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Is response evaluation criteria in solid tumors (RECIST) effective
in patient selection for radical resection after neoadjuvant
immunotherapy with advanced NSCLC?
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Abstract
Background: Neoadjuvant immunotherapy combined with chemotherapy has been
used to treat locally advanced non–small cell lung cancer (NSCLC). Several systems
have been developed for response evaluation. The aim of this study was to evaluate
the predictive value of response evaluation criteria in solid tumors (RECIST) and pro-
pose modified RECIST (mRECIST).
Methods: Eligible patients received chemotherapy combined with personalized neoad-
juvant immunotherapy. Radical resection was subsequently performed for potentially
resectable tumors evaluated by RECIST. The resected specimens were evaluated to
determine the response to neoadjuvant therapy.
Results: A total of 59 patients received radical resection following neoadjuvant immu-
notherapy combined with chemotherapy. According to RECIST, four patients had
complete remission, 41 had partial remission, and 14 had progressive disease. Postop-
erative pathological examination showed 31 patients achieved complete pathological
remission, and 13 achieved major pathological remission. The final pathological
results were uncorrelated with RECIST assessment (p = 0.086). The ycN stage and pN
stage were irrelevant (p < 0.001). When the cutoff of sum of diameters (SoD) is 17%,
the Youden’s index reached its highest value. A correlation was found between mRE-
CIST and final pathological results. Patients with squamous cell lung cancer showed
higher proportions in objective response (OR) (p < 0.001) and complete pathological
remission (CPR) (p = 0.001). A shorter time to surgery (TTS) was correlated with a
better OR (p = 0.014) and CPR (p = 0.010). The decrease in SoD was correlated with
better OR (p = 0.008) and CPR (p = 0.002).
Conclusions: mRECIST was effective for patient selection for radical resection after
neoadjuvant immunotherapy with advanced NSCLC. Two modifications were sug-
gested for RECIST: (1) the cutoff value was adjusted to 17% for partial remission.
(2) Changes in lymph nodes on computed tomography were eliminated. A shorter
TTS, a larger decrease in SoD and squamous cell lung cancer (vs. adenocarcinoma)
were correlated with better pathological responses.
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INTRODUCTION

Programmed death-ligand 1 (PD-L1) immune checkpoint
inhibitors have profoundly changed the treatment paradigm
for patients with advanced non–small cell lung cancer
(NSCLC). It has been the first-line treatment for most
patients with metastatic NSCLC and negative driver genes.1

In recent years, it has been used as neoadjuvant therapy for
locally advanced NSCLC patients.

The accurate assessment of the response to neoadjuvant
therapy is important for making treatment decisions. Several
systems, including the response evaluation criteria in solid
tumors (RECIST), immune-related RECIST (irRECIST),
immunotherapy-modified RECIST (iRECIST), positron
emission computed tomography response criteria in solid
tumors (PERCIST), immunotherapy-modified PERCIST
(imPERCIST), etc., have been developed for response evalu-
ation. However, the predictive value of these systems
remains unclear. Here, we report 59 patients with advanced
NSCLC who underwent radical resection after neoadjuvant
immunotherapy. RECIST was used for response assessment.
The aim of this study was to evaluate the predictive value of
RECIST and propose modified RECIST (mRECIST) based
on our findings.

METHODS

Patients

We retrospectively analyzed the clinical data of patients with
advanced NSCLC who were treated at Peking Union Medi-
cal College Hospital between December 26, 2019 and
October 1, 2022. The inclusion criteria were as follows: age
of at least 18 years; NSCLC confirmed by fiber optic bron-
choscopy or biopsy; clinical stage II-IV (8th edition of the
tumor-node-metastasis [TNM] staging system of the Ameri-
can Joint Committee on Cancer)2; tumors that were unre-
sectable or potentially resectable, but not suitable for
immediate surgery; no variation in specific driver genes; no
prior cancer treatment; Eastern Cooperative Oncology
Group score 0–2; and no organ dysfunction. The exclusion
criteria were as follows: immunodeficiency; ongoing sys-
temic immunosuppressive therapy; active autoimmune or
infectious disease; or other malignancies. Eligible patients
signed the informed consent form before treatment.

