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ABSTRACT

Introduction: Controversy remains as to whether patho-
logic complete response (pCR) and major pathologic
response (MPR) represent surrogate end points for event-
free survival (EFS) and overall survival (OS) in neo-
adjuvant trials for resectable NSCLC.

Methods: A search of PubMed and archives of interna-
tional conference abstracts was performed from June
2017 through October 31, 2023. Studies incorporating a
neoadjuvant arm with immune checkpoint blockade alone
or in combination with chemotherapy were included.
Those not providing information regarding pCR, MPR,
EFS, or OS were excluded. For trial-level surrogacy, log
ORs for pCR and MPR and log hazard ratios for EFS and
0OS were analyzed using a linear regression model
weighted by sample size. The regression coefficient and
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R? with 95% confidence interval were calculated by the
bootstrapping approach.

Results: Seven randomized clinical trials were identified for
a total of 2385 patients. At the patient level, the R of pCR
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and MPR with 2-year EFS were 0.82 (0.66-0.94) and 0.81
(0.63-0.93), respectively. The OR of 2-year EFS rates by
response status was 0.12 (0.07-0.19) and 0.11 (0.05-0.22),
respectively. For the 2-year 0S, the R? of pCR and MPR were
0.55 (0.09-0.98) and 0.52 (0.10-0.96), respectively. At the
trial level, the R? for the association of OR for response and
HR for EFS was 0.58 (0.00-0.97) and 0.61 (0.00-0.97),
respectively.

Conclusions: Our analyses reveal a robust correlation be-
tween pCR and MPR with 2-year EFS but not OS. Trial-level
surrogacy was moderate but imprecise. More mature
follow-up and data to assess the impact of study crossover
are needed.

© 2024 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. This is an open access

article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: ~ Neoadjuvant; Immunotherapy; Chemo-

immunotherapy; Surrogate end points; NSCLC; Pathologic
response

Introduction

Advances in cancer immunotherapy have increased
overall survival (OS) in patients with advanced NSCLC in
randomized control trials (RCTs)."* Neoadjuvant im-
mune checkpoint inhibitors (ICIs) in the treatment of
NSCLC may improve the long-term survival of patients
with early-stage disease.””’ As outcomes with early-
stage lung cancer improve, event-free survival (EFS)
and OS have associated challenges in neoadjuvant trials
owing to the need for long-term follow-up and the po-
tential effect of future treatments.®” Surrogate end
points are needed to move advanced disease therapies to
earlier stage disease while preserving the integrity of the
clinical data.

Surrogate end points are biomarkers intended to
substitute for clinical end points and accurately predict
clinical benefit.'” In a recent analysis of pathologic
response in the CheckMate816 study, percent residual
viable tumor (% RVT) was reported to be associated
with EFS and manifested the overall treatment effect on
the clinical outcome when assessed quantitatively from
0% to 100%RVT."" Whereas most neoadjuvant RCTs
have not reported % RVT, many have reported patho-
logic complete response (pCR) (0% RVT in the primary
tumor and lymph nodes) and major pathologic response
(MPR) (£10% RVT in the primary tumor + lymph
nodes).'*'*

Recent meta-analyses have reported higher pCR rates
with the incorporation of neoadjuvant ICI in NSCLC,"*>*¢
and a correlation of pCR with 0S."” The surrogacy of pCR
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has been reported in neoadjuvant chemotherapy trials
for breast cancer'® and urothelial cancer'’; however,
this has yet to be exhibited in a meta-analysis for NSCLC
or with ICIs. We conducted a systematic review and
meta-analysis of RCTs evaluating neoadjuvant ICIs for
resectable NSCLC. Our primary objective was to evaluate
the utility of pCR and MPR as surrogate markers for
clinical outcomes after neoadjuvant immune checkpoint
blockade in patients with operable and resectable
NSCLC.

Materials and Methods

Literature Search

We performed a systematic review of literature after
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses guidelines’’ on PubMed from June
2017 to October 2023, using the terms “neoadjuvant,”
“non-small cell lung cancer,” and “immunotherapy” to
find studies published in English until the time of the
search. The literature review was performed indepen-
dently by two authors (JH and RBC). Those retrieved
were then filtered and data was extracted as described
in Supplementary Methods.

