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ABSTRACT

Objective: To evaluate the role of IL-6 level in pleura in indicating the prognosis of patients with advanced non-small cell lung 
cancer (NSCLC) who accepted the EGFR-TKIs therapy. 

Methods: In this study, we analyzed the clinical data of 95 advanced NSCLC patients who accepted the EGFR-TKIs therapy to 
evaluate the relationship between pleura IL-6 and clinical outcome, while the Kaplan-Meier method and Cox proportional risk model 
were also applied to assess the progression-free survival (PFS) and overall survival (OS) of patients. 

Results: In comparison with the patients with IL-6 at the normal level in pleura, those with increased IL-6 in pleura would have 
shorter progression-free survival (PFS) and overall survival (OS) (99 d vs. 123.5 d, P=0.011; 385 d vs. 607 d, P=0.001). Regardless 
of the mutation of EGFR, any increase in the level of IL-6 would shorten the PFS of patients.

Conclusion: IL-6 level may be prognostic factor of NSCLC patients who accept the EGFR-TKIs therapy.
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Introduction

Lung cancer is widely recognized as a kind of 
respiratory malignant tumor threatening the health 
of human beings. Non-small cell lung cancer, as the 
major subtype of lung cancer, has taken up nearly 
85% of all cases(1). Lung cancer has a quite high 
prevalence rate and a mortality rate but an extremely 
low survival rate – 15% in 5-year survival rate 
according to the available data(2). NSCLC patients 
are more susceptible to the tumor invasion in their 
peripheral vessels, which could further give rise to 
the distant metastasis, affecting the prognosis of 
patients(3). Thus, increasing the accuracy of early 

diagnosis has a positive effect on improving the 
prognosis of patients. Inflammation is pivotal in 
the development, progression and metastasis of 
tumor(4). It has been found that several members of 
interleukin family, especially interleukin 6 (IL-6), 
are up-regulated evidently in a variety of tumors(5). 
IL-6, as a kind of cytokine, plays a key role in the 
response to damage or infection, and, thus, has been 
taken as a promising biomarkers for predicting the 
poor prognosis and therapeutic targets of NSCLC(6). 
Dysfunctional generation of IL-6, or the abnormal 
activation of IL-6, has been widely reported in a 
variety of human cancers and the related tumor 
behaviors, such as proliferation, migration and 
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adhesion(7). IL-6-JAK-STAT signal axis has been 
found to have important roles in multiple tumors, 
including the breast cancer, colorectal cancer, lung 
cancer, ovarian cancer, prostatic cancer and multiple 
myeloma(8-10). EGF receptor (EGFR), as a kind of 
membrane protein, is crucial to the proliferation, 
growth and repair of tumor cells. The mutation rate 
of EGFR is about 30% to 40%, representing the most 
frequent mutation type of driver gene in NSCLC(11). 
Existence of EGFR mutation, therefore, could 
provide the scientific evidence for the administration 
of EGFR-tyrosine kinase inhibitor (TKI) for 
NSCLC patients at the advanced stage. In the past 
two decades, numerous Phase II or III clinical trials 
have been conducted to validate the efficacy of TKI, 
and as a result, targeted therapy, in comparison with 
the chemotherapy, could improve the prognosis of 
NSCLC patients at the advanced stage harboring the 
EGFR mutation(12, 13). 

Currently, there remain few studies of the role 
of IL-6 level in pleura in evaluating the prognosis of 
EGFR-TKIs-treated NSCLC patients. As such, we, 
in this work, analyzed the expression profile of IL-6 
in the pleura of NSCLC patients, aiming to clarify 
the correlation between IL-6 in pleura and NSCLC 
prognosis and provide reference for the clinical 
diagnosis and treatment.   

Patients and methods

We retrospectively recruited the NSCLC 
patients at the advanced stage who received the 
EGFR-TKI therapy in Cangzhou Central Hospital 
between 2017 and 2020 into this study. All patients 
had the NSCLC at Stage IIIB or IV. Medication for 
patients was performed by gefitinib (250 mg/d), 
erlotinib (150 mg/d) or afatinib (40 mg/d) until the 
progression of disease or intolerance of patients to 
the toxicity. This study had been approved by the 
Ethical Committee of Cangzhou Central Hospital.

