutations in 5 out of 12 patients (mutations in NRAS 
were mutually exclusive with increased protein ex-
pression of PDGFR β).54 Johannessen et al55 identified 
a third mechanism by which melanoma expressed 
MAP3K8 (the gene-encoding cancer Osaka thyroid 
kinase [COT]/Tpl2), leading to MEK and ERK signal-
ing independent of RAF. In cell-line models, combined 
RAF and MEK inhibition led to decreased levels of 
phospho-ERK (p-ERK) and reduced cell growth, sug-
gesting that combined RAF and MEK inhibition may 
allow cells to circumvent COT-mediated resistance.55 
Using serial biopsies obtained as part of a phase 2 
clinical study, Trunzer et al56 used immunohistochem-
istry for p-ERK to demonstrate the reactivation of 
MAPK signaling at the time of progression. They iden-
tified NRAS mutations in 3 of 13 tumors at progression 
and MEK1 mutations in 4 of 20 tumors at progression. 
In all tumors with NRAS or MEK1 mutations, BRAF 
V600E mutation persisted.56

Combining BRAF inhibitors with MEK inhibitors 
was a logical next step in the effort to prevent or de-
lay the development of acquired resistance. Work by 
Paraiso et al57 demonstrated that melanoma cell lines 
exhibited increased p-ERK signaling prior to the de-
velopment of BRAF inhibitor resistance, but they also 
noted that combined treatment with BRAF and MEK 
inhibitors enhanced apoptosis and prevented the devel-
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opment of resistance in cell lines. In a phase 1/2 study 
of dabrafenib and trametinib in patients with metastatic 
melanoma who were naive to BRAF inhibitors, com-
bined treatment with both agents at full doses (dab-
rafenib 150 mg twice daily and trametinib 2 mg once 
daily) resulted in improved PFS rates compared with 
dabrafenib monotherapy (9.4 vs 5.8 months; HR, 0.39; 
95% CI, 0.25–0.62; P < .001) and a reduced incidence 
of cutaneous squamous cell carcinoma and rash in the 
combination therapy cohort.44 OS data for a phase 2 
study comparing dabrafenib alone and dabrafenib plus 
trametinib were recently reported and showed the OS 
rate approaching 2 years in the group treated with dab-
rafenib 150 mg twice daily and trametinib 2 mg daily.58 
Two phase 3 trials studying the combination of BRAF 
and MEK inhibitors have completed accrual, and the 
final results are anxiously anticipated (NCT01584648, 
NCT01597908). Contingent upon the successful trial 
completion and phase 3 study results, in January 2014, 
the FDA approved combination dabrafenib/trametinib 
for the treatment of metastatic BRAF-mutant mela-
noma.14 Based on these results, it is anticipated that 
combination therapy will become the new standard 
of care over single-agent BRAF-inhibitor therapy for 
BRAF-mutant metastatic melanoma. 

Wagle et al59 recently reported results from whole 
exome sequencing and whole transcriptome sequenc-
ing of a case series of tumor tissue obtained from  
5 patients prior to combined BRAF/MEK treatment 
and after progression. They detected a MEK2 mutation 
(MEK2Q60P), a novel BRAF splice variant, and BRAF am-
plification in tumor tissue at progression in 3 patients 
but were unable to find a resistance mechanism in  
2 patients. MAPK signaling reactivation appears to be 
a primary driver of clinical resistance to both single-
agent therapy and combined BRAF and MEK inhibitor 
in BRAF-mutated melanoma.54-56,59 The study by Wagle 
et al59 highlights the importance of obtaining paired 
biopsy samples from patients enrolled in clinical trials 
prior to treatment and at the time of disease progres-
sion to elucidate mechanisms of acquired resistance 
and develop more effective therapeutic strategies. 

Current clinical trials in BRAF-mutant melanoma 
study BRAF inhibitors in combination with novel 
agents and in the adjuvant setting. LCCC 1128 is an 
open-label phase 2 study of dabrafenib and trametinib 
that will evaluate tumor tissue of patients with stage 3 
or 4 BRAF-mutant melanoma at study entry and at the 
time of progression to study mechanisms of acquired 
resistance (NCT01726738). Vemurafenib is the subject 
of combination trials with P1446A-05, an oral cyclin-
dependent kinase inhibitor (NCT01841463), PLX3397, 
and oral multikinase inhibitor (NCT01826448), PX-
866, an irreversible PI3K inhibitor (NCT01616199), 
XL888, a HSP90 inhibitor (NCT01657591) and inter-
leukin-2 in patients with metastatic disease who are 

naive to BRAF-targeted therapy (NCT01754376). A 
placebo-controlled, randomized, double-blind study 
comparing dabrafenib and trametinib versus 2 pla-
cebos in patients with surgically resected, high-risk, 
BRAF V600 mutation-positive melanoma is ongoing 
to study the role of dual BRAF/MEK inhibition in the 
adjuvant setting (NCT01682083). 

Colorectal Adenocarcinoma
Colorectal adenocarcinoma is the third most com-
monly diagnosed malignancy in both men and women 
and led to approximately 50,830 deaths in the United 
States in 2013.29 Mutations in KRAS were discovered in 
1983 and are used as a biomarker to predict response 
to anti-EGFR monoclonal antibodies in patients with 
metastatic CRC.60,61 Although KRAS mutations are com-
monly observed in CRC with a frequency approaching 
40%, additional mutations in BRAF, PIK3CA, and PTEN 
have been described.62 Knowledge of the mutational 
background of CRC has generated significant interest 
in developing combinatorial therapeutics to target the 
MAPK pathway. 

Notable differences exist in the clinical behavior 
and pathogenesis of BRAF-mutant CRC when com-
pared with melanoma and other cancers that harbor 
BRAF mutations. Most cases of colon cancers arise 
from chromosomal instability and aneuploidy; how-
ever, 15% of CRCs develop in the setting of microsat-
ellite instability (MSI), leading to the accumulation 
of base pair substitutions, frameshift mutations, and 
small deletions.63 Hereditary nonpolyposis colorec-
tal cancer (HNPCC) is a predisposition syndrome 
responsible for 3% of CRC and is associated with 
defective mismatch repair (MMR) machinery lead-
ing to MSI.64,65 However, most tumors with MSI arise 
sporadically and are not associated with HNPCC.64 
Such tumors frequently arise from hypermethylation 
of CpG-rich regions within the promoter region of 
the MLH1 gene, leading to the CpG island methylator 
phenotype (CIMP).66 Rajagopalan et al67 were the first 
to link BRAF status and defective MMR in CRC based 
on their analysis of 330 cases of CRC. Two years later, 
Kambara et al68 reported a significant association be-
tween BRAF mutations in CIMP-high (20 of 26; 77%), 
CIMP-low (8 of 44; 18%), and CIMP-negative (0 of 34; 
0%) CRCs (P < .0001), as well as between BRAF status 
and sporadic MSI-high cancers (16 of 17 CIMP-high 
harbored the V600E mutation compared with 5 of 9 
CIMP-low and 0 of 2 CIMP negative; P = .004). Using 
a novel technique to detect CIMP-positive tumors, 
Weisenberger et al69 described a highly significant 
association between CIMP positivity and BRAF muta-
tion and MLH1 methylation. Thus, tumors arising from 
MSI without genetic predisposition were shown to 
be highly associated with CIMP and BRAF mutation, 
defining a unique subset of CRC.
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Mutations in BRAF were first reported in CRC 
tumors by Yuen et al70 with an observed incidence of 
5.1% in adenocarcinoma tissue. A population-based 
study detected BRAF mutations in 78 of 513 CRC 
tumors (15.2%), and studies of BRAF mutations in 
patients with metastatic disease report an incidence 
of 7.9% to 8.7%.71-73 Similar to thyroid cancer and 
melanoma, yet unlike lung adenocarcinoma, BRAF 
mutations almost exclusively affect codon 600.70-72 In 
multiple studies BRAF mutations are mutually exclu-
sive to KRAS or PIK3CA mutations.72,74,75 A signifi-
cant body of literature supports the observation that 
BRAF-mutated CRC has a more aggressive clinical 
behavior than BRAF wild-type CRC. Early evidence 
by Ogino et al76 reported that mutations in this gene 
were associated with an increased cancer-specific 
mortality rate (multivariate HR = 1.97; 95% CI, 1.13–
3.42) among patients with stages 1 to 4 CRC. BRAF-
mutant CRC was associated with inferior OS rates 
among patients with stage 3 resected CRC treated 
in a large, prospective adjuvant chemotherapy trial, 
and a meta-analysis of 26 CRC studies revealed a sig-
nificantly increased risk of overall mortality among 
patients with a BRAF mutation (HR = 2.25; 95% CI, 
1.37–2.12).77,78 Studies have also documented inferior 
PFS rates in BRAF-mutant CRC treated with anti-
EGFR antibodies.79,80

Clinical experience with 
BRAF inhibition in CRC sug-
gests significant differences 
in response compared with 
melanoma. Kopetz et al11 
reported results of vemu-
rafenib in a phase 1 study of 
21 patients with metastatic 
CRC, with 1 confirmed PR 
out of 19 evaluable patients. 
Several studies have subse-
quently examined the etiol-
ogy of intrinsic (primary) 
resistance to BRAF inhibi-
tion in patients with CRC. 
By comparing BRAF-mutant 
CRC and melanoma cell 
lines, Mao et al81 reported 
increased levels of PI3K/Akt 
activation and lower levels 
of MEK pathway activation. 
Inhibition of both the BRAF 
and PI3K pathways resulted 
in synergistic growth inhibi-
tion in CRC cell lines. The 
authors also reported that 
the use of 5-azacytidine (a 
hypomethylating agent) 
reduced phospho-Akt ex-

pression and produced greater growth inhibition in 
all CRC cell lines when combined with the BRAF 
inhibitor vemurafenib than with the BRAF inhibitor 
alone.81 Prahallad et al82 recently demonstrated that 
BRAF-mutant CRC cell lines treated with vemurafenib 
experienced EGFR feedback activation, and a com-
bined inhibition of EGFR using either cetuximab or 
gefitinib (a small molecule EGFR inhibitor) with BRAF 
inhibition produced synergistic growth inhibition in 
both cell lines and mouse xenograft models. 

Based on clinical experience using single-agent 
BRAF inhibitors in CRC and recent preclinical data, 
combinatorial therapeutic strategies will be necessary 
to improve outcomes in patients with BRAF-mutant 
CRC. The Figure summarizes a selection of ongoing 
efforts to combine pathway inhibitors in CRC as well 
as melanoma, NSCLC, and thyroid cancer. In CRC, 
clinical trials targeting both BRAF and EGFR are ac-
tively recruiting patients, including a pilot study of 
vemurafenib and panitumumab (NCT01791309) and 
an open label, 3-part, phase 1/2 study combining dab-
rafenib with or without trametinib with panitumumab 
(NCT01750918). Two combination trials studying dual 
PI3K pathway and BRAF inhibition are ongoing, in-
cluding a phase 1/2 study of the BRAF inhibitor en-
corafenib with or without the PI3K inhibitor BYL719 
plus panitumumab (NCT01719380) and a phase 1/2 

Figure. — Approved and investigational agents for the treatment of BRAF-mutated malignancies. Dabrafenib,  
trametinib, and vemurafenib have been approved by the US Food and Drug Administration for the treatment of 
metastatic melanoma, either alone or in combination. In the setting of colorectal cancer, current trials are studying 
the effects of anti–epidermal growth factor receptor therapy in combination with panitumumab and dabrafenib with 
or without trametinib and panitumumab and encorafenib with or without BYL719. Dabrafenib and trametinib are 
under investigation in both thyroid and non–small-cell lung cancers harboring the V600 mutation. Case reports 
suggest activity exists with either single-agent dabrafenib or vemurafenib in hairy cell leukemia.
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study combining dabrafenib with the Akt inhibitor 
GSK214795 (NCT01902173). 

