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Abstract

Background EGFR inhibitor and immunotherapy have been approved for adjuvant treatment in resectable non-
small cell lung cancer (NSCLC). Limited reports of molecular and clinical characteristics as prognostic factors in NSCLC
have been published.

Methods Medical records of patients with resectable NSCLC stage I-Ill diagnosed during 2015-2020 were reviewed.
Real time-PCR (RT-PCR) was performed for EGFR mutations (EGFRm). Immunohistochemistry staining was conducted
for ALK and PD-L1 expression. Categorical variables were compared using chi-square test and Fisher's exact test. Sur-

vival analysis was done by cox-regression method.

Results Total 441 patients were included. The prevalence of EGFRm, ALK fusion, and PD-L1 expression were 57.8%,
1.9%, and 20.5% (SP263), respectively. The most common EGFRm were Del19 (43%) and L858R (41%). There was no sig-
nificant difference of recurrence free survival (RFS) by EGFRm status whereas patients with PD-L1 expression (PD-

L1 positive patients) had lower RFS compared to without PD-L1 expression (PD-L1 negative patients) (HR=1.75,
P=0.036). Patients with both £GFRm and PD-L1 expression had worse RFS compared with EGFRm and PD-L1 nega-
tive patients (HR=3.38, P=0.001). Multivariable analysis showed higher CEA at cut-off 3.8 ng/ml, pT4, pN2, pStage

Il, and margin were significant poor prognostic factors for RFS in the overall population, which was similar to EGFRm
population (exception of pT and pStage). Only pStage was a significant poor prognostic factor for PD-L1 positive
patients. The predictive score for predicting of recurrence were 6 for all population (63% sensitivity and 86% specific-
ity) and 5 for EGFRm population (62% sensitivity and 93% specificity).

Conclusion The prevalence and types of EGFRm were similar between early stage and advanced stage NSCLC. While
lower prevalence of PD-L1 expression was found in early stage disease. Patients with both EGFRm and PD-L1 expres-
sion had poorer outcome. Thus PD-L1 expression would be one of the prognostic factor in EGFRm patients. Validation
of the predictive score should be performed in a larger cohort.

Keywords FGFR mutation, Resectable NSCLC, Molecular alterations, Prognostic factors

T Thamrongjirapat and D. Muntham contributed equal works as the co-first
authors.

*Correspondence:

T. Reungwetwattana

thanyanan.reu@mahidol.ac.th

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-024-11934-2&domain=pdf

Thamrongjirapat et al. BMC Cancer ~ (2024) 24:200

Introduction

Lung cancer has the third highest incidence rate (18.9%)
and the highest mortality rate (15.9%) among all cancers
in Thailand [1]. Most non-small cell lung cancer (NSCLC)
patients (70-80%) present with locally advanced and
advanced stage disease; only 20-30% of patients present
with early-stage disease [2—4]. Surgery with curative aim
is the mainstay treatment for early-stage lung cancer.
Despite treatment, the 5-year recurrence rate is still high:
45% for stage 1B, 62% for stage II, and 76% for stage III
[5]. Adjuvant chemotherapy plays an important role in
decreasing the rate of recurrence and death in NSCLC.
Previous studies showed an 8%-15% absolute 5-year
overall survival (OS) benefit with adjuvant chemotherapy
in stage II-IIIA disease or stage I with tumor size >4 cm
(American Joint Committee on Cancer (AJCC) TNM
staging system, 6th edition) [6—8]. Furthermore, the Lung
Adjuvant Cisplatin Evaluation meta-analysis showed a
significant absolute 5-year OS benefit of 5.4% with cispl-
atin-based chemotherapy, and subgroup analysis demon-
strated OS benefit only in stage II-III NSCLC [9].

Epidermal growth factor receptor mutation (EGFRm)
has been proven as the predictive factor for EGFR tyros-
ine kinase inhibitors (EGFR-TKIs) treatment in advanced
NSCLC with EGFRm. EGFR-TKIs are an effective treatment
and provide a significant increase in survival and better
quality of life in EGFRm advanced NSCLC patients [10, 11].
The recent “ADAURA” clinical study in early-stage EGFRm
NSCLC showed a significant increase in disease-free sur-
vival (DFS) in patients with stage IB-IIIA who received
osimertinib, third generation of EGFR-TKIs, for 3 years as
adjuvant treatment after curative resection and/or adju-
vant chemotherapy compared with patients who received
placebo. DFS was not reached in the osimertinib arm,
and DFS was 28.1 months for the placebo arm with a haz-
ard ratio of 0.21 (P<0.001). Thus, osimertinib has become
the standard adjuvant treatment for EGFRm patients [12].
The prevalence of EGFRm in Asian patients with NSCLC
advanced disease is approximately 50%—60%; the prevalence
of EGFRm in early-stage disease is limited [13-17]. Only
one Chinese study shown prevalence of 53.6% in early-stage
EGFRm patients [18]. Clinical studies of adjuvant treatment
for other targetable genes are ongoing.

Immunotherapy has become a standard and effec-
tive treatment in EGFR wild-type NSCLC. Many stud-
ies showed significantly better progression-free survival
and OS in advanced stage disease treated with immu-
notherapy compared with doublet platinum-based
chemotherapy [19-21]. However, the benefit depends
on programmed cell death ligand 1 (PD-L1) expres-
sion status; patients with higher level of PD-L1 expres-
sion had higher survival benefit. The Impower-010 study
recently reported the efficacy of adjuvant atezolizumab
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after complete resection and complete adjuvant chemo-
therapy in stage II-IIIA patients with PD-L1 expres-
sion. Subgroup analysis also showed better efficacy in
patients with high level of PD-L1 expression [22]. Adju-
vant atezolizumab has become a new adjuvant treatment
option for EGFR and ALK wild-type patients with early-
stage NSCLC. Moreover, other adjuvant immunotherapy
study, PEARL/KNO091, had also shown benefit in disease
free survival for resectable NSCLC stage II-IIIA or IB
with tumor size >4 cm in their reported [23].

