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Introduction: Adjuvant radiotherapy in non–small-cell lung cancer (NSCLC) remains

controversial,Whether the mutation status of epidermal growth factor receptor (EGFR) will

affect the recurrence and survival of patients with resected NSCLC is rarely reported. Our

purpose is to study the effect of postoperative radiotherapy on patients with stage IIIA(N2)

NSCLC with EGFR mutation.

Methods: Total of of 115 patients diagnosed with stage IIIA(N2) resected NSCLC were

analyzed retrospectively. Their EGFR mutations were detected by real-time quantitative PCR

and DNA sequencing technology together.

Results: At a median follow-up of 34.2 months for the postoperative adjuvant radiotherapy

(PORT) group and 31.0 months for the non-PORT group, PORT group significantly

improved progression free survival (PFS) and overall survival (OS). The median PFS and

OS in the EGFR mutant group were not significantly longer than those in the EGFR wild-

type group. The number of chemotherapy cycles, postoperative radiotherapy and the number

of metastatic lymph nodes were independent factors influencing long-term survival.

Conclusion: Our retrospective analysis showed that PORT can improve survival of patients

with stage IIIA(N2) NSCLC. EGFR-mutant group with stage IIIA(N2) NSCLC has a

tendency of a higher survival than the wild-type EGFR group, but there was no significant

difference for both groups. The EGFR mutation status was not associated with PFS or OS of

stage IIIA(N2) NSCLC.
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Introduction
Despite advances in treatment, lung cancer remains the leading cause of cancer-

related deaths in humans. Approximately 25–30% of non-small-cell lung cancer

(NSCLC) patients are diagnosed at a locally advanced stage (IIIA or IIIB), and

postoperative 5-year survival rates range from 13% to 42.8%.1–3 Based on several

prospective clinical trials that have validated the survival benefit of concurrent

chemoradiotherapy over radiotherapy alone4 or chemotherapy followed by sequen-

tial radiotherapy for stage IIIA (N2) NSCLC.5,6 However, stage IIIA (N2) NSCLC

patients have heterogeneous disease presentation,7 the value of postoperative adju-

vant radiotherapy(PORT) for completely resected NSCLC remains controversial, as

the effect on survival has been inconclusive.8–10 A secondary analysis of a pro-

spective trial illustrated the benefit of adding PORT in pN2 disease regardless of

chemotherapy use,11 this has been supported by multiple high-volume retrospective

Correspondence: Jinming Yu
Department of Radiation Oncology,
Shandong Cancer Hospital and Institute,
Shandong First Medical University, 440
Jinan Road, Jinan 250117, Shandong
Province, People’s Republic of China
Tel +86 05 318 798 4777
Fax +86 05 318 798 4079
Email sdyujinming@163.com

Cancer Management and Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2019:11 10901–10908 10901
DovePress © 2019 Zhu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/CMAR.S197245

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


investigations.12 Furthermore, whether epidermal growth

factor receptor (EGFR) mutation is associated with long-

term survival in patients with Completely Resected

Pathologic IIIA(N2) NSCLC is unclear. The purpose of

this study was to explore the relationship between EGFR

mutation status and long-term survival with combined

chemoradiation.

Methods and materials
Patient selection
One hundred and fifteen stage with pathological stage IIIA

(N2) NSCLC were surgically treated at the Shandong

Cancer Hospital and Institute (Jinan, China) between

March 2011 and December 2015 were retrospectively

reviewed. Histology and fluorodeoxyglucose positron emis-

sion tomography computed tomography (FDG-PET/CT)

confirmed the staging of all patients. The median follow-

up time was 34.2 months (range 3.5–42.7 months).

Each patient received postoperative adjuvant che-

motherapy. The inclusion criteria for the postoperative

radiotherapy and chemotherapy group (PORCT) groups

and the postoperative chemotherapy group (POCT) groups

were the same, as follows: complete surgical resection

through either lobectomy or pneumonectomy; systematic

nodal dissection, a minimum of three N2 stations sampled

or complete dissection (one of which must be the subcar-

inal station); and histologically proven NSCLC of stage

pT1-3N2M0 (according to the TNM classification in the

UICC 7th ed).13,14 Patients who received neoadjuvant

therapy (chemotherapy and/or radiotherapy), showed evi-

dence of metastatic disease or presented with previous

malignancy were excluded. Patients with EGFR mutations

receiving tyrosine kinase inhibitor (TKI) treatment after

surgery were also excluded. Then, the EGFR mutational

states of the two groups were compared.