Differentiated Thyroid Cancer
More than 60,000 new cases of thyroid malignancies 
were diagnosed in 2013, many of which were differen-
tiated thyroid tumors in women.29 Thyroid malignan-
cies are commonly categorized according to their ag-
gressiveness. Well-differentiated tumors (papillary and 
follicular) comprise the majority of new cases each 
year and have the least aggressive clinical behavior. 
Intermediate tumors (medullary thyroid carcinoma, 
Hürthle cell, and poorly differentiated) and undiffer-
entiated tumors (anaplastic thyroid carcinoma [ATC]) 
make up 10% of newly diagnosed cases each year but 
have more aggressive clinical behavior.83 

Evidence for BRAF mutations in differentiated 
thyroid cancers was first reported by Kimura et al5 
who noted that 28 of their 78 studied patients (35.8%) 
with papillary thyroid cancer (PTC) possessed the 
BRAF V600E mutation independent of mutations in 
RET and RAS. Notably, no BRAF mutations were de-
tected in small cohorts of follicular or Hürthle cell 
carcinomas.5 Nikifirova et al84 were the first to report 
that BRAF mutations were restricted to patients with 
PTC or with poorly differentiated or undifferentiated 
thyroid cancers arising from previous PTC. A recent 
compilation of data from 29 studies reported BRAF 
V600E mutations in 44% of patients with PTC and 
24% with ATC.85 Similar to melanoma, the majority of 
BRAF mutations in PTC or ATC occurs at codon 600, 
although rare mutations in codons near codon 600 
have been described.86 In addition to characterizing 
BRAF mutations, additional work has demonstrated 
that genetic alterations in the PI3K/Akt pathway are 
common in thyroid malignancies, occur with increas-
ing frequency in more aggressive tumors, and are 
mutually exclusive.87,88

BRAF V600E mutation predicts for a more aggres-
sive clinical course in patients with PTC.89-91 Using 
multivariate analysis, BRAF mutations in PTC are as-
sociated with an increased risk of lymph node invasion 
and metastasis as well as a more advanced stage of 
disease at initial surgery.85 In addition, BRAF mutations 
render tumors less responsive to repeat radioactive 
iodine treatment in the event of recurrent disease.85,92,93 
A large retrospective study consisting of 1,849 patients 
with PTC found an increased overall mortality rate 
among patients with the V600E mutation (12.87 deaths 
per 1,000 person-years; 95% CI, 9.61–17.24) compared 
with patients not carrying the mutation (2.52 deaths 
per 1,000 person-years; 95% CI, 1.40–4.55) with an HR 
of 2.66 (95% CI, 1.30–5.43) after adjusting for age at 
diagnosis, sex, and medical center.94 However, in the 
same study, when additional factors associated with 
worse prognosis, including lymph node metastasis, 

extrathyroid invasion, and distant metastasis, were 
included in the model, BRAF mutations were no longer 
associated with increased mortality.

Preclinical work in thyroid cancer cell lines us-
ing MEK1/2 and BRAF inhibitors, along with clinical 
experience using these drugs in melanoma, has led to 
clinical trials in patients with thyroid cancer targeting 
the MAPK and PI3K/Akt pathways.95-97 In a phase 2 
study of sorafenib for metastatic thyroid cancer, 6 out 
of 41 patients with PTC achieved a PR with a median 
duration of 7.5 months, while none of the 17 patients 
with a different type of thyroid cancer achieved a 
PR.98 Among patients with PTC and V600E mutation, 
3 out of 9 evaluable patients participating in a phase 
1, dose-escalation trial of dabrafenib experienced a 
PR.8 One case reported highlighted a rapid clinical 
response to treatment with vemurafenib in a patient 
with ATC found to have V600E mutation.99 Active clini-
cal trials in thyroid cancers include dabrafenib with or 
without the MEK inhibitor trametinib (NCT01723202), 
neoadjuvant vemurafenib in patients with locally ad-
vanced thyroid cancer (NCT01709292), and the use of 
the BRAF inhibitor dabrafenib to resensitize patients 
with BRAF-mutated thyroid cancer to radioactive io-
dine (NCT01534897).

Non–Small-Cell Lung Cancer
Lung cancer remains the leading cause of annual can-
cer-related mortality in the United States.29 Among pa-
tients with lung adenocarcinoma, driver mutations have 
been identified in 62% of patients undergoing testing 
for at least 1 genomic alteration.100 Mutations in BRAF 
arise in 1.6% to 4.9% of adenocarcinomas.1,12,13,101,102 
Unlike melanoma, PTC, and HCL in which most BRAF 
mutations are V600E, mutations in lung adenocarcino-
mas can be separated into either V600E (50%–56.8%) 
and non-V600E (43.2%–50%).12,13 Although V600E 
mutations directly phosphorylate MEK, mutations in 
exon 11 (non-V600E) possess impaired kinase activity 
and are dependent on CRAF to mediate downstream 
signaling through MEK and ERK.103 BRAF mutations 
are considered to be mutually exclusive with common 
driver mutations in NSCLC such as EGFR, KRAS, and 
the EML4-ALK rearrangement.104 However, one recent 
analysis detected 1 out of 18 patients with a coexist-
ing V600E mutation and PIK3CA E545K mutation and 
2 out of 18 patients with non-V600E mutation and 
coexisting KRAS mutation.12 In addition to lung ad-
enocarcinoma, recent data from the Cancer Genome 
Atlas Research Network105 revealed a 4% mutation rate 
in squamous cell carcinoma of the lung.

Clinical predictors of BRAF mutations in lung ad-
enocarcinomas are controversial. Paik et al104 reported 
a statistically significant association between the pres-
ence of BRAF mutations and current or previous smok-
ing status, while a larger study by Cardarella et al12 
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reported no significant association between smoking 
status and BRAF mutations. No difference in PFS was 
seen after first-line platinum doublet chemotherapy 
between patients with V600E mutation compared with 
patients without a driver mutation (EGFR, KRAS, and 
BRAF wild-type and EML4-ALK nontranslocated). In 
addition, no difference in PFS was detected between 
patients with V600E and non-V600E mutations.12 None-
theless, differences in response to BRAF inhibition 
with vemurafenib have been reported based on V600E 
mutation status (objective response in 1 patient with 
V600E mutation and primary progressive disease in a 
patient with non-V600E mutation).106,107 Two patients 
with NSCLC and V600E mutation have also experi-
enced treatment response to dabrafenib.8,108 Yet anoth-
er patient with Y472C BRAF mutation experienced a 
prolonged remission after treatment with dasatinib.109 

Another mechanism to inhibit downstream ac-
tivation of ERK in patients with both V600E and  
non-V600E mutations is through MEK inhibition, which 
was the subject of a completed phase 1 study using 
selumetinib, a MEK1/2 inhibitor, in nonmelanoma, 
BRAF-mutated solid tumors (NCT00888134).110 Active 
clinical trials in patients with NSCLC and both V600E 
and non-V600E mutant BRAF are ongoing. Dabrafenib 
is the subject of an ongoing international phase 2 trial 
in V600E-mutant NSCLC (NCT01336634). Interim re-
sults were recently presented and revealed an overall 
response rate of 54% (7 PRs of 13 patients evaluable 
for response).111 Dasatinib is currently the subject of 
an ongoing phase 2 trial in patients with non-V600E 
inactivating BRAF mutations (NCT01514864).

Hairy Cell Leukemia
HCL is a rare clonal disorder of B cells characterized 
by progressive splenomegaly, pancytopenia, and the 
absence of peripheral lymphadenopathy.112 Its an-
nual incidence is estimated to be 3.3 persons per  
1 million person-years in the United States.113 The 
underlying genomic etiology of HCL remained elusive 
until a landmark paper by Tiacci et al.6 Using mas-
sively paralleled whole exome sequencing to compare 
leukemia cells and nonleukemia cells in a single pa-
tient with HCL, the researchers identified 5 unique  
nonsynonymous mutations, one of which included 
the BRAF V600E mutation.6 Forty-six patients with 
HCL underwent polymerase chain reaction and Sanger 
sequencing for the V600E mutation, all of whom were 
found to harbor the V600E mutation.6 In a second 
cohort of 62 patients with HCL and 178 patients with 
splenic marginal zone lymphoma, Waldenström mac-
roglobulinemia, or chronic B-cell lymphoproliferative 
disorders, V600E was detected in all 62 patients with 
HCL and only 2 of the remaining 178 patients.114 

When patients require treatment for HCL, a single 
course of continuous infusion cladribine over 7 days 

induces CRs in more than 90% of patients with an OS 
rate of 96% at 48 months.115 After 7 years of follow-up 
in the same cohort of patients, the median duration 
of first response was 98 months, with 37% of patients 
experiencing relapsed disease.116 In patients with re-
lapsed disease, re-treatment with cladribine induced 
complete remission in the majority of patients.115-117 
Thus, while cladribine is a highly effective treatment 
for HCL, eventual relapse is common. After the dis-
covery of the V600E mutation, Dietrich et al118 offered 
off-label vemurafenib to a patient with refractory HCL, 
massive splenomegaly, and cytopenias. The patient was 
treated for 56 days after dose escalation to a maximum 
of 1440 mg/day and experienced significant reduction 
in spleen size (24.8 × 8.3 cm pretreatment to 14 × 5 
cm at day 16) and hematological CR at 43 days.118,119 
Six months after completing vemurafenib treatment, 
the patient remained in complete remission.119 Another 
patient with refractory HCL was treated with vemu-
rafenib 960 mg orally twice daily for 3 weeks and was 
recently reported to have a normalization of platelets, 
white blood cells, and neutrophils at 5 weeks; this 
normalization persisted for 4 months after treatment 
discontinuation.120 The optimal dosing and duration 
of treatment using BRAF inhibitors is unknown for 
patients with treatment refractory HCL119,120; however, a 
multicenter, phase 2 study of vemurafenib in treatment 
refractory HCL is ongoing (NCT01711632).

Conclusion
The characterization and discovery of BRAF mutations 
in both epithelial and hematological malignancies il-
lustrates the promise of personalized medicine in on-
cology. The detection of BRAF mutations in a variety of 
malignancies is still ongoing, and it is leading to rapid 
drug development across a wide range of cancers. 
Although we have seen significant improvements in 
patient outcomes within the last 4 years, particularly 
in melanoma, more research is needed to understand 
the mechanisms of intrinsic and acquired resistance in 
BRAF inhibitors. Applying whole exome sequencing 
and improving the capabilities of bioinformatics will 
contribute to continued gains in the development of 
combinatorial therapeutic strategies against mutated 
BRAF and the effects of its downstream signaling.
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Anti–PD-1/PD-L1 agents have a  

good safety profile and have  

resulted in durable responses  

in a variety of cancers.