These findings highlight the number of currently avail-
able adjuvant treatment options for NSCLC patients.
However, these treatments are costly for patients. Iden-
tifying the patients whom would be benefit from effi-
cient adjuvant treatment is very important, especially
for developing countries. In this retrospective study, we
explored the prevalence of EGFRm, ALK fusion, and
PD-L1 expression and clinical characteristics as the prog-
nostic factors in resectable NSCLC.

Methods

Patients and study design

We retrospectively collected data at Ramathibodi Hos-
pital from electronic medical records of patients with
resectable NSCLC stage I-III from January 2015 to
December 2020. Patients with age above 18, had adeno-
carcinoma component in tumor tissue and had curative
aim surgery were included, but the patients with pure
squamous cell lung cancer and rare types of NSCLC
were excluded from this study. Electronic medical record
(EMR) for the eligible patients were reviewed for demo-
graphic information such as age, sex, performance sta-
tus, smoking history, clinical and pathological stage by
AJCC 8th edition TNM, pathological subtype and adju-
vant treatment. We prepared a tumor microarray (TMA)
block for available tumor tissue for immunohistochemis-
try (IHC) staining. In addition, DNA was extracted and
examined for 42 EGFR mutations. (Fig. 1) This study and
all experimental protocols were approved by The Human
Research Ethics Committee of Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand with the IRB
number of COA. MURA2021/682. All methods were car-
ried out in accordance with relevant guidelines and local
regulations.

IHC staining

The Quick-Ray kit (Unitma Co., Ltd. Seoul, Korea) with
2.0 mm in diameter was used to bring out the paraffin-
embedded tissues of tumor area. The tissue cores were
inserted in a 2 mm recipient block in an array pat-
tern. The block was then embedded to the Plastic Embed-
ding Cassettes. The TMA block was sectioned using
a microtome for IHC analysis.
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NSCLC stage I-11I with adenocarcinoma component (N = 441)
Available archive tumor tissues (N = 259) were tested for EGFR mutation, IHC for ALK fusion and IHC for PD-L1
Tissue microarray
\4 \ 4 v
EGFR mutation testing by RT-PCR IHC for ALK fusion IHC for PD-L1
(EMR previous report N = 73) (EMR previous report N = 47)
total N = 332 total N =306 l i
22C3 Ab SP263 Ab
(EMR previous report N = 16) total N = 259

Fig. 1 Study flow chart

Primary antibodies against ALK (D5F3) and PD-L1
(22C3 and SP263 clone) were used for IHC. The concen-
tration and incubation time of samples with antibody was
determined following the manufacturer’s recommenda-
tions. IHC results were interpreted by a pathologist with
IHC expertise. ALK expression is defined as the presence
of strong granular cytoplasmic staining in tumor cells
(any percentage of positive tumor cells), while PD-L1
expression is defined as the percentage of viable tumor
cells showing partial or complete membrane staining at
any intensity (Tumor Proportion Score; TPS). A PD-L1
expression level of > 1% is considered as a positive result.

Amplified Refractory Mutation System (ARMS RT-PCR)
assay

Ten formalin-fixed paraffin-embedded (FFPE) sec-
tions. (3 pum thickness) were deparaffinized. Genomic
DNA was extracted from FFPE tissue using the High Pure
FFPET DNA Isolation Kit (Roche Molecular System, Inc.).
The DNA sample was tested by the Super—ARMS® EGFR
Mutations Detection Kit (Amoy Diagnostics, Xiamen,
China), which has received National Medical Products
Administration approval for clinical usage in mainland
China. This assay detects 42 EGFR mutations in exons 18,
19, 20, and 21. The mutation analysis was performed fol-
lowing the manufacturer’s protocol and using the SLAN-
96S real-time PCR system (Shanghai Hongshi Medical
Technology Co., Ltd, China). The result was interpreted
as positive or negative as defined by the manufacturer’s
instructions.

total N =275

Statistical analysis

Baseline characteristics, CEA, surgical procedure and
tumor characteristics were reported as descriptive vari-
ables. Categorical variables were compared using chi-
square test and Fisher’s exact test. The prevalence rates of
EGFR mutation, ALK fusion and PD-L1 expression were
calculated and summarized as percentages. Recurrence-
free survival (RFS) was defined as the time from the date
of tissue diagnosis to date of recurrence or death from any
causes or to the last follow-up date. OS was defined as
the time from date of tissue diagnosis to the date of death
from any causes or to the last follow-up date. The status
of living or dead was checked with the National Security
Death Index of Thailand. RFS and OS were estimated
using Kaplan—Meier analysis and compared by stratified
log-rank test. The last follow-up date, the living status, and
the recurrence status of each patient in electronic medical
record was the censor for the survival analysis. The cut-off
date for collecting data was on 15 January, 2022. Univariate
and multivariate analyses to evaluate prognostic factors for
RES were tested in a Cox-regression model with a level of
significance of<0.05. Predictive score was determined by
using hazard ratio from multivariate analysis and receiver
operating characteristic curve (ROC curve) analysis to cal-
culate the score. Data were analyzed using Stata version 17.

