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Abstract
Background:

Neoadjuvant therapy is increasingly used in the management of resectable non—small cell lung cancer
(NSCLC), and some patients achieve pathological complete response (pCR) after surgery. However, the
necessity and optimal regimen of adjuvant therapy for these patients remain uncertain. This study
evaluated the prognostic impact of receiving vs forgoing adjuvant therapy and compared outcomes
among different adjuvant regimens in patients achieving pCR after neoadjuvant treatment.

Methods:

In this multicenter retrospective study, 149 patients with NSCLC who achieved a pathologic complete
response (pCR) after neoadjuvant therapy followed by surgery were identified from a cohort of 1,119
patients treated at three medical centers between July 2014 and April 2022, of whom 113 received
adjuvant therapy and 36 did not. Outcomes were compared according to receipt vs nonreceipt of
adjuvant therapy and among different adjuvant regimens. Survival outcomes were assessed using
Kaplan—Meier analysis and Cox proportional hazards models.

Results:

With a median follow-up of 35 months, the 5-year overall survival (OS) rates were 93.21% in the adjuvant
therapy group and 81.75% in the non—adjuvant therapy group (hazard ratio[HR], 0.254; 95% CI, 0.066—
0.904; P = 0.035). The 5-year recurrence-free survival (RFS) rates were 85.25% and 75.62%, respectively
(HR,0.611;95% Cl, 0.246—-1.157; P = 0.289). With limited follow-up, no significant differences were
observed among chemotherapy, immunotherapy, and chemo-immunotherapy; however, immunotherapy
showed a numerical trend toward improved outcomes.Locoregional and pulmonary recurrences were
the most common relapse sites.

Conclusions:

Among patients with NSCLC achieving pCR after neoadjuvant therapy, adjuvant therapy was associated
with improved overall survival, with no significant differences among adjuvant regimens.These findings
warrant further validation in prospective trials.

Introduction

Lung cancer remains a leading cause of cancer-related mortality worldwide, with incidence continuing to
rise in recent years. (Surgical resection is the standard treatment for stage | to IlIA disease; however, a

substantial proportion of patients experience postoperative recurrence or distant metastasis, with
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reported 5-year survival rates ranging from 36% to 60%. @The introduction of neoadjuvant
chemotherapy, immunotherapy, and radiotherapy has facilitated tumor downsizing, preoperative
downstaging, and eradication of micrometastases in surgically eligible patients without distant
metastasis, thereby improving prognostic outcomes. ®Prior to the widespread adoption of neoadjuvant
therapy, 30% to 55% of patients undergoing curative-intent surgery ultimately experienced disease
recurrence and succumbed to lung cancer.4"®Notably, the CheckMate 159 trial reported that patients
with NSCLC receiving neoadjuvant nivolumab monotherapy achieved 5-year overall survival (OS) and
recurrence-free survival (RFS) rates of 80% and 60%, respectively.(”’Neoadjuvant chemoimmunotherapy
has also yielded high pCR rates; in CheckMate 816, the reported pCR rate reached 24%. ®)This raises a
clinical dilemma: whether patients achieving pCR require adjuvant therapy in routine practice.

Evidence from other malignancies underscores the prognostic relevance of pathological complete
response (pCR). In breast cancer, a 2014 meta-analysis including 11,955 patients across 12 clinical
studies demonstrated that achieving pCR, defined as ypTO ypNO or ypT0/is ypNO, was associated with
improved survival, although pCR was not validated as a surrogate endpoint for event-free survival or OS.
©)In NSCLC, the 0S analysis of the CheckMate 816 trial showed that patients achieving pCR following
neoadjuvant chemoimmunotherapy had lower all-cause and lung cancer—specific mortality than those

who did not achieve pCR. ®)Similarly, a systematic review of 14 randomized trials evaluating neoadjuvant

therapy for NSCLC found a moderate correlation between high pCR rates and improved 0S.(10)

