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Abstract
Background We investigated the real-world efficacy of adjuvant therapy for stage I lung adenocarcinoma patients 
with pathological high-risk factors.

Methods Study participants were enrolled from November 1, 2016 and December 31, 2020. Clinical bias was 
balanced by propensity score matching. Disease-free survival (DFS) outcomes were compared by Kaplan–Meier 
analysis. The Cox proportional hazards regression was used to identify survival-associated factors. p ≤ 0.05 was the 
threshold for statistical significance.

Results A total of 454 patients, among whom 134 (29.5%) underwent adjuvant therapy, were enrolled in this study. 
One hundred and eighteen of the patients who underwent adjuvant therapy were well matched with non-treatment 
patients. Prognostic outcomes of the treatment group were significantly better than those of the non-treatment 
group, as revealed by Kaplan-Meier analysis after PSM. Differences in prevention of recurrence or metastasis between 
the targeted therapy and chemotherapy groups were insignificant. Adjuvant therapy was found to be positive 
prognostic factors, tumor size and solid growth patterns were negative.

Conclusions Adjuvant therapy significantly improved the DFS for stage I lung adenocarcinoma patients with high-
risk factors. Larger prospective clinical trials should be performed to verify our findings.
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Introduction
Globally, lung cancer is one of the most common malig-
nant tumors. The International Agency for Research on 
Cancer (IARC) states that there are about 2.2  million 
newly diagnosed lung cancer cases every year, and its 
incidence rate is only second to breast cancer [1]. Lung 
cancer is also the leading cause of cancer-associated 
deaths, with about 1.8 million deaths every year [1]. Lung 
cancer is a group of highly heterogeneous diseases, of 
which 80–85% belongs to the non-small cell lung can-
cer (NSCLC) subgroup, and adenocarcinoma is the most 
common pathological type of NSCLC [2, 3]. 

In 2011, a novel multidisciplinary classification of pul-
monary adenocarcinoma was published by the Interna-
tional Association for the Study of Lung Cancer (IASLC), 
the American Thoracic Society (ATS), and the European 
Respiratory Society (ERS). Invasive adenocarcinomas are 
classified with lepidic, acinar, papillary, solid patterns, 
and micropapillary by predominant patterns [4]. In 2015, 
spread through air spaces (STAS) was recognized as a 
new pattern of invasion by the World Health Organiza-
tion (WHO) [5]. Micropapillary growth patterns, solid 
growth patterns, STAS, vascular invasion and visceral 
pleural involvement are negative prognostic factors for 
lung cancer patients [4, 6–8]. 

In 2015, IASLC updated the TNM classification to 
inform the treatment of NSCLC patients [9]. The Chi-
nese Society of Clinical Oncology (CSCO) guidelines do 
not recommend adjuvant treatment for stage I NSCLC 
patients. Based on findings of the ADAURA study, pub-
lished guidelines of the National Comprehensive Can-
cer Network (NCCN) and European Society for Medical 
Oncology (ESMO) recommend that chemotherapy fol-
lowed by osimertinib can benefit stage IB patients with 
high-risk factors [10–14]. 

About 10-27% of stage I NSCLC patients have a prob-
ability of dying within five years of diagnosis, which is 
attributed to tumor recurrence and metastasis [9]. There-
fore, there is need to improve on the prognosis of these 
patients. Some doctors tend to implement adjuvant treat-
ments for patients with high-risk pathological recurrence 
factors, but the clinical outcomes are unknown. There-
fore, we investigated the real-world efficacy of adjuvant 
therapy for stage I lung adenocarcinoma patients with 
pathological high-risk factors.

Methods
Patient selection and exclusion
This retrospective study was conducted at the Depart-
ment of Thoracic Surgery in Peking Union Medical Col-
lege Hospital (PUMCH), Chinese Academy of Medical 
Sciences and Peking Union Medical College. Electronic 
medical records for pathological stage I lung cancer 
patients discharged from PUMCH between November 

1, 2016 and December 31, 2020 were continuously 
retrieved.