Results

Baseline characteristics

A total of 441 patients were diagnosed with resectable
lung adenocarcinoma during 2015-2020 at Ramathibodi
Hospital, Thailand. The baseline characteristics are listed
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in Table 1. There were 332 available tissue samples for
EGFR mutation testing. For IHC staining of TMA, there
were 275, 259, and 306 available tissue samples for analy-
sis of PD-L1 expression (22C3 Ab), PD-L1 expression
(SP263 Ab), and ALK expression (D5F3 Ab), respectively.

Most patients were female (64%), older than 65 years
(69%), and non-smokers (48%); most had good perfor-
mance status (ECOG 0-1) (77%) and were treated by sur-
gery with lobectomy procedure (85%). Most tumors were
pathological stage I (68%), had negative margin (97%),
and showed no pleural invasion (66%). Nodal status
of N1 and N2 was equally found (approximately 9% for
each). Adenocarcinoma was the most frequently detected
cell type (94%), whereas the mixed adenosquamous cell
was found in only 5%. Acinar subtype was predominant
(44%), followed by the lepidic subtype (24%), papillary
subtype (9%), mucinous subtype (7%), solid subtype
(6%), micropapillary (3%), and minimally invasive adeno-
carcinoma (3%). Out of 441 patients, 89 (20%) patients
received adjuvant doublet platinum-based chemotherapy.
The percentages of patients treated with cisplatin-based
chemotherapy and carboplatin-based chemotherapy
regimens were similar (10%). Of 97 patients who received
other adjuvant regimens, 5 patients received gemcitabine
alone (1 patient), gefitinib (3 patients) or alectinib (1
patient). Twenty-five patients in the overall group (5.5%)
had adjuvant radiation after surgery; these patients
received sequential chemotherapy-radiation (4%), con-
current chemoradiation (CCRT) (1%), and radiation (RT)
alone (0.5%). In the overall group, 121 patients (27.4%)
developed recurrent disease; 99 of the 121 (82%) had dis-
tant metastasis disease and 19 patients (15.7%) had cen-
tral nervous system (CNS) metastasis. The mean time
from diagnosis to surgery was 35 days and the mean time
from surgery to adjuvant treatment was 45 days.

In the subgroup with tissues available for EGFR testing
(N=332), gender, chronic obstructive pulmonary disease
(COPD) status, smoking status, pathological subtype,
and pathological T stage (pT) were significantly different
between EGERm patients and EGFR wild-type patients
(Table 1). Female, never-smoker, acinar/lepidic/papil-
lary subtype, and pT2/pT3 patients were markedly more
prevalent in the EGFRm group compared with the EGFR
wild-type group. The EGFR wild-type group had signifi-
cantly more COPD patients. The clinical characteristics
of EGFRm patients were similar to those of the overall
population.

The PD-L1 testing population (N=259; SP263 Ab) had
significant differences in gender, COPD status, pathologi-
cal subtype, pathological lymph node stage (pN stage),
lymphovascular invasion (LVI) status, pathological stage,
and number of organs involved compared with the over-
all patient group (Table 1). The prevalence rates of males,
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COPD patients, former/current smokers, solid/papillary/
micropapillary subtypes, pN1/pN2, positive LVI, stage 11/
III, and > two organ metastases were significantly higher
in PD-L1-positive patients compared with PD-L1-nega-
tive patients.

Only 6 out of 306 patients (2%) were ALK fusion posi-
tive, and 5 of the 6 (83%) were younger than 65 years
old. The median age of ALK fusion positive patients was
55 years old. The disease characteristics of ALK fusion
positive patients were aggressive; 66% showed N2 dis-
ease, 83% had positive LVI, and 66% had pathological
stage III disease. All ALK fusion positive patients devel-
oped recurrent disease and all had distant metastases.

Prevalence of molecular alterations

The prevalence of EGFRm was 57.8%. The prevalence rates
of EGFRm in each stage were 59.6%, 69.9%, 40%, 49%,
57.5% and 45.5% in stage IA, IB, IIA, IIB, IIIA and IIIB,
respectively. The most common EGFR mutations were
exon 19 deletion (Del19) (43%) and L858R (41%). Com-
bined mutations patients were 10%. Of the 192 patients,
11 (6%) had mutations between Del19/T790M and L858R/
T790M and 8 (4%) had combined mutations between
Del19/L858R and G719X/L861Q/S768I or between G719X
and S768I. Approximately 6% of EGFRm patients had
uncommon mutations such as S768/ (1 patient, 0.05%),
G719X (4 patients, 0.2%), T790M (3 patients, 0.15%), and
exon 20 insertion (3 patients, 0.15%).

The prevalence of PD-L1 expression with tumor pro-
portion score (TPS)>1 was 20.5% when evaluated by
SP263 Ab and 17.5% when evaluated by 22C3 Ab. The
correlation between these two antibodies was tested and
showed agreement of 93.4% (kappa=0.78) which sug-
gested of high-rate agreement [24]. The prevalence of
PD-L1 expression (SP263 Ab) and TPS>1 by stage were
16%, 14%, 14%, 27%, 47%, and 1% in stage IA, IB, IIA, IIB,
IIIA, and IIIB, respectively. The prevalence of ALK fusion
was 2% in the overall population.

