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Background: Recent studies indicate that EGFR-mutant non-small cell lung cancer (NSCLC) is a 
heterogeneous disease with varying prognosis. In order to design an optimized surveillance strategy and 
identify potential candidates for adjuvant therapy, the patterns and risks of postoperative recurrence in 
completely resected EGFR-mutant NSCLC should be investigated, which are currently largely unknown. 
Methods: Consecutive patients with curatively resected EGFR-positive NSCLC receiving standard 
adjuvant chemotherapy without EGFR tyrosine kinase inhibitors (TKI), with or without adjuvant 
radiotherapy, from January 2007 to December 2017 in our cancer center, were retrospectively reviewed. 
Prognostic significance of ten routine immunohistochemical (IHC) markers were examined. 
Results: After a median follow-up of 32 (range, 5–122) months, disease recurrence occurred in 197 (37.1%) 
of the 531 enrolled patients. The frequencies of thoracic recurrence, brain recurrence, bone recurrence, 
abdominal recurrence and neck recurrence, were 69.0%, 20.8%, 20.8%, 7.1% and 6.6%, respectively. Using 
the Cox regression model, tumor size, Ki67, CK20, and N stage were identified as independent predictors of 
overall recurrence. A nomogram predicting the 1-, 2-, and 3-year cumulative rate of overall recurrence was 
then developed and internally validated, with a bias-corrected C-index of 0.723 (95% CI, 0.675 to 0.771) and a 
small extent of “over-fitting” (0.8%). Risk factors of site-specific recurrence were also discovered. Additionally, 
using competing risk analyses, N stage, lymphovascular invasion (LVI) and CK5/6 were found as independent 
predictors of loco-regional recurrence. Among patients with N2-positive disease (n=91), adjuvant radiotherapy 
tended to prolong disease free survival (DFS) (P=0.067), but not overall survival (OS) (P=0.271). 
Conclusions: This study provides the proof of concept of using routine IHC markers, along with common 
clinical-pathological parameters, in predicting postoperative recurrence among completely resected EGFR-
mutant NSCLC. Adjuvant radiotherapy may improve DFS, but hard to prolong OS in N2-positive EGFR-
mutant NSCLC without further biomarker-guided patients’ selection. 
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Introduction

Non-small cell lung cancer (NSCLC) is the predominant 
subtype of lung cancer (1) and surgery remains to be 
the first treatment choice for early-stage NSCLC (2). 
However, postoperative recurrence still poses a significant 
threat to long-term survival and patients’ quality of life (3). 
Cisplatin-based adjuvant chemotherapy is the standard of 
care among patients with resected stage II-III NSCLC as 
well as a subset of stage IB NSCLC with extra risk factors, 
resulting in a 5-year disease free survival (DFS) lower than 
30%, at the cost of considerable toxicity (4). Additionally, 
accumulating evidence suggests that adjuvant radiotherapy 
could further improve DFS for N2-positive patients, but 
controversies remain (5,6). 

EGFR mutations can be detected in about 15% and up to 
50% of NSCLC, among Caucasian and Asian populations, 
respectively (7). EGFR-mutant NSCLC defines a distinct 
molecular subtype of lung cancers, which is sensitive to 
EGFR tyrosine kinase inhibitors (TKIs) (8). Hence, there 
are studies supporting the administration of EGFR TKIs 
in the adjuvant setting for patients with EGFR-mutant 
NSCLC (9-12). On the other hand, recent studies indicate 
that EGFR-mutant NSCLC is a heterogeneous disease 
with varying co-mutations, different histologic subtypes and 
distinct expression of oncoproteins (13-15). And thus, in 
order to design the optimal treatment strategy for adjuvant 
therapy, the patterns and risks of postoperative recurrence 
in curatively resected EGFR-positive NSCLC should be 
investigated. 

Recently, various routine immunohistochemical 
(IHC) markers have been found to have significant 
prognostic values in different human cancers, including 
esophageal adenocarcinoma (16), esophageal squamous cell  
carcinoma (17), urothelial carcinoma (18), and breast  
cancer (19). IHC analyses of Ki67, Her-2, TTF1, CK7, 
CK5/6, CK20, P63, synaptophysin (Syn), RRM1, and 
NapsinA are routinely performed for resected NSCLC, for 
the help of disease diagnosis and differential diagnosis (20).  
Nevertheless, few studies concerning the prognostic 
significance of these routinely used IHC markers in 
curatively resected EGFR-mutant NSCLC, are reported. 

Methods

Patients and clinical data collection 

We retrospectively reviewed NSCLC patients who 
underwent surgical resection with curative intention and 

had their postoperative samples tested for EGFR mutations 
at Fudan University Shanghai Cancer Center from January 
2007 to December 2017. Patients who underwent complete 
surgical resection (21), had pathologically confirmed 
EGFR mutation-positive stage I-III NSCLC and received 
standard adjuvant chemotherapy in comply with NCCN  
guidelines (22), were enrolled in our study. Of note, patients 
who received adjuvant radiotherapy and those who did 
not, were both allowed to be included. Exclusion criteria 
included neoadjuvant therapy, a second primary tumor, 
compromised resection, positive surgical margins, and death 
due to surgical complications. 

Clinical-pathological characteristics of each patient 
were obtained from electronic medical records including 
age, sex, smoking status, tumor size, TNM stage, tumor 
differentiation, tumor histology, lymphovascular invasion, 
visceral pleural invasion, the Eastern Corporative Oncology 
Group (ECOG) performance score and EGFR mutation 
subtype. Age at the time of curative resection was classified 
into two groups (≤65 and >65 years). Pathologic TNM 
stage was in accordance with the eighth edition Lung 
Cancer Stage Classification (23). Tumor differentiation 
was determined on the basis of the 2015 World Health 
Organization Classification of Tumors of the Lung, Pleura, 
Thymus and Heart (24). Histology of adenocarcinoma 
was categorized using the International Association for the 
Study of Lung Cancer, American Thoracic Society, and 
European Respiratory Society (IASLC/ATS/ERS) lung 
adenocarcinoma multidisciplinary classification (25). 

