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Abstract: We developed a novel tumor-immune index (TII) based on

carcinoembryonic antigen levels, lymphocyte counts, and platelet

counts, and explored its prognostic value in nonsmall cell lung cancer

(NSCLC).

The prognostic value of the TII was evaluated based on a retro-

spective study of 205 patients with early NSCLC, who underwent

resection in the whole year of 2006, and validated in another group

of 228 patients enrolled in the next year of 2007.

The optimal cut-off point for the TII was 578� 10�9, and this value

was used to stratify patients with NSCLC into low TII (�578� 10�9)

and high TII (>578� 10�9) groups. Univariate and multivariate

analyses revealed that high TII was an independent predictor for overall

survival and recurrence-free survival in both the training and validation

cohorts. The areas under the curve of the TII for survival and recurrence

were significantly larger than those for tumor, node, metastasis (TNM)

stage and carcinoembryonic antigen. In the subgroup analysis, the TII

was also significantly correlated with overall survival (P¼ 0.001,

P¼ 0.009, and P¼ 0.007 in the TNM I, II, and IIIa subgroups, respect-

ively) and recurrence-free survival (P< 0.001, P¼ 0.006, and

P¼ 0.014 in the TNM I, II, and IIIa subgroups, respectively). Similarly,

for patients with N2-positive tumors, the overall survival and recur-

rence-free survival rates for patients in the high TII group were also

significantly lower than the respective values for patients in the low TII

group (P¼ 0.026 and P¼ 0.007, respectively).

The TII can be used to distinguish patients with similar pathologies

and stages into high and low-risk categories based on the probability of

recurrence according to a convenient blood-based test.

(Medicine 94(48):e2174)

Abbreviations: AUC = area under the curve, CEA =

carcinoembryonic antigen, CI = confidence interval, COPD =

chronic obstructive pulmonary diseases, HR = hazard ratio,
uo, PhD, Shuguang Liu, MD, and Daotang Li, MD

INTRODUCTION

L ung cancer is one of the most common cancers worldwide,
with nonsmall cell lung cancer (NSCLC) accounting for

80% of all diagnosed lung cancer cases.1 The pathologic and
anatomical extent of disease, as described by the tumor, node,
metastasis (TNM) staging system, is one of the most important
prognostic factors in NSCLC.2 For patients with TNM stages I
to IIIa of NSCLC, surgery is the main treatment. However,
despite ‘‘curative’’ resection, nearly 30% to 70% of patients
will die of recurrent disease depending on the tumor stage.3–5

These results suggest that another marker enabling accurate
stratification of recurrence risk beyond that provided by TMN
stage is necessary for more accurate prognostication. In this
manner, it may be possible to stratify high-risk patients with stage
I and II disease who may benefit from adjuvant chemotherapy,
and high-risk patients with stage III disease who may need more
careful consideration of surgery. Apart from this, for patients with
stage IIIa NSCLC with mediastinal lymph node-positive (N2)
disease, whether surgical resection is the best treatment has not
yet been determined because of the poor outcomes.6 The added
benefit of another marker will help clinicians identify the patients
at greatest risk for recurrent disease and therefore determine the
optimal treatment for this subset.

Many studies over the past 2 decades have found that
carcinoembryonic antigen (CEA), as a tumor antigen, has an
adjunctive role in the staging of lung cancer, and that elevated
CEA levels are associated with poor prognosis in patients with
resected NSCLC.7–12 As we know, as well as the characteristics
of the tumor itself, tumor cell invasion into the peripheral blood
and patients’ immune status also contribute to tumor recurrence
and the reseeding of distant organs. It is well known that
platelets can protect tumor cells from immune surveillance
and promote tumor cell extravasation to metastatic sites.13–16

Lymphocytes play a crucial role in tumor defense by inducing
cytotoxic cell death, and inhibiting tumor cell proliferation and
migration, thereby dictating the host immune response to
malignancy.17 However, an integrated index based on serum
CEA levels and peripheral platelet and lymphocyte counts,
which might better reflect the balance of tumor staging and
the host immune status, has yet not been reported in lung cancer.

In this study, we developed a novel index, defined as the
tumor-immune index (TII), based on CEA levels, and lympho-
cyte and platelet counts. The prognostic value of the TII in
patients with resectable NSCLC was evaluated retrospectively.