Although patients achieving pathological complete response (pCR) show improved survival, ctDNA

clearance reaches only 93%, suggesting residual disease persists.(' DAlthough studies such as AEGEAN
and Neotorch have explored postoperative adjuvant therapy,('2 '3 robust evidence regarding the
absolute benefit of continued adjuvant treatment specifically in the pCR subgroup remains insufficiently
mature, and notable heterogeneity persists across trials.Phillips and Uprety presented opposing views in
an editorial in the Journal of Thoracic Oncology, with one advocating against and the other supporting
adjuvant immunotherapy for patients achieving pCR after neoadjuvant immunotherapy.('4 1%
Randomized controlled trials (RCTs) minimize selection bias via strict randomization but often exclude

patients with comorbidities or poor performance, limiting generalizability to real-world populations

Given these gaps, there remains an urgent need for real-world data to inform clinical decision-making.
This multicenter study therefore aimed to evaluate the efficacy of adjuvant therapy in NSCLC patients
who achieve pCR following neoadjuvant therapy and to compare outcomes across different adjuvant

treatment approaches.

Methods
Patient Cohorts
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From July 2013 to April 2022, we identified 149 patients with non—small cell lung cancer (NSCLC) who
achieved pCR after surgery following neoadjuvant therapy, from a total of 1,119 patients treated at three
medical centers: the Cancer Hospital of the Chinese Academy of Medical Sciences, Shanxi Provincial
Cancer Hospital, and the First Affiliated Hospital of China Medical University. Clinical and follow-up data
were obtained from medical records, outpatient visits, and telephone interviews. This retrospective study
was approved by the Ethics Committee of the National Cancer Center/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College (approval no. 25/514-5460).

Data Collection and Follow-up

Baseline patient characteristics, neoadjuvant therapy regimens, surgical details, and pathological
findings were extracted from the electronic medical record systems of the three centers. Follow-up data
were collected through scheduled outpatient visits and telephone interviews. Assessments were
performed at 1 month postoperatively, every 3 months for the first 2 years, every 6 months up to year 5,
and annually thereafter. Each visit included clinical evaluation, imaging studies (e.g., chest CT, bone
scintigraphy), and laboratory tests (e.g., tumor markers) to monitor for recurrence or metastasis. The site
of recurrence was defined as the first location confirmed by imaging.

Eligibility Criteria

Inclusion criteria:Patients aged 18-75 years; histopathologically confirmed NSCLC; an Eastern
Cooperative Oncology Group (ECOG) performance status of 0; and adequate organ function.

Exclusion criteria:Patients with non-pCR on postoperative pathological assessment; refusal to
participate in follow-up or loss to follow-up ; presence of actionable driver gene mutations treated with
targeted therapy ; receipt of fewer than two cycles of adjuvant therapy ; incomplete medical records ;
non-curative surgery ; or a history of autoimmune disease ( Fig. 1).

Outcome Measures

Pathologic complete response (pCR) was defined as the complete absence of viable tumor cells in both
the primary tumor site and all resected lymph nodes.Recurrence-free survival (RFS) was defined as the
time from the date of surgery to the first documented recurrence.Overall survival (0S) was defined as the
interval from the date of surgery to death from any cause.

Statistical Analysis

Differences between categorical variables were compared using the chi-square test or Fisher’s exact
test.For continuous variables, the Mann—Whitney U test and Student'’s t test were used to compare non-
normally distributed and normally distributed variables, respectively. Continuous variables are presented
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as mean (standard deviation) or median (Q1-Q3), whereas categorical variables are presented as
counts with percentages.The Kaplan—Meier method was used to estimate survival probabilities and
construct survival curves for RFS and OS. Comparisons of RFS and OS were performed using the log-
rank test. Univariable and multivariable Cox proportional hazards regression models were used to
identify independent prognostic factors, with adjusted hazard ratios (aHRs) and 95% confidence
intervals estimated. Variables with a P value < 0.10 in univariable analyses were included in the
multivariable model.Subgroup analyses were not conducted for subgroups with fewer than 10 cases.All
statistical analyses were performed using IBM SPSS Statistics version 26 and R version 4.4.2. A two-
sided P value < 0.05 was considered statistically significant.