Detection of EGFR mutations was performed using the 
AMRS (amplification-refractory mutation system) method, 
and EGFR mutation subtypes were divided into two groups: 
common mutations including L858R and exon 19 deletion, 
and uncommon mutations such as G719X, L861Q, S768I 
and exon 20 insertions. IHC staining and evaluation 
were routinely performed in the Immunohistochemistry 
Diagnostic Laboratory of our cancer center. Data on the 
expression status of Her-2, TTF1, CK20, CK5/6, CK7, 
P63, RRM1, NapsinA, Ki67, and Syn, were collected for 
each patient. 

Follow-up and postoperative recurrence

Follow-up was scheduled at regular intervals: every  
3 months after surgery in the first 3 years, every 6 months 
for 3–5 years, and every 12 months afterward. Chest 
computed tomography (CT) scans and ultrasonography of 
abdominal and cervical regions were routinely performed, 
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while brain magnetic resonance imaging (MRI) and bone 
scanning were not mandatory, but at the discretion of the 
treating physicians. Telephone follow-up calls were also 
implemented. 

Postoperative recurrence was diagnosed considering 
all the evidence provided by CT, MRI, positron emission 
tomography-computed tomography (PET-CT) scan or 
pathologic confirmation. Site-specific recurrence was 
categorized into five groups: thoracic recurrence, brain 
recurrence, neck recurrence, abdominal recurrence, 
and bone recurrence. Metastasis to the region from the 
diaphragm to the pelvis as the initial recurrence site was 
described as abdominal recurrence. Neck recurrence 
indicated the initial recurrence in the cervical region, mainly 
compromising the cervical lymph node metastasis. The first 
relapse in the chest wall and thoracic cavity was defined 
as thoracic recurrence. Furthermore, initial recurrence 
developed at the resection margin, the anastomosis or the 
mediastinal or ipsilateral hilar lymph nodes, were considered 
as loco-regional recurrence. All other failures were defined 
as distant recurrence. Of note, thoracic recurrences that 
displayed as thoracic metastases or chest well metastases, 
which could not be categorized as loco-regional recurrence, 
were also defined as distant recurrence. 

Recurrence free survival (RFS) was calculated from the 
date of pathological diagnosis to the documentation of site-
specific recurrence or overall recurrence. Patients were 
censored at the last time of follow-up when no evidence of 
recurrence was found. Patients who died without recurrence 
were censored at time of death. DFS was calculated from the 
date of pathological diagnosis to the documentation of tumor 
recurrence or death due to any causes. Overall survival (OS) 
was calculated from the date of pathological diagnosis to death 
due to any causes. Our study followed The Declaration of 
Helsinki. The institutional review board of Fudan University 
Shanghai Cancer Center approved the study (IRB#090977-1). 
Informed consent was waived by the institutional review board 
because this was a retrospective study.

Statistical analysis

The indicators of overall recurrence were identified using 
the Cox proportional hazard regression model. The 
predictors of loco-regional recurrence and site-specific 
recurrence were selected using competing risk methodology 
and Stata version 13.1 software (StataCorp, College 
Station, TX, USA). The hazard ratio (HR) and the 95% 
confidence interval (CI) were calculated using coefficients 

from the model. The “rms” package in R project was 
used to construct a nomogram with independent variables 
selected in multivariate analysis. The Harrell’s concordance 
index (C-index) was calculated, which represented the 
model’s discriminative ability. For internal validation, the 
bootstrapping method (one thousand repetitions) was 
applied to evaluate the bias-corrected C-index and the 
extent of “over fitting” (26). For the evaluation of predictive 
accuracy, the calibration curves were plotted to compare 
nomogram-predicted and actual observed RFS probability. 
Kaplan-Meier method was used to estimate survival, and 
differences among groups were investigated by the log-
rank test. Statistical analysis was performed using SPSS 
21.0 (SPSS, Chicago, IL, USA) and R version 3.5.1 (The 
R Foundation for Statistical Computing). All assessment is 
considered to be significant when two-sided P value is less 
than 0.05. 

Results

Patient characteristics and expression of IHC markers

A total of 531 patients were finally enrolled in this study and 
a flowchart for patient selection in this study was presented 
in Figure S1. Of note, the baseline disease characteristics 
(including age, sex, TNM stage and tumor histology) of the 
1,183 patients tested for EGFR mutations and the whole 
population who underwent curative resection of NSCLC 
during the same time period, were generally well balanced 
(Table S1). Detailed baseline disease characteristics and 
expression levels of each IHC markers of the enrolled 
patients, were illustrated in Table 1. 

Patterns of postoperative recurrence 

Post-surgery, 169 patients received adjuvant chemotherapy 
(including all of the 158 patients with stage II-III NSCLC 
and 11 of the 109 patients with stage IB NSCLC and extra 
risk factors) and 28 patients received adjuvant radiotherapy 
(all of the patients had N2-positive NSCLC). After a 
median follow-up of 32 months (range, 5–122 months), 
disease recurrence was observed in 197 patients and  
4 patients died without documentation of disease recurrence. 
The median time from curative surgery to initial recurrence 
was 19 (95% CI, 16.63–21.37) months and the patterns of 
postoperative recurrence were displayed in Figure 1A. Briefly, 
136 (69.0%) patients had thoracic recurrence, 41 (20.8%) 
had brain recurrence, 41 (20.8%) had bone recurrence, 
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Table 1 Disease characteristics and expression of immunohistochemical 
markers 

Clinical-pathological characteristics Number of patients (%)

Age (years)

≤65 409 (77.0)

>65 122 (23.0)

Sex

Female 325 (61.2)

Male 206 (38.8)

Smoking status 

Never 418 (78.7)

Ever 113 (21.3)

Tumor size (cm)

≤2.0 271 (51.0)

>2.0 260 (49.0)

T stage

T1 404 (76.1)