MATERIALS AND METHODS

Patients
From 2006 to 2007, 568 adult patients with lung cancer
ection in our institute. After excluding
e perioperative period (n¼ 13), patients
ative resection (n¼ 29), patients with
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smoothing plot (Figure S1, http://links.lww.com/MD/A537).
Student t test and Pearson chi-square test or Fisher exact test
were used to compare differences between the groups (Table 1,

TABLE 1. The Clinicopathologic Characteristics of Patients in
the Training and Validation Cohorts

Characteristics

Training
Cohort

n¼ 205 (%)

Validation
Cohort

n¼ 228 (%) P value

Age 0.804
�65 y 158 (77.1) 178 (78.1)
<65 y 47 (22.9) 50 (21.9)

Sex 0.495
Male 160 (78.0) 184 (80.7)
Female 45 (22.0) 44 (19.3)

Comorbidities 0.939
Hypertension 34 (16.6) 43 (18.9)
Diabetes 47 (22.9) 51 (22.4)
COPD 25 (12.2) 26 (11.4)

Smoking history 0.013
�

Never smoking 27 (13.2) 51 (22.4)
Ever smoking 178 (86.8) 177 (77.6)

Weight loss 0.314
<5% 168 (82.0) 178 (78.1)
�5% 37 (18.0) 50 (21.9)

LDH levels 0.527
<245 U/L 66 (32.2) 67 (29.4)
�245 U/L 139 (67.8) 161 (70.6)

Serum CEA 0.250
<5 ng/mL 82 (40.0) 79 (34.6)
�5 ng/mL 123 (60.0) 149 (65.4)

Type of surgery 0.529
Pneumonectomy 152 (74.1) 175 (76.8)
Lobectomy 53 (25.9) 53 (23.2)

TNM stage 0.110
Stage I 57 (27.8) 85 (37.3)
Stage II 63 (30.7) 60 (26.3)
Stage III 85 (41.5) 83 (36.4)

Tumor histology 0.139
Squamous 112 (54.6) 102 (44.7)
Adenocarcinoma 72 (35.1) 89 (39.0)
Large cell 12 (5.9) 22 (9.6)
Others 9 (4.4) 15 (6.6)

Radiotherapy 0.822
Yes 171 (83.4) 192 (84.2)
No 34 (16.6) 36 (15.8)

CEA¼ carcinoembryonic antigen, COPD¼ chronic obstructive pul-
metastatic lung cancer (n¼ 25), patients without follow-up data
(n¼ 12), patients with positive surgical margin (n¼ 8), patients
with autoimmune diseases (n¼ 5), patients with infections
infectious diseases (n¼ 10), and patients who underwent pre-
operative radiotherapy or chemotherapy for lung cancer
(n¼ 33), the remaining 433 patients formed the analysis popu-
lation in our study. We defined these patients who underwent the
operation in the whole year of 2006 as a ‘‘training cohort’’
(n¼ 205) and patients who underwent the operation in the
whole year of 2007 as a ‘‘validation cohort’’ (n¼ 228). In
general, all the eligible patients had pathologically documented
stage I, II, or III NSCLC, and had undergone complete surgical
resection. The absence of previous chemotherapy, radiotherapy,
and previous cancer was also verified for all patients.

Clinicopathological Factors
Clinicopathological factors were selected on the basis of

previous studies.18,19 The pathological stages of the patients
were determined according to the international TNM classifi-
cation system for lung cancer.20 Chronic obstructive pulmonary
disease was defined as follows: forced expiratory volume in 1
second (FEV1% predicted) 70%; and FEV1/forced vital
capacity <70%.21 The cut-off value for CEA was set at the
standard level (5 ng/mL) in this study, which was also used in
many previous studies.10,22 Radiotherapy suggested that
patients received planned postoperative adjuvant radiotherapy.

Follow-up
Clinical follow-up and computed tomography scans were

performed at 3, 6, and 12 months, and then at yearly intervals.
Recurrence was diagnosed and distinguished from second
primary lung tumors by a multidisciplinary tumor board review
of available imaging and pathology results. Recurrence was
defined as local, regional, or distant recurrence. Survival was
determined by contacting the patient or the treating physician,
the latter of whom confirmed the date and cause of death for
patients who died. Overall survival (OS) was defined as the time
from surgery to death from any cause. Recurrence-free survival
(RFS) was defined as the time from surgery to the earliest
occurrence of relapse or death from any cause. Follow-up was
completed on December 31, 2013. The median follow-up
duration was 57 months (range 7–89 mo).

TII
The TII was defined as follows: TII¼C�P/L, where C, P,

and L were the preoperative peripheral blood CEA level, platelet
count, and lymphocyte count, respectively. Blood samples were
obtained immediately before the surgery. After adjusting for
TNM stage, a nonlinear relationship between the TII values
and the risk of recurrence was observed (see Figure S1, Supple-
mental Content, http://links.lww.com/MD/A537, which illus-
trates the adjusted association between TII and the risk of
NSCLC recurrence after curative resection). This suggested that
using the TII as a continuous variable for the following analysis
might be inappropriate. Thus, X-tile 3.6.1 software (Yale Uni-
versity, New Haven, CT) was used for bioinformatic analysis of
the study data to determine the cut-off value of the TII for tumor
recurrence.23 Results from the X-Tile analysis revealed the
optimal cut-off point for the TII in the training cohort was
578� 10�9 (see Figure S2, Supplemental Content, http://
links.lww.com/MD/A537, which illustrates the optimal cut-off

Li et al
value for the SII defined by X-tile). Subsequently, the TII scores
were used stratify patients into the low TII (�578� 10�9) or high
TII group (>578� 10�9) for the following analyses.
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Ethics Statement
This was a retrospective study making use of data already

collected. All data used in this study were routine clinical data
collected in the process of diagnosis and treatment. The analysis
procedure of data was done after anonymization. National
legislation and the ethical committee of Shandong Cancer
Hospital and Institute approved this retrospective study.

