Received: 19 July 2022

Accepted: 1 September 2022

DOI: 10.1111/1759-7714.14659

ORIGINAL ARTICLE

WILEY

Adjuvant chemotherapy in patients with recurrence after
completely resected stage IB lung adenocarcinoma:
Propensity-matched analysis in a cohort of 147 recurrences

Fei Xu'
Puyuan Xing' |

'Department of Medical Oncology, National
Cancer Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical
College, Beijing, China

Department of Thoracic Surgery, National
Cancer Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical
College, Beijing, China

*Department of Comprehensive Oncology,
National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, China

“Department of Pathology, National Cancer
Center/National Clinical Research Center for
Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical
College, Beijing, China

Correspondence

Yan Wang, Department of Medical Oncology,
National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, 100006, China.
Email: wangyanyifu@lﬁ&com

INTRODUCTION

| Heng-chi Chen’ | Haiyan Xu®

| JunlingLi'® | Xuezhi Hao' |

Jianming Ying* | Yan Wang'

Abstract

Background: Adjuvant chemotherapy (ACT) is considered for high-risk patients in
stage IB lung adenocarcinoma (LUAD). However, these risk factors are recognized as
negative prognostic factors, not as predictors of ACT efficacy. This study aimed to
analyze the efficacy of ACT in stage IB patients by retrospectively examining patients
who had recurrence.

Methods: We reviewed 1399 patients with stage IB (American Joint Committee on
Cancer 7th edition) LUAD from 2012 to 2017 in our institution and found
147 patients with recurrence. The last follow-up date was December 30, 2021. One-to-
one propensity-score matching (PSM) was used to reduce the potential selection bias.
Results: Fifty-five (37.4%) patients had received ACT and 92 (62.6%) had not (non-
ACT). Patients with ACT were younger (p < 0.001), had larger tumors (p < 0.001) and
more lymphovascular invasion (p = 0.02), and seemed to have less distant recurrence
(p = 0.001). After PSM, 110 patients were matched and baseline characteristics were
balanced. ACT was not associated with improved disease-free survival (DFS) after
matching (mDFS = 23.5 m for ACT vs. 29.5 m for non-ACT, p = 0.13). ACT failed
to prolong DFS of patients in the extracranial recurrence subgroup and EGFR muta-
tion subgroups, and was even associated with shorter DFS in intracranial relapsed
patients (mDFS = 30.3 m vs. 33.5 m, p = 0.083) and patients with tumor <30 mm
(mDFS = 21.9 m vs. 30.8 m, p = 0.076).

Conclusion: In patients who were destined to develop recurrence after completely
resected stage IB LUAD, ACT might not be associated with improved DFS. Further
large multicenter studies are warranted to validate these findings.
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survive over 5 years after complete resection.” In addition, the
incidence of newly diagnosed stage IB LUAD has been increas-

Lung cancer has the highest cancer-related mortality in China
and around the world."” Surgery remains the main treatment
for early-stage lung adenocarcinoma (LUAD).>* The overall
prognosis for pathologically diagnosed stage IB LUAD is
promising, but disease recurrence is still the main cause of
treatment failure, causing up to 30% of patients to fail to

ing in developed countries mainly due to improved lung nod-
ules detection and evaluation.* Thus, the prevention of disease
relapse remains an important and increasingly challenged task
for stage IB LUAD patients after curative resection.

Adjuvant chemotherapy (ACT) has been proved to be
effective in improving survival among completely resected
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patients.””® However, comparing to patients with pathologi-
cally positive lymph nodes, stage IB patients seemed to
have attenuated benefit from ACT,” which still remains
controversial.'""> Although some subgroup analysis has
shown that several high-risk factors (i.e., tumor differentia-
tion) might indicate more benefit from ACT,'®'*'° the
importance of these factors has not been well verified across
studies and thus their definitive role in clinical decision is
limited. Currently, use of ACT is an option for stage IB
patients with negative prognostic factors such as lumphovas-
cular invasion, but there is lack of evidence stating the abso-
lute benefit from ACT.

