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more than 10% was brought up as a significant
indicator for survival improvement for lung cancer
patients receiving neoadjuvant chemotherapy in
2012,8 and was subsequently specified as major
pathologic response (MPR) and proposed as a sur-
rogate for survival of neoadjuvant therapy-treated
cohort.® Despite the strong association between
MPR and survival benefits, those who did not
achieve MPR still occupied approximately 60-80%
of the entire cohort,!%-13 which represented a wide
spectrum of prognosis. Hence, other clinicopatho-
logical parameters assisting treatment response sta-
tus in prognostic assessment are still warranted.

The previous subclassification criteria of invasive
pulmonary adenocarcinoma (IPA) were primarily
based upon architectural proportions, specifically,
five predominant histomorphologic patterns,!4
demonstrating distinct survival outcomes.!%16
Nevertheless, other pathological features, for
instance, complex glandular patterns, were also
found to confer poor prognosis,!”-1® but were not
defined as independent subcategories. A recent
proposal to renew the grading system of IPA put
forward by the International Association for the
Study of Lung Cancer (IASLC) pathology com-
mittee has taken the concept of high-grade patterns
(including solid, micro papillary, and complex
glandular patterns) into account with a 20% thresh-
old, and subdivided IPA into three grades.!® Such
grading system was subsequently validated in large
cohort studies of Asian patients and verified as a
robust prognostic indicator,2%22 which harbored
promising potential in prognosis evaluation. Our
previous study further stratified the prognosis of
completely resected stage I IPA utilizing IASLC
grading system and verified its clinical signifi-
cance.?? Nevertheless, the feasibility of using such
grading system in prognosis differentiation after
neoadjuvant therapy still needs exploring.

Hence, on the basis of pathological evaluation of
the residual proportion post-neoadjuvant therapy
in accordance with the IASLC proposed IPA grad-
ing system, we would like to further elucidate its
value in prognostic stratification. Such grading sys-
tem might assist or even substitute for pathological
response assessment under certain circumstances.

Methods

Patient cohort
We retrospectively enrolled lung adenocarcinoma
patients who received neoadjuvant chemotherapy

(platinum-based doublet therapy, mostly carbo-
platin combined with pemetrexed or paclitaxel)
or targeted therapy [epidermal growth factor
receptor (EGFR)-tyrosine kinase inhibitors,
started from March 2016] between August 2012
and December 2020 in Shanghai Pulmonary
Hospital. The main inclusion criterion was path-
ologically confirmed IPA patients undertaking
neoadjuvant therapy prior to curative resection.
Patients with distant metastasis, pathologically
proven invasive mucinous adenocarcinoma, or
other variants of invasive adenocarcinoma, par-
ticipating in any other clinical trial were excluded
from the study, while those who achieved patho-
logic complete response (pCR, defined as no
residual viable tumor in primary tumor bed) were
also excluded. The neoadjuvant regimen was
decided and administered after a multiple disci-
plinary team consultation, which comprised pul-
monologists, oncologists, radiologists, and
thoracic surgeons. Besides, postoperative consoli-
dation therapy was administered based on the
clinical response status of the neoadjuvant ther-
apy. This study was conducted in accordance
with Declaration of Helsinki (as revised in 2013),
while informed consent was waived by the
Institutional Review Board of Shanghai
Pulmonary Hospital (IRB ID: K22-294) due to
its retrospective nature.

Clinical and pathological evaluation

All the enrolled patients received computed
tomography (CT) evaluation both prior to and
after neoadjuvant therapy, and hence the treat-
ment response was initially evaluated radiologi-
cally. Clinical responses were separately defined
as complete response (CR), partial response
(PR), stable disease (SD), and progressive disease
(PD) according to RECIST Version 1.1 crite-
ria.?* Besides, clinical staging based on the base-
line CT scan was conducted conforming to the
UICC/AJCC TNM classification system (TNM
stage classification, 8th edition).25 After the neo-
adjuvant therapy, all the patients were reevalu-
ated for the eligibility for surgery and type of
resection. After the surgery, primary tumor and
lymph node specimens were sectioned and
restaged according to the IASLC recommenda-
tions for assessing specimens after neoadjuvant
therapy (ypTNM stage),2® according to which
ypT stage was specifically estimated by multiply-
ing the total size of the tumor bed times the per-
centage of viable tumor. Pathological response
was also evaluated in accordance with such
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recommendations, as the percentages of viable
tumor cells, necrosis, and stroma were respec-
tively determined. MPR was defined as no more
than 10% viable tumor in the primary tumor bed
while the circumstance where no viable tumor
was observed was defined as pCR. Furthermore,
several prominent pathological patterns including
tumor spread through air spaces (STAS) as well
as pleural invasion of the specimens were also
appraised.