Staging was based on IASLC version 8 TNM grading 
and staging system [9]. Patients should have undergone 
radical surgery, including lobectomy and elective sub-
lobar resection. In this study, based on the findings of 
JCOG0804/ WJOG4507L [15], the range of sublobar rad-
ical resection for patients was determined. That is, sub-
lobar resection was considered adequate only when the 
patient’s tumor had a maximum diameter of ≤ 2 cm and 
the consolidation/tumor ratio (CTR), was ≤ 0.25.

In this study, micropapillary growth patterns, solid 
growth patterns, STAS, vascular invasion and visceral 
pleural involvement were treated as pathological high-
risk factors for tumor recurrence and metastasis. STAS is 
defined as tumor cells within airspaces beyond the edge 
of the main tumor [16]. The 2021 WHO Classification of 
Thoracic Tumours recommends to document percent-
ages of histologic patterns in invasive lung nonmucinous 
adenocarcinomas [16], thus, as long as the proportion of 
micropapillary growth or the solid growth exceeds 5% in 
the tumor, this high-risk factor is considered to exist by 
researchers. All patients’ pathologic diagnoses were inde-
pendently reviewed by 2 pathologists according to the 
above criteria.

Stage I lung cancer patients with any one of the above 
pathological factors were considered eligible for inclu-
sion, that is, the weights of these factors are consistent. 
The inclusion criteria and exclusion are shown in Fig. 1. 
Based on whether they received postoperative adjuvant 
therapy (including targeted therapy and chemotherapy), 
patients were assigned into treatment and non-treatment 
groups.

Clinical data collection and follow-up
The collected clinical data included sex, age, smoking 
index (cigarettes per day * years), body mass index, pre-
vious comorbidities, tumor size, tumor location, surgical 
date, surgical method and approach, patients’ pathology 
reports, adjuvant therapies, disease recurrence or metas-
tasis and death.

Every half a year after surgery, patients were subjected 
to chest computer tomography (CT) examination. Posi-
tron emission tomography (PET)/CT and brain magnetic 
resonance imaging (MRI) were used to evaluate recur-
rence and metastasis. Patient follow-up was performed at 
the outpatient service of the department of thoracic sur-
gery or oncology or by telephone. Disease-free survival 
(DFS) duration was calculated from the date of surgery 
until detection of disease progression. Disease progres-
sion was indicated by tumor recurrence or metastasis, 
which were set as the primary endpoints for this study.
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Fig. 1 Flow chart of study
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Statistical analysis
Descriptive data for categorical variables are presented 
as frequencies and proportions and as means, medi-
ans, and standard deviations for continuous variables. 
The Chi-square and Fisher’s exact tests were performed 
to compare differences between the proportions of cat-
egorical variables, while the t-test was used to compare 
differences between the mean values of continuous vari-
ables. Patient backgrounds were matched by propensity 
score-matching (PSM) analysis using R 4.2.2. Matching 
was performed in accordance with sex, age, smoke index, 
ACE-27 scores [17], tumor size, number of risk factors 
and TNM stage. Nearest neighbor matching with a cali-
per difference of 0.05 was used to match. The Kaplan–
Meier method and log-rank tests were performed to 
estimate the DFS for the entire cohort. Multivariate 
analyses were performed using the Cox regression model. 
Statistical analyses and plotting were performed using 
SPSS 26.0 and GraphPad Prism 9 softwares. All statistical 
tests were two-sided, and p < 0.05 was the threshold for 
significance.

Results
Patient characteristics before and after PSM
Data for 454 patients were collected. Among them, 134 
(29.6%) patients underwent adjuvant therapy while the 
remaining 320 (70.4%) patients only underwent post-
operative regular checks. Baseline characteristics for 
patients are shown in Table 1. Compared with the non-
treatment group before PSM, patients in the treatment 
group were younger (p = 0.013), had bigger tumor sizes 
(p = 0.010), multiple risk factors (P = 0.002) and higher 
pathologic stage (p = 0.003) than patients without adju-
vant therapy.