Results

Clinical characteristics of patients

We retrospectively analyzed 149 patients with non—small cell lung cancer (NSCLC) from three medical
centers in China between July 2013 and April 2024. All patients underwent surgery following
neoadjuvant therapy and achieved postoperative pathologic complete response (pCR). Among them, 113
patients (75.84%) received adjuvant therapy, while 36 (24.16%) did not.Interestingly, only 12.75% of
patients with pCR (19/149) were assessed as having a complete response (CR) after neoadjuvant
therapy; the remaining 87.25% (130/149) exhibited partial response (PR) or stable disease (SD). The
majority of pCR cases were squamous cell carcinoma (SCC, 82.55%).Sex distribution was similar
between groups, both predominately male (adjuvant therapy 93.81% vs non-adjuvant 91.67%; P = 0.705).
Patients receiving adjuvant therapy had a higher body mass index (BMI) compared with those who did
not ( BMI 24.59 +2.91 vs 23.22 + 2.82, P = 0.014).0ther baseline characteristics, including smoking and
alcohol history, age, comorbidities, family history, stage at diagnosis, neoadjuvant therapy regimen and
cycles, and response to neoadjuvant therapy, were comparable between groups (Table 1).

Surgical Outcomes

Surgical characteristics were compared between patients who received postoperative adjuvant therapy
and those who did not. The adjuvant therapy group had a significantly higher rate of video-assisted
thoracoscopic surgery (VATS) than the non-adjuvant group (72.57% [82/113] vs. 52.78% [19/36]; P =
0.027).

Regarding surgical procedures, lobectomy was performed more frequently in the adjuvant therapy group,
whereas sleeve resection and pneumonectomy were less common. In addition, a greater number of
lymph nodes were dissected in the adjuvant therapy group compared with the non-adjuvant group
(lobectomy: 76.99% [87/113] vs. 50.00% [18/36]; sleeve resection: 13.27% [15/113] vs. 27.78% [10/36];
pneumonectomy: 9.74% [11/113] vs. 22.22% [8/36]; P = 0.008). The number of dissected lymph nodes
was also higher in the adjuvant group (23.72 £8.92 vs. 17.00 [Q1-Q3: 10.00-26.00]; P = 0.005).
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No significant differences were observed between the two groups in operative time, postoperative
hospital stay, or complication rates (164 min [120—190] vs. 157 min [120-195], P = 0.871; 7 days [4-13]
vs. 7 days [5-13], P =0.162; 8.85% [10/113] vs. 13.89% [5/36], P = 0.382). Postoperative pathological
examination confirmed that all patients achieved pathological complete response (pCR) and underwent
RO resection (Table 2).

Survival Outcomes

The median follow-up for the entire cohort was 35.00 months (Q1-Q3: 25-44). During the study period,
11 patients (7.40%) died, including 5 (4.42%) in the postoperative adjuvant therapy group and 6 (16.67%)
in the non-adjuvant group. The median follow-up duration was 36.00 months (Q1-Q3: 27-42) for
patients receiving adjuvant therapy and 34.00 months (Q1-Q3: 21.00-57.00) for those without adjuvant
therapy. Disease recurrence occurred in 21 patients during follow-up, including 14 (12.39%) in the
adjuvant therapy group and 7 (19.44%) in the non-adjuvant group.