Recurrence-free survival

In the overall population cohort, 121 (27.4%) had recur-
rent disease. The 5-year RFS rate was 66% for the entire
cohort, and the 5-year RFS rates stratified by stages
were 80%, 72%, 59%, 50%, 21%, and 42% for stage IA,
IB, IIA, IIB, IIIA, and IIIB, respectively (Table 2, Fig. 2).
The 5-year RFS in the EGFRm cohort as 66% in stage I
patients, which was lower than the rate in the overall
population cohort. There was no available data for stage
II and III due to none of recurrence and death (events)
occurred. The RFS of 1-year to 5-year for each stage were
not significantly different between EGFRm and EGFR
wild-type patients. The 5-year RES in the PD-L1 positive
cohort was 82% for stage I, and 20% for stage III, which
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Table 1 Baseline clinicopathological characteristics categorized by overall population, EGFR, and PD-L1 (SP263) status
Characteristics Overall EGFR (n=332) P value PDL1 SP263 (n=259) P value
population
(n=441) Negative (n=140) Positive (n=192) Negative (n=206) >1(n=53)
Sex
Male 160 (36%) 63 (44%) 56 (30%) 0.007 63 (31%) 24 (45%) 0.043
Female 281 (64%) 80 (56%) 133 (70%) 143 (69%) 29 (55%)
Age, years
<65 137 (31%) 41 (29%) 62 (32%) 0.559 61 (30%) 19 (36%) 0.381
>65 304 (69%) 99 (71%) 130 (68%) 145 (70%) 34 (64%)
COPD 36 (8%) 20 (14%) 8 (4%) 0.001 11 (5%) 8 (15%) 0.033
Smoking
Never 212 (48%) 56 (40%) 104 (54%) <0.001 108 (52%) 23 (43%) 0.085
Former/Current 123 (28%) 54 (39%) 36 (19%) 47 (23%) 20 (38%)
ECOG
0-1 339 (77%) 117 (84%) 146 (76%) 0.095 162 (79%) 42 (79%) 0.924
Unknown 102 (23%) 23 (16%) 46 (24%) 44 (21%) 11 (21%)
CEA
<38ng/ml 141 (32%) 47 (34%) 61 (32%) 0.881 71 (16%) 13 (25%) 0.127
>38ng/ml 80 (18%) 24 (17%) 31 (16%) 29 (7%) 13 (25%)
Surgery procedure
Lobectomy 377 (85%) 117 (84%) 164 (85%) 0.645 173 (84%) 48 (91%) 0.227
Wedge resection 64 (15%) 23 (16%) 28 (15%) 33 (16%) 5(9%)
or segmentectomy
Pathology
Adenocarcinoma 415 (94%) 128 (92%) 187 (97%) 0.017 196 (95%) 51 (96%) 1
Adenosquamous 23 (5%) 9 (6%) 5 (3%) 9 (4%) 2 (4%)
NSCLC, NOS 3(1%) 3(2%) 0 1(1%) 0
Histology subtype
MIA 13 (3%) 3(2%) 2 (1%) <0.001 3(1%) 1 (2%) <0.001
Lepidic 106 (24%) 26 (19%) 47 (24%) 56 (27%) 5 (9%)
Acinar 192 (44%) 42 (30%) 104 (54%) 92 (45%) 21 (40%)
Papillary 38 (9%) 10 (7%) 21 (11%) 20 (10%) 7 (13%)
Micropapillary 15 (3%) 9 (6%) 5 (3%) 5 (2%) 2 (4%)
Solid 26 (6%) 15 (11%) 6 (3%) 4 (2%) 9 (17%)
Mucinous 33 (7%) 24 (17%) 4 (2%) 20 (10%) 3 (6%)
pT
T 246 (56%) 71 (51%) 106 (55%) 0.012 117 (57%) 27 (51%) 0.861
T2a 99 (22%) 24 (17%) 52 (27%) 45 (22%) 14 (26%)
T2b 31 (7%) 12 (8%) 14 (7%) 14 (7%) 4 (8%)
T3 52 (12%) 25 (18%) 16 (24%) 25 (12%) 6(11%)
T4 13 (3%) 8 (6%) 4 (2%) 5 (2%) 2 (4%)
pN
NO 365 (82%) 115 (82%) 150 (78%) 0.756 175 (85%) 34 (64%) 0.003
N1 38 (9%) 11 (8%) 20 (10%) 13 (6%) 6 (11%)
N2 38 (9%) 14 (10%) 22 (11%) 18 (9%) 13 (25%)
Margin
Negative 429 (97%) 135 (96%) 185 (96%) 0971 199 (97%) 51 (96%) 1
Positive 12 (3%) 5 (4%) 7 (4%) 7 (3%) 2 (4%)
LVI
Negative 284 (64%) 84 (60%) 120 (63%) 0.871 141 (68%) 25 (47%) 0.006
Positive 142 (32%) 52 (37%) 66 (34%) 58 (23%) 26 (49%)
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Table 1 (continued)
Characteristics Overall EGFR (n=332) P value PDL1 SP263 (n=259) P value
population
(n=441) Negative (n=140) Positive (n=192) Negative (n=206) >1(n=53)
Pleural invasion
Negative 292 (66%) 88 (63%) 125 (65%) 0335 132 (64%) 32 (60%) 0.031
Positive 113 (26%) 41 (29%) 45 (23%) 47 (23%) 16 (30%)
Pathological staging
| 301 (68%) 80 (57%) 132 (69%) 0.061 145 (70%) 26 (49%) 0.003
Il 82 (19%) 37 (27%) 32 (17%) 36 (18%) 11 (21%)
Il 58 (13%) 23 (16%) 28 (14%) 25 (12%) 16 (30%)
Adjuvant systemic treatment
Cisplatin-based 45 (10%) 16 (11%) 26 (14%) 0.194 19 (9%) 11 (21%) 0.122
Carboplatin-based 44 (10%) 17 (12%) 15 (8%) 17 (8%) 6 (11%)
Others 5(1%) 2 (1%) 3(2%) 3(1%) 1 (2%)
Unknown 3 (1%) 3 (2%) 0 2 (1%) 0
Adjuvant radiation
RT alone 2(0.5%) 2 (1%) 0.292 0 2 (4%) 0.005
CCRT 6 (1%) 1(0.7%) 4 (2%) 4 (2%) 1 (2%)
Sequential 17 (14%) 8 (6%) 8 (4%) 7 (3%) 6 (11%)
Recurrent
Locoregional 20 (5%) 10 (7%) 9 (5%) 0.585 41 (20%) 16 (30%) 0.229
Distant metastasis 99 (22%) 39 (28%) 51 (27%) 9 (4%) 3 (6%)
CNS metastasis 19 (4%) 6 (4%) 11 (6%) 0.556 5(2%) 4 (8%) 0.088