Ethical approval
The study was approved by the Ethics Committee of

Shandong Cancer Hospital and Institute. All procedures

performed in the studies involving human participants

were in accordance with the ethical standards of the insti-

tutional and/or national research committee and with the

1964 Declaration of Helsinki and its later amendments or

comparable ethical standards. Written informed consent

was obtained from all patients before their participation

in this clinical research, and their data are used for future

research.

Grouping
Of the 115 patients, the 15 (13%) patients who composed

group A received PORCT and had EGFR mutations, the

31 (27%) patients who composed group B received

PORCT and had wild-type EGFR, the 21 (18%) patients

who composed group C received POCT alone and had

EGFR mutations, and the 48 (42%) patients who com-

posed group D received POCT alone and had wild-type

EGFR.

EGFR mutation detection
The test specimens were collected during surgery; EGFR

mutations were detected by fluorescence quantitative poly-

merase chain reaction (PCR), and the positive specimens

were confirmed by gene sequencing. Exons 18, 19, 20 and

21 of the EGFR gene were tested in 115 surgical

specimens.

Patient evaluation
The pretreatment assessments typically included clinical

evaluations, blood tests, CT scans of the chest, broncho-

scopy, ultrasound or abdominal CT, brain magnetic reso-

nance imaging (MRI), and bone scans. The patients were

followed up every 3 months for 2 years after surgery and

then followed up every 6 to 12 months. The regular

follow-up evaluations included a physical examination,

determination of World Health Organization (WHO)

Performance Status (PS), biological assessment, chest

X-ray, chest CT scan, bronchoscopy, abdominal ultra-

sound or CT scan, and bone scan.

Disease recurrence at the surgical margin, ipsilateral

hilum, and/or mediastinum was considered a local-regio-

nal failure.14 All other sites of failure, including the supra-

clavicular zone, contralateral hilum and distant organs,

were considered distant metastasis.15,16

Surgery
In our analysis, positron emission tomography (PET)-CT

scans were used as part of the routine preoperative work-

up. All thoracic surgeons performed thoracotomy and

mediastinal lymphadenectomy in a similar manner. All

patients underwent systematic and complete mediastinal

lymph node dissection or sampling. Systematic sampling

was defined as the routine removal of at least one lymph

node from each of the lowest levels. The lymph nodes at

levels 5, 6 and 7 (at least) were sampled during the left

thoracotomy or dissected completely, while those at levels
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4 and 7 were sampled during the right thoracotomy. A

total of 3~20 N2 lymph nodes were taken, with an average

of 6 lymph nodes.

Postoperative chemotherapy
Platinum-based chemotherapy was administered with a

median of four cycles and was given with radiotherapy

or alone. A total of 63 patients received gemcitabine

(1,000 mg/m2 intravenously on days 1 and 8) and cisplatin

(40 mg/m2 intravenously on days 1–3) for a median of

four cycles (range, two to five); 52 patients received

pemetrexed (500 mg/m2 intravenously on day 1) and cis-

platin (40 mg/m2 intravenously on days 1–3) for a median

of four cycles (range, two to five). Platinum-based che-

motherapy was administered with a median of four cycles

and was given with radiotherapy or alone.

Postoperative radiotherapy
Of the 115 patients, 46 received adjuvant PORT. Radiation

was delivered with 6 to 8 MV X-rays at 1.8–2Gy per

fraction, 5 days per week, for a total dose ranging from

48Gy to 54Gy and a median dose of 50Gy. The clinical

target volume (CTV) for treatment generally included the

mediastinum and ipsilateral portal (based on a postopera-

tive CT scan of the anatomical markers). The planning

target volume (PTV) was defined as the CTV plus 0.5–

0.8 cm margins. The tumor bed was included only if

invasion of the parietal pleura was documented in the

operative report. The exact location of the visual field

boundaries varied from case to case and depended on the

postoperative displacement of the mediastinal structures.

The respective 99% PTVs had to be covered by the 95%

prescription dose, and the 95% PTVs had to be covered by

the 100% prescription dose14 The dose limits for the

peripheral normal organs were as follows: the maximum

dose for the spinal cord was less than 45Gy; the mean lung

dose was less than 15Gy, and less than 25% of the lung

volume received 20Gy (V20); and the mean cardiac dose

was less than 30Gy.

Statistical analyses
All statistical analyses were conducted using SPSS for

Windows, version 20.0 (IBM Corporation, Armonk, NY,

USA). OS was measured from the day of surgery to the

date of death from any cause or the last follow-up.