PD-1 Pathway Inhibitors:  
Changing the Landscape of Cancer Immunotherapy 

Dawn E. Dolan, PharmD, and Shilpa Gupta, MD

Background: Immunotherapeutic approaches to treating cancer have been evaluated during the last few  
decades with limited success. An understanding of the checkpoint signaling pathway involving the programmed 
death 1 (PD-1) receptor and its ligands (PD-L1/2) has clarified the role of these approaches in tumor-induced 
immune suppression and has been a critical advancement in immunotherapeutic drug development. 
Methods: A comprehensive literature review was performed to identify the available data on checkpoint inhibitors,  
with a focus on anti–PD-1 and anti–PD-L1 agents being tested in oncology. The search included Medline, 
PubMed, the ClinicalTrials.gov registry, and abstracts from the American Society of Clinical Oncology meetings 
through April 2014. The effectiveness and safety of the available anti–PD-1 and anti–PD-L1 drugs are reviewed. 
Results: Tumors that express PD-L1 can often be aggressive and carry a poor prognosis. The anti–PD-1 and 
anti–PD-L1 agents have a good safety profile and have resulted in durable responses in a variety of cancers, 
including melanoma, kidney cancer, and lung cancer, even after stopping treatment. The scope of these agents 
is being evaluated in various other solid tumors and hematological malignancies, alone or in combination with 
other therapies, including other checkpoint inhibitors and targeted therapies, as well as cytotoxic chemotherapy.
Conclusions: The PD-1/PD-L1 pathway in cancer is implicated in tumors escaping immune destruction and is 
a promising therapeutic target. The development of anti–PD-1 and anti–PD-L1 agents marks a new era in the 
treatment of cancer with immunotherapies. Early clinical experience has shown encouraging activity of these 
agents in a variety of tumors, and further results are eagerly awaited from completed and ongoing studies. 

Introduction
An intact immune system is capable of recognizing 
and eliminating tumor cells through immune check-
points; however, tumors can adapt and circumvent 
these natural defense mechanisms.1-3 Over the last 
several decades, significant efforts have targeted 
and activated the immune system to treat cancers; 
presently, increasing evidence exists that tumors can 
evade adaptive immunity and disrupt T-cell check-
point pathways. The interaction between the pro-
grammed death 1 (PD-1) receptor and its ligand 1 and 
2 (PD-L1/2) is a key pathway hijacked by tumors to 
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suppress immune control.2,4-7 Reversing the inhibition 
of adaptive immunity can lead to active stimulation 
of a patient’s immune systems; one such approach 
utilizes antagonistic antibodies to block checkpoint 
pathways, thus releasing tumor inhibition. These an-
tagonistic antibodies target cytotoxic T-lymphocyte 
antigen 4 (CTLA-4), the PD-1 receptor and PD-L1, 
block immune checkpoints, and facilitate antitumor 
activity. These agents are unique among antagonistic 
antibodies because they target lymphocyte receptors 
or their ligands.8,9 

In this review, we discuss the role of the PD-1/
PD-L1 pathway and the drug development efforts to 
block this pathway in cancer, focusing on the currently 
available data from completed and ongoing clinical tri-
als. The clinical development of several anti–PD-1 and 
anti–PDL-1 agents, their efficacy, toxicity, and scope 
in these cancers as single agents, or in combination 
with other therapies, will also be discussed.

Role of PD-1/PD-L1 Pathway 
PD-1 is an immunoinhibitory receptor that belongs 
to the CD28 family and is expressed on T cells,  
B cells, monocytes, natural killer cells, and many  
tumor-infiltrating lymphocytes (TILs)10; it has 2 ligands 
that have been described (PD-L1 [B7H1] and PD-L2 
[B7-DC]).11 Although PD-L1 is expressed on resting  
T cells, B cells, dendritic cells, macrophages, vascu-
lar endothelial cells, and pancreatic islet cells, PD-L2 
expression is seen on macrophages and dendritic 
cells alone.10 Certain tumors have a higher expres-
sion of PD-L1.12 PD-L1 and L2 inhibit T-cell prolifera-
tion, cytokine production, and cell adhesion.13 PD-L2 
controls immune T-cell activation in lymphoid organs, 
whereas PD-L1 appears to dampen T-cell function 
in peripheral tissues.14 PD-1 induction on activated  
T cells occurs in response to PD-L1 or L2 engagement 
and limits effector T-cell activity in peripheral organs 
and tissues during inflammation, thus preventing au-
toimmunity. This is a crucial step to protect against 
tissue damage when the immune system is activated 
in response to infection.15-17 Blocking this pathway in 
cancer can augment the antitumor immune response.18 
Like the CTLA-4, the PD-1 pathway down-modulates T-
cell responses by regulating overlapping signaling pro-
teins that are part of the immune checkpoint pathway; 
however, they function slightly differently.14,16 Although 
the CTLA-4 focuses on regulating the activation of  
T cells, PD-1 regulates effector T-cell activity in periph-
eral tissues in response to infection or tumor progres-
sion.16 High levels of CTLA-4 and PD-1 are expressed 
on regulatory T cells and these regulatory T cells and 
have been shown to have immune inhibitory activity; 
thus, they are important for maintaining self-tolerance.16 

The role of the PD-1 pathway in the interaction of 
tumor cells with the host immune response and the 

PD-L1 tumor cell expression may provide the basis 
for enhancing immune response through a blockade 
of this pathway.16 Drugs targeting the PD-1 pathway 
may provide antitumor immunity, especially in PD-L1 
positive tumors. Various cancers, such as melanoma, 
hepatocellular carcinoma, glioblastoma, lung, kidney, 
breast, ovarian, pancreatic, and esophageal cancers, 
as well as hematological malignancies, have positive 
PD-L1 expression, and this expression has been cor-
related with poor prognosis.8,19 

Melanoma and kidney cancer are prototypes of im-
munogenic tumors that have historically been known 
to respond to immunotherapeutic approaches with 
interferon alfa and interleukin 2. The CTLA-4 antibody 
ipilimumab is approved by the US Food and Drug 
Administration for use in melanoma. Clinical activity 
of drugs blocking the PD-1/PD-L1 pathway has  been 
demonstrated in melanoma and kidney cancer.20-24

In patients with kidney cancer, tumor, TIL-as-
sociated PD-L1 expression, or both were associated 
with a 4.5-fold increased risk of mortality and lower 
cancer-specific survival rate, even after adjusting for 
stage, grade, and performance status.18,19,25,26 A cor-
relation between PD-L1 expression and tumor growth 
has been described in patients with melanoma, pro-
viding the rationale for using drugs that block the 
PD-1/PD-L1 pathway.19,27 

Historically, immunotherapy has been ineffective 
in cases of non–small-cell lung cancer (NSCLC), which 
has been thought to be a type of nonimmunogenic 
cancer; nevertheless, lung cancer can evade the im-
mune system through various complex mechanisms.28 
In patients with advanced lung cancer, the peripheral 
and tumor lymphocyte counts are decreased, while 
levels of regulatory T cells (CD4+), which help sup-
press tumor immune surveillance, have been found 
at higher levels.29-32 Immune checkpoint pathways 
involving the CTLA-4 or the PD-1/PD-L1 are involved 
in regulating T-cell responses, providing the rationale 
for blocking this pathway in NSCLC with antibodies 
against CTLA-4 and the PD-1/PD-L1 pathway.32

Triple negative breast cancer (TNBC) is an aggres-
sive subset of breast cancer with limited treatment op-
tions. PD-L1 expression has been reported in patients 
with TNBC. When PD-L1 expression was evaluated in 
TILs, it correlated with higher grade and larger-sized 
tumors.33 Tumor PD-L1 expression also correlates with 
the infiltration of T-regulatory cells in TNBC, findings 
that suggest the role of PD-L1–expressing tumors and 
the PD-1/PD-L1–expressing TILs in regulating immune 
response in TNBC.34

The PD-1/PD-L1 interaction may create an initial 
site for viral infection followed by an adaptive immune 
resistance, and PD-1 levels may positively correlate 
with a favorable outcome.35,36 It is hypothesized that 
human papilloma virus (HPV)–associated oropharyn-
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geal cancers express PD-L1 as an immune evasion 
mode and PD-L1–expressing tumors were more likely 
to be HPV positive, thus pointing to the potential role 
of this pathway as a therapeutic target in HPV-asso-
ciated head and neck cancer. No correlation existed 
between PD-L1 expression and disease recurrence, 
but a correlation was seen between PD-L1 expression 
and the development of distant metastases.37 

Drugs Targeting the PD-1 vs PD-L1 Pathway
The anti–PD-1 antibody blocks interactions between 
PD-1 and its ligands, PD-L1 and PD-L2, while the  
anti–PD-L1 antibody blocks interactions between  
PD-L1 and both PD-1 and B7-1 (CD80), which is im-
plicated in the down-modulation of T-cell responses. 
Several PD-1 and PD-L1 inhibitors are in clinical de-
velopment in early- and late-stage clinical trials across 
a wide variety of cancers (Tables 1 and 2). 

Patterns and Evaluation of Response
A finding related to response to the anti–PD-1/PD-L1  
drugs is that a flare response can be seen, with tran-
sient worsening of disease or its progression before 
stabilization or tumor regression occurs. Patients 
may exhibit durable responses, and, after discontinu-
ing therapy, they may respond to re-treatment with 
these therapies in cases of progression.23 From early  
clinical experience, both the anti–PD-1 and the anti–
PD-L1 drugs appear to have activity in various cancers, 
but no definitive conclusions can be drawn regarding 

the differences in their effectiveness.20-24,38-41 However, 
looking at available results from several studies, it ap-
pears that objective responses for anti–PD-L1 antibod-
ies may be somewhat lower than those with anti–PD-1 
antibodies, because the latter blocks signaling via both 
the PD-L1 and PD-L2.20-24,38-41 

Safety
The anti–PD-1/PD-L1 agents are relatively well toler-
ated. However, drug-related adverse events with po-
tential immune-related causes, such as pneumonitis, 
vitiligo, colitis, hepatitis, hypophysitis, and thyroiditis, 
can occur. The incidence of immune-related adverse 
events with anti–PD-1/PD-L1 agents is similar to that 
seen with ipilimumab but is less severe.20-24,38-42 A 
comparison of immune-related adverse events with  
anti–PD-1/PD-L1 drugs, including ipilimumab, is 
shown in Table 3.20,21,23,39,42  An often severe adverse 
event that has emerged with these agents is pneumoni-
tis; high levels of PD-L1–expressing antigen-presenting 
cells seen in the lung may give relevance not only to  
the toxicity across cancers but also the observed re-
sponses in NSCLC.43 Pneumonitis may be associated 
with anti–PD-1 drugs, not with anti–PD-L1 drugs, 
making the latter potentially safer.20-24,38-42  

PD-L1 Inhibitors 
BMS-936559/MDX-1105 is a fully human, high affinity,  
immunoglobulin (Ig) G4 monoclonal antibody to  
PD-L1. Initial results from a phase 1 trial of 207 patients 

Table 1. — Selected Ongoing Clinical Trials of Anti–PD-L1 Drugs

Indication Compound Clinical Trials No. Phase

Advanced solid tumors BMS-936559
MEDI4736

NCT00729664
NCT01693562

1
1

Melanoma MPDL3280A + vemurafenib
MEDI4736 + dabrafenib + trametinib or trametinib alone

NCT01656642
NCT02027961

1b
1/2

NSCLC MPDL3280A + erlotinib
MPDL3280A
MPDL3280A
MPDL3280A vs docetaxel
MPDL3280A vs docetaxel
MEDI4736 + tremelimumab

NCT02013219
NCT01846416
NCT02031458
NCT01903993
NCT02008227
NCT02000947

1b
2
2
2
3
1b

RCC MPDL3280A ± bevacizumab vs sunitinib NCT01984242 2

Solid or hematological malignancies MPDL3280A NCT01375842 1

Solid tumors MPDL3280A + bevacizumab and/or chemotherapy
MPDL3280A + cobimetinib
MEDI4736
MEDI4736 + tremelimumab
MSB0010718C
MSB0010718C

NCT01633970
NCT01988896
NCT01938612
NCT01975831
NCT01943461
NCT01772004

1
1
1
1
1
1

PD-L1 = programmed death ligand 1, NSCLC = non–small-cell lung cancer, RCC = renal cell carcinoma.
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Table 2. — Ongoing Clinical Trials of Anti–PD-1 Drugs for Solid Tumors