pT pathological tumor stage, pN pathological nodal stage, LVI Lymphovascular invasion, RT Radiation, CCRT Concurrent radiation, NA not available

Table 2 Recurrence-free survival rate of the overall population and EGFRm and PD-L1 expression cohorts according to stage

Stage 1 year (%) 2 years (%) 3 years (%) 4 years (%) 5 years (%)
Overall population 91 77 71 67 66
IA 97 91 87 82 80
1B 96 83 76 72 72
A 84 66 59 59 59
1B 83 59 50 50 50
A 71 32 27 21 21
1113; 75 57 57 42 42
EGFR cohort 92 71 65 60 58
I/EGFR- 94 89 78 73 62
I/EGFR+ 97 83 77 70 66
II/EGFR- 74 52 35 35 35
II/EGFR+ 90 61 56 56 NA
III/EGFR- 73 49 43 26 26
III/EGFR+ 70 29 23 23 NA
PD-L1 cohort 86 66 62 51 51
I/PDL1- 95 87 82 75 70
I/PDLT + 100 94 94 82 82
II/PDL1- 88 72 61 61 61
II/PDLT + 90 58 29 NA NA
Il/PDL1- 78 41 27 20 20
II/PDLT + 62 31 31 20 20

NA not available
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Year
Number at risk

IA 222 209 160 110 70 46 23 3 0
B 79 73 57 39 22 17 4 1 0
A 25 21 12 8 3 2 1 1 0
IIB 57 44 27 16 8 3 3 1 1
IIIA 46 30 12 10 5 1 1 0 0
B 12 9 6 4 1 1 0 0 0
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Fig. 2 Recurrence-free survival curve in the overall population by stage

was similar to the rates in the overall population cohort
and not statistically different to PD-L1 negative patients
(Table 2). There was no available data in stage II due to
no events occurred in this group of patients. Distant
metastasis was higher than locoregional recurrence in
the overall population cohort (22% vs 5%) and EGFRm
cohort (27% vs 5%) while the opposite was observed in
the PD-L1-positive cohort (6% vs 30%). CNS metasta-
sis was found in 4%, 6%, and 8% in the overall popula-
tion cohort, EGFRm cohort, and PD-L1 positive cohort,
respectively. Regarding adjuvant treatment, RFS was not
different between patients who received adjuvant treat-
ment and patients who did not receive treatment. There
was also no statistical difference in RFS between cispl-
atin- and carboplatin-based regimens in the overall pop-
ulation cohort (P=0.085).

Interestingly, we found a significantly worse 5-year RFS
in PD-L1-positive patients (51%) compared with PD-L1
negative patients (62%) (HR=1.75 95%CI 1.03-2.98,
P=0.036) (Fig. 3). Patients with both EGFRm and PD-L1
expression had significantly worse RFS compared with
double-negative patients (HR=2.21, 95%CI 1.09-4.48,
P=0.027). EGFRm patients with negative PD-L1 expres-
sion also had significantly better RFS compared with
EGFRm positive and PD-L1 positive patients (HR=3.38,
95%CI 1.69-6.76, P=0.001) (Fig. 4).

Overall survival

At the cut-off date (Jan 15th, 2022), 87% of all patients
were still alive. The 5-year OS rate was 82%, and the
5-year OS rates were 91%, 89%, 63%, 63%, 58% and
58% in stage IA, IB, IIA, IIB, IIIA, and IIIB, respec-
tively. There was no significant difference in OS by adju-
vant systemic chemotherapy in stage II-III (HR=0.77,
95%CI 0.39-1.50, P=0.453), adjuvant chemotherapy
regimen (HR=0.66, 95%CI 0.26-1.65, P=0.381), and
PD-L1 expression status (HR=1.04, 95%CI 0.339-2.76,
P=0.934). EGFRm patients had a significantly longer
OS compared with EGFR wild-type patients (HR=0.31,
95%CI 0.16-0.57, P<0.001). However, 60/192 (32%) of
EGFRm patients had recurrent disease and 46 received
EGFR-TKIs. Furthermore, there was no statistical differ-
ence in OS in PD-L1 status.