Clinical pathway

The detailed clinical pathway for those patients was
described in our previous work.3 Chest computed tomogra-
phy (CT) was performed every other cycle for tumor assess-
ment, and the results were classified according to RECIST
version 1.14 as complete remission (CR), partial remission
(PR), stable disease (SD), or progressive disease (PD). Objec-
tive response (OR) included PR and CR. After neoadjuvant

therapy was administered, we identified patients for radical
resection based on the following criteria: (1) PR or CR with
the possibility of radical resection (i.e., no signs of tumor
invasion of any major vessel or the diaphragm, heart, tra-
chea, or carina); or (2) SD or PD regarded as pseudopro-
gression or potentially resectable. This study was approved
by the Ethics Committee of Peking Union Medical College
Hospital (S-K2062) and conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Statistical analysis

The primary end points were major pathological remission
(MPR, defined as ≤10% of remaining viable tumor cells on
postoperative pathological examination) and complete path-
ological remission (CPR, defined as tumor regression with-
out residual tumor on pathological examination).5,6 The
Mann–Whitney U test was used to compare differences
between groups. A receiver operating characteristic (ROC)
curve was used to derive an optimal cutoff value. A two-
sided p < 0.05 was considered statistically significant. Statis-
tical analyses were performed using SPSS 23.0 soft-
ware (IBM).

RESULTS

Patients

A total of 62 patients underwent radical resection after
neoadjuvant immunotherapy combined with chemotherapy.
Three patients were excluded because they were enrolled in
randomized clinical trials that were double-blinded. Baseline
demographics are shown in Table 1. Among the cases,
46 patients (78.0%) were men, and 48 patients (81.4%) were
former smokers. Pretreatment biopsy showed squamous cell
carcinoma in 48 patients (81.4%). Most of the patients
(39 [66.1%]) received paclitaxel + cisplatin + pembrolizu-
mab (PC + K). Thirty-three patients (48.6%) received
2–4 cycles of immunotherapy. The median time to surgery
(TTS, refers to the time interval from the last dose of neoad-
juvant immunotherapy to surgery) was 36.5 days.

Neoadjuvant therapy response

Ten patients (16.9%) had immune-related adverse events
(irAEs), including rash (n = 6), immune-related thyroiditis
(n = 2), immune-related enteritis (n = 1) and immune-
related pneumonia (n = 2). Only one grade 3–4 adverse
reaction was observed (see our previous case report).7 Two
patients’ surgeries were delayed because of irAEs.

After neoadjuvant therapy, RECIST showed CR in four
cases (6.8%), PR in 41 cases (83.7%), SD in 14 cases (23%),
and no PD. The sum of diameters (SoD, refers to the sum of
the longest diameter and the perpendicular diameter of the
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tumor’s largest cross-sectional area seen on CT scans) of the
tumor was reduced by a median of 40.2% (range, �13.6% to
100%). Reductions in T and TNM stage were observed in
32 (54.2%) and 24 (40.7%) patients, respectively. The N
stage was reduced in 12 of 44 patients (27.3%) who under-
went an initial assessment of lymph node metastasis.

All patients underwent radical resection after neoadju-
vant therapy, including 53 (89.8%) video-assisted thoraco-
scopic surgeries, four (6.8%) open surgeries, and two (3.4%)
conversion to thoracotomy surgeries. Eight patients (13.6%)
received sleeve resection, and three (5.1%) received broncho-
plasty. Eleven patients (18.6%) received multilobar resection.
Thirty-nine patients (66.1%) had pleural adhesions. Postop-
erative complications included atrial fibrillation (3 [5.1%]),
poor lung recruitment (1 [1.7%]), continuous air leak
(2 [3.4%]) and unilateral vocal cord paralysis (1 [1.7%]).