T2 105 (19.8)

T3 14 (2.6)

T4 8 (1.5)

N stage

N0 388 (73.1)

N1 52 (9.8)

N2 91 (17.1)

Pathologic TNM stage

I 373 (70.2)

II 61 (11.5)

III 97 (18.3)

ECOG performance score 

0-1 504 (94.9)

2 27 (5.1)

Type of EGFR mutation

L858R 228 (42.9)

19del 244 (46.0)

Uncommon mutations 59 (11.1)

Lymphovascular invasion

Absent 434 (81.7)

Present 97 (18.3)

Table 1 (continued)

Table 1 (continued)

Clinical-pathological characteristics Number of patients (%)

Visceral pleural invasion

Absent 436 (82.1)

Present 95 (17.9)

Histological differentiation

Well 56 (10.5)

Moderate 441 (83.1)

Poor 34 (6.4)

Histology

Adenocarcinoma

Lepidic 23 (4.3)

Acinar 366 (68.9)

Papillary 73 (13.8)

Micropapillary 16 (3.0)

Solid 38 (7.2)

Variant 7 (1.3)

Adenosquamous 8 (1.5)

Her2 

− 314 (59.1)

+ 217 (40.9)

Ki67

≤10% 276 (52.0)

>10% 255 (48.0)

TTF1

− 59 (11.2)

+ 472 (88.8)

CK20

− 494 (93.0)

+ 37 (7.0)

CK7 

− 463 (87.2)

+ 68 (12.8)

CK5/6

− 503 (94.7)

+ 28 (5.3)

Table 1 (continued)
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14 (7.1%) had abdominal recurrence, 13 (6.6%) had neck 
recurrence and 42 (21.3%) had more than one site of initial 
recurrence. The cumulative incidence of overall and site-
specific recurrence was depicted in Figure 1B. In this figure, 
patients who developed their initial recurrence in the thoracic 
region, with or without simultaneous recurrence in other 
regions, were counted as “thoracic recurrence”. This was also 
the case in other types of recurrence. Of note, recurrence 
at the resection margin or the anastomosis was observed 
in 6 patients (3 of the patients had distant recurrence 
simultaneously) and recurrence in the mediastinal or hilar 
lymph nodes was observed in 28 patients (7 of the patients 
had distant recurrence simultaneously). Hence, loco-regional 
recurrence occurred in 34 patients, accounting for 25.0% of 
thoracic recurrence.

Specifically, among patients with N2-positive EGFR-
mutant NSCLC (n=91), 62 (68.1%) experienced disease 
recurrence by the time of data cut-off and the frequencies 
of thoracic recurrence, brain recurrence, bone recurrence, 
abdominal recurrence and neck recurrence, were 58.1%, 
22.6%, 24.2%, 12.9% and 14.5%, respectively. Of note, 
among patients with N2-positive disease, initial relapse in 
the mediastinal or hilar lymph nodes occurred in 11 cases (3 
of the patients had distant recurrence simultaneously) and 
initial recurrence at the resection margin (also had distant 
recurrence simultaneously) occurred in 1 case. 

Risk factors of postoperative recurrence 

Univariate Cox regression analyses revealed that tumor 
size, N stage, tumor histology, tumor differentiation, 
lymphovascular invasion, visceral pleural invasion, as well 
as Ki67, TTF1, CK20, CK7, and CK5/6 were significantly 
associated with overall recurrence. Multivariate Cox 
regression analyses identified tumor size, N stage, Ki67 
and CK20 as independent predictors of overall recurrence 
(Table 2). In addition, univariate Cox regression analyses of 
clinical-pathological factors and IHC markers associated 
with thoracic, brain, bone, abdominal, and neck recurrences, 
were illustrated in Table S2. Detailed information on the 
independent indicators of site-specific recurrences was 
summarized in Table S3. For each site-specific recurrence, 
initial relapse at other sites were defined as competing events. 

Using distant recurrence as a competing event, univariate 
competing risk analyses found that tumor size, N stage, 
tumor histology, lymphovascular invasion, visceral pleural 
invasion, and CK5/6 were significantly associated with 

Table 1 (continued)

Clinical-pathological characteristics Number of patients (%)

P63

− 401 (75.5)

+ 130 (24.5)

RRM1

− 506 (95.3)

+ 25 (4.7)

NapsinA

− 50 (9.4)

+ 481 (90.6)

Syn

− 463 (87.2)

+ 68 (12.8)

EGFR, epidermal growth factor receptor; ECOG, the Eastern 
Corporative Oncology Group.
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Figure 1 Patterns of initial recurrence in EGFR-mutant 
NSCLC after curative resection. (A) Pie chart demonstrating the 
distribution of initial recurrence site; (B) cumulative incidence 
of overall and site-specific recurrence. EGFR, epidermal growth 
factor receptor; NSCLC, non-small cell lung cancer.
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Table 2 Univariate and multivariate analyses of clinical-pathological factors and IHC markers associated with overall recurrence 