Statistical Analysis

Linear regression models weighed by sample size
were used to evaluate correlation and surrogacy be-
tween biomarkers and clinical end points. From each
study, we extracted the following: (1) antitumor activ-
ities, expressed as proportions of patients achieving pCR
or MPR; (2) treatment effects, expressed as ORs for pCR
and MPR; and (3) HRs for EFS and OS. For each study,
the weight was the inverse of the variance of the log of
the HR (i.e, inverse variance method). Proportions were
considered on the natural scale in the models, whereas
ORs and HRs were considered on the log scale in the
models. The regression models were built and estimated
using the SGplot procedure in Statistical Analysis System
software (SAS Institute, Cary, NC). Maximum likelihood
was used to fit regression models. The coefficient of
determination (R?) and the linear regression slope ()
were used to estimate the proportion of variation in
clinical end points explained by pathologic response and
the magnitude of change in clinical end points as a
function of the magnitude of change in pathologic
response, respectively. R? values greater than or equal to
0.7 represent strong correlations, values between 0.69
and 0.5 represent moderate correlations, and values less
than 0.5 represent weak correlations.”’ The 95% confi-
dence intervals (CIs) of R? and the regression coefficient
# were obtained by the bootstrap method with 5000
replications.
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Characteristics of included studies and patients were
described using median as a measure of central tendency
and range as a measure of dispersion in the case of
quantitative variables, and absolute and percentage fre-
quencies in the case of categorical variables.

Statistical analysis was generated using SAS software,
version 9.4 of the SAS System for Linux. R statistical
software, version 4.2.1 (R Core Team 2022, Vienna,
Austria) was used for statistical graphics. Statistical
graphs were made using the ggplot2 package in R.**

Results

As illustrated in Supplementary Figure 1, 354 records
were identified, yielding 39 clinical trials of neoadjuvant
ICI in NSCLC. Of these, 36 trials reported pCR, MPR, and
EFS. Of these, 7 trials were RCTs of chemotherapy plus
ICI versus chemotherapy alone.””>*’ A total of 2940
patients participating in the seven RCTs were included
(Table 1 and Supplementary Table 1).

Among the included trials, pCR was achieved in a
median of 24.8% (IQR 18.1, 32.6) of patients receiving
chemotherapy plus ICI and a median of 4.3% (IQR 2.2,
6.9) of patients receiving chemotherapy alone. The
respective values for MPR were 36.9% (IQR 19.5, 33.1)
for chemotherapy plus ICI and 12.1% (IQR 8.9, 13.8) for
chemotherapy alone. The median 2-year EFS among
included trials was 64.7% (IQR 63.3, 67.2) in patients
receiving chemotherapy plus ICI and 45.0% (IQR 40.9,
52.4) in patients receiving chemotherapy alone.

For the seven included RCTs, there was a strong
correlation between 2-year EFS and rate of pCR with an
R? of 0.82 (95% ClI: 0.66-0.94) and 8 of 0.96 (95% CI:
0.68-1.19) (Fig. 14). The correlation between 2-year EFS
and MPR was similarly strong with an R? of 0.81 (95%
Cl: 0.63-0.93) and @ of 0.64 (95% CI: 0.45-0.85)
(Fig. 1B). We confirmed these findings with a subgroup
analysis of treatment groups in each trial assessing the
association between EFS and pathologic response
(Fig. 1C and D). The OR of 2-year EFS was 0.12 (95% CI
0.07-0.19) and 0.11 (95% CI 0.05-0.22) for patients
achieving pCR and MPR, respectively. These data indi-
cate that at the patient level, pCR and MPR account for
increases in 2-year EFS, regardless of the treatment that
results in such a pathologic response.