Progression free survival (PFS) was calculated from the

day of surgery to the date of confirmed progression or

death from any progression. If the complete survival time

of a patient was impossible to obtain or if the disease did

not progress, the patient status was assumed at the last

known survival and/or contact date.

The PFS and OS rates were estimated using the

Kaplan-Meier method, and log-rank tests were used for

the univariate analysis. Variables that showed significant

associations in the univariate analysis (p<0.05) were

included in a multivariate stepwise backward Cox regres-

sion model to validate their independent prognostic values.

Differences were assumed to be significant when a p-value

of <0.05 was achieved.

Results
Patient characteristics
A total of 115 patients were enrolled in the trial between

May 2011 and July 2015, comprising 80 (69.0%) males

and 35 (31.0%) females with a median age of 60 years

(range 31–70 years). A total of 61 (53%) patients had a

performance score (PS) of 0, a total of 47 patients (41%)

had a PS of 1, and a total of 7(6%) had a PS of 2. In total,

54 (47%) patients never smoked, and 61 (53%) patients

either previously smoked or were current smokers. A total

of 37 (32%) patients were stage T1N2, a total of 66 (57%)

patients were stage T2N2, and another 12 (11%) patients

were stage T3N2. The predominant histological type was

adenocarcinoma (65%), with a small representation of

squamous carcinoma (30%). A total of 36 (31%) patients

had EGFR mutations, and 79 (69%) patients had wild-type

EGFR. In total, 74 (64%) patients received chemotherapy

for more than 4 cycles. The characteristics of the patients

are shown in Table 1.

Analysis of predictors for survival
The prognostic factors of all patients are summarized in

Table 2. In univariate analysis, smoking status, EGFR

mutation status, number of chemotherapy cycles (>4 vs

≤4), number of total involved nodes (<2 vs ≥2), and

planned radiotherapy had predictive value for both OS

and PFS.

In the multivariate analysis of all patients, as shown in

Table 3, the number of chemotherapy cycles (≥4 vs <4),

the total number of lymph nodes involved (<2 vs ≥2), and
planned radiotherapy had significant effects on OS

and PFS.

The median PFS of the PORCT groups was signifi-

cantly longer than that of non-PORCT groups (group A vs

C: 20.0 vs 12.0 months, p=0.023; group A vs D: 20.0 vs
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14.0, p=0.002; group B vs C: 18.0 vs 12.0, p=0.021; group

B vs D: 18.0 vs 14.0, p=0.002). The median PFS of the

EGFR mutant groups was not significantly longer than that

of EGFR wild-type groups (group A vs B: 20.0 vs 18.0,

p=0.314; group C vs D: 12.0 vs 14.0, p=0.813) (Figure 1).

The median OS of the PORCT groups was longer than that

of the non-PORCT groups (group A vs C: 32.0 vs

20.0 months, p=0.007; group A vs D: 32.0 vs 20.0,

p<0.001; Gro group up B vs C: 28.0 vs 20.0, p=0.017;

group B vs D: 28.0 vs 20.0, p<0.001); these differences

were statistically significant. The median OS of the EGFR

mutant groups was not significantly longer than that of the

EGFR wild-type groups (group A vs B:32.0 vs 28.0,

p=0.166; group C vs D: p=0.927) (Figure 2).

Compared with that of patients who underwent other

types of surgery (mainly lobectomy and bilobectomy), the

overall survival rate of patients who underwent pneumo-

nectomy was lower, both in the group that received

PORCT and in the group that did not receive PORCT.

Discussion
Patients who underwent complete removal of stage IIIA

(N2) NSCLC are at risk of local and distant recurrence7

Adjuvant chemotherapy has been accepted as a part of the

standard postoperative treatment of patients with NSCLC,

including those with N2 disease.17–20 In recent years, with

the significant improvement of technology, the simulation,

planning and delivery of radiotherapy have been opti-

mized. These improved techniques are useful for adjuvant

radiotherapy in patients with completely resected NSCLC.