To answer the question of whether ACT could prolong
disease-free survival (DFS) for stage IB patients required a
randomized controlled trial (RCT) to be carried out, but
because of the relative small probability of recurrence and
the lack of explicit risk factors this was difficult. Previous
observational studies had enrolled patients who had under-
gone complete resection and recorded if ACT had impacted
their disease recurrence. The analysis method complied with
the temporal logic, but because some patients might relapse
after the last follow-up date, the results may have shown
bias.'” In addition, the majority of patients who did not
relapse might “dilute” the impact of treatment on those who
were destined to relapse (patients of interest). We assumed
that ACT should benefit those who are destined to relapse if
it can prevent relapse in stage IB patients. In this study, we
therefore focused on a cohort of patients who had already
relapsed after curative resection of pathological stage
IB LUAD.

We reviewed the medical records of 1399 patients with
pathologically diagnosed stage IB (American Joint Commit-
tee on Cancer [AJCC] 7th edition) LUAD from 2012 to
2017 in our institution and found 147 patients with recur-
rence after curative surgery. Recurrence patterns and patient
baseline characteristics were demonstrated. The difference
in DFS was compared between patients with and without
ACT. Given that physicians’ decisions on whether or not to
implement chemotherapy treatment might be correlated
with some high-risk factors such as age and low tumor dif-
ferentiation, propensity-score matching (PSM) was used to
balance these confounding factors. The purpose of this study
was to further demonstrate the role of ACT at the physi-
cian’s discretion in patients with completely resected stage
IB disease by examining 147 relapsed patients.

METHODS
Patients enrollment and treatment

The medical records of 1399 patients with pathological stage
IB (T2aNOMO0O) LUAD who underwent complete re-
section from 2012 to 2017 in our institution were retrospec-
tively reviewed. Pathological staging was based on the AJCC
7th edition staging criteria.'® Monitoring for recurrence
after surgery was a clinical routine in our hospital, where a

chest and abdominal computed tomography (CT) scan was
performed on patients every 3-6 months within 2 years after
surgery and brain imaging was performed every 6-
12 months, or when patients developed neurological symp-
toms or extracranial lesions. The inclusion criteria were
patients with recorded recurrence either from documented
medical records or routine imaging. The exclusion criteria
were indeterminate tumor stage, pathologically mixed ade-
nocarcinoma, inadequate follow-up information, and suspi-
cion of secondary metachronous tumor. The use of ACT
was decided in a doctor-patient codetermination way, con-
sidering the physician’s advice and the patient’s wish. Plati-
num-based doublet chemotherapy was the most common
regimen applied in the adjuvant setting.

This study was approved by the Ethics Committee of
the National Cancer Center/National Clinical Research
Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College in
accordance with the Declaration of Helsinki protocol.
Written informed consent was waived because this was a
retrospective study and neither the implementation nor
the outcome of this study would do harm to the patients
involved in it.

Follow-up information

For 147 patients who met the study criteria, the site of initial
relapse was recorded. DFS was calculated for each individual
as the time between the date of curative resection and the
date of disease recurrence. According to the multipeak
recurrence pattern revealed by published research,'” we set
the shortest follow-up time after surgery as 4 years. The last
follow-up date was December 30, 2021. Clinical and patho-
logical information was also retrospectively collected,
including sex, age at surgery, smoking history, histologic
subtypes, tumor differentiation, micropapillary status, pleu-
ral invasion status, and lymphovascular invasion. EGFR and
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KRAS mutations were tested by PCR on tumor tissue, and
ALK fusions were tested by immunohistochemistry on
tumor tissue, which was recorded in the medical records.

Statistical analysis

Patients were divided into two groups: ACT and non-
ACT. Baseline characteristics were compared between
the groups: Student’s t-test for continuous variables and
Pearson’s y” test for categorical variables. The Kaplan-
Meier analysis was used to generate the survival curves

TABLE 1 Characteristics of 147 stage IB recurrence patients
N (%)
Age at surgery (years) 61
Sex
Male 70 47.6
Female 77 52.4
Smoking history
Never 91 61.9
Smoker 56 38.1
Location
Right 79 53.7
Left 68 46.3
Pathology
Tumor size (mm) 30
Tumor differentiation
Low 57 38.8
Medium/high 90 61.2
Subtype
Acinar 91 61.9
Papillary 25 17.0
Solid 16 10.9
Mucinous 2 14
Lepidic 1 0.6
Not assured 12 8.2
Micropapillary 48 327
Visceral pleural invasion 132 89.8
Lymphovascular invasion 20 13.6
Driver gene mutation
EGFR 94 63.9
KRAS 12 8.1
ALK 2 1.4
Uncommon gene 3 2.0
Wild type 18 12.3
Unknown 18 12.3
Adjuvant chemotherapy
Yes 55 37.4
No 92 62.6