Evaluating the association between 2-year OS and
pathologic response, the correlation between 2-year
0S and pCR was moderate but imprecise with an R?
of 0.55 (95% CI: 0.09-0.98) and (8 of 0.26 (95% CI:
0.09-0.98) (Fig. 24). For MPR, the correlation with 2-
year 0S was moderate but imprecise with an R? of
0.52 (95% CI: 0.10-0.96) and B of 0.18 (95% CI: 0.05-
0.30) (Fig. 2B). The lower slopes indicate that changes
in OS are less accounted for by pathologic response
alone.
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Figure 1. Association between pathologic response and 2-year event-free survival. (A) Association of rate of pCR and (B) MPR
with 2-year EFS. Each circle represents an arm of an RTC. The size of each circle is proportional to the sam?le size/weight of
each arm. Lines represent best fit as determined by linear regression with a coefficient of determination R representing the
strength of correlation and slope g representing the strength of the effect of (A) pCR and (B) MPR on 2-year EFS. (C) The
forest plots summarize the relative effect (OR) of achieving a pCR or a (D) MPR on 2-year EFS in each of the RCTs analyzed
individually and in aggregate. An OR greater than 1 indicates a deterioration in EFS with achieving a pathologic response; an
OR less than 1 indicates an improvement in EFS with achieving a pathologic response. The 95% Cls crossing 1 indicate sta-
tistically not significant results. EFS, event-free survival; RCT, randomized clinical trial; CTR, control arm; EXP, experimental
arm; pCR, pathologic complete response; MPR, major pathologic response.

Finally, we evaluated the associations between
pathologic response and EFS at the trial level. The cor-

similarly moderate but imprecise correlation between
HRgps and ORypg with an R? of 0.61 (95% CI: 0.00-0.97)

relation between HRgps and OR,cr was moderate but
imprecise with an R” of 0.58 (95% CI: 0.00-0.97) and a 8
of 0.19 (95% CI: -0.15 to 0.62) (Fig. 34). We observed a

and a § of 0.32 (95% CI: 0.04-0.51) (Fig. 3B). The lower
slopes suggest that for a given trial, greater increases in
pCR or MPR rates are needed for clinically significant
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reductions in the HR for EFS. Interestingly, we also
observed poor surrogacy of EFS for OS in these trials
(Supplementary Fig. 2).

Discussion

In this meta-analysis, we assessed pCR and MPR as
surrogate end points for EFS and OS in early-stage resect-
able NSCLC. If validated, these end points could be used as
primary end points in future clinical trials and expedite the
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development and implementation of novel therapies.
Neoadjuvant ICIs for early-stage resectable NSCLC have
exhibited marked increases in the rates of pCR and MPR at
surgical resection with approximately 20% of patients
achieving a pCR.'>232735 This incidence, coupled with the
short time frame for evaluation compared with the long-
term follow-up needed for EFS and OS, supports the
development of pathologic end points as surrogates for
effective and meaningful clinical trial execution.
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Figure 3. Trial level surrogacy of pathologic response for event-free survival. The linear regressions illustrate the association
between the relative effect of pathologic response (OR for [A] pCR and [B] MPR) and EFS (hazard ratio). Each circle represents
the data from an individual RCT with the size of the circle proportional to the sample size/weight of each trial. Lines
represent best fit as determined by linear regression with the coefficient of determination R? representing the strength of
correlation and slope 3 representing the strength of the effect. EFS, event-free survival; RCT, randomized clinical trial; pCR,
pathologic complete response; MPR, major pathologic response.
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In contrast to other studies including single-arm and
retrospective studies, our analysis included only ran-
domized phase 3 clinical trials comparing chemotherapy
over a combination of chemotherapy plus ICI to reduce
potential confounding bias.”®***> At the patient level,
our analysis revealed a robust correlation of both pCR
and MPR with 1- and 2-year EFS. However, this corre-
lation was not replicated in terms of OS at the same
intervals, and notably, EFS and OS did not correlate at
the trial level. Several hypotheses could explain this
discrepancy. First, data from all of the included trials are
immature, and with time, we may observe a stronger
correlation. Alternatively, a treatment crossover effect
(e.g, adjuvant treatment, treatment of recurrent or
metastatic disease) might have influenced the results for
0S, thereby weakening the correlation with other end
points.

An in-depth evaluation of the data revealed that trial-
level surrogacy of pathologic response remains impre-
cise for EFS and OS; this could be attributed to several
potential factors. The differences in HRs may not be
substantial enough to identify an appreciable difference.
Second, the number of events may be still limited by data
immaturity and many censored events, with more events
needed to definitively understand the association. Het-
erogeneity exists across trials in terms of clinicopatho-
logic features and design (Supplementary Table 1 and
Supplementary Fig. 3). Whereas efforts are ongoing to
harmonize these differences in tumor- and host-factors
and standardize investigator-related variability, this
heterogeneity may have played a role in impacting our
results.®® There is the intrinsic limitation of the pooled
analysis, a well-known factor in meta-analyses, referred
to as measurement error in the X variable.?”3° Finally,
different histologic scoring systems were used for the
assessment of pathologic response in the included tri-
als.'®**! The systems used have been found to be
reproducible,“’43 and most studies are thought to have
met recently described histologic sampling minimums.**
It is possible that pathologic response end points beyond
pCR and MPR may be of value in predicting outcomes in
this setting. Efforts to standardize pathologic assess-
ments within and across tumor types are underway,
which would facilitate meta-analyses to test the utility of
other pathologic end points.

