
1918  |     J Cell Mol Med. 2022;26:1918–1931.wileyonlinelibrary.com/journal/jcmm

1  |  INTRODUC TION

Lung cancer accounts for 13% of new cancer cases and 26% of 
cancer deaths worldwide, with a five- year relative survival rate of 
18%. Ulike the steady rise in survival rates of most cancers, that 
of lung cancer has progressed more slowly.1,2 Although traditional 

treatments can improve the prognosis of patients with advanced 
lung cancer, they are not specifically targeted and have contrib-
uted to little improvement in the outcomes of the disease.3,4 Low- 
dose computed tomography (LDCT) screening has the potential of 
diagnosing lung cancer at an early stage, which has demonstrated 
survival benefits by reducing existing mortality by up to 20%.2,5,6 
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Abstract
Lymphocytes and neutrophils are involved in the immune response against cancer. 
This study aimed to investigate the relationship between lymphocyte percentage/
neutrophil percentage and the clinical characteristics of lung cancer patients, and to 
explore whether they could act as valuable predictors to ameliorate lung cancer prog-
nosis. A total of 1312 patients were eligible to be recruited. Lymphocyte percentage 
and neutrophil percentage were classified based on their reference ranges. Survival 
curves were determined using Kaplan– Meier method, and univariate and multivari-
ate cox regression analyses were performed to identify the significant predictors. 
Decision curve analysis was used to evaluate the clinical benefit. The results of both 
training and validation cohorts indicated that lymphocyte percentage exhibited high 
correlation with clinical characteristics and metastasis of lung cancer patients. Both 
lymphocyte percentage and neutrophil percentage were closely associated with sur-
vival status (all p < 0.0001). Low lymphocyte percentage could act as an indicator of 
poor prognosis; it offered a higher clinical benefit when combined with the clinical 
characteristic model. Our findings suggested that pretreatment lymphocyte percent-
age served as a reliable predictor of lung cancer prognosis, and it was also an accurate 
response indicator in lung adenocarcinoma and advanced lung cancer. Measurement 
of lymphocyte percentage improved the clinical utility of patient characteristics in 
predicting mortality of lung cancer patients.
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However, the main limitation of LDCT screening is generation of 
false- positive results, since it is unclear whether all lesions detected 
in asymptomatic participants will develop significant symptoms, and 
affect long- term outcomes, suggesting that LDCT may be potentially 
harmful in large- scale screening programmes.7,8 Thus, more effec-
tive and low- cost strategies need to be developed to consider pa-
tient acceptability, and assess the prognosis of lung cancer patients.

Circulating biomarkers in plasma and serum, which usually ap-
pear prior to imaging changes, can serve as indicators of tumour pro-
gression and predictors of prognosis.9,10 Identifying reliable markers 
to better select patients for currently available and upcoming ap-
proaches, such as immunotherapy, will greatly assist clinical decision- 
making. A variety of biomarkers, including carcinoembryonic antigen 
(CEA), cytokeratin 19 fragments (CYFRA 21– 1), carbohydrate anti-
gen (CA)125, CA199 and lactate dehydrogenase (LDH), have been 
identified to be associated with lung cancer prognosis.11- 15

Inflammation is one of the hallmarks of cancer and plays a piv-
otal role in the modulation of tumour microenvironment. It can 
also highly influence tumorigenesis and tumour progression.16,17 
Different cells are known to be involved in the immune response 
against cancer, making the process dynamic and balanced.18 
Lymphocytes and neutrophils are easy to measure and may pro-
vide a more convenient strategy for the study of cancer- related 
inflammation. Neutrophil- to- lymphocyte ratio (NLR) has been 
evaluated in a variety of cancers, but its prognostic role remains 
controversial, which may explain the reason why it has not been 
incorporated into clinical practice.19- 22 For other haematological 
parameters, previous study has demonstrated that preoperative 
lymphocyte count is associated with node- negative non- small- cell 
lung cancer (NSCLC) prognosis.23 An elevated neutrophil count 
has been shown to be a predictor of poor survival in metastatic 
melanoma.24 Overall changes in lymphocytes and neutrophils with 
regard to inflammation and the immune state may be expressed as 
lymphocyte percentage (LY%) and neutrophil percentage (NEUT%). 
Peripheral LY% reflects leukocytosis more directly than NLR does, 
the relative decrease of lymphocytes results in the diminishment 
of the immune response and increases the risk of cancer, and it has 
been reported to predict the survival more accurately than periph-
eral lymphocyte count in colorectal cancer.25 However, it was less 
considered in previous studies regarding the prognostic values of 
LY% and NEUT% in large cohort of patients with lung cancer.

In this study, a retrospective analysis was performed to inves-
tigate the relationship between LY%/NEUT% and clinical charac-
teristics of lung cancer patients, and to evaluate whether LY% and 
NEUT% could be used for improving prediction of patient outcome.

2  |  MATERIAL S AND METHODS

2.1  |  Ethics statement

This study was approved by the Medical Ethics Committee and 
Institutional Review Board of West China Hospital. Informed 

consent was obtained from all patients before study. All methods 
used in this study were performed following the approved protocols.

2.2  |  Patients

This study included 1312 patients diagnosed with lung cancer in 
West China Hospital from 2008 to 2014. On account of the dif-
ferences in the levels of haematological indicators, 270 patients 
were excluded in advance due to preoperative treatment or history 
of cancer, while 38 patients were excluded owing to insufficient 
data of survival, or information regarding LY% or NEUT% in periph-
eral blood was not available (Figure 1). All clinical information was 
extracted from the medical records after lung cancer confirmed 
by biopsy. Information regarding metastasis was obtained using 
whole- body CT scan, bone scan, lymph node biopsy and fibreoptic 
bronchoscopy. Survival status was determined on the last follow-
 up day, and the overall survival time was defined as the length of 
time between the lung cancer confirmation date and the date of 
death or last follow- up, which was done by visits or telephone 
inquiries.

