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Background: Hematological biomarkers of inflammation such as the neutrophil-to-lymphocytic rate have 
been reported as predictors of survival in a variety of cancers. The aim of the present study was to investigate 
the prognostic value of the perioperative platelet-to-lymphocyte ratio in patients with non–small-cell lung 
cancer (NSCLC) and to elucidate the effects of the perioperative use of nonsteroidal anti-inflammatory drugs 
(NSAIDs) on tumor recurrence and survival in patients undergoing surgical resection for NSCLC.
Methods: This retrospective study included data from 1,637 patients who underwent surgical resection for stage 
I, II, or III NSCLC. Perioperative data and tumor-related variables were included. Univariate and multivari-
able Cox proportional hazard ratio (HR) models were used to evaluate the association between perioperative 
platelet-to-lymphocyte ratio and NSAID use on recurrence-free survival (RFS) and overall survival (OS). 
Results: Multivariate analysis showed that a preoperative platelet-to-lymphocyte ratio of at least 180 was as-
sociated with reduced rates of RFS (HR = 1.22; 95% confidence interval [CI], 1.03–1.45; P = .019) and OS (HR 
= 1.33; 95% CI, 1.10–1.62; P = .004). Perioperative use of NSAIDs showed no statistically significant changes 
in RFS and OS rates (P = .72 and P = .44, respectively). 
Conclusions: A higher preoperative inflammatory status is associated with decreased rates of RFS and OS 
in patients with NSCLC undergoing curative surgery. Perioperative use of NSAIDs was not found to be an 
independent predictor of survival.

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

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

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

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

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

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

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

The platelet-to-lymphocyte ratio was calculated 

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

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

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

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

Age, median 
(IQR; y)

66.62  
(19.29–
89.96)

66.08  
(18.14–
88.96)

64.67  
(19.02–
88.61)

.0005

BMI, median (IQR; 
kg/m2)

26.6  
(16.10–
54.91)

26.37 
(16.10–
54.91)

26.21 
(17.13–
57.13)

.5031

Sex, n (%) .0001

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

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

ASA physical 
status, n (%)

.4436

   1–2 91 (10.7) 44 (10.9) 33 (8.5)

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

Adenocarcinoma, 
n (%)

.0004

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

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

Type of surgery, 
n (%)

< .0001

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

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

Neoadjuvant 
chemotherapy, 
n (%)

< .0001

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

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

Neoadjuvant ra-
diotherapy, n (%)

.0056

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

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

Adjuvant chemo-
therapy, n (%)

< .0001

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

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

Adjuvant radio-
therapy, n (%)

< .0001

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

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

Use of ketorolac, 
n (%)

.0065

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

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

Preoperative 
platelet-to-lym- 
phocyte ratio

< .0001

   Median (IQR) 128.31 
(3.05–
1141.3)

146.93 
(21.75–

1,203.57)

137.75 
(13.19–

1,028.21)

.0001

   High: ≥ median,        
   n (%)

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

   Low: < median,     
   n (%)

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

Covariate Stage P  
ValueI II III

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

Postoperative  
day 1 platelet-to-
lymphocyte ratio

.0237

   Median (IQR) 213.33 
(2.96–

3,022.22)

219 
(22.09–
1071.74)

230.23 
(19.38–

1,476.92)

.2478

   High: ≥ median,  
   n (%)

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

   Low: < median,  
   n (%)

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

Postoperative  
day 2 platelet-to-
lymphocyte ratio

.0049

   Median (IQR) 150.76 
(32.31–

1,900.00)

170.18 
(39.77–
821.65)

171.43 
(24.16–

1,269.23)

.0821

   High: ≥ median,  
   n (%)

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

   Low: < median,  
   n (%)

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

Postoperative  
day 3 platelet-to-
lymphocyte ratio

.088

   Median (IQR) 163.41 
(16.28–
890.00)

185.63 
(48.32–
792.00)

180.92 
(27.31–

1,250.00)

.5415

   High: ≥ median,  
   n (%)

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

   Low: < median,  
   n (%)

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

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

.0001

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

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

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

.3128

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

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

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

.0099

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

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

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

.1816

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

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

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

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

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

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

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

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

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

Overall Survival
The median OS rate for the entire population was  

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

Table 2. — Univariate Analysis for RFS 

Variable No. of Study 
Patients

No. of 
Events

RFS HR 
(95% CI)

Median RFS, mo 
(95% CI)