Matched characteristics for patients are shown in 
Table  2. The average age for enrolled patients was 
58.5 ± 9.1 years (30–78 years), with male patients account-
ing for about one third of the total. Distributions of path-
ological high-risk factors are shown in Fig. 2. There were 
118 patients in the treatment group, including 52 patients 
receiving targeted therapy, 62 patients receiving plati-
num-based chemotherapy, and four patients receiving 
chemotherapy followed by targeted treatment. A total of 
118 patients in the non-treatment group did not receive 
any form of adjuvant treatment.

Table 1 Baseline characteristics of enrolled patients before 
propensity score matching
Variables Overall

(n = 454)
Non-treat-
ment
(n = 320)

Treat-
ment
(n = 134)

p 
value

Male, n (%) 173(38.1) 128(40.0) 45(33.6) 0.239
Age group, n (%) 0.013
≤ 50 years 64(14.1) 40(12.5) 24(17.9)
>50 and ≤ 60 years 150(33.0) 99(30.9) 51(38.1)
>60 and ≤ 70 years 181(39.9) 130(40.6) 51(38.1)
>70 years 59(13.0) 72(15.6) 8(6.0)
Smoke index group, n (%) 0.300
No smoking 340(74.9) 236(73.8) 104(77.6)
Smoking index ≤ 500 49(10.8) 33(10.3) 16(11.9)
Smoking index > 500 65(14.3) 51(15.9) 14(10.4)
ACE-27 Score, n (%) 0.955
0 181(39.9) 125(39.1) 56(41.8)
1 128(28.2) 91(28.4) 37(27.6)
2 141(31.1) 101(31.6) 40(29.9)
3 4(0.9) 3(0.9) 1(0.7)
Diameter group, n (%) 0.010
≤1 cm 46(10.1) 37(11.6) 9(6.7)
>1 and ≤ 2 cm 226(49.8) 169(52.8) 57(42.5)
>2 and ≤ 3 cm 133(29.3) 87(27.2) 46(34.3)
>3 and ≤ 4 cm 49(10.8) 27(8.4) 22(16.4)
Multiple risk factors, n (%) 206(45.4) 130(40.6) 76(56.7) 0.002
TNM Stage, n (%) 0.003
IA 153(33.7) 122(38.1) 31(23.1)
IB 301(66.3) 198(61.9) 103(76.9)

Table 2 Baseline characteristics of enrolled patients after 
propensity score matching
Variables Overall

(n = 236)
Non-treat-
ment
(n = 118)

Treat-
ment
(n = 118)

p 
value

Male, n (%) 75(31.8) 34(28.8) 41(34.7) 0.402
Age group, n (%) 0.955
≤ 50 years 44(18.6) 23(19.5) 21(17.8)
>50 and ≤ 60 years 84(35.6) 40(33.9) 44(37.3)
>60 and ≤ 70 years 92(39.0) 47(39.8) 45(38.1)
>70 years 16(6.8) 8(6.8) 8(6.8)
Smoke index group, n (%) 0.749
No smoking 187(79.2) 94(79.7) 93(78.8)
Smoking index ≤ 500 28(11.9) 15(12.7) 13(11.0)
Smoking index>500 21(8.9) 9(7.6) 12(10.2)
ACE-27 Score, n (%) 0.983
0 103(43.6) 53(44.9) 50(42.4)
1 65(27.5) 32(27.1) 33(28.0)
2 66(28.0) 32(27.1) 34(28.8)
3 2(0.8) 1(0.8) 1(0.8)
Diameter group, n (%) 0.915
≤ 1 cm 17(7.2) 8(6.8) 9(7.6)
>1 and ≤ 2 cm 104(44.1) 50(42.4) 54(45.8)
>2 and ≤ 3 cm 80(33.9) 41(34.7) 39(33.1)
>3 and ≤ 4 cm 35(14.8) 19(16.1) 16(13.6)
Multiple risk factors, n (%) 121(51.3) 57(48.3) 64(54.2) 0.435
TNM Stage, n (%) 1.000
IA 62(26.3) 31(73.7) 31(73.7)
IB 174(73.7) 87(73.7) 87(73.7)
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Clinical and prognostic outcomes before and after PSM
The median follow-up time for all identified patients was 
43 months (24–72 months). Prognostic outcomes for 
the treatment group were better than those of the non-
treatment group without significant statistical differ-
ence, as revealed by COX analysis before PSM, p = 0.098, 
[hazard ratio (HR) = 0.59, 95% confidence interval (CI): 
0.31–1.10]. There were 12 and 47 patients in the two 
groups who suffered disease recurrence or metastasis, 
respectively. All stage IA1 patients had no recurrence or 
metastasis.