Pleural effusion collected in a heat-free, 
pathogen-free Falcon tube was centrifuged at 1500 x 
for 10 min to isolate the supernatant which was then 
preserved at -80°C. Enzyme-linked immunosorbent 
assay kits for human IL-6 (BD Biosciences, 
Rockville, MD) to measure the level of IL-6 in pleura, 
and for the protein concentrations in each sample, 
commercial kits (Bio-Rad Laboratories, Hercules, 
CA) were used. Levels of pleural cytokines were 
corrected by the level of corresponding protein. 

Student’s t test was used to analyze the 
continuous variables, while chi-square test to analyze 

the categorical variables. PFS interval was counted 
from the timepoint of first EGFR-TKI therapy to 
that of disease recurrence, death or last follow-up 
showing no evidence of recurrence. OS interval was 
counted from the beginning of EGFR-TKI therapy 
to death regardless of the causes. Cox proportional 
risk model was constructed for the univariate or 
multivariate analysis. P<0.05 suggested that the 
difference had statistical significance. 

Results

Clinicopathological features of patients
In this study, a total of 95 eligible NSCLC 

patients were enrolled, and the detailed data of 
patients are listed in Table 1. 

The average age of patients at the time of 
diagnosis was 57.09 years (ranging from 32 to 80 
years). Among these patients, there were 43 females 
and 52 males; 46 patients had the history of smoking; 
9 patients were diagnosed at the Stage IIIB and 86 
at the Stage IV; 56 patients harbored the EGFR 
mutation, where 31 patients had the deficiency of 
exon 19, 23 had the mutation of L858R at exon 21, 
and 2 had the mutation of L861Q at exon 21, and 39 
patients harbored the wild-type EGFR. 

Patients’ features (n=95) 值

Average age (range), years 59.07 (32-80)

Sex, n

Male 43

Female 52

Smoking history, n

Yes 46

No 49

Stage of disease, n

IIIB 9

IV 86

EGFR mutation, n

Ex19 Del 31

Ex21 L858R 23

Ex21 L861Q 2

Wild-type EGFR 39

TKI type, n

Gefitinib 40

Erlotinib 53

Afatinib 2

Table 1: Clinicopathological features of patients.
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PFS and OS of EGFR-TKI-treated NSCLC 
patients at the advanced stage

Prior to the EGFR-TKI treatment, 45 patients 
had increases in the levels of IL-6 in pleura (>0.46 
ng/L), and those patients were enrolled into the 
elevated group; the PFS and OS of patients in the 
elevated group were significantly shorter than those 
in the normal group (PFS: 99 d vs. 123.5 d; OS: 385 
d vs. 607 d, P=0.001, Figure 1A and B). 

At last, 73 patients (76.8%) died, of which 65 
had EGFR mutation and 8 had wild-type EGFR, and 
22 patients (23.2%) survived at the end of study, of 
which 6 had eGFR mutation and 16 had wild-type 
EGFR. The median of OS was 11.7 months (95% 
CI: 10.521-12.879). In this study, univariate analysis 
was carried out to analyze the clinicopathological 
features, especially the age, sex, smoking history, 
histological types, stage and EGFR status. As a 
result, IL-6 level and EGFR mutation were the key 
factors affecting the PFS, while IL-6 level, EGFR 
mutation and tumor pathological features were the 
major factors affecting the OS (Table 2). 

A multivariate analysis showed that IL-6 level 
and EGFR mutation were the key factors affecting 
the PFS [IL-6: hazard ratio (HR)=2.17, P<0.001; 
EGFR mutation: HR=2.92, P<0.001] and OS (IL-
6: HR=2.29, P<0.001; EGFR mutation: HR=4.72, 
P<0.001) (Table 3 and 4). 

In the EGFR-mutated patients, patients with 
elevation in level of IL-6 had shorter PFS and OS 
when comparing to those with the normal level of 
IL-6 (PFS: 168 d vs. 244.5 d, P=0.032); OS: 471 d vs. 
1023 d, P<0.001; Figure 2A-B). On the other hand, 
in the patients harboring the wild-type EGFR, those 
with elevation in IL-6 level had shorter PFS when 
comparing to those with normal level of IL-6 (30 d vs. 
53.5 d, P=0.027; Figure 2C), and their OS tended to 
be shortened (106 d vs. 252.5 d, P=0.115, Figure 2D). 