Variable
Univariate analyses Multivariate analyses

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

Age (≤65 vs. >65) 1.096 (0.788–1.523) 0.586

Sex (female vs. male) 1.127 (0.844–1.506) 0.418

Smoking (never vs. ever) 1.427 (0.892–1.972) 0.125

Tumor size (≤2.0 vs. >2.0) 2.564 (1.901–3.459) <0.001 1.886 (1.285–2.770) 0.001

N stage (N0-1 vs. N2) 3.744 (2.751–5.095) <0.001 2.343 (1.542–3.559) <0.001

Histology (G vs. A)# 1.761 (1.192–2.602) 0.004 1.247 (0.873–2.135) 0.235

Differentiation (W vs. P) 1.751 (1.098–2.792) 0.019 1.345 (0.783–2.023) 0.452

LVI (− vs. +) 2.278 (1.651–3.142) <0.001 1.983 (0.927–2.374) 0.089

VPI (− vs. +) 2.111 (1.555–2.865) <0.001 1.763 (0.892–1.973) 0.092

ECOG (0-1 vs. 2) 4.134 (0.876–7.281) 0.128

EGFR mutation (C vs. U) 0.826 (0.538–1.269) 0.383

Her2 (− vs. +) 1.271 (0.918–1.760) 0.149

Ki67 (≤10% vs. >10%) 2.283 (1.664–3.132) <0.001 1.924 (1.292–2.863) 0.001

TTF1 (− vs. +) 0.587 (0.374–0.922) 0.021 0.872 (0.479–1.324) 0.452

CK20 (− vs. +) 2.035 (1.225–3.379) 0.006 1.932 (1.088–3.429) 0.025

CK7 (− vs. +) 0.512 (0.320–0.818) 0.005 0.679 (0.437–1.384) 0.219

CK5/6 (− vs. +) 2.570 (1.447–4.565) 0.001 2.175 (0.783–3.234) 0.106

P63 (− vs. +) 1.008 (0.697–1.458) 0.965

RRM1 (− vs. +) 0.897 (0.581–1.387) 0.626

NapsinA (− vs. +) 1.275 (0.755–2.154) 0.363

Syn (− vs. +) 1.339 (0.680–2.637) 0.398
#, micropapillary subtype of invasive adenocarcinoma, solid subtype of invasive adenocarcinoma and adenosquamous lung carcinomas 
were defined as “aggressive” (A) tumor histology, while the others were defined as “general” (G). EGFR, epidermal growth factor receptor; 
HR, hazard ratios; CI, confidence intervals; LVI, lymphovascular invasion; VPI, visceral pleural invasion; ECOG, the Eastern Corporative 
Oncology Group; W, well/moderate; P, poor; C, common; U, uncommon.

loco-regional recurrence. Multivariate competing risk analyses 
revealed that N stage, lymphovascular invasion and CK5/6 were 
independent predictors of loco-regional recurrence (Table 3).

Nomogram development and internally validation 

A nomogram based on the four independent indicators of 
overall recurrence was developed to calculate the 1-, 2-, 
and 3-year RFS probability (Figure 2). N stage contributed 
most in the nomogram, followed by CK20 expression, Ki67 
index, and tumor size. The concordance index (C-index) 
of the RFS prediction was 0.754 (95% CI, 0.685 to 0.791), 

representing moderate discriminative power of this 
predictive model. The bias-corrected C-index was 0.723 
(95% CI, 0.675 to 0.771), and the extent of “over-fitting” 
was small (0.8%). Calibration curves (Figure 3) depicted 
good agreement between the predicted 1-, 2-, and 3-year 
recurrence-free survival and the actual observation from 
Kaplan-Meier estimates.

Prognostic significance of adjuvant radiotherapy 

Adjuvant radiotherapy is repeated proposed for patients 
with N2-positive NSCLC (5,6), but its clinical value has 
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Table 3 Competing risk analyses of clinical-pathological factors and IHC markers associated with loco-regional recurrence 

Variable
Univariate analyses Multivariate analyses

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

Age (≤65 vs. >65) 0.967 (0.356–2.625) 0.948

Sex (female vs. male) 1.161 (0.496–2.717) 0.730

Smoking (never vs. ever) 1.023 (0.782–3.721) 0.235

Tumor size (≤2.0 vs. >2.0) 3.851 (1.508–9.834) 0.005 3.587 (0.982–8.831) 0.067

N stage (N0-1 vs. N2) 4.583 (1.888–11.128) 0.001 4.087 (1.879–9.752) 0.013

Histology (G vs. A)# 2.759 (1.017–7.485) 0.046 1.876 (0.763–6.734) 0.276

Differentiation (W vs. P) 2.468 (0.772–7.888) 0.127

LVI (− vs. +) 3.771 (1.611–8.829) 0.002 3.704 (1.187–11.557) 0.024

VPI (− vs. +) 2.383 (1.014–5.597) 0.046 3.033 (0.912–9.091) 0.068

ECOG (0-1 vs. 2) 3.781 (0.903–5.385) 0.125

EGFR mutation (C vs. U) 0.663 (0.183–2.400) 0.531

Her2 (− vs. +) 0.535 (0.188–1.524) 0.242

Ki67 (≤10% vs. >10%) 2.214 (0.912–5.375) 0.079

TTF1 (− vs. +) 0.373 (0.083–1.677) 0.199

CK20 (− vs. +) 1.009 (0.133–7.652) 0.993

CK7 (− vs. +) 0.559 (0.149–2.104) 0.390

CK5/6 (− vs. +) 4.874 (1.392–17.065) 0.013 5.624 (1.577–20.054) 0.028

P63 (− vs. +) 1.703 (0.640–4.530) 0.286

RRM1 (− vs. +) 25.460 (0.064–10,055.218) 0.289

NapsinA (− vs. +) 0.785 (0.222–2.770) 0.707

Syn (− vs. +) 0.040 (0.000–318.890) 0.483
#, micropapillary subtype of invasive adenocarcinoma, solid subtype of invasive adenocarcinoma and adenosquamous lung carcinomas 
were defined as “aggressive” (A) tumor histology, while the others were defined as “general” (G). EGFR, epidermal growth factor receptor; 
HR, hazard ratios; CI, confidence intervals; LVI, lymphovascular invasion; VPI, visceral pleural invasion; ECOG, the Eastern Corporative 
Oncology Group; W, well/moderate; P, poor; C, common; U, uncommon. 

not been explored in EGFR-mutant NSCLC. In our 
study, 28 of the 91 N2-positive patients received adjuvant 
radiotherapy, the baseline disease characteristics of those 
who received adjuvant radiotherapy and those who did not, 
were generally balanced (Table S4). Adjuvant radiotherapy 
tended to prolong DFS (Figure 4A), but failed to improve 
OS (Figure 4B), among patients with N2-positive disease. 
Furthermore, among 61 N2-positive patients with LVI 
and/or CK5/6 expression, 15 patients received adjuvant 
radiotherapy. Among this subgroup of N2-positive patients, 
adjuvant radiotherapy significantly prolonged DFS 
(P=0.041), but again failed to improve OS (P=0.138). 