In the adjuvant therapy group, the 5-year overall survival rate was 93.2% (95% Cl, 86.4%—100%),
compared with 81.8% (95% Cl, 69.4%-96.3%) in the non-adjuvant therapy group, indicating a statistically
significant difference between the two groups(P = 0.015,Fig. 2A). After forcibly adjusting for baseline
variables, including surgical approach (VATS vs. thoracotomy) and the number of lymph nodes resected,
multivariable Cox regression analysis yielded a hazard ratio of 0.245 (95% Cl, 0.066-0.904; P =
0.035,Table 3). In contrast, In the adjuvant therapy group, the 5-year disease-free survival rate was 85.3%
(95% Cl, 78.1%-93.1%), compared with 75.6% (95% Cl, 59.7%-95.7%) in the non-adjuvant therapy group,
with no statistically significant difference observed between the groups (P = 0.28,Fig. 2B). Univariable
Cox regression analysis showed no significant difference in recurrence-free survival (RFS) between
patients receiving adjuvant therapy and those without (HR, 0.611; 95% CI, 0.246-1.517; P = 0.289;

Table 3). Kaplan—Meier curves nevertheless suggested a trend toward improved RFS in the adjuvant
therapy group beginning at approximately 36 months of follow-up.

Subgroup Analysis

Subgroup analyses were performed to evaluate the prognostic impact of adjuvant therapy. Among male
patients, those receiving adjuvant therapy had significantly longer OS than those not receiving adjuvant
therapy (HR 0.246, 95% Cl 0.075-0.808, P = 0.021,Fig. 3A). However, adjuvant therapy was not
associated with improved RFS in this subgroup (HR0.620, 95% C10.230-1.669, P = 0.344, Fig. 3B).

In patients with comorbidities, adjuvant therapy was associated with significantly improved OS
compared with no adjuvant therapy, whereas no significant difference in RFS was observed (HR 0.074,
95% C1 0.008-0.662,P =0.020; HR 0.349, 95% CI 0.093-1.304,P =0.118, Fig. 3A,B).

Among patients who received neoadjuvant immunotherapy including chemoimmunotherapy or
immunotherapy combined with antiangiogenic agents, adjuvant therapy significantly improved OS but
not RFS (HR 0.039, 95% Cl 0.005-0.323,P = 0.003;HR0.451,95%CI10.135-1.506, P = 0.196;Figure
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3A,B).Similarly, in patients who achieved PR or CR after neoadjuvant therapy, subsequent adjuvant
therapy was associated with improved OS but not RFS ( HR 0.258, 95% CI 0.074-0.895,P = 0.033; HR
0.927,95% Cl 0.305-2.817,P = 0.894,Fig. 3A,B).Given the retrospective real-world design and clinical
heterogeneity of the cohort, subgroup analyses were not performed for groups with fewer than 10
patients.

Adjuvant Therapy Regimens and Prognosis

Because different adjuvant regimens may influence prognosis, outcomes were further analyzed
according to treatment type. Among the 113 patients who received adjuvant therapy, 32 (28.32%)
received chemoimmunotherapy, 38 (33.63%) recevied chemotherapy, and 43 (38.05%) received
immunotherapy. During follow-up, 14 patients experienced recurrence and 5 patients died. Recurrence
occurred in 6 patients (18.75%) in the chemoimmunotherapy group, 6 patients (15.79%) in the
chemotherapy group, and 2 (4.65%) in the immunotherapy group. Death occurred in 4 patients (10.53%)
in the chemotherapy group and in 1 patient (2.63%) in the chemoimmunotherapy group (Fig. 4). Both
recurrence and mortality rates were lowest in the immunotherapy group.

Among the 14 patients who experieced recurrence after adjuvant therapy, the most common recurrence
pattern was locoregional recurrence (5 cases, 35.72%), followed by contralateral lung recurrence (3
cases, 21.44%). Other recurrence sites included the ipsilateral lung, throat, sacrum, pleura, bilateral lungs,
and right supraclavicular lymph node, each occurring in 1 case (7.14%). Pulmonary recurrence (including
local, ipsilateral, contralateral, and bilateral lung recurrence) occurred in 10 patients (71.43%) (Fig. 4).
These findings indicate that even after achieving pCR and receiving adjuvant therapy, close surveillance
for pulmonary recurrence remains necessary.

