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ABSTRACT

Introduction: Increased efforts to optimize outcomes for
early stage NSCLC through the investigation of novel peri-
operative treatment strategies are ongoing. An emerging
question is the role of pathologic response and its association
with long-term clinical outcomes after neoadjuvant therapy.

Methods: To investigate the association of pathologic
complete response (pCR) and event-free survival (EFS) and
overall survival (OS), we performed a systematic review
and meta-analysis identifying studies reporting on the
prognostic impact of pCR after neoadjuvant chemotherapy
or chemoradiotherapy. To evaluate this prognostic value, an
aggregated data (AD) meta-analyses was conducted to es-
timate the pooled hazard ratios (HRs) of EFS and OS for
pCR. Using reconstructed individual patient data (IPD),
pooled Kaplan-Meier curves were obtained to estimate this
association in a more granular fashion. Subgroup analyses
were conducted to further explore the impacts of study-
level characteristics.

Results: A total of 28 studies comprising 7011 patients were
included in the AD meta-analysis, of which, IPD was available
for 6274 patients from 24 studies. Results from our AD meta-
analysis revealed a pooled pCR rate of 18% (95% confidence
interval [CI]: 15%–21%), including significant improvements
in OS (HR ¼ 0.50, 95% CI: 0.45–0.56) and EFS (HR ¼ 0.46,
95% CI: 0.37–0.57) on the basis of pCR status. Our IPD
analysis revealed a 5-year OS rate of 63% (95% CI: 59.6–
67.4) for patients with a pCR compared with 39% (95% CI:
34.5–44.5) for those without a pCR.

Conclusions: pCR after neoadjuvant chemotherapy plus or
minus radiotherapy is associated with significant improve-
ments in EFS and survival for patients with resectable
NSCLC.

� 2022 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Lung cancer remains the leading cause of cancer

death globally on the basis of recent available data.1 For
patients with earlier stage, resectable disease, the risk of
recurrence after surgery is greater than 50%.2 In light of
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these sobering statistics, increased emphasis on the
treatment of early stage NSCLC has led to a flurry of
exciting new neoadjuvant trials, each hoping to address
this serious clinical need and keep pace with advances in
the metastatic setting.

Increasingly, pathologic assessments of response
have been incorporated into neoadjuvant clinical trial
designs to assess the activity of study regimens.
Thresholds of pathologic response, including major
pathologic response (MPR) and pathologic complete
response (pCR), have been used as primary end points
for several ongoing and recently reported chemo-
immunotherapy trials.3,4 Such pathologic end points
provide early indicators of therapy response and
represent an efficient clinical trial design for evaluating
the efficacy of novel neoadjuvant therapies. Previous
studies have suggested the positive correlation between
pathologic response, including pCR and MPR, and more
established clinical end points, such as event-free sur-
vival (EFS) and overall survival (OS).5 Nevertheless,
questions have been raised over the appropriateness of
these pathologic end points as surrogates for long-term
clinical outcomes. Therefore, further research is needed
to effectively quantify the association between patho-
logic responses, such as pCR, and long-term outcomes,
including EFS and OS.

Although long-term clinical outcomes from recent
neoadjuvant trials incorporating immune checkpoint
inhibitors (ICIs) are still maturing, we can draw on more
extensive experiences from neoadjuvant chemotherapy
(CT) and chemoradiotherapy (CRT) to effectively quan-
tify the prognostic value of pCR. Establishing this asso-
ciation has significant clinical implications in both
patient management and clinical trial design. The prog-
nostic information of pathologic responses allows clini-
cians to more effectively counsel patients and tailor
subsequent management. Such an association is impor-
tant for researchers designing future neoadjuvant ICI
trials in NSCLC. Given the recent approval of neo-
adjuvant chemoimmunotherapy, both scenarios will
increasingly be encountered, making this both a relevant
and urgent clinical need. In addition, considering many
neoadjuvant trials, completed or ongoing, are not fully
powered to detect a difference in OS, a well-understood
association between pathologic responses and long-term
outcomes will substantially accelerate evidence
generation.

To address this question, we have performed a
comprehensive systematic review and meta-analysis of
available literature quantifying the relationship between
pathologic response and long-term clinical outcomes for
patients with NSCLC who were treated with neoadjuvant
CT or CRT. In this study, we included key subgroup an-
alyses, such as stage and neoadjuvant treatment
regimen, to explore the relationship between pCR and
clinical outcomes in various patient populations.