Statistical Analysis
Statistical analyses were performed with R (version 3.2.2,

http://www.R-project.org). Continuous variables were summar-
ized as mean� standard deviation and categorical variables
were summarized as n (%). The relationship between the TII
and the risk of NSCLC recurrence was explored using a
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monary disease, LDH¼ lactate dehydrogenase, TNM¼ tumor, node,
metastasis.�

Significant difference.
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TABLE 2. Univariate Cox Regression Analyses of the TII With Clinicopathologic Characteristics (Training Cohort, n¼205 and
Validation Cohort, n¼228)

Variables

OS RFS

HR (95% CI) P HR (95% CI) P

Training cohort
Age, (�65 vs <65) 1.2 (0.82, 1.8) 0.347 1.1 (0.78, 1.7) 0.495
Sex (female vs male) 0.93 (0.61, 1.4) 0.733 1.0 (0.68, 1.5) 0.912
Comorbidities (diabetes vs without) 1.0 (0.64, 1.5) 0.974 0.98 (0.63, 1.5) 0.912
Smoking history (ever vs never) 0.87 (0.52, 1.5) 0.600 0.85 (0.52, 1.4) 0.530
Weight loss (�5% vs <5%) 0.8 (0.5, 1.3) 0.349 0.82 (0.53, 1.3) 0.400
LDH (�245 vs <245) 0.89 (0.62, 1.3) 0.535 0.88 (0.62, 1.3) 0.497
CEA (�5 vs <5) 1.2 (0.85, 1.7) 0.287 1.2 (0.86, 1.7) 0.267
Type of surgery (lobectomy vs pneumonectomy) 1.1 (0.74, 1.6) 0.649 1.1 (0.73, 1.6) 0.729
TNM stage (II vs I) 1.6 (1.0, 2.6) 0.054 1.5 (0.95, 2.4) 0.084
TNM stage (III vs I) 2.0 (1.2, 3.1) 0.004

�
1.7 (1.1, 2.6) 0.015

�

Tumor history (others vs squamous) 0.88 (0.62, 1.2) 0.461 0.83 (0.59, 1.2) 0.277
Radiotherapy (yes vs no) 0.8 (0.49, 1.3) 0.402 0.84 (0.51, 1.4) 0.756
TII group (>578 vs �578) 2.6 (1.8, 3.7) <0.001

�
2.3 (1.6, 3.3) <0.001

�

Validation cohort
Age, (�65 vs <65) 1.4 (1.0, 2.1) 0.056 1.4 (1.0, 2.1) 0.055
Sex (female vs male) 1.2 (0.79, 1.8) 0.427 1.1 (0.74, 1.7) 0.591
Comorbidities (diabetes vs without) 1.6 (1.1, 2.5) 0.019

�
1.3 (0.86, 2.0) 0.210

Smoking history (ever vs never) 1.0 (0.69, 1.5) 0.894 1.1 (0.73, 1.6) 0.671
Weight loss (�5% vs <5%) 1.2 (0.79, 1.7) 0.465 1.2 (0.79, 1.7) 0.468
LDH (�245 vs <245) 1.1 (0.78, 1.6) 0.539 1.2 (0.84, 1.7) 0.312
CEA (�5 vs <5) 1.8 (1.3, 2.6) 0.001

�
1.8 (1.2, 2.5) 0.002

�

Type of surgery (lobectomy vs pneumonectomy) 1.1 (0.75, 1.6) 0.640 1.1 (0.74, 1.6) 0.687
TNM stage (II vs I) 1.4 (0.9, 2.1) 0.155 1.5 (0.99, 2.3) 0.058
TNM stage (III vs I) 1.7 (1.2, 2.5) 0.007

�
1.7 (1.2, 2.5) 0.006

�

Tumor history (others vs squamous) 0.66 (0.48, 0.92) 0.013
�

0.67 (0.48, 0.93) 0.016
�

Radiotherapy (yes vs no) 1.3 (0.86, 2.0) 0.203 1.4 (0.91, 2.2) 0.122
TII group (>578 vs �578) 3.0 (2.2, 4.2) <0.001

�
2.6 (1.9, 3.6) <0.001

�

ise
NM
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Table S1, http://links.lww.com/MD/A538). Univariate and mul-
tivariate analyses were calculated using the Cox proportional-
hazards regression model (Tables 2 and 3). Time-dependent
receiver-operating characteristic curves were used to define
sensitivity and specificity, and the differences in the area under
the curve (AUC) were detected by using MedCalc version 13.0
(Fig. 1). OS and RFS were calculated using the Kaplan–Meier
method, and the differences between the groups were assessed
using the log-rank test (Figs. 2–4).