Future studies include updated analyses of the data
with upcoming results from pending large phase 3 trials
(IMpower030).%”*>*¢ Data sharing, including % RVT on
a per-patient basis beyond pCR and MPR, would facili-
tate individual patient data meta-analyses—a crucial
step in pushing the boundaries of our understanding.*’
Standardized and granular data reporting will greatly
strengthen key post hoc analyses, thereby aiding the
ongoing efforts to optimize cancer treatment strategies
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and establish scientific associations with the guidance of
the regulatory authorities. As we forge ahead in our
quest for efficient research and trial design, we should
not overlook other potential end points, the develop-
ment of which will require broad access to patient-level
data.

In conclusion, we preliminarily conclude that
although pCR and MPR are undoubtedly exciting po-
tential end points of clinical benefit, they are not yet
adequate surrogates for OS in clinical trials; this may
change as neoadjuvant and perioperative immune
checkpoint blockade studies mature. Currently, these
end points should be considered as co-primary end
points in clinical trials assessing the benefit of neo-
adjuvant and perioperative immunotherapy. Given the
strong association with EFS at the patient level, these
end points provide valuable data to inform clinical
treatment decisions.

CRediT Authorship Contribution

Statement

Drs. Hines and Cameron take responsibility for the
integrity of the data and the accuracy of the data
analysis.

Conceptualization: Hines, Cameron, Garassino, Torri.

Data curation, Formal analysis, Validation: Hines,
Cameron, Porcu, Garassino, Torri.

Role/Writing - original draft: Hines, Cameron, Cas-
cone, Esposito, Garassino, Torri.

Critical revision of the manuscript: Hines, Cameron,
Cascone, Esposito, Taube, Garassino, Torri.

Writing - review & editing: Hines, Cameron, Cascone,
Taube, Kim, Porcu, Nuccio, Viscardi, Ferrara, Veronesi,
Forde, Vokes, Bestvina, Garassino, Torri.

Methodology: Porcu, Monteforte, Torri

Funding: Hines.

Supervision: Garassino, Cascone, Torri.

Role of the Funder/Sponsor

The sponsors had no role in the design and conduct
of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit the
manuscript for publication.

Disclosure

Drs. Hines and Cameron were supported by the Na-
tional Institute for General Medical Sciences (T32
GMO07019). Dr. Bestvina reports receiving institutional
research funding from AstraZeneca and Bristol Myers
Squibb; and advisory board membership/consulting for
Amgen, AstraZeneca, Bristol Myers Squibb, CVS, Daiichi
Sankyo, EMD Serono, Gilead, JNJ], Mirati, Novocure,