Figure 1: Relationship of IL-6 level in pleura with the 
PFS (A) and OS (B) by Kaplan-Meier.

Figure 2: Relationship of IL-6 level in pleura in mutated 
or wild-type EGFR with PFS (A, C) and OS (B, D) by 
Kaplan-Meier.

Factors Category n PFS OS

Average (d) P Average (d) P

Age <75 67 105 0.626 471 0.668

≥75 28 136.5 397

Sex Male 43 116 0.475 519 0.054

Female 52 100.5 329.5

Smoking 
history No 46 123.5 0.283 630 0.291

Yes 49 99 330

Pathological 
type

Non-squamous
 carcinoma 85 184 0.034 366 <0.001

Squamous 
carcinoma 10 105 471

State of disease IIIB 9 124 0.225 476 0.325

IV 86 74 145.5

Type of EGFR
mutation Mutation 56 214.5 <0.001 777 <0.001

Wild-type 29 46 228

Times of previous
treatment 0-1 58 174 <0.001 636 <0.001

2-more 37 46 233.5

IL-6 ≤0.46 ng/L 50 123.5 <0.01 357 <0.001

>0.46 ng/L 45 99 542

Factors Category HR (95%CI) P

Stage of disease IIIB 1.00 0.254

IV 0.61 (0.31-1.23)

Type of EGFR mutation Mutation 1.00 <0.001

Wild-type 2.92 (1.54-5.52)

Times of previous treatment 0-1 1.00 0.14

2-more 1.60 (0.88-2.91)

IL-6 ≤0.46 ng/L 1.00 <0.001

>0.46 ng/L 2.17 (1.38-3.40)

Factors Category HR (95%CI) P

Stage of disease IIIB 1.00 0.254

IV 0.87 (0.51-1.49)

Type of EGFR mutation Mutation 1.00 <0.001

Wild-type 4.72 (2.09-10.66)

Times of previous treatment 0-1 1.00 0.14

2-more 1.07 (0.51-2.23)

IL-6 ≤0.46 ng/L 1.00 <0.001

>0.46 ng/L 2.29 (1.40-3.74)

Pathological type Non-squamous carcinoma 1.00 0.651

Squamous carcinoma 1.18 (0.53-2.61)

Table 2: Univariate analysis of PFS and OS.

Table 3: Multivariate analysis of the PFS by Cox 
proportional risk regression model.

Table 4: Multivariate analysis of the OS by Cox 
proportional risk regression model.
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Discussion

In this retrospective study, we found that 
EGFR-TKI-treated patients with the elevation in 
IL-6 level had shorter PFS and OS when comparing 
to those with the normal level of IL-6. The results 
of multivariate analysis showed that IL-6 level and 
EGFR mutation are the major factors affecting the 
PFS and OS of patients. It has been widely recognized 
that in comparison with the chemotherapy, EGFR-
TKI treatment could prolong the PFS of NSCLC 
patients harboring the EGFR mutation at the 
advanced stage(14). Our subgroup analysis has 
further discovered that patients harboring the EGFR 
mutation with elevation in level of IL-6 have short 
PFS and OS, while the PFS of those harboring the 
wild-type EGFR is much shorter. Thus, the level of 
IL-6 is the predicting factor for EGFR-TKI-treated 
patients harboring the mutated or wild-type EGFR.