All data were double entered and then exported to tab-
delimited text files. Probability values of less than 0.05 were
considered statistically significant.

RESULTS
Table 1 shows the clinicopathologic characteristics of the

433 study participants who received curative surgery. In the
training cohort, 57, 63, and 85 patients had stage I, II, and III
disease, respectively. Through the end of the study, 79 of the
205 patients had no evidence of NSCLC recurrence, whereas
the remaining 126 patients had documented evidence of lung

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary d
survival, RFS¼ recurrence free survival, TII¼ tumor-immune index, T�

Significant difference.
cancer recurrence with a median follow-up of 58.7 months
(range 8–89 mo). In the validation cohort, 85, 60, and 83
patients had stage I, II, and III disease, respectively. Total

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
147 of 228 patients presented with tumor recurrence and 81
patients were still recurrence-free with a median follow-up of
55.6 months (range 11–83 mo). The clinicopathologic charac-
teristics were similar between the 2 cohorts, except for smoking
history. The validation cohort included more patients with
smoking history than those in the training cohort.

The results of univariate analysis suggested that TNM
stage and the TII were associated with both OS and RFS,
whereas age, sex, comorbidities, smoking history, type of
surgery, and radiotherapy had no prognostic significance for
OS and RFS, in the training group (Table 2). In addition, we also
found that patients with commodities, especially diabetes, were
more likely to have higher TII values (P¼ 0.008, see Table S1,
Supplemental Content, http://links.lww.com/MD/A538, which
illustrates the correlation between TII and clinicopathological
characteristics). After adjusting for commodities and potential
confounders found in the univariate analysis, a multivariate
regression analysis was performed to estimate the independent
prognostic factors for OS and RFS (Table 3). The results
showed the TII was an independent prognostic factor for both

ases, HR¼ hazard ratio, LDH¼ lactate dehydrogenase, OS¼ overall
¼ tumor, node, metastasis.
OS (hazard ratio [HR] 3.5, 95% confidence interval [CI] 2.2–
5.6, P< 0.001) and RFS (HR 3.1, 95% CI 1.9–4.9, P< 0.001).
A lower TII was significantly associated with both higher OS
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http://links.lww.com/MD/A538
http://links.lww.com/MD/A538


TABLE 3. Multivariate Cox Regression Analyses in the Training and Validation Cohorts

Variables

OS DFS

HR (95% CI) P HR (95% CI) P

Training cohort
Age, (�65 vs <65) 1.1 (0.72, 1.7) 0.667 0.98 (0.65, 1.5) 0.941
Comorbidities (diabetes vs without) 0.88 (0.55, 1.4) 0.574 0.87 (0.55, 1.4) 0.554
Smoking history (ever vs never) 0.96 (0.57, 1.6) 0.881 0.9 (0.54, 1.5) 0.703
CEA (�5 vs <5) 0.7 (0.44, 1.1) 0.128 0.73 (0.46, 1.1) 0.169
Type of surgery (lobectomy vs pneumonectomy) 0.97 (0.65, 1.5) 0.881 0.94 (0.63, 1.4) 0.741
TNM stage (II vs I) 1.9 (1.1, 3.1) 0.015

�
1.7 (1.1, 2.8) 0.030

�

TNM stage (III vs I) 2.2 (1.4, 3.5) 0.001
�

1.9 (1.2, 2.9) 0.006
�

Tumor history (others vs squamous) 0.85 (0.59, 1.2) 0.390 0.8 (0.56, 1.1) 0.230
TII group (>578 vs �578) 3.5 (2.2, 5.6) <0.001

�
3.1 (1.9, 4.9) <0.001

�

Validation cohort
Age (�65 vs <65) 1.2 (0.84, 1.8) 0.279 1.3 (0.85, 1.9) 0.242
Comorbidities (diabetes vs without) 1.4 (0.9, 2.1) 0.143 1.1 (0.7, 1.6) 0.783
Smoking history (ever vs never) 1.1 (0.71, 1.6) 0.728 1.1 (0.74, 1.7) 0.623
CEA (�5 vs <5) 1.1 (0.67, 1.7) 0.772 1.0 (0.65, 1.7) 0.871
Type of surgery (lobectomy vs pneumonectomy) 1.0 (0.68, 1.5) 0.956 1.0 (0.69, 1.5) 0.938
TNM stage (II vs I) 1.5 (0.96, 2.3) 0.078 1.6 (1.0, 2.4) 0.045