Discussion

Prior investigations have already established a number 
of clinical-pathological predictive models for evaluating 
postoperative recurrence risk in NSCLC (27,28), but few 
study has focused on the patterns and risks of postoperative 
recurrence from curative resected EGFR-positive NSCLC (29). 
In addition, recent discoveries have broken new ground in 
the prognostic significances of IHC biomarkers for survival 
prediction and risk stratification (17,30). In the current 
study, we selected ten routine IHC markers and investigated 
their association with postoperative recurrence in EGFR-
positive NSCLC. To the best of our knowledge, this is the 
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Figure 4 Prognostic significance of adjuvant radiotherapy in EGFR-mutant NSCLC. Kaplan-Meier survival curve stratified by the status 
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first study incorporating common clinical-pathological 
parameters and a large panel of routine IHC markers to 
predict overall, site-specific and loco-regional recurrence, 
which may help to identify potential candidate of adjuvant 
therapy in EGFR-mutant NSCLC. 

As a convenient tool for diagnosis and classification of 
lung cancer, IHC analyses of a broad panel of biomarkers 
were routinely conducted after surgical resection, but 
their prognostic values have not been fully understood. 
High level of TTF1 expression was identified as an 
independent predictive factor of improved prognosis in 
lung adenocarcinomas (31). The Ki67 index is of great 
importance for the evaluation of cell proliferation. The 
combination of Ki67 expression and KRAS mutation 
status showed an excellent performance in postoperative 
recurrence prediction for stage I lung adenocarcinoma 
patients (32). In the current study, we focused on the 
prognostic significance of an extensive array of routinely 
used IHC markers and four IHC biomarkers, including 
Ki67, CK20, CK5/6, and Syn, were finally identified as 
the independent indicators of overall recurrence and site-
specific recurrence. Syn is a biomarker of neuroendocrine 
differentiation and highly metastatic clinical behavior 
of NSCLC with neuroendocrine differentiation has 
been noted (33). Conversely, other studies found no 
significant correlation between neuroendocrine markers 
and the prognosis of NSCLC (34). In our study, Syn was 
identified as an independent indicator of brain recurrence. 
Cytokeratins (CKs) are cytoskeletal proteins located in the 
epithelial cells and previous studies have mainly focused on 
the their diagnostic roles in the classification of NSCLC 
and the identification of the origin of tumors with unknown 
primary (35,36). However, CKs might also act as potential 

prognosis factors. Basal CKs including CK5/6 and CK14 
have been shown to be associated with worse prognosis in 
lymph node-negative triple-negative breast cancer (37). 
CK20 expression has been reported to be independent 
indicators of RFS in pT1 urothelial bladder cancer (30). 
In the current study, CK5/6 and CK20 were identified to 
independently associated with thorax recurrence and brain 
recurrence, respectively. Furthermore, CK20 and Ki67 were 
both incorporated into the nomogram for predicting overall 
RFS in EGFR-mutant NSCLC patients. The advantage of 
our nomogram lies in its clinical utility as an easy-to-use 
tool of risk prediction. All the clinical-pathological variables 
and IHC markers included in this nomogram were routinely 
evaluated after surgical resection. Therefore, physicians 
can directly obtain the information of each variable, which 
facilitates the process of decision-making.

One strength of the present study is enrolling only 
patients receiving standard adjuvant chemotherapy. As 
shown in Table S1, 29 (4.7%) patients, including those 
with stage II-III NSCLC but not receiving adjuvant 
chemotherapy and those receiving adjuvant EGFR 
TKIs instead of adjuvant chemotherapy, were excluded. 
There were several rationales to do this. Firstly, adjuvant 
platinum-based chemotherapy could significant decrease 
the risk of postoperative recurrence and alter the patterns 
of initial relapse among stage II-III NSCLC (4,38). 
Since this has been widely accepted as the standard of 
care, patients with stage II-III NSCLC but didn’t receive 
adjuvant chemotherapy were excluded. Secondly, although 
adjuvant EGFR TKIs were shown to improve DFS 
compared with adjuvant chemotherapy, concerns remain 
that EGFR TKIs could not increase the proportion of 
patients achieving a cure and thus could not significantly 
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prolong OS (39,40). However, it has been reported that 
the patterns of postoperative recurrence between patients 
receiving adjuvant EGFR TKIs and those receiving 
adjuvant chemotherapy, are dramatically different (29). In 
order to rule out the possible confounding factors, patients 
receiving adjuvant EGFR TKIs were excluded. In fact, the 
percentage of patients receiving adjuvant EGFR TKIs in 
our cancer center from January 2007 to December 2017, 
was quite low (<3%). 

On the other hand, patients receiving adjuvant 
radiotherapy and those who did not, were both allowed to 
be included. Previous studies revealed that postoperative 
radiation therapy imparted a survival benefit in N2-positive 
NSCLC (5,41). However, investigations examining the 
clinical value of adjuvant radiotherapy in N2-positive 
EGFR-mutant NSCLC, are seldom reported. In our study, 
N stage, lymphovascular invasion and CK5/6 were revealed 
to be independent indicators of loco-regional recurrence, 
and adjuvant radiotherapy was found to have a trend to 
improve DFS in N2-positive patients. As the survival curve 
separated markedly from the early beginning, it was highly 
possible that adjuvant radiotherapy could significantly 
prolong DFS in N2-positive EGFR-mutant NSCLC, 
if the sample size was larger. Nevertheless, adjuvant 
radiotherapy failed to improve OS in our study, even in the 
subgroup of patients with extra risk factors of loco-regional 
recurrence. Among unselected N2-positive NSCLC, 
adjuvant radiotherapy was repeated shown to prolong OS 
in retrospective and population-based studies (5,6,41), but 
data from prospective randomized clinical trials was limited 
and conflicting (42). EGFR-mutant NSCLC has a indolent 
biological behavior and is sensitive to EGFR TKIs after 
disease progression, and thus patients with EGFR-mutant 
NSCLC generally have a quite long OS allowing various 
kinds of concurrent, consolidative or salvage radiotherapy 
to be administered after tumor recurrence (38,43,44), 
making it hard for adjuvant radiotherapy to have a 
significant OS benefit. 