2.3  |  Data collection and definition

Patient demographics, including age, gender, histological subtype, 
stage, smoking status and differentiation, were collected from medi-
cal records and pathology reports. Histological classification was 
determined according to the WHO guidelines,26 and lung cancer 
stage was defined based on the TNM Classification of Malignant 
Tumors (7th Edition).27 Data for complete blood counts including 
white blood cell count, neutrophil and lymphocyte counts were de-
termined using the XE- 2100 and XE- 5000 systems (Sysmex, Kobe, 
Japan), and prior to any treatment such as surgery, radiotherapy and 
chemotherapy. LY% was defined as the percentage of lymphocyte 

Main topics

1. Pretreatment lymphocyte percentage was highly corre-
lated with the clinical characteristics and metastasis of 
lung cancer patients.

2. Both lymphocyte percentage and neutrophil percentage 
were associated with the overall survival of lung cancer 
patients.

3. Lymphocyte percentage could serve as a powerful pre-
dictor of lung cancer prognosis, and it was also an ac-
curate response indicator in lung adenocarcinoma and 
advanced lung cancer.

4. The integration of lymphocyte percentage improved the 
clinical utility of patient characteristic model in predict-
ing mortality of lung cancer.
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count to white blood cell count, and NEUT% was defined as the 
percentage of neutrophil count to white blood cell count. In several 
analyses of cancer prognosis, the cut- off value of LY% was defined 
as 20%,28,29 and its normal level was considered to be 20%– 50% 
in a study of lung cancer,30 which was in line with the clinical crite-
ria of West China Hospital, and based on the diagnostic criteria and 
clinical experience, the reference range of NEUT% was defined as 
40%– 75%.

2.4  |  Statistical analysis

Continuous variables were presented as median (range). Categorical 
variables were presented as percentage (%). Chi- square test was 
performed to determine the statistical significance of categorical 
data. For survival analysis, the log- rank test was used for univari-
ate and multivariate cox regression analysis. To measure effects of 
variables on survival, statistical significance was expressed as haz-
ard ratio (HR), at 95% confidence interval (CI). Survival curves were 
constructed using the Kaplan– Meier method. With regard to clini-
cal utility, the net benefit was measured by decision curve analysis 
(DCA) according to Vickers et al.31 p < 0.05 was considered statis-
tically significant. Statistical analyses were performed using SPSS 

v23.0 (IBM Inc., Chicago, USA) and R software v3.6.1. Figures were 
completed using GraphPad Prism 8.0 (GraphPad Software Inc., La 
Jolla, USA).

3  |  RESULTS

3.1  |  Patient Characteristics

A total of 1312 lung cancer patients were randomly divided into 
two cohorts (Table S1), with 667 cases in training cohort and 
the remaining 645 cases in validation cohort, of which 894 were 
male (68.1%) and 418 were female (31.9%), with a median age of 
60 years (range, 16– 93 years). The dominant histological subtypes 
included adenocarcinoma (ADC, 675 cases, 51.4%), squamous car-
cinoma (SCC, 338 cases, 25.8%) and small- cell lung cancer (SCLC, 
213 cases, 16.2%), while the remaining 86 patients included large 
cell lung cancer and adenosquamous carcinoma. About half of the 
participants (667 cases) were stage IV lung cancer patients, the 
majority of the subjects were current or ex- smokers (732 cases, 
55.8%), and 894 cases (68.1%) had metastases at different sites. 
Additionally, the median overall survival time was 18 months, with 
a follow- up time of five years. Among the participants, 585 (44.6%) 

F I G U R E  1  Flow chart of study 
population. LY%: lymphocyte percentage; 
NEUT%: neutrophil percentage
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TA B L E  1  Analysis of LY% in all lung cancer patients

Training cohort

No. (%)

Total
(n=667) p value

20– 50
(n=365)

<20
(n=302)

Basic characteristics

Age 0.002**

<45 32(8.7) 17(5.6) 49

45– 60 174(47.7) 112(37.1) 286

>60 159(43.6) 173(57.3) 332

Sex 0.013*

Male 229(62.7) 217(71.9) 446

Female 136(37.3) 85(28.1) 221

Histological subtype 0.002**

SCC 75(20.5) 94(31.1) 169

ADC 187(51.2) 151(50.0) 338

SCLC 77(21.1) 42(13.9) 119

Others 26(7.2) 15(5.0) 41

Stage 0.001**

I 43(1.8) 14(4.7) 57

II 34(9.3) 17(5.6) 51

III 86(23.6) 84(27.8) 170

IV 178(48.8) 168(55.6) 346

Unknown 24(6.5) 19(6.3) 43

Smoking status 0.093

Never smoking 176(48.2) 126(41.7) 302

Current or ex- smoker 189(51.8) 176(58.3) 365

Differentiation 0.001**

Undifferentiated 234(64.1) 215(71.2) 449

Poor 43(11.8) 48(15.9) 91

Moderate 79(21.6) 32(10.6) 111

Well 3(0.8) 1(0.3) 4

Unknown 6(1.7) 6(2.0) 12

Metastasis

Brain 0.976

No 329(90.1) 272(90.1) 601

Yes 36(9.9) 30(9.9) 66

Bone 0.002**

No 314(86) 232(76.8) 546

Yes 51(14.0) 70(23.2) 121

Liver 0.045*

No 341(93.4) 269(89.1) 610

Yes 24(6.6) 33(10.9) 57

Adrenal gland 0.736

No 342(93.7) 281(93.0) 623

Yes 23(6.3) 21(7.0) 44

Lymph node 0.180

No 170(46.6) 125(41.4) 295
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Training cohort