Materials and Methods
Study Identifications

We performed our systematic search using the
PubMed database to identify potentially eligible
studies. This search was carried out in March 2022.
The search used a combination of MESH terms
including “Carcinoma, Non-Small-Cell Lung,” “neo-
adjuvant therapy,” “preoperative care,” “preoperative
period,” “peri-operative care,” and “peri-operative
period.” We included all trials published after 1997
which coincided with the publication of the fifth edition
of TNM classification for lung cancer.6 Eligibility
included studies that reported rates of pCR or MPR
and their relationship with long-term clinical outcomes,
such as EFS, or its equivalent, or OS. We included all
relevant retrospective cohort, prospective cohort, and
randomized controlled trials. We restricted eligibility to
those publications written in English. Eligible neo-
adjuvant regimens included those that incorporated
platinum-based CT with or without radiotherapy (XRT).
Additional references were identified by searching for
publications that cited the articles we included and
reviewing related systematic literature reviews. Articles
were initially screened by one member of the study
team (SR) and then reviewed by the remainder of the
team (CL, PF, CH), to ensure eligibility was met. If two
or more publications reported on the same cohorts,
only the most recent publication was included. A
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram, summarizing our article
screening process, is presented in Figure 1.

Evaluation of Bias
Only manuscripts published in peer-reviewed jour-

nals were included, and conference proceedings and
abstracts were therefore not included. Demographic,
clinical, pathologic, and treatment information of each
study were extracted and summarized, to ensure the
broadest representation of patients. Data were collected
in a predefined file in which we reported the PubMed
identification, first author, journal, publication year, and
other key variables as detailed previously. Studies were
included regardless of funding sources. Demographic
information on the final study lists for both the indi-
vidual patient data and aggregate data analyses is pre-
sented in Table 1 and Supplementary Table 1.2,7–33

End Points
The primary clinical end points collected were

cancer recurrence and overall survival. These time-to-



MeSH Search Terms:
“non-small cell lung carcinoma”; “Neoadjuvant 
therapy”; “Pre-opera�ve care”; “pre-opera�ve 
period”; “peri-opera�ve care”; “peri-opera�ve 

period” 
(N = 2,573)

Excluded based on 
year/language n = 490

Excluded based on abstract 
review n = 1604

Full Ar�cle Reviewed (n = 479)

Abstracts Reviewed (n = 2083)

Included for aggregate data 
analysis analysis (n = 28)

Excluded based on full 
review n = 451

Included for IPD analysis 
(n = 24)

Excluded based on lack of 
IPD n = 4

Aggregate Data Meta-Analysis
28 studies

7011 pa�ents

Individual Pa�ent Data Analysis
24 studies

6274 pa�ents

Figure 1. PRISMA flowchart for study selection. On the basis of our preset eligibility criteria, 2083 abstracts were reviewed.
From these, 479 underwent full text review, leading to 28 studies that were included for our aggregate data meta-analysis
and 24 studies with available individual patient data. MeSH, Medical Subject Headings; PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.
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event measurements varied between studies and were
therefore captured by our study team. For the recur-
rence end point, studies used a variety of measure-
ments, including EFS, disease-free survival,
progression-free survival, and recurrence-free sur-
vival. Each of these end points was treated as equiv-
alent for our pooled analysis and referred to EFS
generically for simplicity. The primary pathologic end
point collected was pCR, defined as 0% viable tumor
on surgical pathology specimen.34 Variability in the
definition of pCR was noted and considered for this
analysis, including studies that assessed both primary
tumor and nodal metastases (pT0N0), primary tumor
alone (T0), or studies that did not include a clear
definition of pCR (“not defined”).
Statistical and Data Extraction Methods
To evaluate the prognostic value of pCR, aggregated

data (AD) meta-analysis and individual patient-level data
(IPD) meta-analysis were both conducted to estimate the
hazard ratio (HRs) of EFS and OS for pCR versus no pCR,
respectively. HR less than 1.0 indicates that pCR was
associated with better EFS or survival, relative to those
who did not.