Our study also has several limitations. First, as a 
retrospective study, postoperative follow-ups were generally 
at the discretion of the treating physicians and were not 
unified. And thus, patients with asymptomatic recurrence 
may be underestimated, especially for those with brain and/
or bone metastases. Second, we only performed internal 
validation for the constructed nomogram. Since the bias-
corrected C-index displayed moderate discriminative power 
and the extent of “over-fitting” was small during internal 
validation, external validation of the nomogram was highly 

warranted. Lastly, as certain selection bias may exist in our 
study, the prognostic significance of adjuvant radiotherapy 
needs to be interpreted with caution. However, as shown in 
Table S4, the baseline disease characteristics of patients who 
received adjuvant radiotherapy and those who did not, were 
generally balanced. 
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NSCLC patients who underwent curative resection 
at Fudan University Shanghai Cancer Center from 

January 2007 to December 2017 
(n=8,379)

Patients who received neoadjuvant 
therapy (n=267)

Patients with wild type EGFR (n=571)

Patients undergoing curative resection without 
neoadjuvant therapy

(n=8,112)

Excluded:
• 25 patients with a second primary malignancy 
• 11 patients whose detailed information on 

first sites of recurrence was insufficient
• 2 patient who died of surgical complications
• 14 patients who were lost to follow-up
• 29 patients who didn’t receive standard 

adjuvant chemotherapy 

Patients who had their tumor specimens tested for 
EGFR mutations

(n=1,183)

Patients harboring EGFR mutations
(n=612)

Patients finally enrolled in this study
(n=531)

Figure S1 Flowchart of patient enrollment. NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor receptor.

Supplementary

Table S1 Baseline characteristics of NSCLC patients who underwent curative resection and who had their EGFR mutation tested after curative 
resection from January 2007 to December 2017

Variable The whole population (n=8,379) EGFR tested (n=1,183) P

Age (years) 0.481

≤65 6,032 (72.0%) 840 (71.0%)

>65 2,347 (28.0%) 343 (29.0%)

Sex 0.938

Female 5,274 (62.9%) 746 (63.1%)

Male 3,105 (37.1%) 437 (36.9%)

Pathologic TNM stage 0.168

I 6,123 (73.1%) 844 (71.3%)

II 1,347 (16.1%) 189 (16.0%)

III 909 (10.8%) 150 (12.7%)

Histology 0.491

Squamous carcinoma 2,053 (24.5%) 279 (23.6%)

Non-squamous carcinoma 6,326 (75.5%) 904 (76.4%)

NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor receptor.



T
ab

le
 S

2 
U

ni
va

ri
at

e 
co

m
pe

tin
g 

ri
sk

 a
na

ly
se

s 
of

 c
lin

ic
al

-p
at

ho
lo

gi
ca

l f
ac

to
rs

 a
nd

 I
H

C
 m

ar
ke

rs
 a

ss
oc

ia
te

d 
w

ith
 s

ite
-s

pe
ci

fic
 r

ec
ur

re
nc

e

Va
ria

bl
e

Th
or

ac
ic

 re
cu

rr
en

ce
B

ra
in

 re
cu

rr
en

ce
B

on
e 

re
cu

rr
en

ce
A

bd
om

in
al

 re
cu

rr
en

ce
N

ec
k 

re
cu

rr
en

ce

H
R

 (9
5%

 C
I)

P
H

R
 (9

5%
 C

I)
P

H
R

 (9
5%

 C
I)

P
H

R
 (9

5%
 C

I)
P

H
R

 (9
5%

 C
I)

P

A
ge

 (≤
65

 v
s.

 >
65

)
1.

22
 (0

.8
3–

1.
80

)
0.

30
7

0.
59

 (0
.2

5–
1.

40
)

0.
23

3
1.

10
 (0

.5
4–

2.
25

)
0.

78
8

0.
94

 (0
.2

6–
3.

36
)

0.
91

8
1.

02
 (0

.2
8–

3.
70

)
0.

98
2

S
ex

 (F
 v
s.

 M
)

1.
52

 (1
.0

8–
2.

14
)

0.
01

8
0.

71
 (0

.3
6–

1.
40

)
0.

32
4

0.
69

 (0
.3

5–
1.

25
)

0.
27

9
1.

68
 (0

.5
9–

4.
80

)
0.

33
0

1.
04

 (0
.3

4–
3.

18
)

0.
94

6

S
m

ok
in

g 
(N

 v
s.

 E
)

1.
32

 (1
.1

2–
1.

57
)

0.
04

2
0.

89
 (0

.6
7–

0.
97

)
0.

03
6

0.
97

 (0
.7

4–
1.

76
)

0.
87

2
1.

78
 (0

.6
7–

2.
38

)
0.

72
1

1.
83

 (0
.8

5–
4.

32
)

0.
10

7

Tu
m

or
 s

iz
e 

(≤
2.

0 
vs
. >

2.
0)

2.
18

 (1
.5

3–
3.

10
)

<
0.

00
1

6.
21

 (2
.7

5–
14

.0
)

<
0.

00
1

2.
66

 (1
.3

8–
5.

15
)

0.
00

4
7.

35
 (1

.6
4–

32
.9

)
0.

00
9

6.
53

 (1
.4

4–
25

.5
)

0.
01

5

N
 (N

0–
1 
vs
. N

2)
3.

05
 (2

.0
6–

4.
51

)
<

0.
00

1
4.

10
 (2

.1
3–

7.
89

)
<

0.
00

1
4.

08
 (2

.1
4–

7.
78

)
<

0.
00

1
9.