As a kind of pleiotropic cytokine, IL-6 is 
associated with the proliferation and survival of 
tumor cells(15). IL-6, due to its small molecular 
weight, could rapidly spread through the cells 
and tissues and arrive at the microenvironment 
of tumor(16). It has been reported that IL-6 is up-
regulated in the epithelium and mesenchyme of renal 
tumors, but poorly expressed in the surrounding 
normal tissues(17). Besides, people also have found 
that IL-6 and other pro-inflammatory cytokines are 
rich in the tissue microenvironment of pancreatic 
cancer(18). A previous meta-analysis reported that 
the up-regulation of IL-6 is correlated with the 
shortening of OS of NSCLC patients at advanced 
stage(19), which coincides with our finding. Moreover, 
IL-6 has also been taken as a predictor for the PFS of 
EGFR-TKI-treated NSCLC patients harboring the 
EGFR mutation(20). Among the NSCLC patients who 
received the treatment of EGFR-TKI, the increase 
in IL-6 is also associated with the poor PFS(21). 
Furthermore, the established correlation between 
the increased level of IL-6 and poor physical status 
also demonstrates that IL-6 can reflect the volume 
of tumor. It should be emphasized here that this 
study may be limited by the following aspects. First, 
this is only a retrospective study conducted in one 
agency, which could give rise to the bias in selection 
of subjects that may affect the result of this study. 
Besides, the exact molecular basis of IL-6 affecting 
the growth and invasion of squamous cells in lung 
cancer remains unknown yet. 

In conclusion, the increased IL-6 is associated 
with the shortening of PFS and OS of EGFR-TKI-

treated NSCLC patients. Importantly, IL-6 is related 
to the much shorter PFS of patients harboring the 
wild-type EGFR who respond poorly to the current 
strategy of treatment. As such, IL-6 level, regardless 
of the mutation status of EGFR, could be used to 
ascertain whether NSCLC patients are appropriate 
for the treatment of EGFR-TKI. 

Thus, future work should focus on the studies 
to uncover the underlying mechanism and the 
prospective clinical studies which could further 
validate the results above. 

References

1)	 Nagano T, Tachihara M, Nishimura Y. Molecular 
Mechanisms and Targeted Therapies Including 
Immunotherapy for Non-Small Cell Lung Cancer. Curr 
Cancer Drug Targets. 2019; 19(8): 595-630. doi: 10.217
4/1568009619666181210114559. PMID: 30526458.

2) 	 Liu Y, Gao Y, Lin T. Expression of interleukin-1 (IL-1), 
IL-6, and tumor necrosis factor-α (TNF-α) in non-small 
cell lung cancer and its relationship with the occurrence 
and prognosis of cancer pain. Ann Palliat Med. 2021 
Dec; 10(12): 12759-12766. doi: 10.21037/apm-21-
3471. PMID: 35016421.

3) 	 Magoro T, Dandekar A, Jennelle LT, Bajaj R, Lipkowitz 
G, Angelucci AR, Bessong PO, Hahn YS. IL-1β/
TNF-α/IL-6 inflammatory cytokines promote STAT1-
dependent induction of CH25H in Zika virus-infected 
human macrophages. J Biol Chem. 2019 Oct 4; 294(40): 
14591-14602. doi: 10.1074/jbc.RA119.007555. Epub 
2019 Aug 2. PMID: 31375561; PMCID: PMC6779448.

4) 	 Zheng X, Lu G, Yao Y, Gu W. An Autocrine IL-6/IGF-
1R Loop Mediates EMT and Promotes Tumor Growth 
in Non-small Cell Lung Cancer. Int J Biol Sci. 2019 Jul 
20; 15(9): 1882-1891. doi: 10.7150/ijbs.31999. PMID: 
31523190; PMCID: PMC6743301.

5) 	 Zhang P, Li Z, Yang G. Silencing of ISLR inhibits 
tumour progression and glycolysis by inactivating the 
IL 6/JAK/STAT3 pathway in non small cell lung cancer. 
Int J Mol Med. 2021 Dec; 48(6): 222. doi: 10.3892/
ijmm.2021.5055. Epub 2021 Oct 29. PMID: 34713300; 
PMCID: PMC8559699.

6) 	 Ke W, Zhang L, Dai Y. The role of IL-6 in immunotherapy 
of non-small cell lung cancer (NSCLC) with immune-
related adverse events (irAEs). Thorac Cancer. 2020 
Apr; 11(4): 835-839. doi: 10.1111/1759-7714.13341. 
Epub 2020 Feb 11. PMID: 32043828; PMCID: 
PMC7113041.