and the log-rank test was used to compare the differ-
ences among the curves. Univariate and multivariate
Cox regression models were used to identify indepen-
dent factors of relapse. PSM was applied to reduce the
potential selection bias, with the following covariates
used for matching: age, tumor size, differentiation,
micropapillary status, visceral pleural invasion, and lym-
phovascular invasion. The probability of undergoing
ACT for each patient was obtained from a logistic
regression model. Patients in the ACT group were
matched with patients in the non-ACT group using the
nearest-neighbor one-to-one matching method from the
MatchIt package.”” A p value <0.05 was considered sta-
tistically significant and all statistical tests were two-
sided. All statistical analyses were conducted using R
software (version 4.0.3 for Mac).

RESULTS

Characteristics of 147 patients with disease
recurrence

A total of 147 patients with recurrence were included in this
study. Fifty-five (37.4%) patients received ACT and
92 (62.6%) did not (non-ACT group). Thirty-two (21.8%)
patients had intracranial recurrence, 14 (25.5%) in the ACT
group and 18 (19.6%) in the non-ACT group, while
115 patients only had extracranial metastases. A flowchart
of the study is shown in Figure 1. For relapsed patients,
baseline clinical and pathological features are illustrated in
Table 1. The median age at surgery was 61. There were
slightly more females (52.4%) than males. The majority of
patients were never-smokers (61.9%). Tumors had slightly
higher right-sided location (53.7%). The pathological fea-
tures are described in Table 1, including tumor size, tumor
differentiation, subtype of adenocarcinoma, and the status
of the micropapillary, visceral pleural invasion, and lympho-
vascular invasion. Overall, 63.9% of patients had EGFR
mutations, while KRAS mutations and ALK fusions existed
in 8.1% and 1.4% of patients.

Recurrence pattern at initial relapse

The pattern of recurrence and initial recurrence sites is
shown in Table 2. The pattern of recurrence included
local recurrences only in 12 (8.2%) patients, distant recur-
rences only in 124 (84.3%) patients, and both local and
distant recurrences in 11 (7.5%) patients. Most patients
with recurrence had distant metastases. The organs most
commonly involved at initial relapse were the lungs
(n = 69, 46.9%), followed by the brain (n = 32, 21.8%)
and the pleura (n = 32, 21.8%). Patients who had under-
gone ACT seemed to have less distant recurrence (72.7%
vs. 91.3%, p = 0.001) but more intracranial relapse (25.5%
vs. 19.6%, p = 0.528).
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TABLE 2 Pattern of recurrence and initial recurrence sites in patients with or without adjuvant chemotherapy
With adjuvant Without adjuvant
chemotherapy chemotherapy Total (%) p value
Total number 55 92 147 100
Pattern of recurrence 0.001*
Local-regional 10 2 12 8.2
Solitary 4 0 4 2.7
Multiple 6 2 8 5.5
Distant only 40 84 124 84.3
Solitary 12 18 30 204
Multiple 28 66 94 63.9
Both local-regional and distant 3 6 11 7.5
Initial recurrence site 0.528°
CNS 14 18 32 21.8
Brain only 9 11 20 13.6
Brain & extracranial 5 7 12 8.2
CNS-free 41 74 115 78.2
Lung 21 48 69 46.9
Lymph node 11 8 19 12.8
Pleural seeding/effusion 7 25 32 21.8
Bone 9 16 25 17.0
Liver 2 4 6 4.1
Adrenal gland 0 1 1 0.6
Abbreviation: CNS, central nervous system.
“Fisher’s exact test was used to compare differences of pattern of recurrence (local-regional, distant only and both local-regional and distant) between groups.
®Pearson’s chi-squared test was used to compare differences of initial recurrence site (CNS and CNS-free) between groups.
TABLE 3 Univariate and multivariate Cox regression model analysis of recurrence-free survival
Univariate Multivariate
Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value
Age at surgery (<65 vs. 265 years) 0.96 (0.67-1.40) 0.81
Sex (female vs. male) 0.70 (0.50-0.97) 0.03 0.73 (0.44-1.23) 0.24
Smoking history (ever-smoker vs. never) 1.40 (0.97-1.90) 0.08 1.10 (0.65-1.87) 0.72
Pathology
Tumor size (mm) 1.00 (0.99-1.00) 0.34
Differentiation (medium/high vs. low) 0.77 (0.55-1.10) 0.13
Micropapillary 1.00 (0.71-1.40) 0.96
Visceral pleural invasion 0.85 (0.50-1.50) 0.55
Lymphovascular invasion 1.50 (0.93-2.40) 0.10 1.37 (0.83-2.26) 0.22
Adjuvant chemotherapy 1.30 (0.97-1.80) 0.03 1.42 (1.00-2.01) 0.05
Driver gene mutation 1.00 (0.60-1.64) 0.99
EGFR mutation 1.00 (0.69-1.50) 0.93

Abbreviation: CI, confidence interval.