Clinical correlation and prognostic factors

Univariate analysis in the overall population showed that
smoking, high CEA (cut-off 3.8 ng/ml), pathological stage
II-1II, larger tumor size, pN1/pN2, positive margin, posi-
tive LVI, positive pleural invasion, non-lepidic pathologi-
cal subtype and positive PD-L1 by SP263 had a significant
poorer outcome for RFS. However, multivariate analysis
showed that only higher CEA, pT4, pN2, pathological
stage II and margin were significant prognostic factors
for RFS (Table 3).
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Fig. 3 Comparison of recurrence-free survival between PD-L1-positive and -negative patients
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17 6 4 0 0
1 0 0 0 0

EGFR+/PDL1- ====- EGFR+/PDL1+

Fig. 4 Recurrence-free survival according to PD-L1 expression status in EGFRm patients

In the EGFRm population, high CEA (cut-off 3.8 ng/
ml), pathological stage II-III, larger tumor size, pN1/
pN2, positive margin, positive LVI, positive pleural inva-
sion, non-lepidic and non-micropapillary subtype were
significantly worse clinical factors for RFS in univariate

analysis. Nevertheless, only high CEA, pN1 and positive
margin were significant factors in multivariate analysis in
this population. Only pathological stage was a poor prog-
nostic factor for PD-L1-positive patients in multivariate
analysis (Table 3).
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Table 3 Univariate analysis by prognostic factors for recurrence-free survival
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Prognostic factors Overall Cohort EGFRm Cohort PD-L1 positive Cohort
HR (95%Cl) P value HR (95%Cl) P value HR (95%Cl) P value

Smoking

Never Ref Ref Ref

Current or former 1.55(1.03-2.34) 0.033 2.12(1.15-3.89) 0.015 044 (0.15-1.22) 0.117
COPD

No Ref Ref Ref

Yes 1.72(0.98-3.01) 0.054 1.39 (0.43-0.46) 0.572 0.51(0.11-2.23) 0375
CEA

<3.8ng/ml Ref Ref Ref

>3.8 ng/ml 257 (1.57-4.19) <0.001 4.84(2.23-10.46) <0.001 1.75 (0.55-5.56) 0.339
pT

pT1 Ref Ref Ref

pT2a 2.02(1.27-3.20) 0.003 1.91 (1.05-3.46) 0.031 244 (0.82-7.29) 0.108

pT2b 3.73(2.03-6.85) <0.001 3.80 (1.62-8.97) 0.002 094 (0.11-7.92) 0.961

pT3 81(2.30-6.30) <0.001 222 (0.95-5.19) 0.064 3.90 (1.09-13.94) 0.036

pT4 498 (242-10.24) <0.001 473 (141-15.83) 0.012 6(0.25-18.29) 0477
pN

pNO Ref Ref Ref

pN1 3.88(2.33-6.44) <0.001 2.93(1.48-5.78) 0.002 2.01(0.40-10.07) 0.395

pN2 4.31(2.18-853) <0.001 5.69 (3.08-10.51) <0.001 743 (2.72-2031) <0.001
pStage

| Ref Ref Ref

Il 330(2.12-5.13) <0.001 2.15(1.11-4.17) 0.022 7.16 (1.37-37.24) 0.019

Il 6.74 (440-10.33) <0.001 6.53 (3.65-11.69) <0.001 14.27 (3.18-64.02) 0.001
Margin

Negative Ref Ref Ref

Positive 4.31(2.18-8.53) <0.001 3.81(1.52-9.59) 0.004 144 (0.18-11.02) 0.724
LI

Negative Ref Ref Ref

Positive 328 (2.27-4.74) <0.001 322 (1.90-5.43) <0.001 5.96 (1.73-20.51) 0.005
Pleural invasion

Negative Ref Ref Ref

Positive 2.35(1.61-342) <0.001 2.18(1.28-3.71) 0.004 1.58 (0.59-4.18) 0.354
Histology

Lepidic Ref Ref Ref

Acinar 2.59 (1.46-4.60) 0.001 3.54(149-842) 0.004 0.91(0.19-4.32) 0.908

Micropapillary 41(2.29-12.78) <0.001 4.33(0.87-21.54) 0.073 1.25(0.23-6.72) 0.789

Papillary 5(2.02-8.50) <0.001 4.58 (1.62-12.94) 0.004 1

Solid 4.86 (2.27-10.40) <0.001 10.66 (2.97-38.22) <0.001 045 (0.072-2.85) 0401

Mucinous 2.83(1.27-6.30) <0.001 6.69 (1.33-33.49) 0.021 0.73 (0.06-8.10) 0.801
EGFR status

Wild-type Ref - -

Mutated 0.88 (0.60-1.28) 0518 - -
PDL1SP263

Negative Ref - -

>1 1.75 (1.03-2.98) 0.036 - -

HR Hazard ratio, Ref Reference
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Table 4 Predictive score for predicting recurrent disease
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Factors

Score

Overall Population®

EGFR®

CEA
<3.8ng/ml 0
>3.8ng/ml
pT
pl1/2a
pT2b
pl3
pT4
pN
pNO
pN1
pN2
Margin

N

- N = O

Negative 0

Positive 2
LVI

Negative 0

Positive 1
Pleural invasion

Negative 0

Positive
Histology subtype

Lepidic

Acinar

Micropapillary

Solid

0
1
1
Papillary 4
2
Mucinous 3

34

39

pT pathological tumor stage, pN pathological nodal stage, LV Lymphovascular invasion

2 Cut-off > 6 with sensitivity of 63% and specificity 86% ROC
b Cut-off > 5 with sensitivity of 62% and specificity 93% ROC

Predictive score

We proposed a predictive score (Table 4) for predicting
recurrent disease after curative surgery using significant
clinical factors in univariate and multivariate analyses. We
also added some significant clinical factors in our score
because they were considered as strong clinical factors
in previous studies [25]. We proposed score in 2 popula-
tions which were all population and EGFRm population.
Because of the low number of PD-L1-positive patients, we
could not analyze the predictive score in this cohort.