7) 	 Trowbridge R, Kizer RT, Mittal SK, Agrawal DK. 
1,25-dihydroxyvitamin D in the pathogenesis of 
Barrett's esophagus and esophageal adenocarcinoma. 
Expert Rev Clin Immunol. 2013 Jun; 9(6): 517-33. doi: 
10.1586/eci.13.38. PMID: 23730883.



Prediction of prognosis of advanced NSCLC patients after EGFR-TKIs therapy by the level of IL-6 in pleura	 3593

8) 	 Eskiler GG, Bezdegumeli E, Ozman Z, Ozkan AD, 
Bilir C, Kucukakca BN, Ince MN, Men AY, Aktas O, 
Horoz YE, Akpinar D, Genc I, Kaleli S. IL-6 mediated 
JAK/STAT3 signaling pathway in cancer patients with 
cachexia. Bratisl Lek Listy. 2019; 66(11): 819-826. doi: 
10.4149/BLL_2019_136. PMID: 31747761.

9) 	 Jin S, Mutvei AP, Chivukula IV, Andersson ER, 
Ramsköld D, Sandberg R, Lee KL, Kronqvist P, 
Mamaeva V, Ostling P, Mpindi JP, Kallioniemi O, 
Screpanti I, Poellinger L, Sahlgren C, Lendahl U. Non-
canonical Notch signaling activates IL-6/JAK/STAT 
signaling in breast tumor cells and is controlled by 
p53 and IKKα/IKKβ. Oncogene. 2013 Oct 10; 32(41): 
4892-902. doi: 10.1038/onc.2012.517. Epub 2012 Nov 
26. PMID: 23178494; PMCID: PMC3795477.

10) 	 Hu X, Li J, Fu M, Zhao X, Wang W. The JAK/STAT 
signaling pathway: from bench to clinic. Signal 
Transduct Target Ther. 2021 Nov 26; 6(1): 402. doi: 
10.1038/s41392-021-00791-1. PMID: 34824210; 
PMCID: PMC8617206.

11) 	 Meng C, Ge X, Tian J, Wei J, Zhao L. Prognostic role of 
targeted therapy in patients with multiple-site metastases 
from non-small- cell lung cancer. Future Oncol. 2020 
Sep; 16(26): 1957-1967. doi: 10.2217/fon-2020-0289. 
Epub 2020 Jul 20. PMID: 32687388.

12) 	 Shi YK, Wang L, Han BH, Li W, Yu P, Liu YP, Ding 
CM, Song X, Ma ZY, Ren XL, Feng JF, Zhang HL, 
Chen GY, Han XH, Wu N, Yao C, Song Y, Zhang SC, 
Song W, Liu XQ, Zhao SJ, Lin YC, Ye XQ, Li K, Shu 
YQ, Ding LM, Tan FL, Sun Y. First-line icotinib versus 
cisplatin/pemetrexed plus pemetrexed maintenance 
therapy for patients with advanced EGFR mutation-
positive lung adenocarcinoma (CONVINCE): a phase 
3, open-label, randomized study. Ann Oncol. 2017 Oct 
1; 28(10): 2443-2450. doi: 10.1093/annonc/mdx359. 
PMID: 28945850.

13) 	 Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, 
Chewaskulyong B, Lee KH, Dechaphunkul A, Imamura 
F, Nogami N, Kurata T, Okamoto I, Zhou C, Cho BC, 
Cheng Y, Cho EK, Voon PJ, Planchard D, Su WC, 
Gray JE, Lee SM, Hodge R, Marotti M, Rukazenkov Y, 
Ramalingam SS; FLAURA Investigators. Osimertinib 
in Untreated EGFR-Mutated Advanced Non-Small-Cell 
Lung Cancer. N Engl J Med. 2018 Jan 11; 378(2): 113-
125. doi: 10.1056/NEJMoa1713137. Epub 2017 Nov 
18. PMID: 29151359.