No. (%)

Total
(n=667) p value

20– 50
(n=365)

<20
(n=302)

Yes 195(53.4) 177(58.6) 372

Intrapulmonary 0.244

No 324(88.8) 259(85.8) 583

Yes 41(11.2) 43(14.2) 84

Pleural 0.000***

No 333(91.2) 248(82.1) 581

Yes 32(8.8) 54(17.9) 86

Mediastinal 0.514

No 356(97.5) 292(96.7) 648

Yes 9(2.5) 10(3.3) 19

Validation cohort

No. (%)

Total
(n=645) p value

20– 50
(n=362)

<20
(n=283)

Basic characteristics

Age 0.826

<45 28(7.8) 24(8.5) 52

45– 60 167(46.1) 124(43.8) 291

>60 167(46.1) 135(47.7) 302

Sex 0.013*

Male 237(65.5) 211(74.6) 448

Female 125(34.5) 72(25.4) 197

Histological subtype 0.034*

SCC 84(23.2) 87(30.7) 171

ADC 205(56.6) 132(46.6) 337

SCLC 50(13.8) 44(15.5) 94

Others 23(6.4) 20(7.2) 43

Stage 0.000***

I 42(11.6) 13(4.6) 55

II 40(11.1) 19(6.7) 59

III 89(24.6) 71(25.1) 160

IV 159(43.9) 162(57.2) 321

Unknown 32(8.8) 18(6.4) 50

Smoking status 0.338

Never smoking 162(44.8) 116(41.0) 278

Current or ex- smoker 200(55.2) 167(59.0) 367

Differentiation 0.000***

Undifferentiated 229(63.3) 205(72.4) 434

Poor 43(11.9) 49(17.3) 92

Moderate 87(24.0) 26(9.2) 113

Well 2(0.5) 2(0.7) 4

Unknown 1(0.3) 1(0.4) 2

TA B L E  1  (Continued)

(Continues)
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had lymphocyte percentage below 20%, while 367 (28.0%) had 
neutrophil percentage above 75%.

3.2  |  Correlation of LY% and NEUT% with clinical 
characteristics in all lung cancer patients

The association between LY% and the clinicopathologic characteris-
tics of lung cancer patients was investigated (Table 1). In the training 
cohort, 365 cases were identified to be within the reference range, 
while 302 cases were below 20%. For the validation cohort, there 
are 362 and 283 cases, respectively. The results indicated that low 
LY% was correlated with male (both cohorts, p = 0.013), stage IV (T: 
p = 0.001, V: p = 0.000) and undifferentiated patients (T: p = 0.001, 
V: p = 0.000). Additionally, LY% was associated with histological 
subtypes (T: p = 0.002, V: p = 0.034) and organ metastasis: bone 
(T: p = 0.002, V: p = 0.029), liver (T: p = 0.045, V: p = 0.005) and 

pleura (T: p = 0.000, V: p = 0.037). No significant differences were 
observed in age, smoking status and metastasis to other sites.

Analysis of NEUT% showed that, in the training and validation 
cohorts, 183 and 184 cases, respectively, were beyond the reference 
range. Distinct differences in histological classification (T: p = 0.000, 
V: p = 0.003) and differentiation (T: p = 0.001, V: p = 0.020) were 
detected, and NEUT% showed a relatively poor correlation with me-
tastasis in all lung cancer patients (Table S2).

3.3  |  Correlation of LY% and NEUT% with clinical 
characteristics in different histological subtypes

For the purpose of treatment, lung cancer was classified as SCLC 
and NSCLC, ADC and SCC accounted for more than 80% of NSCLC 
cases.32,33 Hence, classification analyses of LY% and NEUT% in 
ADC, SCC and SCLC were performed.

Validation cohort

No. (%)

Total
(n=645) p value

20– 50
(n=362)

<20
(n=283)

Metastasis

Brain 0.465

No 331(91.4) 254(89.8) 585

Yes 31(8.6) 29(10.2) 60

Bone 0.029*

No 308(85.1) 222(78.4) 530

Yes 54(14.9) 61(21.6) 115

Liver 0.005**

No 342(94.5) 250(88.3) 592

Yes 20(5.5) 33(11.7) 53

Adrenal gland 0.002**

No 357(98.6) 267(94.3) 624

Yes 5(1.4) 16(5.7) 21

Lymph node 0.020*

No 170(47.0) 107(37.8) 277

Yes 192(53.0) 176(62.2) 368

Intrapulmonary 0.198

No 326(90.1) 263(92.9) 589

Yes 36(9.9) 20(7.1) 56

Pleural 0.037*

No 324(89.5) 239(84.5) 563

Yes 38(10.5) 44(15.5) 82

Mediastinal 0.063

No 358(98.9) 274(96.8) 632

Yes 4(1.1) 9(3.2) 13

*p < 0.05, **p < 0.01, ***p < 0.001. LY%: lymphocyte percentage; SCC: lung squamous carcinoma; ADC: lung adenocarcinoma; SCLC: small- cell lung 
cancer; poor: poorly differentiated; moderate: moderately differentiated; well: well differentiated.