For AD meta-analysis, the fixed-effects model and
random-effects model with DerSimonian-Laird method
were applied to estimate the pooled HR. HRs and 95%
confidence intervals (CIs) for each study were directly
extracted from the literature. Publication bias was
explored using the funnel plot (Supplementary Fig. 1). If
HRs were not reported, Guyot’s algorithm35 was used to



Table 1. Summary of Study and Patient Characteristics, Organized According to the Type of Analysis They Were Incorporated
Under (i.e., Aggregate Data or Individual Patient Data Meta-Analysis)

Study Characteristics

Aggregate Data Individual Patient Data

Publications Included Sample Size Publications Included Sample Size

n ¼ 28 n ¼ 7011 n ¼ 24 n ¼ 6274

Study type, n (%)
Prospective cohort 1 (4) 27 (0) 1 (4) 27 (0)
Prospective trial 6 (21) 292 (4) 6 (25) 292 (5)
RCTs 1 (4) 492 (7) 1 (4) 492 (8)
Retro cohort 20 (71) 6200 (88) 16 (67) 5463 (87)
Geographic region, n (%)
Asia-Pacific 12 (43) 1659 (24) 10 (42) 1099 (18)
Europe 7 (25) 1126 (16) 5 (21) 949 (15)
Middle East 1 (4) 124 (2) 1 (4) 124 (2)
North America 8 (29) 4102 (59) 8 (33) 4102 (65)
Publication date, median (range) 2014 (2000–2021) 2016 (2000–2021)
Follow-up time (mo), median (range) 42 (18–97) 42.2 (18–97)
Median age (ys), median (range) 59 (55–67) 59 (55–67)
Proportion of stage 3 patients,

median (range)
100% (0%–100%) 100% (0%–100%)

pCR rate, median (range) 17% (4%–38%) 19% (4%–38%)
pCR definition, n (%)
T0N0 15 (54) 4504 (64) 13 (54) 4173 (67)
T0 6 (21) 1540 (22) 5 (21) 1185 (19)
Not defined 7 (25) 967 (14) 6 (25) 916 (15)
AJCC edition
Fifth 2 (7) 212 (3) 2 (8) 212 (3)
Sixth 6 (21) 2887 (41) 6 (25) 2887 (46)
Seventh 9 (32) 2769 (39) 7 (29) 2438 (39)
Eight 1 (4) 92 (1) 1 (4) 92 (1)
Not reported 10 (36) 1051 (15) 8 (33) 645 (10)
Evaluated association between pCR

and OS, n (%)
27 (96) 6979 (100) 23 (96) 6292 (100)

Evaluated association between pCR
and EFS, n (%)

9 (32) 1649 (24) 7 (29) 1530 (24)

Recurrence definition, n (%)
RFS 4 (14) 834 (12) 4 (17) 834 (13)
PFS 5 (18) 595 (8) 3 (12) 189 (3)
RFS/PFS 1 (4) 32 (0) 1 (4) 32 (1)
DFS 2 (7) 584 (8) 2 (8) 584 (9)
DFS/DSS 1 (4) 122 (2) 1 (4) 122 (2)
Distant recurrence 1 (4) 85 (1) 1 (4) 85 (1)
TTP 1 (4) 157 (2) 1 (4) 157 (3)
Not included 13 (46) 4602 (66) 11 (46) 4271 (68)
EFS start date, n (%)
Diagnosis 2 (7) 1868 (27) 2 (8) 1868 (30)
First treatment 8 (29) 1373 (20) 7 (29) 1018 (16)
Enrollment 1 (4) 48 (1) 1 (4) 48 (1)
Surgery 11 (39) 1724 (25) 9 (38) 1547 (25)
Not defined 6 (21) 1998 (28) 5 (21) 1793 (29)
Reported adjuvant therapy use, n (%)
Yes 9 (32) 2763 (39) 6 (25) 2077 (33)
No 19 (68) 4248 (61) 18 (75) 4197 (67)
% patients who received

adjuvant treatment
83.1% (13.7%–100%) 65.5% (13.7%–100%)

Preop cycles, n (%)
�2 12 (43) 1409 (20) 11 (46) 1204 (19)
�3 8 (29) 1321 (19) 6 (25) 1144 (18)

(continued)
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Table 1. Continued

Study Characteristics

Aggregate Data Individual Patient Data

Publications Included Sample Size Publications Included Sample Size

n ¼ 28 n ¼ 7011 n ¼ 24 n ¼ 6274

Not reported 8 (29) 4281 (61) 7 (29) 3926 (63)
XRT dose, n (%)
<50 Gy 12 (43) 1914 (27) 11 (46) 1559 (25)
�50 Gy 10 (36) 2878 (41) 8 (33) 2622 (42)
Not reported 6 (21) 2219 (32) 5 (21) 2093 (33)