36
 (3

.2
0–

27
.4

)
<

0.
00

1
15

.2
 (4

.6
0–

50
.4

)
<

0.
00

1

H
is

to
lo

gy
 (G

 v
s.

 A
)

1.
85

 (1
.1

6–
2.

95
)

0.
01

0
2.

63
 (1

.2
5–

5.
50

)
0.

01
1

1.
29

 (0
.5

1–
3.

29
)

0.
59

5
1.

57
 (0

.3
5–

7.
03

)
0.

55
5

3.
95

 (1
.2

2–
12

.8
)

0.
02

2

D
iff

er
en

tia
tio

n 
(W

 v
s.

 P
)

1.
42

 (0
.7

8–
2.

56
)

0.
25

3
2.

51
 (0

.9
8–

6.
40

)
0.

05
4

2.
38

 (0
.9

3–
6.

61
)

0.
07

0
6.

58
 (2

.0
6–

21
.0

)
0.

00
1

5.
15

 (1
.4

2–
18

.7
)

0.
01

3

LV
I (

−
 v
s.

 +
)

2.
06

 (1
.3

8–
3.

07
)

<
0.

00
1

2.
67

 (1
.3

6–
5.

27
)

0.
00

5
2.

23
 (1

.1
1–

4.
49

)
0.

02
4

2.
40

 (0
.7

4–
7.

75
)

0.
14

3
4.

94
 (1

.6
3–

14
.9

)
0.

00
5

V
P

I (
−

 v
s.

 +
)

1.
99

 (1
.3

7–
2.

89
)

<
0.

00
1

2.
02

 (1
.0

3–
4.

00
)

0.
04

0
2.

85
 (1

.5
1–

5.
38

)
0.

00
1

1.
97

 (0
.6

2–
6.

28
)

0.
25

3
1.

48
 (0

.4
1–

5.
39

)
0.

55
0

E
C

O
G

 (0
–1

 v
s.

 2
)

2.
21

 (0
.7

8–
3.

21
)

 0
.7

64
3.

17
 (0

.8
7–

5.
21

)
0.

42
7

3.
87

 (0
.6

7–
7.

83
)

0.
16

3
3.

71
 (0

.6
5–

5.
82

)
0.

21
4

3.
18

 (0
.8

1–
5.

21
)

0.
30

8

E
G

FR
 m

ut
at

io
n 

(C
 v
s.

 U
)

0.
91

 (0
.5

6–
1.

49
)

0.
71

2
0.

72
 (0

.2
6–

2.
03

)
0.

53
8

0.
54

 (0
.1

7–
1.

74
)

0.
29

8
0.

52
 (0

.0
7–

4.
00

)
0.

52
9

0.
59

 (0
.0

8–
4.

58
)

0.
61

7

H
E

R
2 

(−
 v
s.

 +
)

1.
10

 (0
.7

5–
1.

61
)

0.
63

3
1.

75
 (0

.8
3–

3.
70

)
0.

14
6

1.
71

 (0
.8

5–
3.

44
)

0.
13

4
0.

38
 (0

.0
8–

1.
78

)
0.

21
4

1.
39

 (0
.4

0–
4.

81
)

0.
60

1

K
i6

7 
(≤

10
%

 v
s.

 >
10

%
)

2.
25

 (1
.5

5–
3.

28
)

<
0.

00
1

4.
24

 (1
.9

2–
9.

38
)

<
0.

00
1

3.
14

 (1
.5

1–
6.

55
)

0.
00

2
5.

27
 (1

.1
2–

24
.9

)
0.

03
6

2.
09

 (0
.6

1–
7.

16
)

0.
23

9

TT
F1

 (−
 v
s.

 +
)

0.
56

 (0
.3

2–
0.

96
)

0.
03

4
0.

86
 (0

.3
5–

2.
11

)
0.

74
3

0.
57

 (0
.2

0–
1.

62
)

0.
28

9
0.

75
 (0

.1
5–

3.
62

)
0.

71
6

0.
03

 (0
.0

0–
24

.9
)

0.
31

0

C
K

20
 (−

 v
s.

 +
) 

1.
98

 (1
.0

9–
3.

62
)

0.
02

6
4.

03
 (1

.6
4–

9.
93

)
0.

00
2

2.
26

 (0
.7

9–
4.

68
)

0.
12

8
2.

14
 (0

.2
6–

17
.5

)
0.

47
6

0.
05

 (0
.0

0–
21

8)
0.

57
3

C
K

7 
(−

 v
s.

 +
)

0.
55

 (0
.3

3–
0.

94
)

0.
02

8
0.

39
 (0

.1
2–

1.
29

)
0.

12
1

0.
74

 (0
.2

8–
1.

98
)

0.
54

7
0.

67
 (0

.1
3–

3.
52

)
0.

63
8

0.
03

 (0
.0

0–
18

.8
)

0.
27

7

C
K

5/
6 

(−
 v
s.

 +
)

2.
76

 (1
.4

3–
5.

31
)

0.
00

3
0.

95
 (0

.1
3–

7.
00

)
0.

95
7

1.
71

 (0
.4

1–
7.

26
)

0.
46

4
6.

30
 (1

.3
0–

30
.5

)
0.

02
2

0.
05

 (0
.0

0–
94

5)
0.

68
7

P
63

 (−
 v
s.

 +
)

1.
09

 (0
.7

1–
1.

66
)

0.
70

4
0.

58
 (0

.2
2–

1.
53

)
0.

27
2

1.
63

 (0
.7

7–
3.

47
)

0.
20

4
0.

88
 (0

.2
3–

3.
40

)
0.

86
0

2.
12

 (0
.5

6–
8.

00
)

0.
26

7

R
R

M
1 

(−
 v
s.

 +
)

0.
86

 (0
.5

2–
1.

43
)

0.
57

0
1.

56
 (0

.4
7–

5.
12

)
0.

46
5

0.
87

 (0
.3

3–
2.

24
)

0.
76

6
0.

61
 (0

.1
3–

2.
93

)
0.