Overall population cohort

The predictive factors were CEA cut-off 3.8 ng/ml, pT,
pN, margin, LVI, pleural invasion, and histology sub-
type. The score for each factor is shown in Table 5. We
selected a cut-off point>6 for determining the risk of

recurrent disease with 63% sensitivity and 86% of speci-
ficity (ROC=0.75, Supplement Fig. 1).

EGFRm population cohort

Higher CEA, pT, pN, margin, and pleural invasion were
significant predictive factors for the EGFRm popula-
tion. The scores are shown in Table 5. We selected
a cut-off point>5 for determining risk of recurrent
disease with 62% sensitivity and 93% of specificity
(ROC=0.77, Supplement Fig. 2).

Discussion

This retrospective study in early-stage NSCLC in a Thai
population showed a 5-year RFS rate of 66% and 5-year
OS rate of 82%, which were better than previously
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Table 5 Multivariate analysis by prognostic factors for recurrence-free survival

Prognostic factors  Overall Cohort EGFRm Cohort PD-L1 Positive Cohort
HR (95%Cl) Pvalue HR (95%Cl) Pvalue HR (95%Cl) Pvalue
CEA
<3.8 ng/ml Ref Ref - -
>3.8ng/ml 6.31(1.73-22.9) 0.005 9.62 (2.80-33.02) <0.001 - -
pT
pT1 Ref - - -
pl2a - - - - - -
pT2b 0.26 (0.02-3.14) 0.294 - - - -
pT3 0.47 (0.07-3.05) 0437 - -
pT4 253.87 (2.59-24867.46) 0.018 - - - -
pN
pNO Ref - Ref - - -
pN1 0.78 (0.06-8.97) 0.848 5.36 (1.54-18.69) 0.008 - -
pN2 49.5(1.02-2393.91) 0.049 2.77 (0.72-10.58) 0.135 - -
pStage
\ Ref - - Ref
I 44.01 (246-786.99) 0.01 - - 7.06 (1.35-36.87) 0.02
Il 0.710 (0.01-46.55) 0.875 - - 16.23 (3.61-72.87) <0.001
Margin
Negative Ref Ref - -
Positive 65.05 (4.06-1039.87)  0.003 11.74 (1.99-69.18) 0.006 - -

HR Hazard ratio, Ref Reference

published rates [26]. The 5-year RES rates were 58%
and 51% and 5-year OS rates were 87% and 89% in the
EGFRm and positive PD-L1 groups, respectively.
Previous studies showed a significantly improved
5-year absolute survival benefit rate (8%—15%) of adju-
vant chemotherapy compared with placebo in patients
with stage II-1II disease [9, 27, 28]. Our data did not
show significant improvement of RFS or OS with adju-
vant systemic treatment after surgery for all stages of
disease because the majority of our patients had stage I
disease (68%) and only 22% of all patients received adju-
vant chemotherapy. There was no benefit of adjuvant
chemotherapy in stage I disease patients in our popula-
tion, which was similar to results in the CALGB69633
study [29]. Moreover, the cisplatin-based regimen did
not show a difference in RFS or OS benefit compared
with a carboplatin-based regimen; these results were
comparable with previous retrospective data in Can-
ada [30]. Their study used platinum combination with
vinorelbine only but in our retrospective study we used
various chemotherapy in combination with cisplatin
or carboplatin such as etoposide, pemetrexed or pacli-
taxel. However, it might not be concluded as equal
efficacy of cisplatin or carboplatin based chemother-
apy due to only single center report. The recurrence
rate after complete resection in our study was 27.4%,

which was similar to previous reports (20%-40%) [5,
25, 31]. We also found high recurrence in EGFR wild-
type patients (49/140; 35%), EGFRm patients (60/192;
31.3%), PD-L1 positive patients (19/53; 35.8%), and
PD-L1 negative patients (50/206; 24.3%). In the PD-L1
positive patients, we found a higher rate of N2 disease,
LVI positivity, and pleural invasion, which were our
potential worse prognosis factors. This might explain
the higher rate of recurrence in the PD-L1 positive
population compared to the PD-L1 negative popula-
tion. Regarding the pattern of recurrence, 82% of recur-
rent patients developed distant metastasis and 15.7%
of recurrent patients had CNS metastasis. A previ-
ous report in Poland showed a similar rate of distant
metastasis (79.5%) but a higher rate of CNS metas-
tasis (22.9%) [31-33]. Interestingly, we also found a
high CNS metastasis rate in EGFRm patients who had
recurrent disease (11/60; 18.3%) and in PD-L1 posi-
tive patients (4/19; 21%). The prevalence of EGFRm in
early-stage NSCLC in this study was 57.8% and compa-
rable with the EGFRm rate in our previous report (60%)
and other reports (49%—-68%) in metastatic NSCLC in a
Thai population [15-17, 34]. In addition, a report from
China showed an EGFRm rate in early-stage NSCLC of
53.6% which also similar to our study [18]. In this study,
the most common EGFRm was Dell9 (43%), followed
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by L858R (41%), which was comparable with the pre-
vious studies. The prevalence rate of combined muta-
tion (10%) and uncommon mutation (6%) were slightly
higher than other studies [35], and we also found 3% of
patients with de novo resistance mutation (7790M and
exon 20 insertion), which was consistent with previous
reports in both early and advanced disease [14, 18]. RES
outcome was not affected by EGFR status, but there
was significantly better OS in EGFRm patients (HR
0.31, 95%CI 0.16-0.57, P<0.001) because of EGFR-
TKI treatment in recurrent patients. Prevalence of
positive PD-L1 expression (>1%) in early-stage NSCLC
patients in our study was 20.5% (SP263 Ab) and 17.5%
(22C3 Ab) which was lower prevalence compared to
metastatic NSCLC patients in real world data from
multicenter in USA, Canada, Spain, Russia, Denmark,
Argentina, Columbia, Japan, and Hong Kong (52%)
[35]. Both PD-L1 assays (SP263 and 22C3) had a proven
93.4% correlation of results with kappa 0.78.