Note: The relative proportions of both the number of studies and patient sample size for each variable were included.
AJCC, American Joint Committee on Cancer; CI, confidence interval; DFS, disease-free survival; DSS, disease-specific survival; EFS, event-free survival; HR,
hazard ratio; Op, operative; OS, overall survival; pCR, pathologic complete response; PFS, progression-free survival; RCT, randomized controlled trial; Retro,
retrospective; RFS, recurrence-free survival; TTP, time to progression; XRT, radiotherapy.
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reconstruct pseudo-IPD from published Kaplan-Meier
curves (KMCs) of EFS and OS by pCR status, then
study-level HRs and 95% CI were estimated by Cox
proportional hazards model on the basis of the pseudo-
IPD. For studies with no events observed in the pCR
group, Firth’s penalized maximum likelihood bias
reduction method for Cox PH model was used for HR
estimation.36 I2 statistic and Cochrane’s Q test were
conducted to assess the heterogeneity of HRs across
studies, and fixed-effects models were reported over
random-effects models if there was no strong evidence
of heterogeneity suggested. Forest plots were presented
to visualize the results on individual studies and the
degree of heterogeneity across studies.

In addition, an IPD meta-analysis was conducted to
evaluate the association between pCR status and sur-
vival outcomes (EFS and OS) in a granular fashion. For
the subset of studies that published KMCs of EFS and
OS by pCR status, pseudo-IPD was reconstructed using
Guyot’s algorithm. Shared frailty semiparametric Cox
PH model,37 a random effect Cox proportional hazard
model of individual time-to-event data that accounts
for interstudy heterogeneity, was used to obtain the
pooled HR for pCR across individuals from all selected
studies. Across-study variations were explicitly
modeled through a common baseline hazard function,
multiplying a Gamma distributed frailty term (Gamma
frailty). To account for the potential nonrandom het-
erogeneity from study-specific HRs for pCR, an addi-
tive frailty model38 was further applied to calculate
the corresponding pooled HRs. If additive frailty
models suggested that explicitly modeling the
nonrandom heterogeneity in HRs was not required,
only shared frailty model results were provided.
Semiparametric penalized likelihood estimation
method was used on the hazard function. During the
estimation, hazard functions were modeled as cubic M-
spline functions with seven knots, and smoothing
parameter kappa was selected using cross-validation.
To assess the reliability of pseudo-IPD, we compared
the survival probabilities from published KMCs with
those estimated from pseudo-IPD. Root-mean square
error and mean absolute error are presented to sum-
marize the comparison.

In addition, in AD meta-analysis, pCR rate was pooled
using fixed-effect meta-analysis, or random effect meta-
analysis if substantial heterogeneity existed according
to Cochran’s Q test and I2 statistic.

These analyses were conducted using R version 4.1.1
(R Institute for Statistical Computing, Vienna, Austria)
and packages meta version 5.1-1, frailtypack version
3.5.0, and coxphf version 1.13.1.
Subgroup Analysis
Subgroup analyses were conducted in both AD meta-

analysis and IPD meta-analysis to further assess the
consistency and explore the impacts of study-level
characteristics, including type of therapy, geographic
region, study type, study definition of pCR, use of adju-
vant therapy, proportion of patients on stage III, number
of preoperative CT cycles (>/<2 cycles), and radiation
dose (>/<50 Gy), on the association between pCR and
survival outcomes (EFS and OS).
Results
Search Results

A total of 2083 citations with abstracts were
reviewed. Of these, 479 articles underwent full-text re-
view. From these, 451 were excluded for not meeting
preset eligibility criteria, leaving 28 studies that were
included for our aggregate data meta-analysis. Of these
28 studies, 24 had individual patient data available for
extraction which comprised our cohort of articles
included in the IPD analysis. Ultimately, 7011 patients
were included in the AD meta-analysis and 6274 patients
were included in the IPD analysis. Figure 1 depicts the



Figure 2. Forest plot representation of the overall HR estimates with 95% confidence intervals for the association of pCR with
overall survival, by study and pooled on the basis of aggregated data meta-analysis. CI, confidence interval; HR, hazard ratio;
pCR, pathologic complete response.
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Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flowchart detailing study selection.

Study Characteristics
The selected studies were published from 2000 to

2021, with median publication date of 2014. They
featured a broad range of geographic regions including
North America, Asia-Pacific, Europe, and the Middle East.
Most studies came from retrospective cohort analyses,
although additional study types were included, such as
randomized controlled trials and nonrandomized pro-
spective studies. A range of American Joint Committee on
Cancer TNM staging classifications were used, including
fifth edition to the current eighth edition. Of the 28
studies in AD analysis and 24 in IPD analysis, nine (32%)
and six (25%) studies reported the use of postoperative
therapy, which comprised 39% of the AD patient popu-
lation and 33% of the IPD patients. Study characteristics
and breakdown for all 28 studies included in the AD
analysis and the 24 IPD studies are detailed further in
Table 1.