Disease-free survival outcomes for the treatment 
group were still significantly better than those of the 
non-treatment group after PSM, p = 0.004, (HR = 0.34, 
95% CI: 0.17–0.71) (Fig.  3A). Four and five patients in 
targeted therapy and chemotherapy groups exhibited 
disease progression after PSM, respectively. Differences 
between targeted therapy and chemotherapy in prevent-
ing recurrence or metastasis were insignificant, p = 0.964, 
(HR = 0.97, 95% CI: 0.26–3.62) (Fig. 3B).

In subgroup analyses after PSM, we also explored in 
which subgroups adjuvant therapy would benefit patients 

more. Patients in the subgroups of women, non-smokers, 
stage IB, multiple risk factors, age ≤ 50 years, and maxi-
mum tumor diameter >2 and ≤ 3 cm showed better ben-
efits from adjuvant treatment (Table 3). Analysis of sex, 
age, TNM stage, number of risk factors, tumor size, ciga-
rette, adjuvant therapy and different subtype of risk fac-
tors by univariate and multivariate COX analysis revealed 
that adjuvant therapy, tumor size and solid growth pat-
terns are significant prognostic factors (Table 4).

Discussion
To the best of our knowledge, this is the first report on 
the real-world efficacy of adjuvant therapy for totally 
resected stage I lung adenocarcinoma patients with high-
risk pathological factors.

The 5-year overall survival (OS) outcomes for stage 
IA1, IA2, IA3 and IB NSCLC patients have been reported 
to be 90%, 85%, 80% and 73%, respectively, while the 
5-year DFS were 88.2%, 73.6%, 64.5% and 60.1% respec-
tively [9, 18]. These findings imply that there is much 
room for improvement of the prognosis of stage I 

Fig. 2 High-risk factor distributions of tumors of enrolled patients after PSM. * VI, vascular invasion; SGP, solid growth patterns; STAS, spread through air 
spaces; MGP, micropapillary growth patterns; VPI, visceral pleural involvement
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NSCLC patients. Unfortunately, previous large-scale 
studies found patients with stage I NSCLC and good per-
formance status can only benefit from surgery, with effi-
cacies of adjuvant therapies being poor [19–23]. 

In recent years, studies with low levels of evidence 
have supported the use of adjuvant therapy in selected 
stage IB NSCLC patients [24–27], which improved the 
5-year OS and 5-year DFS of patients. Currently, the 
ADAURA study is the only large randomized controlled 
study with good results of targeted therapy for stage IB 
NSCLC patients [10]. Stage IB NSCLC patients with 
epidermal growth factor receptor-mutations (EGFRm) 
who underwent total resection were randomized 1:1 to 
receive osimertinib or placebo for three years. Compared 
to the placebo, osimertinib resulted in better DFS out-
comes, regardless of whether patients received adjuvant 
chemotherapy (DFS HR = 0.16, 95% CI: 0.10–0.26) or not 
(HR = 0.23, 95% CI: 0.13–0.40). The NCCN and ESMO 
guidelines note the above outcomes [11, 13]. Based on 
these findings, some of the patients with high-risk patho-
logical factors have also been subjected to individualized 
adjuvant therapies, with positive outcomes.