Recently data shown that EGFRm tumor was prob-
ably induced PD-L1 expression on tumor cell which
activated immune escape mechanism [36, 37]. There-
fore tumors with combined positive of EGFRm and
PD-L1 had worst survival outcome than EGFRm and
PD-L1 negative tumor. Furthermore, similar to the pre-
vious studies [38—41] which had reported of poorer RFS
and OS in advanced stage EGFRm NSCLC with posi-
tive PD-L1 compared with PD-L1 negative patients. Our
result also showed that EGFRm and PD-LI-positive
patients (28/192, 14.6%) showed significantly poorer RFS
compared with EGFRm and PD-L1-negative patients
(125/192, 65%). Thus PD-L1 expression is possibly one
of the prognostic factor in EGFRm patients and it might
be one of the biomarker for selecting the patients whom
might have the most benefit from adjuvant EGFR-TKI
treatment in the future. Even though we need more data
to confirm this hypothesis.

Our results showed that former or current smoker,
CEA >3.8 mg/ml, large tumor size, positive lymph nodes,
pathological stage II-III, positive margin or LVI, inva-
sion of pleura, non-lepidic subtype, and positive PD-L1
expression were significantly associated with poorer out-
comes in univariate analysis. Only higher CEA, pT4, pN2,
positive margin and pathological stage II were significant
in multivariate analysis. These outcomes were also con-
sistent with previous retrospective studies [25, 33]. Fur-
thermore, we also found similar poor prognostic factors
in the EGFRm population in univariate analysis, and only
higher CEA, pN1/pN2, and positive margin correlated
with significantly worse survival outcome.

We also proposed a predictive score for predicting risk of
recurrence in the overall population and EGFRm cohort.
The sample size was too small to generate a predictive
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score in the PD-L1-positive cohort. A score>6 in the
overall population cohort showed a greater risk of recur-
rence of disease with 63% sensitivity and 86% specificity;
a score>5 in the EGFRm cohort showed greater risk of
recurrence of disease with 62% sensitivity and 93% speci-
ficity. This score may help in decision making for select-
ing the proper adjuvant systemic treatment in high-risk
resectable NSCLC. A previous study [42] had proposed a
5-year DFS predictive score in stage I NSCLC. The inter-
mediate to high-risk patients had significantly decreased
in 5-year DFS and a higher distant relapse rate compared
with low-risk patients. Their prognostic factors including
smoking status, malignancy history, resection method, and
histology type (adenocarcinoma vs non-adenocarcinoma),
which were not significant factors in our study. Another
study also proposed a risk score to predict OS in patients
of all stages of NSCLC. The predictive score was calculated
from stage, NSCLC NOS subtype, no proven actionable
mutation, poor ECOG, ever smoker, respiratory comor-
bidity, weight loss, male and older age, which were differ-
ent from our study. However, the higher score was also
associated with poorer survival outcomes [43].

Regarding the current situation for adjuvant treatment
after curative surgery in Thailand, most of the patient
could not access to EGFR-TKI and immunotherapy, thus
the backbone adjuvant treatment is doublet platinum-
based chemotherapy for high-risk patients. Clinicopatho-
logical factors as found in our result (CEA level, tumor
size, lymph node status, margin) were still important
prognostic factors which determine clinical decision for
adjuvant treatment in Thailand. However, in era of per-
sonalized treatment, adjuvant EGFR-TKI and adjuvant
immunotherapy are challenging in management in early
stage NSCLC. To gain the knowledge and explore for the
new biomarker are important for selecting the patients
whom will receive the most benefit from adjuvant EGFR-
TKI treatment and adjuvant immunotherapy.

This study has several limitations. Firstly, the data were
retrospective and we could not control affecting factors.
Secondly, there was some of the missing data. Thirdly,
there was a small number of stage II-III patients, who
were the majority of patients who received adjuvant
treatment. We also had a short follow-up period (mean
follow-up time of 44 months), and thus a longer follow-
up will be needed in further analysis.

Conclusion

The prevalence of EGFR mutation in the early-stage
NSCLC in Thai patients similar to rates reported in
advanced stage disease whereas the prevalence of PD-L1
expression was lower than advanced stage disease. The
prevalence of ALK fusion gene in early-stage NSCLC
was quite low in our population. There was no difference
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in EGFRm and PD-L1 prevalence in each stage of disease
(I-III). We confirmed a good correlation between 22C3
Ab and SP263 Ab for PD-L1 expression testing. The OS
of EGFRm patients was significantly longer than the OS
of EGEFR wild-type patients, which might be the effect of
EGFR-TKI treatment in recurrent disease. PD-L1 expres-
sion might be the crucial prognostic factors for EGFRm
resectable NSCLC which probably help the clinicians to
select the most benefit patients for adjuvant EGFR-TKI
treatment in developing countries. Novel biomarkers are
important for helping patient selection to receive the most
benefit from adjuvant EGFR-TKI treatment and adjuvant
immunotherapy. The predictive scores for resectable lung
cancer should be explored and validated in a larger cohort.
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