Pathological examination

Postoperative pathological examination showed that
31 patients (52.5%) achieved CPR, and 13 patients (22.0%)
achieved MPR. The objective response rate (ORR) was
74.6%. A ROC curve (for ORR) was calculated to derive an
optimal cutoff value for the SoD (Figure S1). When the cutoff
was 17%, the Youden’s index reached its highest value. The
sensitivity and specificity for OR were 97.7% and 46.7%,
respectively (area under the curve [AUC] was 0.726 [95% CI,

0.560–0.891], p = 0.009). When the cutoff was 30%
(RECIST), the sensitivity and specificity for OR was 84.1%
and 60.0%, respectively. When the cutoff was 47%, the sensi-
tivity and specificity for CPR were 54.8% and 82.1%, respec-
tively (the Youden’s index reached the highest, area under
the curve [AUC] was 0.730 [95% CI, 0.602–0.859],
p = 0.002). ORR were uncorrelated with RECIST assessment

T A B L E 1 Clinical characteristics of the total cohort

Characteristic All, No. (%) OR, No. (%) CPR, No. (%)

Gender Male 46 (78.0) 35 (79.5) 26 (83.9)

Female 13 (22.0) 9 (20.5) 5 (16.1)

Median age, years [range] 63 [39–76] 63 [39–76] 63 [51–76]

Preoperative stage IIB 2 (3.4) 2 (45.5) 2 (6.5)

IIIA 34 (57.6) 25 (56.8) 18 (58.1)

IIIB 21 (35.6) 15 (34.1) 10 (32.3)

IIIC 2 (3.4) 2 (45.5) 1 (3.2)

Histology Squamous cell carcinoma 48 (81.4) 41 (93.2) 30 (96.8)

Adenocarcinoma 10 (16.9) 2 (45.5) 1 (3.2)

Adenosquamous carcinoma 1 (1.7) 1 (22.7) 0

Smoking history (smoking index) Nonsmokers 11 (18.6) 6 (13.6) 3 (9.7)

≤400 11 (18.6) 9 (20.5) 7 (22.6)

401–799 11 (18.6) 8 (18.2) 6 (1 9.4)

≥800 26 (44.1) 21 (47.7) 15 (48.4)

Resected lobe RUL 18 (30.5) 12 (27.3) 9 (29.0)

RML 2 (3.4) 0 0

RLL 7 (11.9) 5 (11.4) 3 (9.7)

LUL 16 (27.1) 15 (34.1) 12 (38.7)

LLL 5 (8.5) 5 (11.4) 4 (12.9)

RML + RLL 11 (18.6) 7 (15.9) 3 (9.7)

Abbreviations: CPR, complete pathological remission; LLL, left lower lobe; LUL, left upper lobe; OR, objective response; RLL, right lower lobe; RML, right middle lobe; RUL, right
upper lobe.

TAB L E 2 Relationships between risk factors and pathological response

OR CPR

Gender 0.619 0.254

Age, years 0.513 0.341

Smoking 0.249 0.120

Pathology *<0.001 *0.001

TTS *0.014 *0.010

SoD *0.011 *0.001

Pleural adhesion 0.066 0.167

Immunotherapy cycles 0.118 0.200

T reduction (yc vs. c) 0.499 0.538

N reduction (yc vs. c) 0.828 0.626

TNM reduction (yc vs. c) 0.205 0.074

irAE 0.223 0.229

Abbreviations: CPR, complete pathological remission; irAE, immune-related adverse
events; OR, objective response; SoD, sum of diameters; TNM, tumor-node-metastasis;
TTS, time to surgery.
*p < 0.05.
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(Table S1) (p = 0.086). The ycN (therapy-clinical-N) stage
and pN (pathologic-N) stage were irrelevant (p < 0.001).

An mRECIST was proposed according to the results
above. Two modifications were applied: (1) the cutoff value
was adjusted to 17% for PR; and (2) changes in lymph nodes
on CT were eliminated from the criteria. Therefore, it
showed CR in four cases (6.8%), PR in 46 cases (78.0%), SD
in nine cases (15.3%), and no PD. A correlation was found
between mRECIST and final pathological results (Table S2)
(p = 0.001).

Table 2 shows the relationships between risk factors and
pathological response. No correlations were found between
sex, age, smoking history, immunotherapy cycles, reduction
in TNM stage (yc vs. clinical (c)), irAEs, and pathological
response. Patients with squamous cell lung cancer showed
higher proportions in OR (p < 0.001) and CPR (p = 0.001).
A shorter TTS was correlated with a better OR (p = 0.014)
and CPR (p = 0.010). The decrease in SoD was correlated
with better OR (p = 0.008) and CPR (p = 0.002).