Histological grading

The IASLC issued grading system for IPA com-
prised three levels of invasion descriptions based
on the histological subtype of tumor, which were
well-differentiated adenocarcinomas (Grade 1),
moderately  differentiated  adenocarcinomas
(Grade 2), and poorly differentiated adenocarci-
nomas (Grade 3).!° The typical pathological pro-
portions are illustrated in Figure 1. In accordance
with the IASLC system, all the surgical specimens
were separately graded by two pathologists (Dr.
Likun Hou and Dr. Shaoling Li). When dispari-
ties were encountered, consensus was reached
through discussion.

Follow-up strategy

During the first 2years post-surgery, physical
examination, blood tests, and chest radiography
were conducted every 3 months, along with chest
CT scans every 6 months. Afterwards, chest radi-
ography was performed every 6 months and chest
CT scanning annually. For patients with high-
risk factors for recurrence or exhibiting any symp-
tom of recurrence, a whole-body bone scan,
ultrasound of the abdomen/neck/supraclavicular
area, and brain magnetic resonance imaging was
performed annually. The follow-up information
was collected through outpatient visits or by tele-
phone calls. Recurrence-free survival (RFS) was
defined as the time from the operation to disease
progression, relapse or death, whichever event
came first, while overall survival (OS) was defined
as the time from the operation to any cause of
death. All the data censored at the last time of
follow-up in October, 2021.

Statistical analysis

Differences concerning nominal and ordinal vari-
ables of three grades were evaluated using
Pearson’s chi-squared test or Fisher’s exact test,
while Kruskal-Wallis one-way ANOVA was

Figure 1. Typical histological patterns of the surgically resected IPA
specimens. Lepidic, acinar, and solid patterns are separately illustrated

in a, b, and c. The first case (a) was subsequently evaluated as Grade 1 as
the residual proportion contained a 60% of lepidic component and 40% of
acinar component. The second case (b) was evaluated as Grade 2 as the
proportion contained a 90% of acinar component and 10% of micro papillary
component. The third case (c], on the contrary, contained a 30% of acinar
component and 70% of high-grade patterns (20% of solid pattern, 10% of
micro papillary component, and 40% of complex glandular pattern) and was

consequently evaluated as Grade 3.
IPA, invasive pulmonary adenocarcinoma.

performed when comparing interval variables.
Kaplan—Meier estimates were utilized to analyze
the survival outcomes concerning different grade
groups, and a log-rank test was subsequently con-
ducted to test the significance. Univariable and
multivariable Cox proportional hazard analyses
were conducted to identify the prognostic predic-
tors. All the comparisons between the clinical and
pathological information and Cox proportional
hazard analyses were performed using SPSS (ver-
sion 26.0; IBM Corp, Armonk, NY, USA), and
all the violin plots and Kaplan—Meier estimates
were conducted using the ‘ggplot2’, ‘survival’,
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and ‘survminer’ packages in R software (version
4.1.1, https://cran.r-project.org). All the statisti-
cal tests were two-sided with a significant level
when p<<0.05.

Results

Clinical and pathological characteristics

In total, 198 patients were enrolled in this study
(Supplemental Figure S1), and patients’ demo-
graphic, clinical, and pathological characteristics
are demonstrated in Table 1. There were 13
(6.6%), 37 (18.7%), and 148 (74.7%) patients
finally evaluated belonging to Grades 1, 2, and 3,
respectively, with an interobserver agreement k
value of 0.913 (Supplemental Table S1). The
median age of the entire cohort was 60 years (inter-
quartile range: 53-65years), with a predominant
sex of male (117/198, 59.1%). Most of the patients
(146/198, 73.7%) were diagnosed as clinically stage
III, and 76 (38.4%), 117 (59.1%), and 5 patients
(2.5%) were observed as PR, SD, and PD after
neoadjuvant therapy, respectively. Most of the
patients undertook neoadjuvant chemotherapy
(128/198, 64.6%), while patients diagnosed with
Grade 3 tended to receive chemotherapy more
often (p<0.001), and the specific treatment
modalities of the entire cohort are presented in
Supplemental Table S2. In regard to the pathologi-
cal findings, 38.9% (77/198) and 18.2% (36/198)
of the specimens were evaluated positive for STAS
and pleural invasion, respectively. Pathological
evaluation also showed that half of the patients
were diagnosed as ypN2 (99/198, 50.0%). Besides,
the status of major driver oncogene alterations,
including EGFR, K-Ras, B-Raf, PIK3CA, ALK,
and ROS1 gene mutations, was also evaluated, and
the specific information was presented in
Supplemental Table S3. Moreover, MPR was
observed in 30 patients (15.2%), and the MPR rate
dropped significantly in Grade 3, compared with its
counterparts (p<<0.001). Pathological response
rate was also compared among three grades, while
Grade 1 exhibited a significant high proportion of
response (Figure 2(a), p<<0.001). Furthermore, 51
patients of the entire cohort (25.8%) relapsed
within 1-year post-surgery.