1114 Hines et al

Regeneron, Sanofi, Takeda, and Tempus. Dr. Garassino
reports receiving personal financial support from
AstraZeneca, Abion, Merck Sharp & Dohme International
GmbH, Bayer, Bristol-Myers Squibb, Boehringer Ingel-
heim Italia S.p.A, Celgene, Eli Lilly, Incyte, Novartis,
Pfizer, Roche, Takeda, Seattle Genetics, Mirati, Daiichi
Sankyo, Regeneron, Merck, Blueprint, Janssen, Sanofi,
AbbVie, BeiGenius, Oncohost, and Medscape; received
institutional financial support from Eli Lilly, Merck Sharp
& Dohme, Pfizer (MISP), AstraZeneca, Merck Sharp &
Dohme International GmbH, Bristol-Myers Squibb,
Boehringer Ingelheim Italia S.p.A, Celgene, Eli Lilly,
Ignyta, Incyte, Medlmmune, Novartis, Pfizer, Roche,
Takeda, Tiziana, Foundation Medicine, GlaxoSmithKline,
and Spectrum pharmaceuticals; received other forms of
support from AIRC, AIFA, Italian Moh, and Transcan; and
received research funding from Horizon 2020. Dr. Ver-
onesi has received honoraria from Ab Medica Spa,
AstraZeneca, Roche, and Merck Sharp & Dohme outside
the submitted work. Dr. Cascone reports receiving
speaker fees/honoraria from ASCO Post, AstraZeneca,
Bristol Myers Squibb, Clinical Care Options, IDEOlogy
Health, Mark Foundation for Cancer Research, Medscape,
OncLive, PeerView, Physicians’ Education Resource,
Roche, and Society for Immunotherapy of Cancer; has
advisory role/consulting fees from Arrowhead Pharma-
ceuticals, AstraZeneca, Bristol Myers Squibb, Genentech,
Merck & Co., Pfizer, and Regeneron; and received insti-
tutional research funding from AstraZeneca and Bristol
Myers Squibb. Dr. Taube reports having an advisory role
or have received consulting fees from Akoya Biosciences,
AstraZeneca, Bristol Myers Squibb, Merck & Co. Gen-
entech, Lunaphore, Compugen, Elephas, and Regeneron;
received institutional research funding from Bristol
Myers Squibb and Akoya Biosciences; and received re-
agents and equipment loan and has stock options from
Akoya Biosciences. The remaining authors declare no
conflict of interest.

Supplementary Data

Note: To access the supplementary material accompa-
nying this article, visit the online version of the Journal of
Thoracic Oncology at www.jto.org and at https://doi.
org/10.1016/j.jtho.2024.03.010.

References

1. Thandra KC, Barsouk A, Saginala K, Aluru JS, Barsouk A.
Epidemiology of lung cancer. Contemp Oncol (Pozn).
2021;25:45-52.

2. Herbst RS, Garon EB, Kim DW, et al. Five year survival
update from KEYNOTE-010: pembrolizumab versus
docetaxel for previously treated, programmed death-
ligand 1-positive advanced NSCLC. J Thorac Oncol.
2021;16:1718-1732.

10.

11.

12.

13.

14.

15.

16.

17.

Journal of Thoracic Oncology Vol. 19 No. 7

. Gadgeel S, Rodriguez-Abreu D, Speranza G, et al.

Updated analysis from KEYNOTE-189: pembrolizumab
or placebo plus pemetrexed and platinum for pre-
viously untreated metastatic nonsquamous non-
small-cell lung cancer. J Clin Oncol. 2020;38:1505-
1517.

. Borghaei H, Gettinger S, Vokes EE, et al. Five-year out-

comes from the randomized, Phase Il trials CheckMate
017 and 057: nivolumab versus docetaxel in previously
treated non-small-cell lung cancer. J Clin Oncol.
2021;39:723-733.

. Uprety D, Mandrekar SJ, Wigle D, Roden AC, Adjei AA.

Neoadjuvant immunotherapy for NSCLC: current con-
cepts and future approaches. J Thorac Oncol.
2020;15:1281-1297.

. Pastorino U, Silva M, Sestini S, et al. Prolonged lung

cancer screening reduced 10-year mortality in the MILD
trial: new confirmation of lung cancer screening efficacy.
Ann Oncol. 2019;30:1672.

. de Koning HJ, van der Aalst CM, de Jong PA, et al.

Reduced lung-cancer mortality with volume CT screening
in a randomized trial. N Engl J Med. 2020;382:503-513.

. Saad ED, Buyse M. Statistical controversies in clinical

research: end points other than overall survival are vital
for regulatory approval of anticancer agents. Ann Oncol.
2016;27:373-378.

. Chen EY, Joshi SK, Tran A, Prasad V. Estimation of study

time reduction using surrogate end points rather than
overall survival in oncology clinical trials. JAMA Intern
Med. 2019;179:642-647.

Buyse M. Use of meta-analysis for the validation of sur-
rogate endpoints and biomarkers in cancer trials. Cancer
J. 2009;15:421-425.

Deutsch JS, Cimino-Mathews A, Thompson E, et al. As-
sociation between pathologic response and survival after
neoadjuvant therapy in lung cancer. Nat Med.
2024;30:218-228.