14) 	 Zhou C, Wu YL, Chen G, Feng J, Liu XQ, Wang C, 
Zhang S, Wang J, Zhou S, Ren S, Lu S, Zhang L, Hu 
C, Hu C, Luo Y, Chen L, Ye M, Huang J, Zhi X, Zhang 
Y, Xiu Q, Ma J, Zhang L, You C. Final overall survival 
results from a randomised, phase III study of erlotinib 
versus chemotherapy as first-line treatment of EGFR 
mutation-positive advanced non-small-cell lung cancer 
(OPTIMAL, CTONG-0802). Ann Oncol. 2015 Sep; 
26(9): 1877-1883. doi: 10.1093/annonc/mdv276. Epub 
2015 Jul 3. PMID: 26141208.

15) 	 Liu Y, Gao Y, Lin T. Expression of interleukin-1 (IL-1), 
IL-6, and tumor necrosis factor-α (TNF-α) in non-small 
cell lung cancer and its relationship with the occurrence 
and prognosis of cancer pain. Ann Palliat Med. 2021 
Dec; 10(12): 12759-12766. doi: 10.21037/apm-21-
3471. PMID: 35016421.

16) 	 Zheng X, Lu G, Yao Y, Gu W. An Autocrine IL-6/IGF-
1R Loop Mediates EMT and Promotes Tumor Growth 
in Non-small Cell Lung Cancer. Int J Biol Sci. 2019 Jul 
20; 15(9): 1882-1891. doi: 10.7150/ijbs.31999. PMID: 
31523190; PMCID: PMC6743301.

17) 	 Browning L, Patel MR, Horvath EB, Tawara K, Jorcyk 
CL. IL-6 and ovarian cancer: inflammatory cytokines 
in promotion of metastasis. Cancer Manag Res. 2018 
Dec 5; 10: 6685-6693. doi: 10.2147/CMAR.S179189. 
PMID: 30584363; PMCID: PMC6287645.

18) 	 Gudbrandsdottir G, Aarstad HH, Hjelle KM, Førde K, 
Reisæter L, Bostad L, Aarstad HJ, Beisland C. The levels 
of IL-6 and soluble IL-33R are increased in the renal 
vein during surgery for clear cell renal cell carcinoma. 
Cytokine. 2021 Aug; 144: 155586. doi: 10.1016/j.
cyto.2021.155586. Epub 2021 May 28. Erratum in: 
Cytokine. 2021 Dec;148:155666. PMID: 34058568.

19) 	 Rupert JE, Narasimhan A, Jengelley DHA, Jiang Y, Liu 
J, Au E, Silverman LM, Sandusky G, Bonetto A, Cao S, 
Lu X, O'Connell TM, Liu Y, Koniaris LG, Zimmers TA. 
Tumor-derived IL-6 and trans-signaling among tumor, 
fat, and muscle mediate pancreatic cancer cachexia. 
J Exp Med. 2021 Jun 7; 218(6): e20190450. doi: 
10.1084/jem.20190450. PMID: 33851955; PMCID: 
PMC8185651.

20) 	 Magoro T, Dandekar A, Jennelle LT, Bajaj R, Lipkowitz 
G, Angelucci AR, Bessong PO, Hahn YS. IL-1β/
TNF-α/IL-6 inflammatory cytokines promote STAT1-
dependent induction of CH25H in Zika virus-infected 
human macrophages. J Biol Chem. 2019 Oct 4; 294(40): 
14591-14602. doi: 10.1074/jbc.RA119.007555. Epub 
2019 Aug 2. PMID: 31375561; PMCID: PMC6779448.

21) 	 Cao P, Wang Y. Effect of pemetrexed on the efficacy, 
toxic reaction, and survival rate of patients with EGFR-
TKI resistant moderate and advanced lung cancer. Am 
J Transl Res. 2021 Jul 15; 13(7): 7857-7865. PMID: 
34377263; PMCID: PMC8340177.

22) 	 Callum J, Paik J, Hibbert M. Lung cancer presenting as 
an acute appendicitis. Respirol Case Rep. 2021 Jan 19; 
9(2): e00703. doi: 10.1002/rcr2.703. PMID: 33510895; 
PMCID: PMC7815438.

–––––––––
Corresponding Author: 
Yu Wu

Pulmonary and Critical Care Medicine,The People's Hospital of 
DAZU District, chongqing, No. 1073, 2nd Ring South Road, 
Tangxiang street, Dazu District, Chongqing, 402360, China 
Email: hyhyh999@126.com
(China)