�

TNM stage (III vs I) 1.8 (1.2, 2.6) 0.004
�

1.7 (1.2, 2.5) 0.007
�

Tumor history (others vs squamous) 0.65 (0.46, 0.9) 0.011
�

0.68 (0.49, 0.95) 0.024
�

TII group (>578 vs �578) 2.7 (1.8, 4.2) <0.001
�

2.4 (1.6, 3.8) <0.001
�

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary diseases, HR¼ hazard ratio, LDH¼ lactate dehydrogenase, OS¼ overall
survival, RFS¼ recurrence-free survival, TII¼ tumor-immune index, TNM¼ tumor, node, metastasis.�

Significant difference.

FIGURE 1. The discriminative ability of the TII and clinical indices was compared using the AUCs for survival and recurrence. (A) The AUC
of TII, TNM, and CEA in predicting survival was 0.66 (95% CI 0.61–0.69), 0.59 (95% CI 0.54–0.63), and 0.56 (95% CI 0.52–0.61),
respectively. (B) The AUC of CEA was significantly lower than that of TII in predicting tumor recurrence (P¼0.024). (C) The AUC of TII,
TNM, and CEA in predicting recurrence was 0.67 (95% CI 0.61–0.70), 0.58 (95% CI 0.53–0.63), and 0.57 (95% CI 0.52–0.63),
respectively. (D) The AUC of CEA was significantly lower than that of TII in predicting survival (P¼0.016). AUC¼ area under the curve,
CEA¼ carcinoembryonic antigen, CI¼ confidence interval, TII¼ tumor-immune index, TNM¼ tumor, node, metastasis.

Li et al Medicine � Volume 94, Number 48, December 2015
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FIGURE 2. The Kaplan–Meier analysis of OS and RFS for the TII in total study population. (A) The OS rate in the low TII group was
significantly higher compared with those in the high TII group (P¼0.001). (B) The RFS rate in the low TII group was significantly higher
compared with those in the high TII group (P<0.001). OS¼overall survival, RFS¼ recurrence-free survival, TII¼ tumor-immune index,
TNM¼ tumor, node, metastasis.

FIGURE 3. The Kaplan–Meier analysis of OS and RFS for the TII in different TNM stages. Both the OS and RFS in the low TII group were
significantly higher compared with those in the high TII group in patients with stage I (A, P¼0.001; B, P<0.001), stage II (C, P¼0.009;
D, P¼0.006), and IIIa (E, P¼0.007; F, P¼0.014). OS¼overall survival, RFS¼ recurrence-free survival, TII¼ tumor-immune index,
TNM¼ tumor, node, metastasis.

Medicine � Volume 94, Number 48, December 2015 Prognostic Significance of TII in NSCLC
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FIGURE 4. The Kaplan–Meier analysis of OS and RFS for the TII in patients with N2-positive. (A) The OS in the low TII group was
significantly higher compared with those in the high TII group in patients with N2-positive (P¼0.026). (B) The RFS in the low TII group

oup
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and RFS rates. The prognostic value of the TII was further
confirmed in another independent validation cohort of 228
patients. These results from univariate and multivariate
analyses were similar to those obtained from the previous
training cohort. The high TII remained decreased both OS
(HR 2.7, 95% CI 1.8–4.2, P< 0.001) and RFS (HR 2.4,
95% CI 1.6–3.8, P< 0.001) rates (Table 3). In addition,
TNM stage and tumor history also had prognostic significance
in predicting both OS and RFS in the validation cohort.

The discriminative ability of the TII and clinical indices
was compared using the AUCs for recurrence and survival
(Fig. 1). TII was considered as an indicator of survival, with
AUC of 0.66 (95% CI 0.61–0.69), and the optimal cut-off point
was 578� 109, with a sensitivity of 43.3% and a specificity of
86.0% (Fig. 1A). In addition, TII was also considered as an
indicator of recurrence, with AUC of 0.67 (95% CI 0.61–0.70).
The optimal cut-off point had a sensitivity of 42.8% and a
specificity of 86.6%. (Fig. 1C). TNM yielded the AUC values of
0.59 (95 % CI 0.54–0.63) and 0.58 (95 % CI 0.53–0.63) in
discriminating survival and recurrence, whereas CEA yield the
AUC values of 0.56 (95% CI 0.52–0.61) and 0.57 (95% CI
0.52–0.62). Among these markers, TII was the strongest pre-
dictor of survival (Fig. 1B) and recurrence (Fig. 1D).