Hellmann MD, Chaft JE, William WN Jr, et al. Patholog-
ical response after neoadjuvant chemotherapy in
resectable non-small-cell lung cancers: proposal for the
use of major pathological response as a surrogate
endpoint. Lancet Oncol. 2014;15:e42-e50.

Blakely CM, Weder W, Bubendorf L, et al. Primary end-
points to assess the efficacy of novel therapeutic ap-
proaches in epidermal growth factor receptor-mutated,
surgically resectable non-small cell lung cancer: a re-
view. Lung Cancer. 2023;177:59-72.

Weissferdt A, Pataer A, Vaporciyan AA, et al. Agreement
on major pathological response in NSCLC patients
receiving neoadjuvant chemotherapy. Clin Lung Cancer.
2020;21:341-348.

Wang H, Liu T, Chen J, Dang J. Neoadjuvant immuno-
therapy and neoadjuvant chemotherapy in resectable
non-small cell lung cancer: a systematic review and
single-arm meta-analysis. Front Oncol. 2022;12:901494.
Travis WD, Dacic S, Wistuba I, et al. IASLC multidisci-
plinary recommendations for pathologic assessment of
lung cancer resection specimens after neoadjuvant
therapy. J Thorac Oncol. 2020;15:709-740.

Rosner S, Liu C, Forde PM, Hu C. Association of patho-
logic complete response and long-term survival


http://www.jto.org
https://doi.org/10.1016/j.jtho.2024.03.010
https://doi.org/10.1016/j.jtho.2024.03.010
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref1
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref1
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref1
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref2
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref2
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref2
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref2
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref2
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref3
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref3
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref3
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref3
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref3
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref3
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref4
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref4
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref4
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref4
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref4
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref5
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref5
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref5
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref5
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref6
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref6
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref6
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref6
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref7
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref7
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref7
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref8
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref8
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref8
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref8
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref9
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref9
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref9
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref9
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref10
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref10
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref10
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref11
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref11
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref11
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref11
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref12
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref12
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref12
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref12
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref12
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref13
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref13
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref13
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref13
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref13
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref14
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref14
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref14
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref14
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref15
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref15
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref15
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref15
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref16
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref16
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref16
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref16
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref17
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref17

July 2024

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

outcomes among patients treated with neoadjuvant
chemotherapy or chemoradiotherapy for NSCLC: a meta-
analysis. JTO Clin Res Rep. 2022;3:100384.

Conforti F, Pala L, Bagnardi V, et al. Surrogacy of path-
ologic complete response in trials of neoadjuvant ther-
apy for early breast cancer: critical analysis of strengths,
weaknesses, and misinterpretations. JAMA Oncol.
2022;8:1668-1675.

Singla N, Christie A, Freifeld Y, et al. Pathologic stage as
a surrogate for oncologic outcomes after receipt of
neoadjuvant chemotherapy for high-grade upper tract
urothelial carcinoma. Urol Oncol. 2020;38:933.e7-933.
el2.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting
systematic reviews. PLOS Med. 2021;18:e1003583.

Xie W, Halabi S, Tierney JF, et al. A systematic review
and recommendation for reporting of surrogate endpoint
evaluation using meta-analyses. JNCI Cancer Spectr.
2019;3:pkz002.

Wickham H. Ggplot 2: Elegant Graphics for Data Anal-
ysis. 2nd ed. Berlin, Germany: Springer; 2009.
Heymach JV, Harpole D, Mitsudomi T, et al. Perioperative
durvalumab for resectable non-small-cell lung cancer.
N Engl J Med. 2023;389:1672-1684.

Forde PM, Spicer J, Lu S, et al. Neoadjuvant nivolumab
plus chemotherapy in resectable lung cancer. N Engl J
Med. 2022;386:1973-1985.

Cascone T, Awad MM, Spicer JD, et al. LBA1 Check-
Mate 77T: phase lll study comparing neoadjuvant
nivolumab (NIVO) plus chemotherapy (chemo) vs
neoadjuvant placebo plus chemo followed by surgery
and adjuvant NIVO or placebo for previously un-
treated, resectable stage II-lllb NSCLC. Ann Oncol.
2023;34(suppl 2):51295.