DISCUSSION

In this study, we retrospectively analyzed 59 patients with
advanced NSCLC who underwent radical resection after
neoadjuvant immunotherapy. Our cohort used RECIST to
select patients. Although the final pathological results were
uncorrelated with RECIST assessment, our cohort achieved
favorable surgical results and satisfactory pathological remis-
sion (ORR = 74.6%). Furthermore, we found: (1) the SoD
on CT is an effective predictor of pathological response. Our
cohort revealed that when screening for OR, the cutoff
should be 17% (with 97.7% sensitivity and 46.7% specific-
ity); when screening for CPR, the cutoff should be 47% (with
54.8% sensitivity and 82.1% specificity). (2) Lymph node
grade is an unreliable indicator for patient selection, as
ycN stage and pN stage are irrelevant (p < 0.001). We there-
fore suggest making two modifications to RECIST: (1) the
cutoff value was decreased to 17% for PR. (2) Changes in
lymph nodes on CT were eliminated. A stronger relation-
ship between preoperative evaluation and pathological find-
ings was observed when using mRECIST (Table S2).

Several criteria have been proposed for response evalua-
tion. RECIST, which is based on CT scans, is an important
predictor of OS in NSCLC.8 As changes in inflammation
and interstitial or fibrotic components of tumors may affect
the CT results, the predictive value of RECIST may be
low.9,10 Therefore, some immunotherapy-modified classifi-
cations were proposed, aiming to avoid reported pseudopro-
gression as disease progression (0%–5.4%). However, the
challenge for these classifications is that they may miss true
disease progression.11,12 In our cohort, there were 14 got
SD. The lesions of these patients did not shrink after 3 to
10 weeks of observation, suggesting that irRECIST
would not provide additional surgical opportunity for
these patients. Considering that the ORR is as high as 57.1%
(8/14), surgery should be an option for these patients.

PERCIST is another potential tool for patient selection that
is based on positron emission computed tomography (PET)
scans. Current evidence regarding PERCIST is limited and
controversial, as a favorable response may also present with
an increase in metabolic activity of the lesions.13,14 There-
fore, it is suggested that mRECIST is an effective criterion
for current practice.

We also studied the correlations between risk factors
and pathological response. It was demonstrated that a
shorter TTS, larger decrease in SOD and squamous cell lung
cancer (vs. adenocarcinoma) were correlated with better
responses. Other factors, including sex, age, smoking his-
tory, immunotherapy cycles, reduction in TNM stage (yc vs.
c), and irAEs, were not correlated. It is difficult to determine
the optimal TTS, as clinicians should balance the long tail
effect of immunotherapy and the progression of tumors.
The TTS in CheckMate 159, LCMC3, and TOP1501 was 1–
5 weeks,9,15 whereas in NADIM, NCT02716038 and NEOS-
TAR, it was 3–7 weeks.16 In our cohort, patients who
achieved OR had a median TTS of 33.5 days, significantly
shorter than those who did not (45 days). We thus advise
not exceedingly lengthen the TTS.

The limitation of this retrospective study is that patients
who showed poor response to neoadjuvant immunotherapy
and failed to receive surgery were not included because of a
lack of follow-up. Further, because the follow-up period was
relatively short, we did not have sufficient data on survival
outcomes. A prospective design and better follow-up are
needed in future work. Although our study suggests that
lymph node grade may not be a reliable indicator for patient
selection, further research with larger sample sizes is needed
to confirm these findings and determine whether changes in
lymph nodes on CT should be eliminated as a criterion for
patient selection.

CONCLUSION

Although the final pathological results were uncorrelated
with RECIST assessment, mRECIST was effective for patient
selection for radical resection after neoadjuvant immuno-
therapy with advanced NSCLC. Two modifications were
suggested for RECIST: (1) the cutoff value was adjusted to
17% for PR; and (2) changes in lymph nodes on CT were
eliminated. A shorter TTS, a larger decrease in SoD and
squamous cell lung cancer (vs. adenocarcinoma) were corre-
lated with better pathological responses.
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