Indication Compound Clinical Trials No. Phase

Advanced cancer AMP-224 NCT01352884 1

Advanced solid tumors Nivolumab + iliolumbar (anti-KIR) NCT01714739 1

Castration-resistant prostate cancer, 
melanoma, NSCLC, RCC 

Nivolumab NCT00730639 1b

Colon Pembrolizumab NCT01876511 2

Gastric, head and neck, TNBC, urothelial Pembrolizumab NCT01848834 1

Gastric, pancreatic,  
small-cell lung cancer, TNBC

Nivolumab ± ipilimumab NCT01928394 1/2

Glioblastoma Nivolumab ± ipilimumab vs bevacizumab NCT02017717 2

Hepatocellular Nivolumab NCT01658878 1

Hodgkin lymphoma, myeloma,  
myelodysplastic syndrome,  
non-Hodgkin lymphoma

Pembrolizumab NCT01953692 1

Malignant gliomas Pidilizumab NCT01952769 1/2

Melanoma Nivolumab ± ipilimumab vs ipilimumab
Nivolumab + ipilimumab vs ipilimumab
Nivolumab + ipilimumab
Nivolumab sequentially with ipilimumab
Nivolumab vs DTIC or carboplatin/paclitaxel after ipilumumab
Nivolumab vs DTIC
Nivolumab + multiple class 1 peptides and montanide ISA 51 VG
Nivolumab + multiple class 1 peptides and montanide ISA 51 VG
Nivolumab
Pembrolizumab vs chemotherapy
Pembrolizumab vs ipilimumab

NCT01844505
NCT01927419
NCT01024231
NCT01783938
NCT01721746
NCT01721772
NCT01176461
NCT01176474
NCT01621490
NCT01704287
NCT01866319

3
2
1
2
3
3
1
1
1
2
3

Melanoma, NSCLC Pembrolizumab NCT01295827 1

NSCLC Nivolumab ± gemcitabine/cisplatin, pemetrexed/cisplatin,  
carboplatin/paclitaxel, bevacizumab, erlotinib, ipilimumab
Nivolumab vs docetaxel
Nivolumab vs docetaxel
Nivolumab
Nivolumab
Pembrolizumab vs docetaxel
Pembrolizumab

NCT01454102 

NCT01673867
NCT01642004
NCT01721759
NCT01928576
NCT01905657
NCT02007070

1
 
3
3
3
2

2/3
1

Pancreatic Pidilizumab + gemcitabine NCT01313416 2

Prostate Pidilizumab + sipuleucel-T + cyclophosphamide NCT01420965 2

RCC Nivolumab + sunitinib, pazopanib, or ipilimumab
Nivolumab
Nivolumab vs everolimus
Nivolumab
Pembrolizumab + pazopanib
Pidilizumab ± dendritic cell/RCC fusion cell vaccine

NCT01472081
NCT01354431
NCT01668784
NCT01358721
NCT02014636
NCT01441765

1
2
2
1
1
2

Solid tumors Anti-LAG3 (BMS-986016) ± nivolumab
Nivolumab
Nivolumab + interleukin-21
AMP-554

NCT01968109
NCT00836888
NCT01629758
NCT02013804

1
1
1
1

Solid tumors, NSCLC Pembrolizumab NCT01840579 1

PD-1 = programmed death 1, NSCLC = non–small-cell lung cancer, RCC = renal cell carcinoma, TNBC = triple negative breast cancer.
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showed durable tumor regression (objective response 
rate of 6%–17%) and prolonged stabilization of disease 
(12%–41% at 24 weeks) in patients with advanced can-
cers, including NSCLC, melanoma, and kidney cancer.20 

MPDL3280A is an engineered human monoclo-
nal antibody targeting PD-L1. In a phase 1 study of 
171 patients with advanced solid tumors, an overall 
response rate of 21% was observed in nonselected 
solid tumors among several patients exhibiting delayed 
responses following initial radiological progression.39 
The 24-week progression free survival rate was 44%. 
Patients with PD-L1 expressing tumors had an overall 
response rate of 39% and 12% had progressive disease. 
Those with PD-L1 tumors had an overall response rate 
of 13% and 59% had progressive disease.39

Additional anti–PD-L1 agents, including 
MSB0010718C and MEDI473, are being tested in 
early-phase trials (see Table 1).

PD-1 Inhibitors 
CT-011/pidilizumab is a humanized IgG1 monoclo-
nal antibody that binds to PD-1. A phase 1 study in  
17 patients with advanced stage hematologic malig-
nancies (acute myeloid leukemia, chronic lymphocytic 
leukemia, Hodgkin lymphoma, multiple myeloma, 
non-Hodgkin lymphoma) showed a clinical benefit in 
33% patients and a prolonged complete response of 
longer than 68 weeks in 1 patient.38 Several phase 1 
and 2 trials are ongoing to study the use of this agent 
in various solid tumors, including prostate and renal 
cell cancers (see Table 2). 

BMS-936558/MDX-1106/nivolumab is a fully hu-
man IgG4 monoclonal antibody against PD-1. The first 
human study evaluated its safety and tolerability in  
39 patients with advanced refractory solid tumors.22 

Results of a larger phase 1 study in 296 patients have 
also been reported.23,24,40 Objective responses were 
seen in 31% of patients with melanoma, 17% in pa-
tients with NSCLC, and 29% in patients with RCC.40 
A total of 65% of responders had durable responses 
lasting for more than 1 year. Stable disease lasting 
24 weeks was seen in patients with melanoma (7%), 
NSCLC (10%), and RCC (27%). The median overall 
survival rate for patients with melanoma was 16.8 
months. PD-L1 expression was tested in 42 patients; 
9 out of 25 (36%) patients had PD-L1–expressing  
tumors and experienced an objective response to 
PD-1 blockade, while the remaining 17 patients had  
PD-L1–negative tumors that were nonresponsive.23 

Pembrolizumab is a highly selective, humanized 
IgG4-kappa monoclonal antibody with activity against 
PD-1. Its safety and efficacy were evaluated in a phase 
1 trial in solid tumors.41 The rate of median progres-
sion-free survival was more than 7 months; however, 
the median overall survival rate was not been reached. 

Rationale for Combination Therapies 
Thus far, anti–PD1 and anti–PD-L1 antibodies have 
yielded promising results with durable responses in 
several tumors and a reasonable safety profile. Given 
that these agents produce durable responses despite  
treatment discontinuation, it is thought that the  

Table 3. — Comparison of Immune-Related Adverse Events Between Anti–PD-1/PD-L1 Drugs and Ipilimumab

Ipilimumab 
(%)42

Nivolumab/ 
BMS-936558  

(%)23

Pembrolizumab/ 
MK-3475  

(%)21

Pidilizumab/ 
CT-011  
(%)35

BMS-936559 
(%)20

MPDL3280A  
(%)39

Colitis 7.6/5.3 14 13 0 9 39

Dermatological 43/1.5 23 21/2

Diarrhea 33/5 18 20/1

Fatigue 42/7 32 30/1

Hepatic 13/1

Hypothyroid 8/1

Hypophysitis 1.5/1.5

Infusion reactions 10

Pneumonitis /1 4/0 0/0

Pruritus 21

Total grade 3/4 45.8

Total immune-related 96.9 0 79 61 39 0

PD = programmed death 1, PD-L1 = programmed death ligand 1, NSCLC = non–small-cell lung cancer, RCC = renal cell carcinoma.
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re-education of the immune system helps it adapt to 
tumor manipulation to develop resistance.16 

Preclinical evidence exists for the complemen-
tary roles of CTLA-4 and PD-1 in regulating adaptive 
immunity, and this provides rationale for combin-
ing drugs targeting these pathways.44-46 Paradoxi-
cally and originally believed to be immunosuppres-
sive, new data allow us to recognize that cytotoxic 
agents can antagonize immunosuppression in the 
tumor microenvironment, thus promoting immu-
nity based on the concept that tumor cells die in 
multiple ways and that some forms of apoptosis 
may lead to an enhanced immune response.8,15 For 
example, nivolumab was combined with ipilimumab 
in a phase 1 trial of patients with advanced mela-
noma.46 The combination had a manageable safety 
profile and produced clinical activity in the majority 
of patients, with rapid and deep tumor regression 
seen in a large proportion of patients. Based on the 
results of this study, a phase 3 study is being under-
taken to evaluate whether this combination is better 
than nivolumab alone in melanoma (NCT01844505). 
Several other early-phase studies are underway to 
explore combinations of various anti–PD-1/PD-L1 
drugs with other therapies across a variety of tumor 
types (see Tables 1 and 2), possibly paving the way 
for future combination studies. 

PD-L1 as a Predictive Biomarker
Tumor PD-L1 expression has been shown to correlate 
with poor prognosis in many cancers.47 Available early 
data allude to PD-L1 expression in tumors as a pos-
sible predictive biomarker of response to anti–PD-1/
PD-L1 drugs; however, these data must be confirmed, 
and the role of tumor expression of PD-L1 must be 
further elucidated. 

Conclusions
The discovery of agents targeted at the anti–pro-
grammed death 1 and anti–programmed death li-
gand 1 pathway, as well as their remarkable activity 
in several cancers, has launched an era of effective 
immunotherapeutic drugs that will change the land-
scape of cancer treatment. These agents also pro-
duce responses in nonimmunogenic cancers such as 
non–small-cell lung and colon cancers, broadening 
their scope beyond classic immunogenic tumors like 
melanoma and renal cell cancer.20 The activity of these 
agents has been suggested in early-phase studies of 
melanoma, renal cell, and non–small-cell lung cancers, 
and the results from completed and ongoing phase 3 
studies are eagerly awaited. In addition, these agents 
are being explored alone or in combination across 
other difficult-to-treat tumor types. 

In summary, the programmed death 1/pro-
grammed death ligand 1 pathway inhibitors have 

made an addition to the armamentarium of currently 
available immunotherapeutic drugs and carry great 
potential for treating immunogenic as well as nonim-
munogenic cancers. 
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Protein kinase B (AKT) is an 
important signaling molecule 
in multiple cell types, relaying 
growth, proliferation, and sur-
vival cues.1-3 AKT interacts with 
regulatory networks to feed ex-
tracellular signals into transcrip-
tional programs within cells that 
eventually dictate the cell state. 
Its activation impacts a number 
of physiological processes such 
as glucose metabolism, protein 
synthesis, and regulated apop-
tosis. In normal cells, the acti-
vation of AKT is thought to be 
critically dependent on phos-
phorylations, which are tightly 
regulated by disparate upstream 
kinases, responding to different 
stimuli.4,5 Two of the best stud-
ied AKT phosphorylation events occur at threonine 
(Thr) 308 and serine (Ser) 473 residues, mediated by 
the receptor tyrosine kinase/phosphatidylinositol 3-ki-
nase/phosphatase and tensin homolog (RTK/PI3K/
PTEN) signaling nexus.6-10 The PI3K/PTEN pathway 
is one of the most deregulated pathways in human 
cancers. However, cancer cells often develop resis-
tance to PI3K inhibitors or do not utilize the PI3K/
PTEN pathway for AKT activation. Therefore, numer-
ous laboratories have invested considerable efforts into 
understanding the mechanisms of AKT activation and 
its pathological role in driving human malignancies. 

Such efforts have revealed that AKT hyperactivation 
in cancer cells is not mediated by the RTK/PI3K/PTEN 
signaling alone, but rather a diverse group of kinases 
might target and activate AKT to promote uncontrolled 
proliferation and resistance to chemotherapeutic 
agents (Table).4,5,8,10-17 For example, some oncogenic 
kinases, such as ACK1 (also known as TNK2) and 
TANK-binding kinase 1 bypass the PI3K dependence 
to activate AKT and promote tumor growth and resis-
tance to PI3K inhibitors.4,11 Therefore, keeping in mind 
the multiple regulatory networks that feed into AKT 
signaling and the complexity of signaling, pinpointing 
the mechanisms by which AKT signaling is activated 
is crucial to specifically target this pathway to achieve 
maximum clinical benefit. 