TA B L E  1  (Continued)
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TA B L E  2  Analysis of LY% in ADC patients

LY%

No. (%)

Total
(n = 675) p value

20– 50
(n = 392)

<20
(n = 283)

Basic characteristics

Age 0.639

<45 38(9.7) 29(10.2) 67

45– 60 168(42.9) 111(39.2) 279

>60 186(47.4) 143(50.5) 329

Sex 0.006**

Male 192(49.0) 169(59.7) 361

Female 200(51.0) 114(40.3) 314

Stage 0.000***

I 57(14.5) 10(3.6) 67

II 38(9.8) 13(4.6) 51

III 68(17.3) 55(19.4) 123

IV 210(53.6) 190(67.1) 400

Unknown 19(4.8) 15(5.3) 34

Smoking status 0.434

Never smoking 243(62.0) 167(59.0) 410

Current or ex- smoker 149(38.0) 116(41.0) 265

Differentiation 0.000***

Undifferentiated 235(59.9) 210(74.2) 445

Poor 33(8.4) 41(14.5) 74

Moderate 118(30.2) 28(9.8) 146

Well 4(1.0) 1(0.4) 5

Unknown 2(0.5) 3(1.1) 5

Metastasis

Brain 0.135

No 349(89.0) 241(85.2) 590

Yes 43(11.0) 42(14.8) 85

Bone 0.000***

No 321(81.9) 198(70.0) 519

Yes 71(18.1) 85(30.0) 156

Liver 0.007**

No 371(94.6) 252(89.0) 623

Yes 21(5.4) 31(11.0) 52

Adrenal gland 0.008**

No 382(97.4) 264(93.3) 646

Yes 10(2.6) 19(6.7) 29

Lymph node 0.025*

No 192(49.0) 114(40.3) 306

Yes 200(51.0) 169(59.7) 369

Intrapulmonary 0.959

No 343(87.5) 248(87.6) 591

Yes 49(12.5) 35(12.4) 84

Pleural 0.000***

(Continues)
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A further analysis of 675 ADC cases for LY% classification in-
cluded 392 normal and 283 aberrant cases (Table 2), indicating 
that decreased LY% was closely correlated with male ADC pa-
tients (p = 0.006). It was also found that LY% was normal in early 
stage lung cancer but abnormal in advanced stage (p = 0.000). 
Additionally, the LY% of undifferentiated and poorly differenti-
ated ADC patients were lower compared to those with moderate 
differentiation (p = 0.000). For well- differentiated ADC patients, 
cases were too few to draw a conclusion (5 cases in total). Besides, 
LY% showed a strong correlation with occurrence of metastasis 
in ADC patients. It was associated with bone (p = 0.000), pleural 
(p = 0.000), adrenal gland (p = 0.008), liver (p = 0.007), lymph node 
(p = 0.025) and mediastinal (p = 0.045) metastasis. 338 SCC cases 
were analysed, and what made the analysis different from the 
others was that the number of cases in abnormal LY% group (179 
cases) was higher than normal LY% group (159 cases). The results 

indicated that patients older than 60 years had relatively low LY% 
levels (p = 0.043). In addition, the results of differentiation were 
consistent with those of ADC analysis of LY% (p = 0.017), while 
metastasis analysis showed no significant differences. Among the 
213 patients diagnosed with SCLC, 86 had abnormal LY%. It was 
found that low LY% was correlated with the adverse characteristic 
of advanced stage (IV) (p = 0.048) and was associated with liver 
(p = 0.032), lymph node (p = 0.014) and pleural (p = 0.014) meta-
static lesions (Table S3).

For NEUT%, the results showed that it was correlated with 
the stage of ADC (p = 0.005) and SCLC (p = 0.039), and differen-
tiation analysis revealed changes similar to those of LY% in ADC 
(p = 0.000) and SCC (p = 0.011). NEUT% had relevance regarding 
several metastatic sites, including liver (p = 0.016) and adrenal gland 
(p = 0.001) in ADC, bone (p = 0.010) in SCC, and liver (p = 0.016) 
in SCLC (Table S4).

LY%

No. (%)

Total
(n = 675) p value

20– 50
(n = 392)

<20
(n = 283)

No 340(86.7) 216(76.3) 556

Yes 52(13.3) 67(23.7) 119

Mediastinal 0.045*

No 387(98.7) 273(96.5) 660

Yes 5(1.3) 10(3.5) 15

*p < 0.05, **p < 0.01, ***p < 0.001. LY%: lymphocyte percentage; ADC: lung adenocarcinoma; poor: poorly differentiated; moderate: moderately 
differentiated; well: well differentiated.

TA B L E  2  (Continued)

F I G U R E  2   Kaplan– Meier curves for overall survival according to LY% (A) and NEUT% (B) in training and validation cohorts of all lung 
cancer patients. ****p < 0.0001. LY%: lymphocyte percentage; NEUT%: neutrophil percentage
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3.4  |  LY% and NEUT% were associated with overall 
survival of lung cancer

The overall survival time of patients in training and validation co-
horts was evaluated using Kaplan– Meier survival curves. As shown 
in Figure 2, low LY% was strongly correlated with poor survival sta-
tus (both cohorts, p < 0.0001), and NEUT% showed worse overall 
survival in higher level (both cohorts, p < 0.0001).

After stratification based on histology, significant differences 
were found in each subtype (Figure 3). Patients with lower LY% ex-
hibited worse prognosis in ADC (p < 0.0001), SCC (p = 0.0092) and 
SCLC (p = 0.0012), and higher NEUT% was more associated with 
ADC (p < 0.0001), SCC (p = 0.0127) and SCLC (p = 0.0016) mortal-
ities. As for survival curves of TNM stages (Figure 4), aberrant LY% 
levels were associated with shorter overall survival in stage III and 
IV (both stages, p < 0.0001), while in early stages (I and II), no differ-
ences were observed (I: p = 0.0624, II: p = 0.5818). NEUT% results 
were in accordance with those of LY% (I: p = 0.0816, II: p = 0.9004, 
III: p = 0.0013, IV: p < 0.0001).