AD Meta-Analysis: Pooled HR of OS/EFS for pCR
Versus No pCR

For the 28 studies and 7011 patients included in the
aggregate data meta-analysis, the pooled pCR rate was
18% (95% CI: 15%–21%) (Supplementary Fig. 2).
Figure 2 illustrates the estimated OS HR and 95% CI for
pCR from each of 28 studies and the pooled HR on the
basis of fixed-effect meta-analysis. Overall, patients who
achieved a pCR had a significantly better OS (HR ¼ 0.50,
95% CI: 0.45–0.56) when compared with patients
without a pCR (Fig. 2). Similar findings were noted for
EFS, where patients with a pCR had improved EFS (HR ¼
0.46, 95% CI: 0.37–0.57) (Supplementary Fig. 3). Mini-
mal heterogeneity was noted for both OS (I2 ¼ 6%, s2 ¼
0.0065, Cochrane’s Q test p ¼ 0.38) and EFS (I2 ¼ 0%,
s2 ¼ 0, Cochrane’s Q test p ¼ 0.53).



Figure 3. Kaplan-Meier estimates of (A) OS and (B) EFS for patients with or without a pCR, by study and pooled on the basis of
individual patient data meta-analysis. The dashed lines represent the 95% CI for their respective colors. CI, confidence in-
terval; EFS, event-free survival; pCR, pathologic complete response.
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As exploratory sensitivity analysis, we conducted
subgroup analysis to assess the consistency of estimated
HRs of OS for pCR across treatment type (CRT versus CT
versus CRT/CT), study type (retrospective cohort, pro-
spective cohort, randomized controlled trials), and
percent of patients on stage III included (<50%, 50%–
99%, 100%). In general, considering the potentially
small number of studies used, estimated OS HRs for pCR
in subgroups were numerically similar across subgroups
defined by the number of preoperative CT cycles (�2
versus >2), reported administration of adjuvant therapy,
or dose of XRT given (<50 Gy versus �50 Gy) for CRT
studies. Focusing on the interaction of stage and OS on
the basis of presence of pCR, a numerical trend was
noted, where studies with lower percentages of patients
on stage III had stronger associations between pCR and
survival. Additional results from subgroup analysis for
OS/EFS by pCR status are detailed in Supplementary
Table 2.
IPD Meta-Analysis: Estimated OS/EFS by pCR
Status

Pseudo-IPD was reconstructed from 24 eligible
studies, comprising 6274 patients. As found in
Supplementary Table 3, the KMCs on the basis of
reconstructed IPD are in reasonable agreement with
those from original manuscripts.

KMCs for both OS and EFS, stratified by pCR status
from the 24 eligible studies, are found in Figure 3. Using
the frailty model detailed previously, the estimated
pooled OS and EFS rates over time between pCR and no
pCR are found in Figure 3A and B. On the basis of this
analysis, pCR after neoadjuvant CT plus or minus XRT
had a significant prognostic effect on OS (HR ¼ 0.49,
95% CI: 0.43–0.55). Similar findings were appreciated in
terms of EFS, where pCR was again found to be a sig-
nificant prognostic factor for EFS (HR ¼ 0.46, 95% CI:
0.36–0.58). Pooled 5-year OS rates for patients with and
without pCR were 63% (95% CI: 59.6–67.4) and 39%
(95% CI: 34.5–44.5), respectively.
Subgroup Analysis From IPD
Using analysis from pseudo-IPD, associations be-

tween pCR and long-term clinical outcomes were eval-
uated on the basis of pertinent subgroups. Similar to the
subgroup analysis from the AD meta-analysis, the asso-
ciation between pCR and survival outcomes (EFS and
OS) was reasonably consistent across subgroups. In an
exploratory and hypothesis-generating nature, we note
some numerical differences in estimated HR for pCR and
OS on the basis of treatment type, study type, and per-
centage of patients on stage III included. Similar to ob-
servations noted from subgroup analysis of the
aggregate pooled data, a numerical trend was appreci-
ated whereby studies with lower percentages of patients
on stage III corresponded with stronger associations of
pCR and OS. In terms of estimated HR for pCR and EFS,
in addition to these three subgroups, the dose of radia-
tion administered, number of preoperative CT cycles,
and adjuvant treatment status had more appreciable
differences, albeit with fewer eligible studies (n ¼ 7).