A report by Liu et al12 is another addition in the 
already long list of AKT phosphorylations, highlight-
ing a previously unknown mode of AKT activation. 
The researchers identified a novel phosphorylation 
event at the AKT carboxy terminus tail residues,  
Ser-477/Thr-479, which occurs in a cell cycle–depen-
dent manner. The key to this study is the generation 
of high-specificity antibodies that cross-react with the 
novel phosphorylated-AKT Ser-477/Thr-479 residues 
but not with phosphorylation-AKT Ser 473, which is a 
fairly robust phosphorylation.12 Using a synchronized 
population of cycling cells, the researchers uncovered 
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Table. — AKT Phosphorylations and Corresponding Kinases

Study Kinase Site of Phosphorylation Domain

Guo13

Xie14

IKBKE Serine 137 Intradomain region between 
pleckstrin-homology and kinase

Mahajan4,15 TNK2 (ACK1) Tyrosine 176 Kinase

Joung11 TANK-binding kinase 1 Threonine 195 Kinase

Stephens8 PDK1 Threonine 308 Kinase

Chen16

Zheng17

PTK6, SRC Tyrosine 315 Kinase

Chen16

Zheng17

PTK6, SRC Tyrosine 326 Kinase

Sarbassov10 mTORC2 Serine 473 C-terminal region

Liu12 Cdk2/cyclin A Serine 477
Threonine 479

C-terminal region
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that phosphorylated-AKT Ser-477/Thr-479 oscillates 
during the cell cycle. It mirrors the periodic cyclin 
A2 expression and is catalyzed by the Cdk2/cyclin 
A2 complex, whose activity is regulated during the 
cell cycle. Liu et al12 also identified 4 evolutionarily 
conserved RXL cyclin A-binding motifs in all of the  
3 human AKT isoforms as well as in mouse and rat 
AKT. Mechanistically, the Cdk2/cyclin A2–mediated 
AKT phosphorylation at Ser-477/Thr-479 enhanced 
AKT activity by promoting the activating Ser-473  
phosphorylation. Accordingly, a phosphomimetic 
AKT1-DE mutant (AKT1-Ser-477D/Thr-479E), dis-
played increased Ser-473 phosphorylation and had 
an enhanced ability to promote tumorigenesis in a 
mouse xenograft tumor model compared with the 
wild-type enzyme, while a double-alanine mutant 
(AKT1-Ser-477AD/Thr-479A) showed loss of Ser-473 
phosphorylation, loss of substrate phosphorylation, 
and decreased tumor development. Further, the re-
searchers provided evidence of Cdk2/cyclin A2 com-
plex as being the prime regulator of phosphoryla-
tion-AKT Ser-477/Thr-479 by ectopically expressing 
AKT1-DE in mouse embryo fibroblasts derived from 
quadruple knockout mice (cyclin E1–/–/cyclin E2–/–/
cyclin A1–/–/cyclin A2f/f) after transfection with Cre. 
AKT1-DE partly rescued the cell-cycle defects ob-
served in these mouse embryo fibroblasts.

At the molecular level, the Ser-477/Thr-479 phos-
phorylated AKT displayed increased the association 
with stress-activated protein kinase-interacting 1 and 
mammalian target of rapamycin (mTOR) complexes, 
but it did not alter the association with phospha-
tases.12 Further, Liu et al12 suggested that Ser-477/
Thr-479 phosphorylation could lock AKT in an active 
conformation, a scenario that may also be observed 
if the carboxy-terminus of AKT is deleted. It is worth 
noting that Ser-477 phosphorylation can still occur 
in a cell cycle–independent manner, albeit not by 
Cdk2, but by the mTORC2/Rictor complex following 
the stimulation of insulin or during DNA damage by 
the related DNA damage–dependent protein kinase. 
Further studies are required to understand the differ-
ential role of distinct kinases in AKT Ser-477/Thr-479 
phosphorylation and its compartmentalization in cells. 

What is the advantage of the cell cycle–specific 
regulation of AKT activity? Is it an alternate mecha-
nism to regulate the activation of AKT in cells to sup-
press growth-promoting signals? One can envisage a 
regulatory feedback loop wherein Cdk2 regulates cell-
cycle progression by acting on other substrates but yet 
it also controls the AKT signaling network interacting 
with it and regulating AKT activity in a temporal man-
ner; in turn, activated AKT would respond by transmit-
ting growth signals that trigger re-entry into the cell 
cycle. Indeed, the deletion of cyclin A2 in mouse em-
bryonic stem cells impaired the phosphorylation-AKT 

Ser-477/Thr-479 and caused elevated apoptosis.12 By 
the same token, it is possible to envisage the outcome 
when this regulation is lost in cancer cells. Liu et al12 
also assessed this possibility and observed hyperphos-
phorylation of AKT at Ser-477 in certain cancers. For 
example, a positive correlation was observed between 
Ser-477/Thr-479 phosphorylated AKT and AKT Ser-
473 phosphorylation in patients with breast cancer. 
However, by contrast to Ser-473 phosphorylation, high 
levels of Ser-477/Thr-479 phosphorylation occurred 
at a relatively higher rate in the earlier developmental 
stages of breast cancer.12 Whether this is indicative of 
a subset of rapidly cycling breast cells predisposed 
to overcome cell-cycle checkpoints, develop genomic 
instability, and become cancerous remains to be seen. 
If so, then, as Liu et al12 have suggested, this phos-
phorylation could be utilized as a biomarker to detect 
early-stage breast cancer. 

With the identification of the novel mode of AKT 
phosphorylation mediated by the Cdk2/cyclin A2 
complex, additional avenues to tackle tumor devel-
opment became apparent. Cdk2, a crucial regulator of 
the cell division cycle, is overactive in many types of 
cancers and numerous inhibitors are now available to 
block its activity in cancer cells. One such inhibitor is 
seliciclib (CYC202, roscovitine), which inhibits CDK2, 
CDK7, and CDK9. It has been evaluated in several 
phase 1 and 2 studies and has shown early signs of 
anticancer activity.18

 However, Cdk2 inhibitors may be not be effec-
tive in blocking cell cycle–regulated AKT activation, 
because cancer cells may quickly adapt and employ 
mTORC2 pathways to compensate for the loss of Cdk2/
cyclin A activity. Therefore, direct AKT inhibitors may 
be the key to target AKT that is being activated by mul-
tiple kinases. One such drug that appears to hold prom-
ise is an oral allosteric inhibitor of AKT, MK-2206, that 
is undergoing phase 2 clinical trials (NCT01283035).19 
MK-2206 binds to the pleckstrin-homology domain 
of AKT and inhibits its activity in a non–adenosine 
triphosphate competitive manner by causing a change 
in the conformation of AKT, thus preventing its local-
ization to the plasma membrane. 

Although phosphorylation-AKT Ser-477/Thr-479 
has been carefully examined for its cell cycle–de-
pendent modulation, how Cdk2/cyclin A accom-
plishes this is not clear. Most Cdk2 targets reside in 
the nucleus, so whether this phosphorylation pre-
dominantly occurs on nuclear AKT is not known. It is 
worth noting that the phosphorylation was reduced in 
insulin-stimulated cells treated with the PI3K inhibi-
tor, LY29002, indicating that the plasma membrane 
localization of AKT or the PI3K signaling has a role.12 
However, the loss of phosphorylation-AKT Ser-477/
Thr-479 by LY29002 could be an indirect effect caused 
due to cell-cycle arrest. Further, the relative amounts 



July 2014, Vol. 21, No. 3 Cancer Control  241

of phosphorylation-AKT Ser-477 as compared with 
Ser-473 must be determined, an answer that will be 
critical in order to evaluate the contribution of this 
novel phosphorylation in the overall AKT activation. 

In conclusion, normal cells as well as cancer cells 
appear to utilize the enzymatic activity of a variety 
of kinases to maintain optimal AKT activity. Cdk2/
cyclin A2–mediated phosphorylation-AKT adds a new 
twist in this ongoing saga. However, unlike other 
AKT-interacting kinases (see Table4,8,10-17), Cdk2 is pre-
dominantly functional in the nucleus and is involved 
in the regulation of the G

1
 to S phase progression of 

the cell cycle. Whether this will provide a new mode 
of tackling AKT activation as a therapeutic strategy 
remains to be seen. 
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Novel Pancreatic Cancer Vaccines  
Could Unleash the Army Within
Gregory M. Springett, MD, PhD

Background: Despite recent progress with novel chemotherapy regimens, pancreatic ductal adenocarcinoma 
remains the fourth leading cause of cancer death in the United States. Innovative approaches to treatment of 
this disease are needed to accelerate progress.
Methods: A review was conducted of the results of 2 pancreatic cancer vaccine programs with results that have 
shown promise in early-phase clinical trials.
Results: In a phase 2 trial, a cell-based allogeneic pancreatic cancer vaccine exploiting the hyperacute  
rejection response targeted against alpha-1,3 galactosyl epitopes (algenpantucel-L) has shown improvement 
in disease-free and overall survival rates in the adjuvant setting compared with a historical control. This 
vaccine has advanced to ongoing phase 3 trials. Compared with GVAX alone, a second whole-cell vaccine  
employing GM-CSF–expressing pancreatic cancer cells (GVAX) to enhance the antigen presentation in a priming 
phase followed by a Listeria-based vaccine targeting mesothelin in a boost phase improved survival rates. This  
vaccine platform is undergoing additional phase 2 testing.
Conclusions: Allogenic whole-cell pancreatic adenocarcinoma vaccines show promise in early-phase trials 
and have the potential to improve survival rates by unleashing antitumor immunity.
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Introduction
Pancreatic ductal adenocarcinoma (PDA) remains 
near the top of the list of leading causes of death from 
cancer. With 46,420 new cases and 39,590 deaths, the 
rate of fatality remains above 85%.1 The apparent in-
trinsic resistance of PDA is highlighted by the long list 
of conventional and targeted chemotherapy agents 
that have failed to produce clinically significant im-
provements in survival rates among patients with 
this malignancy. In the 15 years between the initial 
approval of gemcitabine for PDA and the successful 
phase 3 trials of the multiagent regimens 5-fluoro-
uracil/folinic acid/oxaliplatin/irinotecan and gem-
citabine/nab-paclitaxel, overall survival (OS) rates for 
patients with advanced disease have improved from 
6 months to 11 months.2,3 Five-year survival rates for 
patients with early-stage PDA who undergo resection 

followed by adjuvant therapy have improved from 
approximately 10% to 20%.4 Given this slow rate of 
progress, it is understandable that a desire exists for 
investigating a different approach to this disease. 
Encouraging results with 2 new pancreatic cancer 
vaccine therapies give hope that immunotherapy can 
achieve a leap in progress.5,6

Amenable to Immunotherapy?
Several clinical observations suggest that the en-
hancement of antitumor immunity in PDA may pro-
vide a clinical benefit. The accumulation of CD8+ T 
cells in human PDA correlates with improved survival 
rates.7-9 Numerous tumor-associated antigens (TAAs) 
have been identified in PDA. Among the most promis-
ing are mesothelin, mucin 1 (MUC1), and Kirsten rat 
sarcoma (Kras). Antibodies to TAAs are found in the 
serum of patients with PDA, and the presence of these 
antibodies correlates with survival.10 In addition, the 
presence of PDA is associated with immunosuppres-
sion characterized by elevated levels of CD4+ CD25+ 