In all the studied patients, the OS in the high TII group was
significantly lower than that in the low TII group (Fig. 2A;
P¼ 0.001). The cumulative 1, 3, and 5-year RFS rates were
89.4%, 26.1%, and 16.9%, respectively, in the high TII group,
and 96.9%, 56.1%, and 47.5%, respectively, in the low TII
group. Similarly, the high TII group also had a lower RFS rate
than the low TII group (Fig. 2B; P< 0.001). The 1, 3, and 5-year
OS rates were 95.7%, 55.6%, and 26.0%, respectively, in the
high TII group, and 99.6%, 81.6%, and 60.4%, respectively, in
the low TII group.

We investigated the prognostic significance of the TII in
the different TNM stage subgroups in greater detail. The results
showed the TII was significantly correlated with RFS
(P¼ 0.001, P¼ 0.009, and P¼ 0.007 in the TNM I, II, and
IIIa subgroups, respectively; Figure 3A, C, and E) and OS
(P< 0.001, P¼ 0.006, and P¼ 0.014 in the TNM I, II, and IIIa
subgroups, respectively; Figure 3B, D, and F).

Exploratory subgroup analyses were conducted to evaluate
the consistency of the results in patients with N2-positive

was significantly higher compared with those in the high TII gr
RFS¼ recurrence-free survival, TII¼ tumor-immune index.
lesions. Through the end of follow-up, patients in the high
TII group had an OS rate of 16.7%, compared with 26.4% for
patients in the low TII group. The KaplanMeier curve identified

6 | www.md-journal.com
significance between the 2 groups (P¼ 0.026; Figure 4A). The
RFS rates were 16.7% and 25.3% in the high and low TII
groups, respectively, at the end of follow-up. Similarly, the RFS
rate in the high TII group was also significantly lower than that
in the low TII group (P¼ 0.007; Figure 4B).

DISCUSSION
Several studies revealed the prognostic significance of

tumor-associated antigen or immune-related biomarkers in
peripheral blood in postsurgery patients with lung cancer.7–

17,24,25 In the present study, a novel tumor immune-based
prognostic index (TII) was constructed based on CEA levels,
and lymphocyte and platelet counts; then it was proved to be an
independent predictor of recurrence and survival for patients
with early-stage NSCLC after surgery. On the one hand, the
predictive ability of the TII was found to be as strong as that of
TNM stage for total patients. On the other hand, it was also
possible to distinguish patients with similar TMN stages into
high and low-risk categories based on the probability of recur-
rence according to a convenient blood-based test. Thus, there is
potential for the TII to be used as a marker for tumor recurrence
and treatment response surveillance or combined with TNM
stage to provide more accurate guidance of postoperative
adjuvant therapy in patients with NSCLC.

As an integrated index based on peripheral CEA levels and
lymphocyte and platelets counts, the predictive value of the TII
for tumor recurrence and metastasis might be explained by the
function of the 3 biomarkers. Many previous studies showed the
prognostic value of CEA in serum/plasma in early-stage
NSCLC.22,24 In addition, some studies also evaluated the use
of consecutive measurements of serum CEA during treatment
and follow-up. They observed increases in the serum CEA level
to be significant as prognostic factors for early recurrence,7

progression,9 or progression-free survival.26 It should also be
noted that a limited number of studies also reported no associ-
ation between serum CEA levels and the prognosis of
NSCLC.27–29 Likewise, we also found that CEA was not an
independent prognostic factor for either RFS or OS in this study.
These different conclusions cast doubt on the use of CEA itself
as a strong enough indicator to guide treatment decisions,
although it does provide prognostic information as a tumor
antigen. Lymphocytes play crucial roles in surveillance and

in patients with N2-positive (P¼0.007). OS¼overall survival,
destroying metastatic embolic cells.17,30,31 The lungs have the
largest concentration of natural killer cells of any peripheral
organ.32 Previously published data suggested that inhibition of
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natural killer cell-mediated immunity might increase the like-
lihood of successful tumor metastasis.33,34 Evidence is also
emerging that platelets can facilitate tumor cell survival within
the vasculature (immune evasion), which enables tumor cell
survival and proliferation within target tissues of metastasis.35–

39 In the clinic, thrombocytosis (high platelet count) was
reported to be associated with poor prognosis in many cancers,
including lung cancer.40,41 To overcome the limits of using
CEA alone, we integrated lymphocyte and platelet counts as
cancer immunomodulation factors to develop the TII index.

Results from our study paralleled the well established
association between tumor cells and the host immune system.
As we know, cancer immunotherapy was recently selected as
the breakthrough of the year in 2013 by editors of the journal
Science. It focused on the immune microenvironment as well as
the tumor itself. In light of therapeutic cancer vaccines, cell-to-
cell interactions triggered by tumor antigens and resulting in
proper activation of the immune system have been considered
for predicting clinical responses.42 Interestingly, the TII also
could reflect the ability of the host immune system to survey and
eliminate detached metastatic tumor cells and thus play import-
ant roles in the outcomes of patients who underwent surgical
resection for early-stage NSCLC. This suggests that patients
with NSCLC who have a higher TII might benefit more from
targeted immunotherapy after surgery.