In this study, 454 patients were enrolled, among whom 
134 (29.5%) patients received adjuvant treatment while 
the other 320 (70.5%) patients did not. We found that 
adjuvant treatment didn’t improved the DFS of patients, 
p = 0.098, however, we believe that this result does not 
really reflect the role of adjuvant therapy. This is because 
baseline characteristics for the two groups did not match, 
and since adjuvant therapy for stage I patients is not the 
standard treatment, clinicians only tend to recommend 
it for patients with a high probability of disease progres-
sion. In this study, tumor sizes for patients in the treat-
ment group were markedly larger, significantly more 
patients had multiple risk factors, percentage of younger 
patients were higher, and pathological staging was higher 

Table 3 Subgroups for which adjuvant therapy benefit patients 
more after propensity score matching
Variables Univariate analyses HR (95% CI) P value
Female 0.33 (0.13–0.84) 0.019
Non-smoker 0.35 (0.16–0.79) 0.012
Multiple risk factors 0.27 (0.11–0.70) 0.007
Stage IB 0.38 (0.17–0.81) 0.013
≤ 50 years 0.20 (0.04–0.92) 0.039
>2 and ≤ 3 cm 0.26 (0.08–0.78) 0.017

Table 4 Univariate and multivariate analysis of DFS after 
propensity score matching
Variables Univariate analyses Multivariate 

analyses
HR (95% CI) P 

value
HR (95% CI) P 

value
ACE-27 score 1.16 (0.80–1.69) 0.430
Age 0.98 (0.95–1.02) 0.321
Maximum diameter 1.06 (1.02–1.10) 0.003 1.05 

(1.02–1.09)
0.005

Adjuvant therapy 0.34 (0.17–0.71) 0.004 0.36 
(0.17–0.74)

0.006

Visceral pleural 
involvement

1.14 (0.54–2.43) 0.730

Micropapillary 
growth patterns

1.82 (0.95–3.50) 0.071

Multiple risk factors 1.85 (0.95–3.61) 0.072
Sex 1.19 (0.61–2.34) 0.611
Smoking 1.18 (0.54–2.58) 0.684
Solid growth 
patterns

3.28 (1.67–6.46) 0.001 2.90 
(1.46–5.73)

0.002

STAS 0.53 (0.20–1.37) 0.190
TNM stage 1.62 (0.67–3.90) 0.281
Vascular invasion 1.17 (0.36–3.80) 0.798

Fig. 3 (A) The disease-free survival curves for totally resected stage I lung adenocarcinoma patients with pathological high-risk factors with or without 
adjuvant therapy after propensity score matching, p = 0.004. (B) The DFS curves for totally resected stage I lung adenocarcinoma patients with pathologi-
cal high-risk factors with chemotherapy or with targeted therapy after propensity score matching, p = 0.942
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before PSM (Table  1). Therefore, we tried to eliminate 
these differences by PSM. After PSM, baseline charac-
teristics of the two groups were balanced (Table  2) and 
adjuvant treatment significantly reduced the risks of 
recurrence and metastasis, p = 0.004.

Since the protocols for adjuvant treatments, including 
chemotherapy alone, targeted therapy alone, and che-
motherapy followed by targeted therapy differ, we ana-
lyzed whether different protocols result in differences 
in improving the prognostic outcomes of patients. The 
number of patients undergoing chemotherapy followed 
by targeted therapy is small, thus, we analyzed the advan-
tages and disadvantages of the first two protocols. The 
patients in the chemotherapy alone group received plat-
inum-doublet chemotherapy for at least 4 cycles, who in 
the targeted therapy alone group received first generation 
tyrosine kinase inhibitors (TKI) for at least 24 months. 
Both protocols improved the DFS of patients, however, 
differences in therapeutic effects between the two pro-
tocols were insignificant. Selection of specific treatment 
plans for patients should be based on characteristics of 
the two protocols.