Focusing on interactions with adjuvant therapy, again,
most IPD studies did not report on or offer postoperative
treatment. When comparing the estimated HR for pCR on
EFS, there was a greater difference between studies with
adjuvant therapy versus those without adjuvant treat-
ment, with results favoring the use of adjuvant treatment.
Nevertheless, this difference was reduced when assessing
the estimated HR for the association between pCR and OS.
A similar trend was observed in terms of XRT dose and



Table 2. Summary of Subgroup Analysis, Incorporating Individual Patient Data From 24 Available Studies, Evaluating Key
Variables and Their Association With OS and EFS Based on the Presence or Absence of pCR, Represented by Estimated HRs
With Corresponding 95% CIs

Subgroup Analyses

OS EFS

N Studies Sample size HR 95% CI n Studies Sample size HR 95% CI

Overall 23 6292 0.49 (0.43–0.55) 7 1530 0.46 (0.36–0.58)
Treatment type
CT 4 779 0.39 (0.23–0.64) 4 779 0.31 (0.19–0.53)
CT/CRT 6 2328 0.44 (0.35–0.54) 1 145 0.36 (0.21–0.60)
CRT 13 3185 0.52 (0.45–0.60) 2 606 0.58 (0.42–0.80)
Geographic region
Asia-Pacific 9 1067 0.45 (0.34–0.60) 4 774 0.51 (0.38–0.67)
Europe 5 949 0.41 (0.30–0.57) 2 614 0.31 (0.18–0.53)
Middle East 1 124 0.46 (0.29–0.71) 0 0 N/A N/A
North America 8 4152 0.51 (0.44–0.60) 1 142 0.34 (0.05–2.42)
Study type
Retro cohort 16 5513 0.51 (0.45–0.58) 4 983 0.51 (0.39–0.67)
Prospective trial 5 260 0.29 (0.16–0.52) 2 55 0.49 (0.17–1.43)
Prospective cohort 1 27 0.07 (0.00–1.32) 0 0 N/A N/A
RCTs 1 492 0.35 (0.19–0.66) 1 492 0.28 (0.15–0.53)
pCR definition
T0N0 12 4141 0.51 (0.44–0.58) 2 154 0.50 (0.21–1.15)
T0 5 1185 0.52 (0.38–0.71) 3 1089 0.48 (0.36–0.64)
Not defined 6 966 0.40 (0.29–0.54) 2 287 0.37 (0.23–0.62)
Adjuvant therapy
Yes 5 2045 0.42 (0.32–0.56) 3 547 0.31 (0.18–0.54)
No 18 4247 0.50 (0.44–0.57) 4 983 0.51 (0.39–0.67)
% of stage III patients
100% 15 4657 0.51 (0.45–0.59) 4 751 0.56 (0.41–0.76)
50%–100% 4 909 0.46 (0.34–0.60) 1 145 0.36 (0.21–0.60)
<50% 4 726 0.28 (0.16–0.50) 2 634 0.29 (0.16–0.52)
Number of preoperative

chemotherapy cycles
�3 6 1194 0.45 (0.35–0.60) 2 634 0.29 (0.16–0.52)
�2 10 1172 0.43 (0.33–0.57) 5 896 0.50 (0.38–0.66)
Not reported 7 3926 0.52 (0.45–0.60) 0 0 N/A N/A
Radiation dose
�50 Gy 7 2590 0.52 (0.44–0.61) 1 32 0.71 (0.19–2.63)
<50 Gy 11 1559 0.47 (0.38–0.58) 2 719 0.51 (0.38–0.67)
Not reported 5 2143 0.43 (0.32–0.58) 4 779 0.31 (0.19–0.53)

CI, confidence interval; CRT, chemoradiotherapy; CT, chemotherapy; EFS, event-free survival; HR, hazard ratio; N/A, not applicable; OS, overall survival; pCR,
pathologic complete response; RCT, randomized controlled trial; Retro, retrospective.
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number of CT cycles, where differences in HR for pCR and
EFS were more pronounced compared with OS. Full
subgroup analysis results from our IPD, for both EFS and
OS, are found in Table 2.