Survival analyses

The results of the univariable and multivariable Cox regres-
sion models for patients are summarized in Table 3. In mul-
tivariable analysis, ACT was the only independent
prognostic factor for DFS. Patients who had undergone

ACT had shorter DFS (HR = 1.42 [95% CI 1.00-2.01],
p = 0.05). Before PSM, patients treated with ACT had
shorter DFS than those in the non-ACT group
(mDFS = 23.5 m vs. 30.3 m, p = 0.032) (Figure 2a).

PSM was applied to balance confounding covariates
between the two groups. Detailed distribution of patients in
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FIGURE 2 The Kaplan-Meier survival curves of disease-free survival for patients with adjuvant chemotherapy (ACT) or not (non-ACT) before (a) and

after (b) propensity-score matching

both groups before PSM and after PSM were demonstrated
in Table 4. After matching, ACT still showed no improve-
ment of DFS compared to non-ACT (mDFS = 23.5 m
vs. 29.5 m, p = 0.13) (Figure 2b). Subgroup analysis con-
cerning driver mutation status and recurrence site was also
done in the matched population (Figure 3). ACT did not
prolong the DFS in patients with or without EGFR muta-
tions (mDFS, 23.5 m vs. 30.1 m, p = 0.32 and 32.7 m
vs. 24.9 m, p = 0.37, respectively), or in patients with extra-
cranial recurrence (mDFS = 22.3 m vs. 26.2 m, p = 0.54).
For patients with intracranial recurrence, ACT was associ-
ated with worse DFS (mDFS = 30.3 m vs. 335 m,
p = 0.083). Since tumors smaller than 30 mm are classified
as stage IB only when visceral pleural invasion exists, sub-
group analysis of chemotherapy was also done on tumor

size. For tumors <30 mm, ACT was associated with shorter
DFS (mDFS = 219 m vs. 30.8 m, p = 0.076), and for
tumors >30 mm, ACT showed no improvement of DEFS
(mDFS = 27.0 m vs. 29.1 m, p = 0.63).

DISCUSSION

This study reviewed a cohort of 147 stage IB LUAD patients
with recurrence after curative surgery with the intention of
answering the question of whether ACT could prolong DFS
for patients. First, we determined the characteristics and
recurrence patterns of the relapsed patients. In this cohort,
21.8% of patients had intracranial metastases, 63.9% had
EGFR mutations, and 37.4% had received ACT. The
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TABLE 4 Characteristics of patients receiving adjuvant chemotherapy or not before and after PSM
Before PSM After PSM
With adjuvant With adjuvant
chemotherapy Without adjuvant chemotherapy Without adjuvant
Characteristic (N =55) chemotherapy (N =92)  p value (N =55) chemotherapy (N =55)  p value
Age (years) 56.0 9.3 614 + 83 <0.001*  56.0+9.3 58.8 + 8.3 0.10
Sex 0.45 0.44
Male 24 (43.6) 46 (50.0) 24 (43.6) 28 (50.9)
Female 31 (56.4) 46 (50.0) 31 (56.4) 27 (49.1)
Tumor size (mm) 3214+9.7 26.5+9.2 <0.001*%  32.1+9.7 302+ 8.3 0.26
Differentiation 0.10 0.34
Low 26 (47.3) 31 (33.7) 26 (47.3) 21 (38.2)
Medium/high 29 (52.7) 61 (66.3) 29 (52.7) 34 (61.8)
Micropapillary 0.71 0.54
No 36 (65.5) 63 (68.5) 36 (65.5) 39 (70.9)
Yes 19 (34.5) 29 (31.5) 19 (34.5) 16 (29.1)
Visceral pleural 0.83 0.40
Invasion
No 6(10.9) 9(9.8) 6(10.9) 9(16.4)
Yes 49 (89.1) 83 (90.2) 49 (89.1) 46 (83.6)
Lymphovascular 0.02* 0.12
Invasion
No 43 (782) 84 (91.3) 43 (782) 49 (89.1)
Yes 12 (21.8) 8(8.7) 12 (21.8) 6 (10.9)
EGEFR status 0.53 0.20
Wild type 14 (30.4) 21 (25.3) 14 (30.4) 10 (18.2)
Mutated 32 (69.6) 62 (74.7) 32 (69.6) 42 (81.8)

Note: Continuous variables are reported as mean =+ standard deviation. Dichotomous variables are reported as number (%). Bold indicates significant values (p < 0.05).