Foxp3+ regulatory T cells and CD11b+ CD14– CD33+ 
myeloid-derived suppressor cells, which downregu-
late antitumor immune responses. In animal models 
of pancreatic cancer, these cells may represent 50% 
of the leukocytes infiltrating the tumor.11 The eleva-
tion of myeloid-derived suppressor cells is an inde-
pendent prognostic factor in PDA.12 Finally, several 
vaccine strategies have shown efficacy in preclinical 
animal models.13
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What Is Required for an Effective Antitumor 
Immune Response? 
The sequence of events leading to tumor rejection has 
been organized into a conceptual framework called 
the cancer-immunity cycle.14 The cytotoxic T-lympho-
cyte (CTL)–mediated elimination of tumor cells is an 
antigen-dependent process. Ideal TAAs are present on 
tumor cells alone and absent — or at least expressed 
at reduced levels — in normal cells. Whole exome 
sequencing of patient-derived tumor cells can identify 
a complete set of mutated genes and their respectively 
abnormal protein products.15 As this technology is 
applied to additional tumor types, the research has be-
come clear that no 2 patients with similar cancer diag-
noses have an identical set of mutations.15 The antigen 
specificity of tumor-infiltrating lymphocytes capable 
of mediating tumor rejection has been compared with 
the unique library of mutations in a given patient’s 
tumor for some cancers. Researchers are finding that 
the TAAs to which CTLs respond are peptides derived 
from these mutated proteins. In particular, a subset of 
mutant peptides, which are capable of binding to the 
major histocompatibility complex (MHC) with high 
affinity for antigen presentation, are relevant muta-
tions for antitumor immunity. Genome projects that 
sequence pancreatic cancer have identified an average 
of 25 to 45 mutations per patient, ranging from 1 to 
116.15,16 In addition, the expression of nonmutated 
antigens, such as mesothelin, telomerase, survivin, 
MUC1, human epidermal growth factor receptor 2, 
and carcinoembryonic antigen, are upregulated.

Most of these mutant and overexpressed proteins 
are intracellular and released upon tumor cell necrosis. 
These released proteins undergo capture, phagocyto-
sis, or receptor-mediated endocytosis by antigen-pre-
senting cells (APCs) that can present on MHC classes I 
and II. Peptides that are 9 to 10 amino acids in length 
are generated from these proteins and then bind to the 
MHC and are presented to T cells. Dendritic cells are 
the most versatile APCs and are potent activators of 
T cells. Tissue dendritic cells migrate to lymph nodes 
following antigen uptake and processing where they 
interact with T cells to prime an immune response.

The activation of tumor-directed T cells requires 
a bipartite signal. The T-cell receptor binds to antigen 
associated with the MHC presented by APCs. CD28 
on T cells also binds B7-1 on APCs, thus generating a 
costimulatory signal. These 2 signaling events lead to 
the activation of the T cell. The presence of T-cell re-
ceptor/antigen–MHC binding in the absence of CD28/
B7-1 binding results in T-cell anergy and tolerance 
of the tumor. In the presence of the bipartite signal, 
activated CTLs then migrate to tumor sites, infiltrate 
the tumor, and kill the tumor cells. The lysis of tumor 
cells by CTLs then releases more TAA that ampli-
fies the signal. The cycle repeats, thus generating a 

positive feedback loop. In principle, the process can 
continue until every tumor cell is eliminated, resulting 
in complete regression of the tumor. 

Algenpantucel-L Immunotherapy
The initial priming step of the cancer-immunity cycle 
requires tumor cell lysis to release a mixture of TAAs 
to APCs in an environment of immunostimulatory 
cytokines. Even when this occurs, APCs may fail to 
phagocytose and process released TAAs.

Algenpantucel-L is designed to harness the activity 
of hyperacute graft rejection to enhance these initial 
steps, thus leading to better immune priming (Fig 1).  
Hyperacute graft rejection after xenotransplantation  
results in lysis of foreign cells within minutes. The 
antigen that triggers this response is galactosyl- 
alpha-1,3-galactose (alpha gal) on the cell surface 
glycoproteins of mammalian cells, with the exception 
of humans and Old World primates. The absence of 
this antigen on human cells is due to the inactivation 
of the GGTA1 gene for alpha-1,3-galactosyltransfer-
ase about 20 million years ago during the evolution 
of primates.17 The human pseudogene contains a 2 
base-pair frameshift mutation. Pre-existing high titer 
antibodies to alpha gal represent 1% to 2% of all cir-
culating antibodies.17 Binding of these antibodies to 
alpha gal on nonhuman transplanted cells activates 
complement-mediated lysis and antibody-dependent 
cell-mediated cytotoxicity.17

Anti–alpha gal antibody bound to autologous tu-
mor cells modified by transfection with the GGTA1 
gene to express alpha gal targets those tumor cells 
for opsonization by APCs via the antibody Fc-gamma 
receptor. This allows the APCs to phagocytose the 
entire tumor cell with their complete library of TAAs. 
These APCs then migrate to regional lymph nodes and 
process and present TAA peptides to CD8+ cytotoxic T 
cells in association with MHC class I as well as CD4+ 

T cells in association with MHC class II.
The algenpantucel-L vaccine consists of 2 human 

pancreatic cancer cell lines (HAPa-1 and HAPa-2) modi-
fied to express alpha gal by retroviral transduction 
of the murine GGTA1 gene.5 These 2 cell lines were 
selected for their representation of known TAAs for 
pancreatic cancer (eg, mesothelin, carcinoembryon-
ic antigen). The engineered cells are irradiated and 
administered as intradermal injections. In a phase 1 
study, algenpantucel-L was administered to 7 partici-
pants. No dose-limiting toxicities were seen.5 A phase 
2 study was conducted in 70 patients in the adjuvant 
setting in which the primary end point was 12-month  
disease-free survival (DFS).5 Beginning 6 weeks after 
R0 or R1 resection of PDA, vaccination with either  
100 million or 300 million cells commenced. Chemo-
therapy with gemcitabine and chemoradiation with 
fluorouracil as a radiosensitizer was given according to 
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the RTOG-9704 standard. Vaccine injections were given 
every 2 weeks during chemotherapy and chemoradia-
tion for up to 14 vaccinations. Restaging computed 
tomography scans were obtained at the end of treat-
ment and then every 3 months for 1 year, then every 
6 months for 2 years, and then yearly thereafter. The 
12-month DFS rate was 62% for the entire cohort. There 
appeared to be a dose effect because the 12-month DFS 
rate for the cohort receiving 300 million cells was 81% 
compared with 51% for those receiving 100 million 
cells. The 12-month OS rate for the entire cohort was 
86% (96% at a dose of 300 million cells and 79% at a 
dose of 100 million cells). This compared favorably 
with the 12-month OS rate of the RTOG-9704 historical 
control (69%), despite a larger proportion of patients 
with node-positive disease in the algenpantucel-L study 
(81%) compared with RTOG-9704 (68%).5 At 3 years, 
the DFS and OS rates were 26% and 39%, respectively. 
The most frequent adverse event related to the vac-
cine was injection site reaction (grades 1/2) and was 
seen in 51% of participants. Grade 3 events related 
to the vaccine were lymphopenia (6%), injection site 

reaction (3%), and leukopenia (3%). No grade 4 events 
were seen. With regard to immune parameters, 90% of 
patients showed increases in anti–alpha gal antibodies 
with elevated titers for more than 200 days. Antime-
sothelin and anti-carcinoembryonic antigen antibodies 
were also detected. Elevation in antimesothelin anti-
bodies correlated with OS.18 

Based on these results, a randomized phase 3 
trial at more than 70 centers was initiated in 2010 
and enrolled 722 patients in 2013. Survival analysis is 
in progress (NCT01072981). A second phase 3 study 
called the Pancreatic Immunotherapy with Algenpan-
tucel-L for Locally Advanced Non-Resectable trial has 
also been initiated and will evaluate the activity of al-
genpantucel-L combined with standard chemotherapy 
and chemoradiation in 280 patients with borderline 
resectable and locally advanced PDA (NCT01836432).

GVAX + CRS-207 
Another whole-cell vaccine platform that has recently 
shown promise is the sequential 2-vaccine program 
with GVAX and CRS-207 (Fig 2). GVAX, like algenpan-
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Fig 1.— Algenpantucel-L–mediated tumor immunity. Alpha gal = galactosyl-alpha-1,3-galactose, APC = antigen-presenting cell, CTL = cytotoxic T-lymphocyte, 
MHC = major histocompatibility complex, PDA = pancreatic ductal adenocarcinoma, TAA = tumor-associated antigen.
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tucel-L, is an irradiated allogeneic vaccine composed 
of 2 human PDA cell lines (Panc 10.05 and Panc 6.03) 
that have been modified by transfection of a plasmid 
containing the human GM-CSF gene.19 When they are 
intradermally injected, these cells secrete high levels 
of granulocyte–macrophage colony-stimulating fac-
tor (GM-CSF) at the vaccination site. In animal mod-
els, GM-CSF is the most potent cytokine at attracting  
APCs and promoting their differentiation. APCs from 
tumor-bearing hosts show reduced antigen-presenting 
activity. When treated with GM-CSF, antigen-presenting 
activity is rescued and these cells migrate to regional 
lymph nodes and activate CD4+ and CD8+ T cells. 

In a phase 1 study, 14 patients were treated with 
escalating doses of GVAX.19 No dose-limiting toxicities 
were seen. Delayed-type hypersensitivity responses 
to injection of irradiated autologous tumor cells was 
seen in 3 patients treated with at least 100 million 
cells. Although DFS was not a primary end point in the 
study, DFS longer than 25 months was noted in these 
3 patients. The results from that trial led to a phase 2 
study in 60 patients with R0 and R1 resected PDA.20 
Patients received 500 million vaccine cells starting 
8 to 10 weeks following surgery. Fluorouracil-based 

chemoradiation was then given. In patients who re-
mained free of disease, 3 additional vaccine treatments 
were given 1 month apart. The primary end point was 
DFS, with OS and induction of antitumor immune 
response as secondary end points. The rate of DFS at 
12 months was 67.4% and the median DFS rate was 
17.3 months. OS at 12 months was 85% with a median 
OS rate of 24.8 months. Postvaccination induction of 
antimesothelin CD8+ T cells in HLA-A1+ and HLA-A2+ 
patients correlated with DFS.

CRS-207 is a genetically engineered strain of Liste-
ria monocytogenes. L. monocytogenes is a gram-positive 
bacterium that is an intracellular pathogen capable 
of cell-to-cell spread by virtue of the actA virulence 
gene and invasion of nonphagocytic cells via the inlB 
gene. CRS-207 is a live-attenuated strain with deletions 
of both of these virulence genes. It has also been en-
gineered to express mesothelin. Therefore, CRS-207 
is able to directly deliver the TAA mesothelin to the 
intracellular compartment of APCs for processing and 
presentation on MHC classes I and II. These APCs 
can then activate effector T cells. L. monocytogenes 
also induces an inflammatory cytokine response that 
further recruits APCs. 
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Fig 2.— GVAX + CRS-207–mediated tumor immunity. CTL = cytotoxic T-lymphocyte, GM-CSF = granulocyte–macrophage colony-stimulating factor,  
MHC = major histocompatibility complex, PDA = pancreatic ductal adenocarcinoma, TAA = tumor-associated antigen.
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CRS-207 was evaluated in a phase 1 study of esca-
lating doses in 17 patients with progressed mesothe-
lioma, PDA, non–small-cell lung cancer, and ovarian 
cancer.21 The maximum tolerated dose was 1 × 109 
CFU given for up to 4 doses. Evidence was suggestive 
of antimesothelin T-cell responses. In the study, 6 of 
17 patients survived for at least 15 months, and 3 of 
these participants had PDA.21 However, it is worth 
noting that some of these patients were participants in 
prior GVAX trials, a fact suggestive of the synergy be-
tween the 2 vaccines, with GVAX priming an immune 
response and CRS-207 later boosting that response.