53
3

1.
48

 (0
.1

9–
11

.6
)

0.
70

6

N
ap

si
nA

 (−
 v
s.

 +
)

1.
04

 (0
.5

9–
1.

84
)

0.
89

5
1.

34
 (0

.4
0–

4.
46

)
0.

63
2

1.
32

 (0
.4

0–
4.

39
)

0.
64

6
1.

64
 (0

.2
1–

12
.9

)
0.

63
8

1.
06

 (0
.1

3–
8.

83
)

0.
95

4

S
yn

 (−
 v
s.

 +
)

0.
91

 (0
.3

6–
2.

31
)

0.
84

0
4.

29
 (1

.4
0–

13
.1

)
0.

01
1

0.
48

 (0
.0

6–
3.

61
)

0.
47

2
0.

04
 (0

.0
0–

52
4)

0.
65

6
0.

04
 (0

.0
0–

98
5)

0.
53

6

IH
C

, i
m

m
un

oh
is

to
ch

em
ic

al
; E

G
FR

, e
pi

de
rm

al
 g

ro
w

th
 fa

ct
or

 re
ce

pt
or

; H
R

, h
az

ar
d 

ra
tio

s;
 C

I, 
co

nf
id

en
ce

 in
te

rv
al

s;
 L

V
I, 

ly
m

ph
ov

as
cu

la
r 

in
va

si
on

; V
P

I, 
vi

sc
er

al
 p

le
ur

al
 in

va
si

on
; 

E
C

O
G

, 
th

e 
E

as
te

rn
 C

or
po

ra
tiv

e 
O

nc
ol

og
y 

G
ro

up
. 

F,
 f

em
al

e;
 M

, 
m

al
e;

 N
, 

N
ev

er
; 

E
, 

E
ve

r;
 G

, 
ge

ne
ra

l; 
A

, 
ag

gr
es

si
ve

; 
W

, 
w

el
l/m

od
er

at
e;

 P
, 

po
or

; 
C

, 
co

m
m

on
 m

ut
at

io
ns

; 
U

, 
un

co
m

m
on

 m
ut

at
io

ns
.



Table S3 Multivariate competing risk analyses of independent indicators of site-specific recurrence

Variable HR 95% CI P

Thoracic recurrence

Tumor size (≤2.0 vs. >2.0 cm) 1.167 1.147–2.648 0.009

Ki67 (≤10% vs. >10%) 2.214 1.427–3.421 0.001

Sex (female vs. male) 1.671 1.103–2.517 0.036

N stage (N0–1 vs. N2) 1.643 1.128–2.837 0.028

Histology (general vs. aggressive) 1.578 0.862–3.553 0.193

LVI (absence vs. presence) 1.997 0.905–2.813 0.245

VPI (absence vs. presence) 1.649 0.782–2.422 0.337

TTF1 (− vs. +) 0.721 0.507–1.371 0.573

CK20 (negative vs. positive) 1.878 0.907–3.872 0.224

CK7 (− vs. +) 0.892 0.407–2.034 0.417

CK5/6 (negative vs. positive) 2.173 0.718–3.983 0.493

Smoking (never vs. ever) 1.21 0.916–1.726 0.118

Brain recurrence

Tumor size (≤2.0 vs. >2.0 cm) 9.273 1.374–72.12 0.031

N stage (N0–1 vs. N2) 3.721 1.172–11.97 0.038

CK20 (negative vs. positive) 4.271 1.452–13.18 0.017

Syn (negative vs. positive) 4.378 1.429–14.95 0.015

Histology (general vs. aggressive) 1.973 0.962–3.973 0.183

LVI (absence vs. presence) 2.436 0.783–3.263 0.318

VPI (absence vs. presence) 1.887 0.621–2.872 0.445

Ki67 (≤10 % vs. >10%) 3.863 0.918–4.883 0.099

Smoking (never vs. ever) 0.907 0.815–1.252 0.137

Bone recurrence

N stage (N0–1 vs. N2) 4.027 1.966–8.248 <0.001

Ki67 (≤10% vs. >10%) 2.345 1.091–5.039 0.029

Tumor size (≤2.0 vs. >2.0 cm) 2.167 0.982–5.234 0.108

LVI (absence vs. presence) 2.086 0.871–3.497 0.238

VPI (absence vs. presence) 2.357 0.924–4.872 0.372

Abdominal recurrence

N stage (N0–1 vs. N2) 11.047 2.891–42.209 <0.001

Tumor size (≤2.0 vs. >2.0 cm) 5.236 0.783–10.237 0.127

Differentiation (well/moderate vs. poor) 4.371 0.639–18.473 0.378

Ki67 (≤10% vs. >10%) 4.872 0.579–11.238 0.381

CK5/6 (negative vs. positive) 5.269 0.421–17.215 0.457

Neck recurrence

N stage (N0–1 vs. N2) 15.236 4.607–50.390 <0.001

Tumor size (≤2.0 vs. >2.0 cm) 5.792 0.892–10.378 0.218

Differentiation (well/moderate vs. poor) 4.831 0.736–11.861 0.387

Histology (general vs. aggressive) 2.871 0.674–9.763 0.217

LVI (absence vs. presence) 4.082 0.873–8.973 0.327

HR, hazard ratios; CI, confidence intervals; LVI, lymphovascular invasion; VPI, visceral pleural invasion.



Table S4 Baseline characteristics of stage III/N2 patients who 
received adjuvant RT and those who didn’t (non-RT) 

Variable RT Non-RT P

Age (years) 0.163

≤65 25 47

>65 3 16

Sex 0.547

Female 15 38

Male 13 25

Pathologic T stage 0.067

T1 11 37

T2 15 18

T3 2 3

T4 0 5

Histology 0.523

Adenosquamous carcinoma 1 1

Adenocarcinoma 27 62

ECOG performance score 0.711

0–1 26 57

2 2 6

RT, radiotherapy; ECOG, the Eastern Corporative Oncology 
Group.