Wakelee H, Liberman M, Kato T, et al. Perioperative
pembrolizumab for early-stage non-small-cell lung can-
cer. N Engl J Med. 2023;389:491-503.

Provencio M, Nadal E, Gonzalez-Larriba JL, et al.
Perioperative nivolumab and chemotherapy in Stage Ill
non-small-cell lung cancer. N Engl J Med.
2023;389:504-513.

Lu S, Wu L, Zhang W, et al. Perioperative toripalimab +
platinum-doublet chemotherapy vs chemotherapy in
resectable stage II/Ill non-small cell lung cancer
(NSCLC): interim event-free survival (EFS) analysis of the
phase lll Neotorch study. J Clin Oncol. 2023;41(suppl 36):
425126-425126.

Lei J, Zhao J, Gong L, et al. Neoadjuvant camrelizumab
plus platinum-based chemotherapy vs chemotherapy
alone for Chinese patients with resectable stage IllIA or
IIB (T3N2) non-small cell lung cancer: the TD-
FOREKNOW randomized clinical trial. JAMA Oncol.
2023;9:1348-1355.

Cascone T, Awad MM, Spicer JD, et al. CheckMate 77T:
phase Ill study comparing neoadjuvant nivolumab (NIVO)
plus chemotherapy (chemo) vs neoadjuvant placebo plus
chemo followed by surgery and adjuvant NIVO or placebo
for previously untreated, resectable stage II-1llb NSCLC.
ESMO Congress. 2023. https://doi.org/10.1016/j.
annonc.2023.10.050.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

MPR and pCR as Surrogate Endpoints in NSCLC

1115

Lei J, Zhao J, Gong L, et al. Neoadjuvant camrelizumab
plus platinum-based chemotherapy vs chemotherapy
alone for Chinese patients with resectable stage IllIA or
I1IB (T3N2) non-small cell lung cancer: The TD-FORE-
KNOW randomized clinical trial. JAMA Oncol.
2023;9:1348-1355.

Heymach JV, Harpole D, Mitsudomi T, et al. Aegean: a
phase 3 trial of neoadjuvant durvalumab + chemo-
therapy followed by adjuvant durvalumab in patients
with resectable NSCLC. Cancer Res. 2023;83(suppl 8):
CTO005-CT005.

Provencio M, Nadal E, Insa A, et al. Neoadjuvant
chemotherapy and nivolumab in resectable non-small-
cell lung cancer (NADIM): an open-label, multicentre,
single-arm, phase 2 trial. Lancet Oncol. 2020;21:1413-
1422.

Forde PM, Spicer J, Girard N. Neoadjuvant nivolumab
plus chemotherapy in lung cancer. N Engl J Med.
2022;387:572-573.

Lu S, Zhang W, Wu L, et al. Perioperative toripalimab
plus chemotherapy for patients with resectable non-
small cell lung cancer: the neotorch randomized clin-
ical trial. JAMA. 2024;331:201-211.

Higgins JP, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Stat Med. 2002;21:1539-1558.

Buyse M, Molenberghs G, Burzykowski T, Renard D,
Geys H. The validation of surrogate endpoints in meta-
analyses of randomized experiments. Biostatistics.
2000;1:49-67.

Belin L, Tan A, De Rycke Y, Dechartres A. Progression-
free survival as a surrogate for overall survival in
oncology trials: a methodological systematic review. Br J
Cancer. 2020;122:1707-1714.

Meijer E, Oczkowski E, Wansbeek T. How measurement
error affects inference in linear regression. Empirical
Econ. 2021;60:131-155.

Pataer A, Kalhor N, Correa AM, et al. Histopathologic
response criteria predict survival of patients with
resected lung cancer after neoadjuvant chemotherapy.
J Thorac Oncol. 2012;7:825-832.

Cottrell TR, Thompson ED, Forde PM, et al. Pathologic
features of response to neoadjuvant anti-PD-1 in resec-
ted non-small-cell lung carcinoma: a proposal for quan-
titative immune-related pathologic response criteria
(irPRC). Ann Oncol. 2018;29:1853-1860.

Dacic S, Travis W, Redman M, et al. International Asso-
ciation for the Study of Lung Cancer study of reproduc-
ibility in assessment of pathologic response in resected
lung cancers after neoadjuvant therapy. J Thorac Oncol.
2023;18:1290-1302.