Definition of pCR (pT0N0 versus T0) was not asso-
ciated with differences in HR estimates for pCR and OS
or EFS. Nevertheless, studies without a clear definition
(labeled “not defined”) did have nominal improvements
in both OS and EFS for patients with pCR.
Discussion
To date, there are limited data establishing the

prognostic relationship between pCR after neoadjuvant
systemic therapy and long-term clinical outcome, making
it an area of debate among clinical investigators. In the
era of neoadjuvant ICI, only short-term clinical data are
available from recently reported studies. One such study
by Provencio et al.39 reported on 24-month progression-
free survival rate of 96.2% for the 26 patients with pCR.
The two-year survival rate for patients with pCR and
MPR in this study was 100%; however, at the reported
interim analysis, there was no statistically significant
difference in survival compared with patients with
incomplete pathologic response, and authors did not
comment on differences in outcomes for pathologic
nonresponders. More recently, we have found a strong
association between pCR after neoadjuvant
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chemoimmunotherapy and EFS, as evidenced by results
from CheckMate-816—a phase 3 clinical trial that
compared neoadjuvant nivolumab plus CT versus neo-
adjuvant CT.3 Although overall patient numbers were
small among the different subgroups, there was a clear
improvement in EFS for patients who experienced pCR
after chemoimmunotherapy (HR ¼ 0.13, 95% CI: 0.05–
0.37). The small number of patients (4 of 179) who had a
pCR after neoadjuvant CT also did well. Nevertheless,
final conclusions regarding pathologic response and OS
will require more mature data. Results such as those
presented in this report provide key insight for pro-
viders managing patients in the perioperative setting.

In addition to performing a standard meta-analysis of
studies evaluating pathologic response after neoadjuvant
therapy and long-term clinical outcomes in NSCLC5—
where once again a strong and favorable association
with survival was noted—we have included more in-
depth IPD analysis to further characterize this relation-
ship. By extracting IPD and reconstructing KMCs from
available studies, we are better able to capture the sig-
nificant association between pCR and long-term clinical
outcomes of EFS and OS. Similar statistical tools and
modeling have been used in breast cancer40–42 and have
reinforced the prognostic value of these pathologic end
points in terms of recurrence and survival. Using the
example of breast cancer, on the basis of the strong as-
sociation between pathologic response and survival,
clinical management is now tied to the level of patho-
logic response after neoadjuvant therapy in HER-2–
positive breast cancer,43 highlighting the important role
this pathologic end point can play in the management of
perioperative patients.

To bolster our analysis, we included studies using
both CT and CRT neoadjuvant treatments. Although
platinum-based CT was incorporated for all neoadjuvant
strategies, this interaction between XRT and pathologic
response is important to note. We found that numerical
differences in HR estimated for pCR and EFS, including
OS, emerged on the basis of whether CT versus CRT was
used, to the extent that pCR after neoadjuvant CT might
have a stronger association with survival. Further rein-
forcing this finding, when evaluating studies that incor-
porated a mixture of neoadjuvant CT or CRT (labeled
CT/CRT), estimated HRs of pCR and survival fell in be-
tween the boundaries of both modalities. Evaluating
possible explanations for this finding, we can consider
the effect radiation may have on both achieving tumor
necrosis in the corresponding radiation field44 and
subsequent interpretation of pathologic response45—
perhaps increasing the rate of pCR among the respective
cohort without a parallel systemic effect. In addition, the
dose of CT used in combination with radiation is often
lower and “radio-sensitizing,” affecting the systemic
impact of these agents in eliminating micrometastatic
disease, a postulated benefit of neoadjuvant therapy.46

As such, having a pCR after neoadjuvant CT may carry
a more favorable prognostic impact on survival, when
compared with CRT—though this requires further study.

Another pertinent question is the role of adjuvant
therapy in further improving outcomes after neo-
adjuvant treatment. In our subgroup analysis, limited by
study heterogeneity and number of studies, there
seemed to be a more pronounced interaction between
clinical outcomes and pCR for studies that included
adjuvant therapy, with a stronger effect on EFS
compared with OS. Currently, interim National Compre-
hensive Cancer Network guidelines do not recommend
further adjuvant ICI for patients who received neo-
adjuvant ICI. The Food and Drug Administration label in
the United States for neoadjuvant nivolumab plus CT is
silent in terms of postoperative therapy and CheckMate
816 did not mandate or exclude specific postoperative
therapies. As neoadjuvant chemoimmunotherapy for
resectable NSCLC is increasingly incorporated into
practice, future investigation will be needed to answer
the question of optimal perioperative treatment dura-
tion. Integral to this will be the identification of clinically
relevant biomarkers, such as circulating tumor DNA, to
measure postoperative minimal residual disease sta-
tus,47 including concordance of such noninvasive mea-
surements with pathologic response. Adaptive treatment
strategies on the basis of pathologic and molecular
response to neoadjuvant therapy, analogous to strategies
in early stage breast cancer, will be an increasing area of
interest. Trials such as MERMAID-2 will be key to
addressing this clinical need.48