Currently, TNM classification is still one of the most
important prognostic factors in NSCLC. However, such classi-
fication struggles to explain why some people do not experience
relapse despite having the same TNM stage as other patients. In
the clinic, another marker that enables accurate stratification of
recurrence risk beyond that provided by TNM stage is necessary
for more accurate prognostication. We found the TII could
effectively predict patients’ RFS and OS in different TNM
subgroups. For patients with N2-positive NSCLC in particular,
the optimal management strategy remains controversial.2 Sur-
gical resection has been favored for these patients in some
centers, whereas other centers assumed that surgical resection
was not indicated for these patients because of the high recur-
rence rate and the low OS after the operation.6 The results of our
study demonstrated the prognostic significance of the TII
remained strong in patients with N2-positive lesions. If this
finding can be further verified, it may largely affect our treat-
ment decisions for patients with N2-positive NSCLC, thus
effectively improving their long-term survival.

Recent findings for hepatocellular carcinoma recurrence
illustrated that immune-related factors in peripheral blood
might be related to higher circulating tumor cell (CTC)
counts.43 Previous studies of lung cancer also reached a positive
conclusion toward the role of CTCs in the prognostic prediction
of recurrence after curative resection.44 Therefore, the finding
that patients with higher TII values had poorer prognosis could
be reasonably explained by the following mechanisms regard-
ing CTC. Patients with higher CEA levels have greater numbers
of CTCs invading the peripheral blood, platelets can protect
CTCs from different potential damage, and lymphocytes then
eliminate CTCs to prevent tumor metastasis and recurrence.
However, these specific underlying mechanisms need further
experimental confirmation.

There are a few limitations of this study. As noted in
previous studies,43,45 we also used lymphocyte and platelet
counts to represent protumor and antitumor powers. But this
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quantitative method might ignore the disparity of their capa-
bilities between different patients. In addition, we have to admit
that CEA and platelets may affect tumor biology through
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nonimmunological mechanisms, like induce epithelial–
mesenchymal transition in tumor cells.14 Nevertheless, the
endogenous immunological response during the natural course
of cancer constitutes the concept of cancer immunomodulation
and has been accepted by many researchers.46 Actually, emer-
ging evidence suggests that efficiently stimulating endogenous
anticancer immunity is a prerequisite for the successful outcome
of conventional cancer therapies.47 Because of the limitations of
retrospective studies, it is difficult to find out these mechanisms
underlying the association between the TII and tumor recur-
rence. Future investigations are needed to elucidate this
by clarifying the immunological and nonimmunological
mechanisms among peripheral lymphocytes, platelets, and
vascular invasion.

Taken together, our data suggested TII can be used to
distinguish patients with similar TNM stages into high and low-
risk categories based on the probability of recurrence according
to a convenient blood-based test. To the best of our knowledge,
this is the first study to show the prognostic value of the TII for
patients with early-stage NSCLC after surgery. Because the TII
has the advantages of simplicity, convenience, and reproduci-
bility, this approach merits further investigations exploring its
potential applications in preventing NSCLC recurrence.
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16. Gil-Bernabé AM, Ferjančič Š, Tlalka M, et al. Recruitment of

monocytes/macrophages by tissue factor-mediated coagulation is

essential for metastatic cell survival and premetastatic niche

establishment in mice. Blood. 2012;119:3164–3175.

17. Mantovani A, Allavena P, Sica A, et al. Cancer-related inflamma-

tion. Nature. 2008;454:436–444.

18. Arriagada R, Bergman B, Dunant A, et al. Cisplatin-based adjuvant

chemotherapy in patients with completely resected non–small-cell

lung cancer. New Engl J Med. 2004;350:351–360.

19. Moro-Sibilot D, Aubert A, Diab S, et al. Comorbidities and Charlson

score in resected stage I nonsmall cell lung cancer. Eur Respir J.

2005;26:480–486.

20. Mountain CF. Revisions in the international system for staging lung

cancer. Chest. 1997;111:1710–1717.

21. Sekine Y, Behnia M, Fujisawa T. Impact of COPD on pulmonary

complications and on long-term survival of patients undergoing

surgery for NSCLC. Lung Cancer. 2002;37:95–101.

22. Okada M, Sakamoto T, Nishio W, et al. Characteristics and prognosis

of patients after resection of nonsmall cell lung carcinoma measuring

2 cm or less in greatest dimension. Cancer. 2003;98:535–541.

23. Camp RL, Dolled-Filhart M, Rimm DL. X-tile a new bio-informatics

tool for biomarker assessment and outcome-based cut-point optimi-

zation. Clin Cancer Res. 2004;10:7252–7259.

24. Icard P, Regnard J-F, Essomba A, et al. Preoperative carcinoem-

bryonic antigen level as a prognostic indicator in resected primary

lung cancer. Annals Thorac Surg. 1994;58:811–814.