3.5  |  LY% could serve as a valuable predictor of 
prognosis in lung cancer

Univariate and multivariate cox regression models were introduced 
to measure prognostic predictors of lung cancer patients. The 

univariate analysis revealed that aberrant levels of LY% and NEUT% 
conferred unfavourable prognosis (both p = 0.000). Sex, stage, 
smoking status, differentiation and metastasis were associated with 
prognosis in all lung cancer patients (Figure 5A). A multivariate re-
gression analysis was conducted for 8 variables with statistically sig-
nificant differences (p < 0.1) in univariate analysis. The HR increased 
to 1.550 (95% CI: 1.332– 1.804, p = 0.000) in low LY% group, com-
pared with the reference, suggesting that low LY% could serve as 
an important predictor of poor prognosis for lung cancer patients. 
Moreover, age older than 60 years (p = 0.018), advanced stage (III: 
p = 0.044, IV: p = 0.002), smoking (p = 0.038) and metastasis occur-
rence (p = 0.001) were also correlated with poor prognosis, while 
moderate differentiation was associated with favourable prognosis 
of lung cancer (HR: 0.495, 95% CI: 0.380– 0.646, p = 0.000). The 
well- differentiated patients did not appear to be statistically sig-
nificant. However, due to the limited number of such patients (eight 
cases), the results should be treated with caution (Figure 5B).

In addition, univariate and multivariate analyses in specific histo-
logical subtypes were performed. When variables identified as sig-
nificant (p < 0.1) in univariate analysis were included in multivariate 
analysis as covariates, the results indicated that LY% remained an ac-
curate predictor of prognosis in ADC (HR: 1.700, 95% CI: 1.372– 2.108, 
p = 0.000). Advanced stages were significantly associated with poor 
prognosis of ADC (III: p = 0.001; IV: p = 0.000). Moderate differenti-
ation (p = 0.000) was also closely correlated to prognosis (Figure 5C- 
D). For SCC, LY% was also identified as a predictor of prognosis 

F I G U R E  3  Kaplan– Meier curves for 
overall survival stratified by histological 
subtypes. Kaplan– Meier curves for 
overall survival according to LY% and 
NEUT% in ADC (A), SCC (B) and SCLC 
(C). *p < 0.05, **p < 0.01, ****p < 0.0001. 
LY%: lymphocyte percentage; NEUT%, 
neutrophil percentage; ADC, lung 
adenocarcinoma; SCC, lung squamous 
carcinoma; SCLC, small- cell lung cancer
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(p = 0.019), and regarding SCLC, a high NEUT% level conferred an 
unfavourable outcome (p = 0.027). Patients were then divided into 
subgroups according to specific stages. The HR of LY% increased to 
1.698 (1.263– 2.284, p = 0.000) in stage III and to 1.575 (1.303– 1.903, 
p = 0.000) in stage IV, suggesting LY% could serve as a predictor of 
prognosis in advanced lung cancer (Table S5). Some additional analy-
ses of current data had also been performed, and the results revealed 
that LY% was still correlated with survival outcome in patients with 
unfavourable characteristics (undifferentiated: p = 0.000; metastasis: 
p = 0.000). Further, in patients without metastasis, high NEUT% was 
a predictor of poor prognosis (p = 0.001, Table S5).

3.6  |  Clinical utility of LY% integration model in 
lung cancer prognosis

Decision curve analysis was performed to evaluate the clinical net 
benefit of the multivariate prognostic prediction model integrating 

LY% on overall survival of lung cancer patients. Patient charac-
teristics associated with poor prognosis in multivariate regression 
analysis were included as clinical characteristic model (age, stage, 
smoking status, differentiation and metastasis), LY% integrated into 
clinical characteristic model was set as LY% integration model, so 
any difference between the two curves indicated the additional role 
of LY% (Figure 6). The analysis revealed that clinical characteristic 
model was useful across high- risk threshold range of ~30%– 80%. 
For low thresholds (<30%), the benefits of using the model were no 
different from the treat all strategy. For thresholds above this range 
(>80%), the model no longer provided meaningful distinctions from 
the treat none strategy. In addition, LY% integration model was use-
ful between threshold probabilities of ~30%– 90%. From thresholds 
of 30%– 50%, the two curves intersected and depicted little differ-
ence in net benefit. However, the multivariate model that combined 
LY% with age, stage, smoking status, differentiation and metastasis 
provided a higher net benefit over a relatively high threshold range 
from 50% to 90%, compared to the model of clinical characteristics 

F I G U R E  4  Kaplan– Meier curves 
for overall survival stratified by TNM 
stages. Kaplan– Meier curves for overall 
survival according to LY% and NEUT% in 
stage I (A), stage II (B), stage III (C), and 
stage IV (D). **p < 0.01, ****p < 0.0001. 
LY%, lymphocyte percentage; NEUT%, 
neutrophil percentage
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only. Consequently, the integration of LY% achieved better clinical 
benefit in lung cancer prognosis.

4  |  DISCUSSION

Research for the present large- scale samples of lung cancer pro-
vided an opportunity to explore the prognostic value of peripheral 
cells from a different perspective. In order to measure the prognos-
tic performance of clinical characteristics more comprehensively, 
patients of all types and stages were recruited. Characteristics as-
sociated with prognosis were incorporated into clinical utility model 
to evaluate clinical net benefit, which was applicable to all lung can-
cer patients. Our observation demonstrated that pretreatment LY% 

and NEUT% were significantly correlated with clinical parameters, 
including age, histological classification, stage, differentiation and 
occurrence of metastasis at different sites. Considering the percent-
age of peripheral circulating cells and individual survival status in the 
cohorts, LY% was highly associated with patient outcomes. The re-
sults suggested that low LY% was a more valuable predictor of poor 
prognosis, and it had an additional clinical benefit for patients with 
lung cancer.