Therefore, a phase 2 study of 90 patients with 
PDA and progressive disease or intolerant of chemo-
therapy was conducted.6 Participants were random-
ized 1:2 to GVAX alone for 6 doses every 3 weeks 
or 2 doses of GVAX followed by 4 doses of CRS-207. 
In prior studies of GVAX, large numbers of immuno-
suppressive regulatory T cells were seen at vaccine 
sites.19 Because cyclophosphamide treatment reduces  
the number and activity of regulatory T cells,22  
low-dose cyclophosphamide was given during this 
study as an immune modulator prior to GVAX.6 The 
primary end point was OS. With a median follow-up of  
7.8 months, the OS rate in those assigned to the GVAX 
arm was 3.9 months; for those assigned to the GVAX 
+ CRS-207 arm, the OS rate was 6.1 months (hazard 
ratio [HR] 0.54; P = .011).6 In patients who received 
at least 3 doses of the vaccine, the median OS rates 
were 4.6 months for the GVAX arm and 9.7 months for 
the GVAX + CRS-207 arm (HR 0.44; P = .0074). Based 
on these promising results, a phase 2b trial was initi-
ated. Study researchers intend to enroll 240 patients 
with metastatic PDA in the second line or greater to 
GVAX in combination with CRS-207, CRS-207 alone, 
or chemotherapy alone (NCT02004262).

These 2 vaccine platforms have accomplished 
proof of principle that cell-based vaccines for pan-
creatic cancer can induce immune responses to rel-
evant TAAs. These immune responses appear to cor-
relate with rates of DFS and OS. Definitive proof of 
clinically significant effectiveness will depend on the 
results of ongoing randomized trials. If such efficacy 
is demonstrated, then efforts to augment the benefit 
by combining the vaccines with immune checkpoint 
inhibition can be expected to unleash the antitumor 
army within. 
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Background: Intestinal-type adenocarcinoma of the gallbladder is an unusual malignancy associated with 
low- and high-grade intraepithelial neoplasms. The literature on the clinicopathologic characteristics of the  
precursor lesions of gallbladder cancer is limited, due in part to the variability in its definition and terminology. 
Methods: Here we report one case of intestinal-type adenocarcinoma of the gallbladder with distinctive  
morphology and associated precursor lesions. All of the hematoxylin and eosin stained slides were reviewed. 
Immunostains were performed using the avidin–biotin complex method for CK20, CK7, CDX2, MUC1, MUC2, 
and MUC-5AC. We also reviewed the literature discussing the current terminology from the World Health  
Organization for these lesions. 
Results: A 70-year-old man presented with epigastric abdominal pain and bloating. Computed tomography 
demonstrated a large heterogeneous gallbladder mass. Macroscopically, the gallbladder was 7.5 × 5.5 × 4.5 cm  
with smooth serosa. The lumen was occupied by a 5.0 × 4.5 × 3.0 cm irregular friable exophytic mass. The 
remaining mucosa had a tan brown to pink color with granular/papillary excrescences of up to 0.7 cm in 
thickness. Histologically, the tubulopapillary adenoma was lined by pseudostratified columnar epithelium 
with low and extensive high-grade dysplasia. Goblet cell and cystic dilatation were present in some glands.  
Immunohistochemistry showed that the intestinal type was positive for CK20, CK7, and CDX2, focally positive 
for MUC1/2, and negative for MUC-5AC. 
Conclusion: This case showed the complete spectrum of the progression of intestinal-type intracholecystic 
papillary-tubular neoplasms of the gallbladder. 
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symptoms are not specific, often resembling those 
of chronic cholecystitis. Right upper-quadrant pain 
is common. If the tumor is located in the gallbladder 
neck or its duct, then obstructive jaundice may pres-
ent clinically. Gallbladder carcinoma usually forms 
an infiltrating, grey-white mass. Some carcinomas 
cause diffuse thickness of the gallbladder wall, while 
some present as polypoid or adenomatous in ap-
pearance. Most cases are not detectable on gross 
examination.5 Histologically, most gallbladder car-
cinomas exhibit pancreatobiliary-type epithelium, 
while others are composed of intestinal-, gastric fo-
veolar-, or gastric pyloric-type epithelium. According 
to the most recent World Health Organization (WHO) 
classification, the precursor lesions of gallbladder 
epithelial tumors are adenoma, biliary intraepithelial 
neoplasia, intracystic or intraductal papillary neo-
plasm, and mucinous cystic neoplasm.4 Here we 
report one case of intestinal-type adenocarcinoma 
of the gallbladder with distinctive morphology, and 
we will discuss the histopathological and immuno-
phenotypical features as well as the precursors and 
prognosis of the disease.

Introduction
Gallbladder carcinoma is a relatively uncommon 
neoplasm that has geographical and ethnic variations 
in its incidence. In the United States, it is more com-
mon in American Indians and Hispanic Americans 
than in Caucasians or African Americans.1,2 There 
is a female predominance, with the female-to-male 
ratio being 3–4:1.3 Most patients diagnosed with 
gallbladder carcinoma are in the sixth or seventh 
decade of life.4 Important risk factors for the disease 
include genetic backgrounds, gallstones, and abnor-
mal choledochopancreatic junctions.4 The signs and 

Pathology Report
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Materials and Methods
A 70-year-old man presented with epigastric abdomi-
nal pain and bloating. He was subsequently diagnosed 
and treated with intestinal-type adenocarcinoma of the 
gallbladder. His clinical, radiological, and pathologi-
cal data were retrospectively reviewed following the 
research guidelines of the University of South Florida 
and the H. Lee Moffitt Cancer Center in Tampa, Florida. 
The tissue was processed according to the guidelines 
of the College of American Pathologists. The hematox-
ylin and eosin stain and immunohistochemical (IHC) 
studies were performed at the Moffitt Cancer Center, 
and the IHC staining was carried out with the Dis-
covery XT System (Ventana Medical Systems, Tucson, 
Arizona) as per the manufacturer’s protocol.

Results
Clinical Information
Serum tumor markers, including total bilirubin, alka-
line phosphatase, and carbohydrate antigen 19-9, were 
negative or within reference range. Computed tomog-

raphy demonstrated a large, heterogeneous gallblad-
der mass. Cholecystectomy and lymphadenectomy 
were performed. 

Gross Examination of the Tumor
Macroscopically, the enlarged gallbladder was 7.5 × 
5.5 × 4.5 cm in size with smooth serosa. The cystic 
duct had a 0.1-cm luminal diameter at its opening. 
The lumen was occupied by a friable exophytic mass 
5.0 × 4.5 × 3.0 cm in size that was irregularly pink to 
tan in color. The rest of the mucosa had a tan brown 
to pink color with granular/papillary excrescences 
that were up to 0.7 cm in thickness. In addition, the 
lumen also contained a 3.0 × 2.5 × 2.5 cm irregular 
frambesiform calculus that was green-brown in color.

 
Histology and Immunohistochemical Studies
Histologically, the exophytic mass had a tubulopapil-
lary adenomatous appearance with a large base at-
tached to the mucosa (Fig 1A). The exophytic lesion 
was covered by a pseudostratified columnar epithe-

Fig 1. — (A) Tubulopapillary adenomatous appearance of the tumor. H&E stain, ×12.5. (B) The lesion has low- to high-grade dysplasia and focal invasion. 
H&E stain, ×40. (C) Surrounding microadenomatous satellite. H&E stain, ×12.5. (D) CK7 IHC stain was positive in the cytoplasm of the tumor. CK7 stain, 
×100. (E) CDX2 IHC stain was positive in the nuclei of the tumor. CDX2 stain, ×100. (F) MUC1 IHC stain was positive in the cytoplasm of the tumor. MUC1 
stain, ×100. H&E = hematoxylin and eosin, IHC = immunohistochemical.
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lium with nuclear crowding with low- and extensive 
high-grade dysplasia. The neoplastic cells showed 
enlarged hyperchromatic and cigar-shaped nuclei, 
dense cytoplasmic chromophilia, and an increased 
nucleocytoplasmic rate. Invasion into the perimuscular 
connective tissue was also identified (Fig 1B). Goblet 
cell and cystic dilatation were present in some glands. 
In the vicinity of the main mass, several small tubular-
type adenomas were present that had micropapillary 
architecture and showed low-grade epithelial dysplasia 
(Fig 1C). IHC confirmed the intestinal-type epithelium, 
which was positive for CK20, CK7 (Fig 1D), and CDX2 
(Fig 1E), focally positive for MUC1 (Fig 1F), MUC2 
and negative for MUC-5AC. No regional lymph node 
metastasis was observed.

Discussion
Although microscopic foci of an intestinal differen-
tiation often exist in cases of gallbladder adenocar-
cinoma, epithelial neoplasms composed wholly or 
predominantly of cells with an intestinal phenotype 
are unusual in the gallbladder. Two morphological 
variants of invasive adenocarcinoma of the intestinal 
type have been previously described.6 The first variant 
consists of glands predominantly lined with goblet 
cells, absorptive columnar cells, and a variable num-
ber of neuroendocrine and Paneth cells. The second 
variant is composed of branching tubular glands and 
papillary components, closely resembling colonic ad-
enocarcinoma, and contains fewer goblet cells than 
the first type.7 Both types express antibodies to CDX2, 
MUC2, CEA, and CK20.4 

The histological and immunophenotypical fea-
tures of this case are consistent with the colonic vari-
ant of intestinal adenocarcinoma of the gallbladder. 
This carcinoma arose in a tubulopapillary adenoma 
and progressed to low-grade dysplasia, then high-
grade dysplasia, and eventually invasion. Surround-
ing microadenomatous satellites were also present. 
These features are consistent with the proposed 
theory of the adenoma–carcinoma sequence of car-
cinogenesis, similar to what has been demonstrated 
in the large intestine.8 

Adenomas of the gallbladder are an uncommon, 
benign epithelial neoplasm with a low incidence that 
ranges from 0.14% to 1.1% in different series.8,9 Most 
are single, small in size (< 2 cm), and are associated 
with cholelithiasis.10,11 Those measuring 1 cm or more 
are considered to be more frequently associated with 
cancer,12 and they are classified as being either tu-
bular, papillary, or tubulopapillary according to the 
growth pattern and divided into pyloric, intestinal, 
foveolar, and biliary types.4,10 Several studies have 
demonstrated the association between adenoma and 
adenocarcinoma, and the reported malignant transfor-
mation rate ranges from 5% to 23.5%.8,9,13-15 However, 

no definitive evidence of genetic alterations currently 
supports the relationship between adenoma and ad-
enocarcinoma of the gallbladder.16,17 In addition, few 
researchers have found that gallbladder adenomas 
frequently present with mutations in the RAS/RAF/
MAPK pathway compared with gallbladder carcino-
mas, suggesting that adenomas and gallbladder carci-
nomas arise through different molecular pathways.18,19

In 2010, the WHO introduced intracystic papil-
lary neoplasms into the classification of neoplasms 
of the gallbladder, a term that included pancreatobi-
liary and intestinal phenotypes.4 These lesions were 
previously designated as being papillary adenoma or 
noninvasive papillary carcinoma.4 Although intracystic 
papillary neoplasms have more mitotic figures, greater 
architectural complexity, and cytological atypia than 
conventional adenomas, no specific and/or quantita-
tive criteria distinguish them.4 Therefore, Adsay et al20 
proposed the term intracholecystic papillary-tubular 
neoplasms (ICPNs) of the gallbladder, a term that 
parallels the neoplasms present in the pancreas and 
ampullae (intraductal papillary mucinous neoplasms, 
intraductal tubulopapillary neoplasms, and biliary in-
traductal papillary neoplasms). Classifying a lesion 
as an ICPN requires that the lesion be an exophytic 
(papillary or polypoid) intramucosal gallbladder mass 
that measures 1.0 cm or more and is composed of 
preinvasive neoplastic (dysplasia) cells that form a 
compact lesion distinct from neighboring mucosa.20 
This definition includes adenomas and intracystic 
papillary neoplasms and is recognized by the latest 
WHO classification. Our case showed the complete 
spectrum of the progression of intestinal-type ICPN 
with focal invasive carcinoma.