Targeted therapy, represented by TKI, has the advan-
tages of strong pertinence, less side effects and conve-
nient drug delivery. It should also be noted that because 
of the failure of matching drive genes, nearly 40% of 
NSCLC patients cannot receive targeted therapy [28, 29], 
who need to adopt other treatment methods to reduce 
the likelihood of recurrence and metastasis. Moreover, 
because of the high-cost implications and long treatment 
cycle, the economic burden to patients may be huge. 
Third generation TKIs are not cost-effective as first-
line therapeutic options for EGFRm NSCLC [30], and 
osimertinib first-line treatment is less cost-effective than 
first generation TKIs such as gefitinib or erlotinib first-
line and gene-guided osimertinib second-line strategies 
in China [31]. As a traditional cancer treatment method, 
chemotherapy has the advantages of quick effect, short 
treatment period and low price [32]. However, it can kill 
cancer and normal cells in tissues, resulting in more side 
effects, thus, patients undergoing chemotherapy should 
also be closely monitored in hospital. We suggest that 
administration of adjuvant therapies should take into 
account multiple factors such as medical benefits, cost-
effectiveness, and accessibility among others, and be 
decided by doctors and patients through consultations.

In current study, some patients chose to postpone 
adjuvant treatment until the recurrence did occur, which 
can lead to some patients entering the advanced stage of 
lung cancer early based on the results of this research. 
For patients in the treatment group, they started adju-
vant therapy beforehand. When the disease progresses, 
they will have to receive second-line systemic treatment, 
such as third-generation TKI or immunotherapy, which 

would result in higher costs. The cost-benefit analysis of 
adjuvant therapy for patients with stage I lung adenocar-
cinoma has not been searched at present, so when is the 
best time to start adjuvant therapy and how to minimize 
patient expenses as much as possible need to be further 
explored.

In subgroup analysis after PSM, we found that patients 
in the subgroups of women, non-smokers, stage IB, mul-
tiple risk factors, age ≤ 50 years, and maximum tumor 
diameter >2 and ≤ 3 cm groups were more likely to ben-
efit from adjuvant therapies. COX regression analysis 
revealed that the adjuvant therapy, tumor size and solid 
growth patterns were significant prognostic factors for all 
enrolled patients. Patients with larger tumors and solid 
growth patterns are more likely to develop recurrence 
or metastasis, and adjuvant therapy can prevent disease 
progression.

Based on these findings, we recommend chemotherapy 
or targeted therapy in totally resected stage I lung ade-
nocarcinoma patients with pathological high-risk fac-
tors, especially those who meet the following criteria: (i) 
Presence of two or more of the five high-risk factors in 
tumors, including micropapillary growth patterns, solid 
growth patterns, STAS, vascular invasion as well as vis-
ceral pleural involvement; (ii) Patients with stage IB can-
cer; (iii) Non-smoking patients, (iv) Female patients; (v) 
Patients with age ≤ 50 years; and (vi) Patients with maxi-
mum tumor diameter >2 and ≤ 3 cm.

This study has some limitations. First, its retrospective 
nature leads to an inevitable selection bias. Second, some 
clinicopathological information, including gene mutation 
status, and manifestations of tumor in chest CT among 
others were not collected, which may have affected our 
comprehensive assessment of patient diagnosis and 
treatment outcomes. In addition, disease progression 
incidences in stage I lung adenocarcinoma patients is 
relatively lower, therefore, it is difficult to obtain accurate 
data for median DFS, leading us to qualitatively describe 
the improvement of patients’ prognosis. Finally, the fol-
low-up time for the enrolled patients was not sufficient, 
and the median follow-up time was only 30 months. 
Although the short-term follow-up time was corrected by 
mathematical modeling of the statistical analysis package, 
due to some deviations, the conclusions must be carefully 
explained. Prospective clinical randomized controlled 
trials should be performed to confirm our findings.
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