25. Suzuki K, Nagai K, Yoshida J, et al. Prognostic factors in clinical

stage I non-small cell lung cancer. Annals Thorac Surgery.

1999;67:927–932.

26. Vilmar A, Sorensen J. Customising chemotherapy in advanced

nonsmall cell lung cancer: daily practice and perspectives. Eur

Respir Rev. 2011;20:045–052.

27. Blankenburg F, Hatz R, Nagel D, et al. Preoperative CYFRA 21-1

and CEA as prognostic factors in patients with stage I non-small cell

Li et al
28. Kobayashi N, Toyooka S, Soh J, et al. Risk factors for recurrence

and unfavorable prognosis in patients with stage I non-small cell

8 | www.md-journal.com
lung cancer and a tumor diameter of 20 mm or less. J Thorac Oncol.

2007;2:808–812.

29. Foa P, Fornier M, Miceli R, et al. Tumour markers CEA, NSE,

SCC, TPA and CYFRA 21.1 in resectable non-small cell lung

cancer. Anticancer Res. 1998;19:3613–3618.

30. Page GG. Immunologic effects of opioids in the presence or absence

of pain. J Pain Symptom Manag. 2005;29:25–31.

31. Rahim RT, Adler MW, Meissler JJ, et al. Abrupt or precipitated

withdrawal from morphine induces immunosuppression. J Neuroim-

munol. 2002;127:88–95.

32. Hesker P, Krupnick A. The role of natural killer cells in pulmonary

immunosurveillance. Front Biosci (Scholar Ed). 2012;5:575–587.

33. Biki B, Mascha E, Moriarty DC, et al. Anesthetic technique for

radical prostatectomy surgery affects cancer recurrence: a retro-

spective analysis. Anesthesiology. 2008;109:180–187.

34. Exadaktylos AK, Buggy DJ, Moriarty DC, et al. Can anesthetic

technique for primary breast cancer surgery affect recurrence or

metastasis? Anesthesiology. 2006;105:660.

35. Sierko E, Wojtukiewicz MZ. Inhibition of platelet function: does it

offer a chance of better cancer progression control? Semin Thromb

Hemost. 2007;33:712–721.

36. Honn KV, Tang DG, Chen YQ. Platelets and cancer metastasis:

more than an epiphenomenona. Semin Thromb Hemost.

1992;18:392–415.

37. Mehta P. Potential role of platelets in the pathogenesis of tumor

metastasis. Blood. 1984;63:55–63.

38. Jurasz P, Alonso–Escolano D, Radomski MW. Platelet–cancer

interactions: mechanisms and pharmacology of tumour cell–induced

platelet aggregation. Br J Pharmacol. 2004;143:819–826.

39. Erpenbeck L, Schön MP. Deadly allies: the fatal interplay between

platelets and metastasizing cancer cells. Blood. 2010;115:3427–3436.

40. Sierko E, Wojtukiewicz MZ. Platelets and angiogenesis in malig-

nancy. Semin Thromb Hemost. 2004;30:95–108.

41. Costantini V, Zacharski L, Moritz T, et al. The platelet count in

carcinoma of the lung and colon. Thromb Haemost. 1990;64:

501–505.

42. Baxevanis CN, Anastasopoulou EA, Voutsas IF, et al. Immune

biomarkers: how well do they serve prognosis in human cancers?

Expert Rev Mol Diagn. 2014;15:49–59.

43. Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation index

predicts prognosis of patients after curative resection for hepatocel-

lular carcinoma. Clin Cancer Res. 2014;20:6212–6222.

44. Crosbie PAJ, Shah R, Summers Y, et al. Prognostic and predictive

biomarkers in early stage NSCLC: CTCs and serum/plasma markers.

Translational Lung Cancer Research. 2013;2:382–397.

45. Gay LJ, Felding-Habermann B. Contribution of platelets to tumour

metastasis. Nat Rev Cancer. 2011;11:123–134.

46. Shankaran V, Ikeda H, Bruce AT, et al. IFNgamma and lymphocytes

prevent primary tumour development and shape tumour immuno-

genicity. Nature. 2001;410:1107–1111.

Medicine � Volume 94, Number 48, December 2015
lung cancer. Tumor Biol. 2008;29:272–277.

47. Baxevanis CN, Perez SA. Cancer dormancy: a regulatory role for

endogenous immunity in establishing and maintaining the tumor

dormant state. Vaccines. 2015;3:597–619.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.


	The Tumor-immune Index is Correlated With the �Prognosis of Patients After Curative Resection �for Nonsmall Cell Lung™Cancer
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Clinicopathological Factors
	Follow-up
	TII
	Ethics Statement
	Statistical Analysis

	RESULTS
	DISCUSSION
	Acknowledgments