Based on observations that tumours often arise at chronic in-
flammation sites, and that inflammatory cells are present in tumour 
biopsy samples, it is thus evident inflammatory cells play a crucial 
role in tumour development and progression.17,34 In the early neo-
plastic process, inflammatory cells are powerful tumour promot-
ers, which create a favourable environment for tumour growth, 

F I G U R E  5  Forest plots showed the combined relation hazard ratio (HR) with 95% confidence interval (CI) for the association between 
patient characteristics and overall survival of lung cancer patients. (A) Univariate analysis of all patients. (B) Multivariate analysis of all 
patients. (C) Univariate analysis of ADC patients. (D) Multivariate analysis of ADC patients. *p < 0.05, **p < 0.01, ***p < 0.001. SCC: 
lung squamous carcinoma; ADC: lung adenocarcinoma; SCLC: small- cell lung cancer; poor: poorly differentiated; moderate: moderately 
differentiated; well: well differentiated; NEUT%: neutrophil percentage; LY%: lymphocyte percentage
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facilitating genomic instability and angiogenesis.35 Inflammation is 
also involved in various phases of tumorigenesis process, from ini-
tiation through promotion to metastasis. Inflammatory processes 
always accompany cancer, and persistent chronic inflammation in 
cancer tissue gives rise to inhibition of anti- tumour immunity via a 
variety of mechanisms.35,36

Systemic inflammatory responses in patients with malignant tu-
mours are considered to be an integral part of host response to tu-
mours. The prognosis of cancer is not only affected by tumour- related 
factors, but also by host- related factors, especially systemic inflamma-
tory responses, which are usually reflected by a variety of biochemical 
or haematological markers.37 In peripheral blood, neutrophils, lym-
phocytes and monocytes account for a large proportion of leukocytes, 
and lymphocytes are considered to play a fundamental role in cancer 
immune surveillance and mediation of cancer immunologic destruc-
tion.38 As an indicator of host inflammatory status, lymphocytes have 
been reported to contribute to the prediction of prognosis in various 
cancers, including renal cell carcinoma,39 breast cancer,40 and pancre-
atic cancer.41 Moreover, Suzuki et al. demonstrated that pretreatment 
total lymphocyte count was an important prognostic factor for pa-
tients with extensive- stage SCLC.42 Zhang et al. reported that periph-
eral lymphocyte count could predict disease- free survival (DFS) and 
overall survival (OS) in patients with NSCLC.43 However, the impact of 
pretreatment peripheral lymphocyte percentage in patients with lung 
cancer has not been elucidated yet.

To ensure the reliability of results, patients in this study were 
randomly assigned to either training or validation cohort, and the 
relationship between LY% and clinicopathological factors was in-
vestigated first. In addition to some slight inconsistencies regard-
ing age and metastatic sites, the results of two cohorts illustrated 
that LY% was strongly correlated with other clinical parameters, as 
well as bone, liver and pleural metastasis in all lung cancer patients. 
Survival curves showed that low LY% had an obvious correlation with 

unfavourable survival status, and based on these findings, a multivar-
iate cox regression analysis was performed to evaluate the prognostic 
value of LY%; it was then confirmed to be a significant predictor of 
prognosis in patients with lung cancer. In addition, the incorporation 
of LY% resulted in better predictive performance of clinical charac-
teristic model on patient outcome. Neutrophil plays a complex role 
in inflammation within the tumour, and its elevated count has been 
demonstrated to have prognostic value in NSCLC.44 In this study, the 
role of NEUT% in lung cancer was examined as well. In spite of its rel-
evance to clinical characteristics and survival outcomes, it could not 
make prediction for lung cancer prognosis in the multivariate analysis. 
Stratification analyses were also performed, and it was interesting to 
note that NEUT% could serve as prognostic factor in both SCLC and 
non- metastatic patients. Regarding ADC and SCC subtypes, as well 
as adverse characteristics of advanced stage, undifferentiation and 
metastasis, LY% remained a more valuable predictor.

The current study shed light on peripheral lymphocyte per-
centage was significantly associated with prognosis of lung cancer 
patients. The percentage of lymphocyte has the potential to be a 
surrogate indicator of disease outcome and a stratification factor in 
clinical trials. While the results were derived based on the reference 
range of our clinical criteria, using the appropriate cut- off value for 
the corresponding population is the best course of action. A ROC 
analysis might be useful to determine the optimal cut- off level. 
Hence, further studies are required before it can be established as 
a validated prognostic marker. NLR is a well- established predictor 
for patients with malignancy, which also is what mainly determines 
the LY%. In the subsequent analysis, the comparison for prognostic 
prediction potential of NLR and LY% will be conducted. In addition, 
we aim to figure out whether these two indicators can be combined 
as a more effective index to reflect the prognosis of patients with 
lung cancer. This study, conducted in a relatively large number of 
patients, obtained detailed clinical information to allow for exten-
sive miscellaneous adjustments. However, data on the dynamic 
changes in lymphocyte and neutrophil percentages during tumour 
progression, and around the treatment period, were not available. 
Furthermore, the mechanism of complex association between in-
flammatory cells and tumour microenvironment has not been estab-
lished, while the imbalance of lymphocyte and neutrophil ratio may 
provide insight into tumour progression and prognosis of individuals 
with lung cancer. We believe that the interaction or regulation of 
lymphocytes and neutrophils in lung cancer is worth studying and 
considering.

Evidence from the study supported the idea that pretreatment 
lymphocyte percentage effectively predicted the prognosis of lung 
cancer patients, and it was also an accurate response indicator in 
ADC and advanced lung cancer. Based on the results obtained, the 
integration of lymphocyte percentage with clinical characteristic 
model benefited the prognostic prediction of the disease.