Survival by Adjuvant Treatment Regimen

Pairwise comparisons were conducted to evaluate differences in survival outcomes among the three
adjuvant treatment regimens.For 5-year RFS, the immunotherapy group demonstrated a rate of 95.10%,
compared with 78.78% in the chemoimmunotherapy group (HR 0.221, 95% CI 0.045-1.097; P = 0.065)
and 80.81% in the chemotherapy group (HR 0.297, 95% CI 0.060-1.475; P = 0.138). No significant
difference was observed between the chemoimmunotherapy and chemotherapy groups (78.78% versus
80.81%; HR 0.784,95% CI 0.252-2.438; P = 0.674, Fig. 5A ).

For 5-year OS, hazard ratios comparing the immunotherapy group with the chemotherapy and
chemoimmunotherapy groups could not be estimated .Because no deaths occurred in the
immunotherapy group during a relatively short median follow-up of 30 months, the median survival time
was not reached, and the 5-year OS rate was 100%..The 5-year OS rate was 100.00% (95% CI, 100.00-
100.00) in the immunotherapy group, compared with 88.43% (95% CI, 76.08—-100) in the chemotherapy
group (P =0.078) and 88.89% (95% CI, 70.56—100) in the chemoimmunotherapy group (P = 0.169). The
median survival time was 39.50 months in the chemotherapy group and 33.00 months in the
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chemoimmunotherapy group. Between the chemoimmunotherapy and chemotherapy groups, the 5-year
OS rates were 88.89% and 88.43%, respectively (HR 1.824,95% Cl1 0.187-17.814; P =0.600, Fig. 5B ).

Although no statistically significant differences in RFS or OS were observed among the three treatment
groups, the immunotherapy group demonstrated favorable trends for both outcomes.

Discussion

Adjuvant therapy significantly improved 5-year overall survival and modestly prolonged recurrence-free
survival among patients with NSCLC who achieved pCR after neoadjuvant therapy. In the postoperative
setting, immunotherapy demonstrated a favorable numerical trend in both recurrence-free survival and
overall survival compared with chemotherapy and chemoimmunotherapy, although this trend did not
reach statistical significance, likely due to limited follow-up duration and sample size. The lung remained
the most common site of recurrence among patients receiving adjuvant therapy. These findings suggest
that even patients who achieve pCR after neoadjuvant therapy may benefit from adjuvant treatment,
particularly immunotherapy, and highlight the need for close pulmonary monitoring during treatment and
follow-up.

In breast cancer, neoadjuvant trastuzumab is typically recommended for patients with tumors of at least
T2 stage or lymph node positive disease. The APHINITY trial (NCT01358877) demonstrated that the
addition of one year of pertuzumab to adjuvant chemotherapy plus trastuzumab improves invasive
disease-free survival in patients with node-positive, HER2-positive early breast cancer.('®)Current
guidelines recommend continuing anti-HER-2 therapy with trastuzumab with or without pertuzumab to

complete 12 months of treatment, even in patients who achieve pCR, due to the risk of recurrence. (17

18)These findings support the concept that patients who achieve pCR after neoadjuvant therapy should
continue postoperative adjuvant therapy. Similarly, in NSCLC, the IMpower010 and KEYNOTE-
091/PEARLS trials demonstrated that one year of adjuvant immunotherapy after surgical resection
prolongs disease-free survival, supporting the use of postoperative immunotherapy in this setting.(!% 20)
Although these studies did not specifically analyze patients who achieve pCR, our study focused
exclusively on this population. Patients who received adjuvant therapy achieved a 5-year OS rate of

93.21%, highlighting the potential survival benefit of adjuvant treatment even after pCR.