 In the study by Adsay et al,20 invasive carcinoma 
arose in 55% of ICPNs at the time of diagnosis; by con-
trast, 6.4% of all invasive carcinomas of the gallbladder 
contained an ICPN component. These results indicate 
that ICPNs are precursors of gallbladder carcinogen-
esis; however, it is worth noting that they are rare 
lesions.20 In addition, ICPNs had a significantly better 
prognosis than pancreatobiliary-type carcinomas of 
the gallbladder, even when they harbored invasive 
carcinoma. The median survival rates were 35 months 
for ICPNs with invasive carcinoma versus 9 months for 
pancreatobiliary-type carcinomas, a survival difference 
that was independent of tumor size and stage.20 These 
data suggest that ICPN-associated invasive carcinomas 
may have a distinctive biological nature.20

The literature on the clinicopathological char-
acteristics of intestinal-type tumoral intraepithelial 
neoplasms is fairly limited. Fewer than 50 cases have 
been reported.13,20-24 Recently, 2 large series describ-
ing adenomas or ICPNs showed that the histology of 
intestinal-type lesions are similar to colonic adenomas 
or intestinal-type intraductal papillary mucinous neo-
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plasms.20,21 Immunohistochemically, these lesions are 
100% CK20+, 75% to 78% CDX2+, 33% to 50% MUC2+, 
25% MUC1+, and 0% MUC-5AC+. High-grade dyspla-
sia/carcinoma in situ was recognized in 46% (13/28) 
of intestinal adenomas. Invasive carcinoma was seen 
in 3.5% (1/28) of intestinal adenomas compared with 
60% (6/10) of ICPNs, which may be due to the dif-
ference of definition. No deaths were observed.20,21

Conclusions 
Invasive adenocarcinoma that arises from a tumoral 
intraepithelial neoplasm appears to have a better over-
all clinical outcome than pancreatobiliary-type adeno-
carcinomas unaccompanied by ICPNs and presents 
with unique biological properties. The unified concept 
of adenomatous precursor lesions will help us better 
understand the nature of gallbladder neoplasms us-
ing the current terminology. Further studies are war-
ranted, including those that focus on predictive fac-
tors, pathogenesis, and molecular genetic alterations.
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Follicular Lymphoma With Progression to  
Diffuse Large B-Cell Lymphoma and  
Concurrent CD5-Negative Mantle Cell  
Lymphoma-3 Entities in a Lymph Node
Janese A. Trimaldi, MD, Jeremy W. Bowers, MD, Celeste Bello, MD,  
and Elizabeth M. Sagatys, MD

Summary: A 68-year-old woman with a history of fol-
licular lymphoma had pathological findings of grade 
3B follicular lymphoma, mantle cell lymphoma (MCL), 
and diffuse large B-cell lymphoma (DLBCL) identified 
in 1 lymph node. The DLBCL appeared to be a trans-
formation of the follicular lymphoma. The nodules 
were diffusely and strongly positive for CD20, BCL6, 
and BCL2. CD43 highlighted smaller lymphocytes in 
a fraction of the nodules. BCL1 staining was variable 
with a mixture of nodular and mantle zone patterns. 
The diffuse areas showed weaker positivity for CD10, 
BCL2, and BCL6. CD3 and CD5 highlighted intermixed 
T cells. The Ki-67 proliferative index was overall 
estimated to be 60%. Fluorescent in situ hybridiza-
tion performed on the lymph node was positive for 
CCND1/IGH. The patterns of BCL1 and BCL6 staining 
demonstrated 2 separate populations of neoplastic  
B lymphocytes. 

Background
Composite lymphomas (CLs) are an uncommon type 
of lymphoid neoplasm defined as the coexistence of  
2 morphologically and phenotypically distinct types 
of lymphoid neoplasms occurring in a single site.1 
The identified combinations are varied and can in-
clude any combination of Hodgkin lymphoma (HL) 
with non-Hodgkin lymphoma (NHL) or 2 morphologi-
cally distinct types of NHL.2-4 One of the most classic,  
well-recognized CL is Richter syndrome, represented 

by small lymphocytic lymphoma (SLL)/chronic lym-
phocytic leukemia (CLL) and classic HL, or, more com-
monly, a composite of SLL/CLL and DLBCL.5 The clon-
ality of the second lymphoma in Richter syndrome 
has been the focus of many studies because of the 
insight it provides into lymphomagenesis. The aggres-
sive component of Richter syndrome may be derived 
from the original neoplastic clone or derived from a 
second unrelated neoplastic clone.6,7 Low-grade NHLs 
transform into high-grade neoplasms at variable fre-
quency, but this phenomenon usually represents an 
evolution of the same clonal process.8-10 On occasion, 
2 distinct diseases can arise from a single clone.10,11  
A number of so-called “biphenotypic B-cell neoplasms”  
with 2 phenotypically unrelated malignant popula-
tions arising in a patient either synchronous or meta-
synchronous have been described.12,13 

Case Report
Clinical History
A 68-year-old woman noticed an enlarging mass on 
the right side of her neck. Upon presentation, she was 
asymptomatic. A surgical excision revealed a 3.4-cm 
lymph node, which was diagnosed as grade 1 fol-
licular lymphoma. She was followed with close ob-
servation. Increasing lymphadenopathy was identified 
approximately 22 months later, and excisional biopsy 
of a left axillary lymph node was performed at that 
time. Tissue sections showed histological evidence of 
grade 3 follicular lymphoma, DLBCL, and focal MCL. 

Following the diagnosis of CL, she received  
6 cycles with cyclophosphamide, doxorubicin, vincris-
tine, prednisone, and rituximab. The patient did well 
for approximately 15 months before she developed 
shortness of breath and was found to have a pleural 
effusion in the right lung. Imaging also revealed ex-
tensive lymphadenopathy involving the mediastinum, 
hilar, and right retrocrural lymph nodes. A significant 
pleural thickening in the right pleural area and a  
soft-tissue mass in the right pleura were also identified 
on imaging. Flow cytometry was performed on the  
effusion and confirmed the presence of B-cell lympho-
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ma. The patient subsequently developed night sweats 
and lost 25 pounds. She received 2 cycles of benda-
mustine and rituximab but had persistent disease. She 
continued to require numerous paracenteses and was 
started on salvage therapy. She died approximately 
6 months following the onset of pleural effusions.

Pathological Findings
Review of the hematoxylin and eosin stained sections 
of the left axillary lymph node biopsy showed that 
the majority of the lymph node architecture was ef-
faced by a nodular and diffuse infiltrate (Fig 1). The 
nodular areas were predominantly composed of in-
termediate- to large-sized lymphocytes with vesicular 
chromatin, compatible with centroblasts. Intermixed 
centrocytes were rare. Diffuse areas of centroblasts 
were also seen (Fig 2). Increased mitotic figures were 
noted. In addition, nodules of smaller lymphocytes 
with hyperchromatic chromatin and slightly irregular 
nuclear contours were found.

Immunohistochemical stains performed on the 
lymph node showed that CD20 was strongly and dif-
fusely positive in the majority of the lymphocytes. 
BCL2 was also positive, with stronger staining in the 

nodular regions. CD43 highlighted mostly smaller 
lymphocytes in some of the nodules. CD10 and BCL6 
highlighted the expanded follicles, with weaker stain-
ing in the large cells of the more diffuse areas. BCL1 
had variable staining, with a mantle zone pattern in 
some areas, and a more nodular pattern in others, 
highlighting the small irregular lymphocytes. BCL6 
and BCL1 appeared to be staining 2 separate popula-
tions in the nodules (Fig 3). The Ki-67 proliferative 
index was estimated at approximately 60%. CD3 and 
CD5 highlighted intermixed T cells. CD5 was negative 
in the B-cell population. 

Fluorescent in situ hybridization studies of the 
axillary lymph node identified a translocation involv-
ing chromosomes 11q13 and 14q32.3 (CCNH/IGH fu-
sion), confirming the presence of MCL. Overall, the 
lymph node showed DLBCL and grade 3b follicular 
lymphoma, each comprising approximately 40% of the 
node; MCL comprised approximately 20% of the node. 

Discussion
A review of the literature for coexisting follicular and 
MCLs revealed approximately 12 reported cases.11,13-20 
Most cases described the 2 lymphomas adjacent to 
each other. One case reported an intermixed pattern 
of MCL and follicular lymphoma in a patient who had 
a poor outcome.20 In addition to follicular lymphoma, 
MCL has been found to coexist with CLL/SLL, plasma 
cell dyscrasias, and HL.3,15,21,22

MCL is a mature B-cell neoplasm expressing the 
pan B-cell markers CD19, CD20, CD22, and CD79a, 
along with the aberrant expression of CD5. MCL usu-
ally has a more aggressive clinical course than other 
small B-cell NHLs. An increased proliferation index 
usually indicates a more aggressive clinical course 
in MCL. Our case had a proliferative index of 60%, 
which is considered high, and the patient had a poor 
outcome. Our case exhibited an aberrant phenotype in 
the MCL, lacking CD5, which has been previously re-

Fig 1. — (A) Low power view of nodular “area.” (B) Diffuse areas of lymph 
node. Hematoxylin and eosin stain, ×40.

Fig 2. — High power view of area of diffuse large B-cell lymphoma. Hema-
toxylin and eosin stain, ×400.
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ported.23,24 Aberrant phenotypes (CD5 negative, CD10 
positive, BCL6 positive) may be associated with blas-
toid and pleomorphic variants of MCL.23 One review of 
25 CD5 negative cases of MCL showed a lymphocytic 
variant in 20 cases and a blastoid variant in 5 cases.25 
Our case displayed a lymphocytic morphology, and 
CD10 and BCL6 were negative in the MCL in our case.

Follicular lymphoma usually expresses germinal 
center cell markers CD10 and BCL6 and antiapoptotic 
gene BCL2. Follicular lymphoma can be traditionally 
separated from MCL through the demonstration of a 
BCL2/IGH rearrangement and a lack of CCND1/IGH 
rearrangement. MCL colonizing the follicle center will 
usually express BCL2 by immunohistochemistry, so it 
is important to perform CCND1 (BCL1) immunohisto-
chemistry, fluorescent in situ hybridization, or both in 
cases where any concern exists for MCL. A long-term 
study by Montoto et al26 showed that, at 10 years, 
follicular lymphoma transforms to DLBCL in approxi-
mately 28% of cases. Advanced-stage and high-risk 
Follicular Lymphoma International Prognostic Index 
and International Prognostic Index scores at diagnosis 

correlate with an increased risk of transformation.26 
Our case demonstrated transformation to DLBCL from 
the originally diagnosed grade 1 follicular lymphoma 
in approximately 2 years.

CLs are theorized to represent a more aggressive 
phase of disease and may have a worse prognosis. 
Our case had an aggressive clinical course and a poor 
prognosis following the identification of the CL. As we 
move toward more personalized medicine, it will be 
important to recognize these cases, because targeted 
therapy may improve outcomes. We must also recog-
nize those cases that may require more aggressive ther-
apy. In cases in which clinical findings do not match 
pathological findings, additional biopsies, including 
excisional lymph node biopsies, may be necessary to 
identify areas of transformation or possible CL.
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