Zou et al20 believe that radiotherapy combined with che-

motherapy can improve the survival rate of patients. One

of the most representative articles in the previous study

was that from Lally et al21, who retrospectively analyzed

the treatment results of NSCLC patients over 21 years old

in the US SEER database from 1988 to 2002. After

excluding patients with stage I or IV disease, with an

unclear disease stage, and with N3 stage disease and

surgical patients who died 4 months later, a total of 7545

patients were included in the analysis; 47% of the patients

received postoperative radiotherapy. The results showed

that, compared to no radiotherapy, the use of radiotherapy

after surgery increased the 5-year overall survival rate

from 20% to 27% for patients with N2 disease and reduced

the risk of death by 14.5% (p=0.007), which was statisti-

cally significant. A randomized trial from Mayer et al

evaluated the role of adjuvant radiotherapy in 155 patients

with completely resected stage IB to IIIA NSCLC. All

patients underwent modern conformal radiation treatment,

which administers 50Gy in pN0 disease and 56Gy in pN1

and pN2 disease. The results showed a significant increase

in terms of local control with PORT compared to without

PORT.22 However, there have been many previous studies

in which the results have not been satisfactory. It has also

been shown that PORT causes an increase in the number of

Table 1 Baseline characteristics of the 115 patients

Clinical feature Total

(%)

PORT

(%)

Non-PORT

(%)

All patients 115(100) 46(100) 69(100)

Gender

Male 80(69) 34(74) 46(67)

Female 35(31) 12(26) 23(33)

Age (years)

<60 63(55) 31(67) 32(46)

≥60 52(45) 15(33) 37(54)

ECOG scores

0 61(53) 30(65) 31(45)

1 47(41) 14(30) 33(48)

2 7(6) 2(5) 5(7)

Smoking status

Never-smoker 54(47) 23(50) 21(30)

Previous or current

smoker

61(53) 23(50) 39(70)

Histological subtype

Adenocarcinoma 75(65) 31(67) 44(64)

Squamous carcinoma 34(30) 12(26) 22(32)

Others 6(5) 3(7) 3(4)

EGFR mutations

Mutant 36(31) 15(33) 21(30)

Wild type 79(69) 31(67) 48(70)

Pathological stage

PT1N2 37(32) 12(26) 25(36)

PT2N2 66(57) 30(65) 33(48)

PT3N2 12(11) 4(9) 8(11)

Type of surgery

Lobectomy 91(79) 40(87) 51(74)

Sleeve lobectomy 13(11) 6(13) 7(15)

Pneumonectomy 11(10) 0(0) 11(16)

Cycles of POCT

<4 41(36) 18(39) 23(33)

≥4 74(64) 38(61) 46(67)

Number of total involved

nodes

<2 43 13 30

≥2 72 33 39
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deaths unrelated to cancer. Radiation toxicity, in the form

of pneumonia, esophagitis and cardiotoxicity, is the lead-

ing cause of treatment-related mortality. This is currently

believed to be due to old-fashioned radiotherapy equip-

ment, techniques and scheduling.23 At present, with the

improvements made to radiotherapy equipment and per-

sonnel technology, the number of deaths caused by radio-

therapy and unrelated to cancer has been greatly reduced.

In this study, postoperative radiotherapy, younger age,

lobectomy, smaller tumor diameter, and lower number of

positive lymph nodes were all suggested as independent

factors for better prognosis for patients who underwent

removal after N2 radical surgery. Due to the large number

of samples analyzed by Lally et al21, their conclusions

deserve our attention, suggesting that postoperative radio-

therapy can improve the survival rate of N2 patients.

Recently, Corso et al24 searched the National Cancer

Database to find 30,552 stage II~IIIA NSCLC patients

who received postoperative treatment. The 5-year OS

was significantly improved in the N2 patients, and post-

operative radiotherapy had a significant impact on the OS.

Patients who received 45~54Gy had a greater benefit than

Table 2 Univariate analysis of PFS and OS according to baseline characteristics

Variables PFS OS

HR 95%CI P-value HR 95%CI P-value

Gender 0.954 0.608–1.496 0.838 1.045 0.670–1.632 0.845

Male

Female

Age(years) 1.572 1.040–2.374 0.032 2.066 1.367–3.122 0.001

<60

≥60

Smoking status 0.840 0.545–1.247 0.036 0.705 0.463–1.074 0.011

Never-smoker

Previous or current smoker

Histological subtype 1.244 0.784–1.974 0.696 1.076 0.690–1.677 0.560

Non-squamous

Squamous

EGFR mutations 0.829 0.528–1.300 0.004 0.669 0.417–1.073 0.025

Mutant

Wild type

Pathological stage 0.941 0.623–1.441 0.790 0.872 0.66–1.54 0.512

PT1N2

PT2N2

PT3N2

Type of surgery 1.566 1.066–2.299 0.022 1.215 0.806–1.831 0.231

Lobectomy

Pneumonectomy

Cycles of POCT 0.598 0.432–0.827 0.002 0.669 0.475–0.942 0.021

<4

≥4

Number of total involved nodes 0.873 0.613–1.244 0.004 0.712 0.505–1.003 0.049

<2

≥2

Planned radiotherapy 2.306 1.459–3.645 <0.001 2.814 1.759–4.503 <0.001

Yes

No
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patients who received other doses; the 5-year OS for