In the chemotherapy era, postoperative adjuvant chemotherapy has been established as an approach
that improves overall survival.2") More recently, immunotherapy trials such as AEGEAN and Neotorch
have confirmed that postoperative immunotherapy prolongs event-free survival. (13, 22)ynlike these trials,
which compared chemotherapy or immunotherapy with placebo, the present real-world clinical analysis
evaluated three commonly used postoperative regimens: chemotherapy, chemoimmunotherapy, and
immunotherapy. No statistically significant differences in RFS or OS were observed among these groups.
Nevertheless, who received immunotherapy experienced fewer recurrences and deaths than those
treated with chemotherapy or chemoimmunotherapy.
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Recurrence remains a major challenge in NSCLC. Kelsey and colleagues suggested that local
recurrences may be underreported because distant metastases are more readily detected on imaging
and often occur earlier after surgery, whereas local recurrence may occur concurrently but remain
unrecognized. (23 In a study of 94 patients receiving neoadjuvant chemoimmunotherapy or
immunotherapy, 26 patients experienced recurrence, including 14 local recurrences and 12 distant
recurrences. Notably, all three patients who achieved pCR developed distant recurrence.(?%

In the present study, among patients who achieved pCR after neoadjuvant therapy and subsequently
received adjuvant therapy, 5 patients (35.72%) experienced locoregional recurrence, underscoring the
need to monitoring for postoperative local recurrence. The relatively high rate of local recurrence may be
attributable to treatment-induced fibrosis of at the primary site and regional lymph nodes following
neoadjuvant therapy, which may hinder intraoperative resection and impede the complete eradication of
microscopic residual disease.For patients with isolated local recurrence after radical surgery without
hematogenous spread, adequate local treatment may still achieve cure. ?®Sugimura and colleagues
reported that patients with isolated local recurrence had a median post-recurrence survival of 9.8
months and a 2-year survival rate of 17%, compared with median survival times of 7.8 and 6.8 months in
patients with distant recurrence alone or with both local and distant recurrence, respectively. (26) These
findings suggest that early detection of local recurrence may improve survival outcomes. Importantly,
pulmonary recurrence represented the most common pattern of failure in this cohort. This observation
highlights the importance of careful surveillance for subtle pulmonary abnormalities during follow-up,
including small nodules or opacities.

This study has several limitations. First, the retrospective design introduces potential selection bias, and
follow-up in the adjuvant immunotherapy cohort was insufficient, with the median follow-up not reached,
thereby limiting survival comparisons among the immunotherapy, chemotherapy, and
chemoimmunotherapy groups. Second, the extended enrollment period may have introduced variability
in physicians’ treatment decisions regarding adjuvant therapy for patients who achieved pCR, which may
have influenced recurrence and mortality outcomes. Third, neoadjuvant immunotherapy and
chemoimmunotherapy remain relatively recent strategies for NSCLC, and the number of patients
achieving pCR was limited, with relatively short follow-up duration. Prospective, large-scale, multicenter
studies are required to validate these findings and to clarify the optimal role of adjuvant therapy in
patients with NSCLC who achieve pCR after neoadjuvant treatment.
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Figure 1

The diagram of this study. NSCLC: Non-small cell lung cancer.pCR: pathologic complete response;
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Figure 2

Kaplan-Meier survival curves for patients with non-small cell lung cancer with and without adjuvant
therapy. Overall survival (A) and recurrence-free survival (B) were compared between the adjuvant
therapy and non-adjuvant therapy groups.
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Figure 3

Subgroup analyses of overall survival (A) and event-free survival (B) for non-small cell lung cancer
patients with and without adjuvant therapy. The 95% Cls for the overall HR of overall survival or
recurrence-free survival are shown at the top of each panel. The HR <1 represents a lower risk of overall
survival or recurrence-free survival receiving adjuvant therapy than non-adjuvant therapy. Cl: Condifence
interval; HR: Hazard ratio.
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Figure 4

Clinical outcomes of patients received adjuvant therapy. Surgical approaches, adjuvant therapy,
recurrence and follow-up of 14 NSCLC patients in the adjuvant therapy group who experienced. VTAS:
Video-assisted thoracoscopic surgery.Open:
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Figure 5

Kaplan-Meier curves showing recurrence-free survival (A) and overall survival (B) in patients with non-
small cell lung cancer who received different adjuvant regimens, including chemoimmunotherapy,
immunotherapy, and chemotherapy.
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