ACKNOWLEDG EMENT
This work was supported by Science and Technology Project of 
Chengdu (2017- CY02- 00031- GX) and 1·3·5 Project for Disciplines 

F I G U R E  6  Decision curves for the clinical characteristic model 
and LY% integration model to predict the mortality of patients with 
lung cancer. Blue line: the net benefit of treating patients based on 
clinical characteristics (age, stage, smoking status, differentiation 
and metastasis); red line: the net benefit of treating patients 
according to LY% and clinical characteristics; grey line: net benefit 
of the treat all strategy; black line: net benefit of the treat none 
strategy. LY%, lymphocyte percentage



1930  |    HUANG et Al.

of Excellence- Clinical Research Incubation Project, West China 
Hospital, Sichuan University (2018HXFH012).

CONFLIC T OF INTERE S T
The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS
Hong Huang: Conceptualization (lead); Formal analysis (lead); 
Methodology (lead); Visualization (lead); Writing –  original draft 
(lead); Writing –  review & editing (lead). Lei Li: Data curation 
(equal); Investigation (lead); Resources (lead). Wenxin Luo: Data 
curation (equal); Investigation (lead); Resources (lead). Yongfeng 
Yang: Conceptualization (lead); Methodology (lead); Validation 
(lead); Writing –  review & editing (equal). Yinyun Ni: Formal anal-
ysis (equal); Methodology (equal); Resources (equal); Validation 
(equal). Tingting Song: Formal analysis (equal); Methodology (equal); 
Software (equal); Visualization (equal). Yihan Zhu: Data curation 
(equal); Formal analysis (equal); Validation (equal). Ying Yang: Data 
curation (supporting); Formal analysis (equal); Investigation (sup-
porting); Resources (supporting). Li Zhang: Conceptualization (lead); 
Funding acquisition (lead); Methodology (equal); Project administra-
tion (lead); Resources (lead); Supervision (lead); Validation (lead); 
Writing –  original draft (equal); Writing –  review & editing (lead).

ORCID
Li Zhang  https://orcid.org/0000-0003-1125-1991 

R E FE R E N C E S
 1. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015. 

CA Cancer J Clin. 2016;66(2):115- 132.
 2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J 

Clin. 2017;67:7- 30.
 3. Hotta K, Fujiwara Y, Kiura K, et al. Relationship between response 

and survival in more than 50,000 patients with advanced non- small 
cell lung cancer treated with systemic chemotherapy in 143 phase 
III trials. J Thorac Oncol. 2007;2:402- 407.

 4. Shtivelman E, Hensing T, Simon GR, et al. Molecular pathways and 
therapeutic targets in lung cancer. Oncotarget. 2014;5:1392- 1433.

 5. Aberle DR, Adams AM, Berg CD, et al. Reduced lung- cancer mortal-
ity with low- dose computed tomographic screening. N Engl J Med. 
2011;365:395- 409.

 6. Hong Q- Y, Wu G- M, Qian G- S, et al. Prevention and management of 
lung cancer in China. Cancer. 2015;121(Suppl 17):3080- 3088.

 7. Boiselle PM. Computed tomography screening for lung cancer. 
JAMA. 2013;309:1163- 1170.

 8. Patz EF, Pinsky P, Gatsonis C, et al. Overdiagnosis in low- dose 
computed tomography screening for lung cancer. JAMA Intern Med. 
2014;174:269- 274.

 9. Mascaux C, Peled N, Garg K, et al. Early detection and screening of 
lung cancer. Expert Rev Mol Diagn. 2010;10:799- 815.

 10. Feng Q, Yu M, Kiviat NB. Molecular biomarkers for cancer detection 
in blood and bodily fluids. Crit Rev Clin Lab Sci. 2006;43:497- 560.

 11. Hsu W- H, Huang C- S, Hsu H- S, et al. Preoperative serum carc-
inoembryonic antigen level is a prognostic factor in women with 
early non- small- cell lung cancer. Ann Thorac Surg. 2007;83:419- 424.

 12. Sakao Y, Tomimitsu S, Takeda Y, et al. Carcinoembryonic antigen as 
a predictive factor for postoperative tumor relapse in early- stage 
lung adenocarcinoma. Eur J Cardiothorac Surg. 2004;25:520- 522.

 13. Alataş F, Alataş Ö, Metintaş M, et al. Diagnostic value of CEA, CA 
15– 3, CA 19– 9, CYFRA 21– 1, NSE and TSA assay in pleural effu-
sions. Lung Cancer. 2001;31:9- 16.

 14. Koukourakis MI, Giatromanolaki A, Sivridis E, et al. Lactate dehy-
drogenase- 5 (LDH- 5) overexpression in non- small- cell lung cancer 
tissues is linked to tumour hypoxia, angiogenic factor production 
and poor prognosis. Br J Cancer. 2003;89:877- 885.

 15. Ren X, Zhang Y, Lyu YI, et al. Lactate dehydrogenase and serum 
tumor markers for predicting metastatic status in geriatric patients 
with lung adenocarcinoma. Cancer Biomark. 2019;26:139- 150.

 16. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and 
cancer. Cell. 2010;140:883- 899.

 17. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer- related inflam-
mation. Nature. 2008;454:436- 444.

 18. Ocana A, Nieto- Jiménez C, Pandiella A, Templeton AJ. Neutrophils 
in cancer: prognostic role and therapeutic strategies. Mol Cancer. 
2017;16:137.