When evaluating the interaction of stage on associa-
tions between pCR and OS, we appreciated a consistent
numerical trend favoring improved outcomes after pCR
for studies comprising a lower percentage of patients on
stage III. These results should be interpreted cautiously
and may in fact just represent inferior clinical outcomes
associated with a higher risk group of patients. The
impact of stage on selection of optimal neoadjuvant
treatment for resectable NSCLC is an active question.
Results from studies evaluating neoadjuvant chemo-
immunotherapy suggest increased pathologic response
and EFS benefit for patients with higher risk stage IIIA
disease, compared with CT alone.3,49 Future research
will be needed to explore whether stage has an impact
on the prognostic value of pCR in the setting of neo-
adjuvant chemoimmunotherapy.

For the purposes of this study, we focused our anal-
ysis on pCR as opposed to MPR. Nevertheless, the
optimal pathologic cutoff point is an area of active
research, particularly in the setting of neoadjuvant ICI.
On the basis of our findings, pCR seems to be a favorable
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prognostic marker after neoadjuvant CT, a conclusion we
feel will extend to more novel neoadjuvant strategies,
including ICI and chemoimmunotherapy. Nevertheless,
given differences in mechanism of action between CT
and ICI, these analyses may not fully capture the inter-
action of ICI and pathologic response. Indeed, although
the cytotoxic effects of CT are largely static, longstanding
antitumor activity is one of the hallmarks of ICI, where
durable responses may be appreciated even in patients
without complete pathologic eradication of the tumor.
This may be analogous to findings in the metastatic
setting where patients treated with ICI may enjoy du-
rable clinical benefits despite only having partial or even
stable radiographic disease.50

There was a concerted effort to account for study
variability in our analysis, including definition of pCR,
definition of time point zero, and definition of recurrence
end point. It is important to recognize these variations
when interpreting results. Although effects of each var-
iable were unable to be measured in terms of pCR and
clinical outcomes, we did evaluate the role of pCR defi-
nition. As mentioned, there did not seem to be an
overwhelming or unreasonable difference in association
of pCR and clinical outcomes on the basis of this measure
alone; however, not all studies provided a clear pCR
definition, potentially influencing this finding.

This meta-analysis has several potential limitations.
First, the heterogeneity of study-specific outcomes and
reporting on certain variables may have affected our
analysis and findings. For example, as previously stated,
definitions such as recurrence-specific end points, pCR,
and the start of OS/EFS (time 0) varied across studies.
Although we attempted to capture and correct for this
variability, there were still several studies where these
variables were either ill defined or excluded from the
publication entirely. This was represented by the num-
ber of papers available for EFS analysis, where only
seven studies with IPD included a defined EFS end point,
ultimately limiting our available study pool. Second,
there was variability in neoadjuvant treatment regimen
between studies, particularly in terms of radiation
course and dose. There were also some retrospective
studies that included a mixture of both CT and CRT
regimens. Studies with CRT also varied as to whether
patients received concurrent CRT or sequential, albeit
most used concurrent dosing. Our study worked to
capture these differences within our subgroup analysis
by categorizing major variables such as radiation dose,
number of CT cycles, or treatment regimen, and evalu-
ating for differences in clinical outcomes accordingly.
Finally, to answer our primary objective, we only
included studies that reported on the prognostic impact
of pCR, which excluded several high-impact randomized,
controlled trials and limited much of our study pool to
retrospective studies, which carry their own inherit bias.

In conclusion, this meta-analysis helps to synthesize
the currently available data from both prospective and
retrospective studies evaluating the prognostic impact
of complete pathologic response on long-term clinical
outcomes. We used statistical techniques and modeling
to reconstruct survival curves on the basis of individual
patient data from available studies, quantifying the
improvement in clinical outcomes based on the pres-
ence of pCR after neoadjuvant therapy. To our knowl-
edge, this is the first meta-analysis incorporating such
techniques to evaluate this association in early stage
NSCLC. Given the changing landscape of neoadjuvant
therapy away from CT to chemoimmunotherapy, these
findings associating pCR with survival should be repli-
cated and validated once long-term clinical data become
available, as extrapolating directly from our results may
have inherit limitations. Nevertheless, although results
from definitive prospective studies evaluating various
neoadjuvant immunotherapy treatment strategies in
NSCLC are still maturing, this meta-analysis may offer
important insight for clinicians and patients, while also
providing further validity to the use of complete path-
ologic response as a surrogate end point for future
neoadjuvant studies.
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