patients who received 45~54Gy was 38%, but patients

who received higher than 54Gy had the same 5-year sur-

vival as those who did not receive PORT. The range of

surgical excision, extent of lymph node dissection and

dose of radiotherapy affected the curative effect of post-

operative radiotherapy. The RTOG standard recommends

that radiation therapy be started within 9 weeks of surgery,

but the precise timing remains to be studied. Our results

are consistent with the abovementioned results.

Furthermore, we also analyzed the effect of EGFR muta-

tion status on patient survival. EGFR mutation status was

not an independent factor that influenced long-term survi-

val, which is consistent with the results of previous

studies.25,26 We hypothesized that EGFR activation muta-

tions cause tumor cells to proliferate faster than normal.

On the one hand, the cells with EGFR mutations are

highly sensitive to treatment (including EGFR-TKIs, che-

motherapy, and radiotherapy), and the treatment shows

high efficacy. On the other hand, EGFR mutations make

the tumor cells highly invasive and prone to metastasis,

and metastases may rapidly develop once the disease pro-

gresses, thus offsetting the survival advantage.

Table 3 Multivariate analyses of PFS and OS according to baseline characteristics

Variables PFS OS

HR 95%CI P-value HR 95%CI P-value

Age(years) 0.944 0.602–1.482 0.803 0.850 0.544–1.331 0.478

<60

≥60

Smoking status 0.901 0.187–4.348 0.897 0.811 0.160–4.124 0.801

Never-smoker

Previous or current smoker

EGFR mutations 0.810 0.499–1.314 0.393 0.704 0.430–1.154 0.164

Mutant

Wild type

Type of surgery 1.511 0.982–2.145 0.074 1.332 0.759–1.784 0.053

Lobectomy

Pneumonectomy

Cycles of POCT 1.555 0.863–2.802 0.042 1.432 0.808–2.537 0.002

<4

≥4

Number of total involved nodes 1.113 0.236–4.243 0.002 1.089 0.222–4.343 0.017

<2

≥2

Planned radiotherapy 2.242 1.405–3.578 0.001 2.676 1.654–4.327 <0.001

Yes

No

Group A

1.0
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Figure 1 Kaplan-Meier progression-free survival curve.
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In this study, the multifactor analysis showed that the

number of chemotherapy cycles and the number of meta-

static lymph nodes were independent factors that influenced

long-term survival. This study suggests that postoperative

radiotherapy and chemotherapy were beneficial to stage

IIIA (N2) NSCLC with multistation metastasis. In terms

of reducing the recurrence rate and improving the disease-

free survival rate, postoperative radiotherapy was of posi-

tive value to N2 stage multistation metastasis.

Conclusions
Our analysis shows that in patients with NSCLC classified

as N2 nodal disease, OS and PFS could be improved by

adding PORT to chemotherapy and administering che-

motherapy for more than four cycles. Our analysis shows

that in patients with stage IIIA (N2) NSCLC, the OS and

PFS can be improved by combining chemotherapy with

adjuvant radiotherapy and administering chemotherapy for

more than 4 cycles. PORTcan improve the survival rate and

local relapse-free survival rate in patients with N2-positive

multistation lymph nodes. The EGFR mutation status was

not associated with long-term survival. Therefore, the effi-

cacy of chemotherapy combined with radiotherapy indi-

cates that this treatment method should be widely used in

the clinic. However, due to our small sample size, further

evaluations of patients with N2 non-small-cell lung cancer

undergoing surgical resection with EGFR mutations are

required for clinical research and exploration.

Abbreviation list
NSCLC, non-small cell lung cancer; PORT, Postoperative

radiotherapy; OS, overall survival; EGFR, epidermal growth

factor receptor mutation; ROCT, Postoperative chemother-

apy; TKI, tyrosine kinase inhibitor; PCR, polymerase chain

reaction; CT, computed tomography; MRI, magnetic reso-

nance imaging; WHO, World Health Organization; PS, per-

formance status; CTV, clinical target volume; PTV, planning

target volume; FDG-PET/CT, fluorodeoxyglucose positron

emission tomography computed tomography.
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