 19. Scilla KA, Bentzen SM, Lam VK, et al. Neutrophil- lymphocyte ratio 
is a prognostic marker in patients with locally advanced (Stage IIIA 
and IIIB) non- small cell lung cancer treated with combined modality 
therapy. Oncologist. 2017;22:737- 742.

 20. Ferrucci PF, Ascierto PA, Pigozzo J, et al. Baseline neutrophils and 
derived neutrophil- to- lymphocyte ratio: prognostic relevance in 
metastatic melanoma patients receiving ipilimumab. Ann Oncol. 
2016;27:732- 738.

 21. de Martino M, Pantuck AJ, Hofbauer S, et al. Prognostic impact of 
preoperative neutrophil- to- lymphocyte ratio in localized nonclear 
cell renal cell carcinoma. J Urol. 2013;190:1999- 2004.

 22. Li C, Wen T- F, Yan L- N, et al. Scoring selection criteria including 
total tumour volume and pretransplant percentage of lymphocytes 
to predict recurrence of hepatocellular carcinoma after liver trans-
plantation. PLoS One. 2013;8:e72235.

 23. Kobayashi N, Usui S, Kikuchi S, et al. Preoperative lymphocyte 
count is an independent prognostic factor in node- negative non- 
small cell lung cancer. Lung Cancer. 2012;75:223- 227.

 24. Schmidt H, Bastholt L, Geertsen P, et al. Elevated neutrophil and 
monocyte counts in peripheral blood are associated with poor sur-
vival in patients with metastatic melanoma: a prognostic model. Br 
J Cancer. 2005;93:273- 278.

 25. Iseki Y, Shibutani M, Maeda K, et al. The impact of the preoper-
ative peripheral lymphocyte count and lymphocyte percentage in 
patients with colorectal cancer. Surg Today. 2017;47:743- 754.

 26. Travis WD, Brambilla E, Muller- Hermelink HK, Harris CC. Pathology 
& genetics tumours of the lung, pleura, thymus and heart. IARC. 2004.

 27. Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification of 
Malignant Tumours. John Wiley & Sons. 2011. ISBN: 1444358960.

 28. Maltoni M, Caraceni A, Brunelli C, et al. Prognostic factors in 
advanced cancer patients: evidence- based clinical recommen-
dations– a study by the Steering Committee of the European 
Association for Palliative Care. J Clin Oncol. 2005;23:6240- 6248.

 29. Maltoni M, Pirovano M, Nanni O, et al. Biological indices predic-
tive of survival in 519 Italian terminally ill cancer patients. Italian 
Multicenter Study Group on Palliative Care. J Pain Symptom Manage. 
1997;13:1- 9.

 30. Ma C, Wang X, Zhao R. Associations of lymphocyte percentage and 
red blood cell distribution width with risk of lung cancer. J Int Med 
Res. 2019;47:3099- 3108.

 31. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for eval-
uating prediction models. Med Decis Making. 2006;26(6):565- 574.

 32. Miller KD, Siegel RL, Lin CC, et al. Cancer treatment and survivor-
ship statistics, 2016. CA Cancer J Clin. 2016;66:271- 289.

 33. Johnson DH, Schiller JH, Bunn PA Jr. Recent clinical advances in 
lung cancer management. J Clin Oncol. 2014;32:973- 982.

 34. Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? 
Lancet. 2001;357:539- 545.

https://orcid.org/0000-0003-1125-1991
https://orcid.org/0000-0003-1125-1991


    |  1931HUANG et Al.

 35. Coussens LM, Werb Z. Inflammation and cancer. Nature. 
2002;420:860- 867.

 36. de Jong RA, Leffers N, Boezen HM, et al. Presence of tumor- 
infiltrating lymphocytes is an independent prognostic factor in 
type I and II endometrial cancer. Gynecol Oncol. 2009;114:105- 110.

 37. Roxburgh CS, McMillan DC. Role of systemic inflammatory re-
sponse in predicting survival in patients with primary operable can-
cer. Future Oncol. 2010;6:149- 163.

 38. 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.

 39. Saroha S, Uzzo RG, Plimack ER, et al. Lymphopenia is an indepen-
dent predictor of inferior outcome in clear cell renal carcinoma. J 
Urol. 2013;189:454- 461.

 40. Vicente Conesa MA, Garcia- Martinez E, Gonzalez Billalabeitia E, 
et al. Predictive value of peripheral blood lymphocyte count in 
breast cancer patients treated with primary chemotherapy. Breast. 
2012;21:468- 474.

 41. Fogar P, Sperti C, Basso D, et al. Decreased total lymphocyte 
counts in pancreatic cancer: an index of adverse outcome. Pancreas. 
2006;32:22- 28.

 42. Suzuki R, Lin SH, Wei X, et al. Prognostic significance of pre-
treatment total lymphocyte count and neutrophil- to- lymphocyte 

ratio in extensive- stage small- cell lung cancer. Radiother Oncol. 
2018;126:499- 505.

 43. Zhang J, Huang S- H, Li H, et al. Preoperative lymphocyte count is 
a favorable prognostic factor of disease- free survival in non- small- 
cell lung cancer. Med Oncol. 2013;30:352.

 44. Teramukai S, Kitano T, Kishida Y, et al. Pretreatment neutrophil 
count as an independent prognostic factor in advanced non- 
small- cell lung cancer: an analysis of Japan Multinational Trial 
Organisation LC00- 03. Eur J Cancer. 2009;45:1950- 1958.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Huang H, Li L, Luo W, et al. 
Lymphocyte percentage as a valuable predictor of prognosis in 
lung cancer. J Cell Mol Med. 2022;26:1918– 1931. doi:10.1111/
jcmm.17214

https://doi.org/10.1111/jcmm.17214
https://doi.org/10.1111/jcmm.17214