3-y RFS Rate 
(95%CI)

5-y RFS Rate 
(95% CI)

P 
Value

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

< .0001

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

.2749

Sex

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

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

ASA physical status

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

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

Adenocarcinoma

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

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

Stage

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

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

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

Type of surgery

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

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

Neoadjuvant chemotherapy

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

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

Neoadjuvant radiotherapy

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

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

Adjuvant chemotherapy

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

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

Adjuvant radiotherapy

   No 1,416 539 89.55  
(78.52–108.28)

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

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

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

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

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

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

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

Preoperative platelet-to-
lymphocyte ratio

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

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

Postoperative platelet-to-
lymphocyte ratio day 1

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

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

Postoperative platelet-to-
lymphocyte ratio day 2

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

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

Postoperative platelet-to-
lymphocyte ratio day 3

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

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

Preoperative platelet-to-
lymphocyte ratio

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

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

Postoperative platelet-to-
lymphocyte ratio day 1

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

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

Postoperative platelet-to-
lymphocyte ratio day 2

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

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

Postoperative platelet-to-
lymphocyte ratio day 3

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

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

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

Table 2. — Univariate Analysis for RFS, continued

Variable No. of Study 
Patients

No. of 
Events

RFS HR 
(95% CI)

Median RFS, mo 
(95% CI)

3-y RFS Rate 
(95%CI)

5-y RFS Rate 
(95% CI)

P 
Value



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

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

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

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

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

BMI 0.991 (0.976–1.007) .2749

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

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

Stage

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

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

Neoadjuvant chemotherapy 
(yes vs no)

1.339 (1.107–1.621) .0026

Adjuvant radiotherapy  
(yes vs no)

1.340 (1.083–1.657) .0070

Type of surgery  
(thoracoscopy vs thoracotomy)

0.818 (0.670–0.999) .0491

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

1.224 (1.033–1.450) 0.0193

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

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

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

Table 4. — Univariate Analysis for Overall Survival Rates

Variable No. of Study 
Patients

No. of 
Events

RFS HR  
(95% CI)

Median RFS, mo 
(95% CI)

3-y RFS Rate 
(95%CI)

5-y RFS Rate 
(95% CI)

P 
Value

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

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

Sex

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

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

ASA physical status

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

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

Adenocarcinoma

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

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

Stage

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

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

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

Type of surgery

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

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

Neoadjuvant chemotherapy

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

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

Neoadjuvant radiotherapy

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

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

Adjuvant chemotherapy

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

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

Adjuvant radiotherapy

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

   Yes 221 112
52.04  

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

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

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

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

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

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

Variable No. of Study 
Patients

No. of 
Events

RFS HR  
(95% CI)

Median RFS, mo 
(95% CI)

3-y RFS Rate 
(95%CI)

5-y RFS Rate 
(95% CI)

P 
Value

Preoperative platelet-to-
lymphocyte ratio

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

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

Postoperative platelet-to-
lymphocyte ratio day 1

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

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

Postoperative platelet-to-
lymphocyte ratio day 2

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

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

Postoperative platelet-to-
lymphocyte ratio day 3

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

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

Preoperative platelet-to-
lymphocyte ratio

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

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

Postoperative platelet-to-
lymphocyte ratio day 1

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

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

Postoperative platelet-to-
lymphocyte ratio day 2

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

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

Postoperative platelet-to-
lymphocyte ratio day 3

   High: ≥ 180 271 122
78.52  

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

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

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

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

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

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

BMI 0.996 (0.977–1.014) .6371

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

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

Stage

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

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

Neoadjuvant chemotherapy (yes 
vs no)

1.152 (0.922–1.438) .2138

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

Type of surgery (thoracoscopy vs 
thoracotomy)

0.790 (0.620–1.006) .0563

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

1.334 (1.099–1.620) .0036

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

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

Conclusions
Our results show that a high preoperative inflam-
matory status is an independent predictor of recur-
rence-free and overall survival rates in patients with 
non–small-cell lung cancer. The preoperative platelet-
to-lymphocyte ratio is a simple and readily available 
laboratory parameter that can be used as an indepen-
dent prognostic factor of recurrence-free survival and 
overall survival in patients with nonmetastatic, oper-
able non–small-cell lung cancer. Further research is 
needed to determine the association between a high 
platelet-to-lymphocyte ratio and type of recurrence 
(local vs distant). Other independent factors of sur-
vival include age, male sex, tumor stage, and type of 
surgery. 
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