Deutsch JS, Cottrell T, Chen K, et al. Pan-tumor
harmonization of pathologic response assessment for
standardized data collection in neoadjuvant IO trials
(PATHdata): interim analysis of a multi-institutional
reproducibility  study. J  Immunother  Cancer.
2023;11(suppl 2):A1688-A1688.

Weissferdt A, Leung CH, Lin H, et al. Pathologic pro-
cessing of lung cancer resection specimens after neo-
adjuvant therapy. Mod Pathol. 2024;37:100353.

. Cascone T, Provencio M, Sepesi B, et al. Checkmate 77T:

a phase Il trial of neoadjuvant nivolumab (NIVO) plus


http://refhub.elsevier.com/S1556-0864(24)00117-5/sref17
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref17
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref17
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref18
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref18
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref18
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref18
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref18
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref19
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref19
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref19
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref19
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref19
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref20
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref20
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref20
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref21
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref21
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref21
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref21
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref22
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref22
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref23
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref23
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref23
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref24
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref24
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref24
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref25
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref25
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref25
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref25
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref25
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref25
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref25
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref26
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref26
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref26
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref27
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref27
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref27
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref27
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref28
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref28
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref28
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref28
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref28
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref28
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref29
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref29
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref29
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref29
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref29
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref29
https://doi.org/10.1016/j.annonc.2023.10.050
https://doi.org/10.1016/j.annonc.2023.10.050
http://refhub.elsevier.com/S1556-0864(24)00117-5/opt1O6PG8hBON
http://refhub.elsevier.com/S1556-0864(24)00117-5/opt1O6PG8hBON
http://refhub.elsevier.com/S1556-0864(24)00117-5/opt1O6PG8hBON
http://refhub.elsevier.com/S1556-0864(24)00117-5/opt1O6PG8hBON
http://refhub.elsevier.com/S1556-0864(24)00117-5/opt1O6PG8hBON
http://refhub.elsevier.com/S1556-0864(24)00117-5/opt1O6PG8hBON
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref30
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref30
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref30
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref30
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref30
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref30
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref31
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref31
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref31
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref31
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref31
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref32
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref32
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref32
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref33
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref33
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref33
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref33
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref34
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref34
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref35
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref35
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref35
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref35
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref36
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref36
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref36
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref36
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref37
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref37
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref37
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref38
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref38
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref38
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref38
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref39
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref39
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref39
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref39
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref39
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref40
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref40
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref40
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref40
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref40
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref41
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref41
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref41
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref41
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref41
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref41
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref41
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref42
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref42
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref42
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref43
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref43

1116 Hines et al

46.

chemotherapy (chemo) followed by adjuvant nivo in
resectable early-stage NSCLC. J Clin Oncol.
2020;38(suppl 15):TPS9076-TPS9076.

Peters S, Kim AW, et al. 82TiP - IMpower030: Phase Il
study evaluating neoadjuvant treatment of resectable
stage II-IlIB non-small cell lung cancer (NSCLC) with

47.

Journal of Thoracic Oncology Vol. 19 No. 7

atezolizumab (atezo) + chemotherapy. Ann Oncol.
2019;30(Suppl2):ii30.

Stewart LA, Clarke MJ. Practical methodology of meta-
analyses (overviews) using updated individual patient
data. Cochrane working group. Stat Med. 1995;14:2057-
2079.


http://refhub.elsevier.com/S1556-0864(24)00117-5/sref43
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref43
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref43
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref43
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref44
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref44
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref44
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref44
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref44
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref44
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref45
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref45
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref45
http://refhub.elsevier.com/S1556-0864(24)00117-5/sref45

	Evaluation of Major Pathologic Response and Pathologic Complete Response as Surrogate End Points for Survival in Randomized ...
	Introduction
	Materials and Methods
	Literature Search
	Statistical Analysis

	Results
	Discussion
	CRediT Authorship Contribution Statement
	Role of the Funder/Sponsor
	flink7
	Supplementary Data
	References