Abbreviation: PSM, propensity-score matching.

majority of patients developed distant metastases and 8.2%
had local recurrences only. The organs most commonly
involved at initial relapse were the lungs, followed by the
brain and the pleura. We then explored the role of ACT at
the physician’s discretion in patients. Since the physician’s
decision on ACT might be affected by high-risk factors,
PSM was used to balance these confounding factors when
comparing DFS between the ACT and non-ACT groups.
After matching, we found ACT did not result in an
improvement in DEFS in this cohort. Subgroup analysis also
showed that the ACT group had worse DFS for brain metas-
tases patients and for tumor smaller than 30 mm, while
ACT did not improve DFS in extracranial metastases
patients, in patients with or without EGFR sensitive muta-
tions, and in patients with tumors larger than 30 mm.

The relapsed patients might have unique tumor biology
different from those without relapse, according to our previ-
ous findings.*"** Based on their distinct tumor biology, we
supposed that the destined-to-relapse patients should be the
population whose benefit from adjuvant therapy should be
investigated. However, the negative role of ACT in our study
suggested that ACT might not prolong and may even reduce
DFS among stage IB patients who were destined to have

disease recurrence. This has also been seen in early-stage
breast cancer,”” where high-risk factors such as HER2 over-
expression did not predict benefit from ACT. One presumed
mechanism was that relapsed stage IB patients might have
initiated metastases cascade relatively early, before the can-
cer cells evade into lymph nodes. This could happen in 10-
15% of cases.”* Compared to tumor cells evading into lymph
nodes, those circulating in the peripheral blood might
encounter a more challenging microenvironment® and
undergo transition into dormancy,*® which would explain
the insensitivity of ACT in this scenario.

The lack of effectiveness of ACT for completely resected
stage IB LUAD patients was also revealed by previous stud-
ies.”*” This study contributes another perspective, that is,
when examining stage IB patients who were destined to
relapse, ACT at physician’s discretion might not result in
survival benefit for these population. Our study therefore
has two clinical implications. On the one hand, it is sug-
gested that up-to-date minimal residual disease (MRD)
monitoring by circulating tumor DNA (ctDNA) technology
should be used for stage IB patients to facilitate clinical deci-
sions on ACT.”® Bench-to-bedside research remains to be
conducted on investigating distinct biological markers and
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mechanisms behind the relapsed early-stage lung cancer
population. On the other hand, adjuvant targeted ther-
apy”” and immunotherapy’® have been investigated for
stage IB-IITA patients, but whether or not to use ACT was
not clarified. However, a recent editorial article argued
that the ACT might not be used for EGFR-mutated
patients if 3-year osimertinib is adopted as the adjuvant
regimen,”' based on a follow-up report on chemotherapy
use in the ADAURA trial.*® In that study, the 2-year DFS
rate was lower in patients receiving ACT in both the osi-
mertinib group (81% vs. 90%) and the placebo group
(66% vs. 74%). Our study endorses this opinion, that ACT
might not bring benefit for stage IB patients, in a cohort
of deemed-to-relapse patients after curative surgery.
However, prospective clinical trials are warranted to draw
the final conclusion.

There are limitations to this study. First, there could be
selective bias because this study was a retrospective study
and some relapsed patients might not be treated at our hos-
pital. Second, the number of patients included in the PSM
was relatively small, so there is a possibility that the matched
population did not represent the whole cohort. The strength
of this study was that we analyzed a cohort of 147 recur-
rences in completely resected stage IB LUAD, which has not
previously been investigated. We hope this result will add to
the knowledge of this area.

CONCLUSION

In patients who were destined to relapse after completely
resected stage IB LUAD, ACT might not be associated with
improved DEFS. Further large multicenter studies are war-
ranted to confirm this.
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