IASLC grading system served as a strong

indicator for RFS and 0S

Based on the follow-up information of the entire
cohort, IASLC grading system harbored signifi-
cant power in differentiating the RFS (Figure

3(a); p<0.001) and OS (Figure 3(b); p<<0.001)
of the entire cohort. The univariable predictors
reaching a significance of p<<0.05 comprised the
grading system  (p<0.001), neoadjuvant
(p<0.001) and adjuvant regimens (p=0.003),
presence of STAS (p<<0.001), ypN stage
(»p<<0.001) and MPR status (p=0.001), and after
adjustment, grading system, ypN stage, neoadju-
vant regimen, STAS, and MPR status were subse-
quently included into the multivariable model
(Table 2) (adjuvant regimen excluded due to its
close relation with neoadjuvant therapy). IASLC
grading system was determined as a strong indica-
tor for RFS [Grade 2 versus Grade 1, hazard ratio
(HR): 4.243, 95% confidence interval (CI):
0.870-20.689, p=0.074; Grade 3 versus Grade 1,
HR: 10.215, 95% CI: 2.312-45.134, p=0.002]
along with ypN stage (ypN1 oversus ypNO, HR:
1.000, 95% CI: 0.488-2.051, p=0.999; ypN2
versus ypNO, HR: 2.047, 95% CI: 1.257-3.335,
$»=0.004) in the multivariable analysis. Similar
results were also obtained concerning grading sys-
tem in predicting the OS status of the entire cohort
(Table 2, Grade 2 versus Grade 1, HR: 2.075,
95% CI: 0.378-11.387, p=0.401; Grade 3 versus
Grade 1, HR: 7.038, 95% CI: 1.510-32.811,
p»=0.013) after multivariable adjustment includ-
ing grading system, ypN stage, neoadjuvant regi-
men, STAS, and MPR status into analysis.
Furthermore, to better illustrate the prognostic
significance of IASLC grading system concerning
patients receiving different treatment modalities,
we extracted the patients from the neoadjuvant
chemotherapy and targeted therapy cohorts sepa-
rately, and discovered that grading system was
verified as a robust prognosticator for both cohorts
(Supplemental Figure S2, neoadjuvant chemo-
therapy cohort: RFS, p=0.001, OS, »p=0.002;
Supplemental Figure S3, neoadjuvant targeted
therapy cohort: RFS, »<<0.001, OS, p=0.001).

Prognostic evaluation of IASLC grading

system in Non-MPR cohort

Since there was only a minority of patients (15.2%)
achieving MPR, non-MPR cohort still repre-
sented for a wide spectrum of patients with dis-
tinct clinical prognosis. We then evaluated whether
such cohort could be further stratified according
to IASLC grading system. Pathological response
rate was first compared among three grades, and
phenomenon similar to the entire cohort was
obtained (Figure 2(b), p=0.004). Kaplan—Meier
curves also demonstrated the strong prognosis dif-
ferentiation power of IASLC grading system of
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Table 1. Demographic, clinical, and pathological characteristics of the entire cohort.

Characteristics Total (N=198) Grade 1(n=13) Grade 2 (n=37) Grade 3 (n=148)  p Value*
Age, years; median (IQR) 60 (53-65) 61 (59-65) 58 (53-69) 60 (53-64) 0.337
Gender, n (%) 0.011
Male 117 (59.1) 4(30.8) 17 (45.9) 96 (64.9)
Female 81 (40.9) 9(69.2) 20 (54.1) 52 (35.1)
Charlson comorbidity index 0.183
0 32(16.2) 1(7.7) 6(16.2) 25(16.9)
1-2 141(71.2) 9(69.2) 23 (62.2) 109 (73.6)
3-4 25(12.6) 3(23.1) 8(21.6) 14.(9.5)
Smoking, n (%) 0.166
Current or ever 42 (21.2) 1(7.7) 5(13.5) 36 (24.3)
Never 156 (78.8) 12 (92.3) 32(86.5) 112 (75.7)
cTNM stage, n (%) 0.071
Stage | 27 (13.6) 5(38.5) 7(18.9) 15(10.1)
Stage Il 25(12.6) 1(7.7) 4(10.8) 20 (13.5)
Stage lll 146 (73.7) 7 (53.8) 26 (70.3) 113 (76.4)
Neoadjuvant regimen, n (%) <0.001
Chemotherapy 128 (64.6) 5 (38.5) 9 (24.3) 114 (77.0)
Targeted therapy 70 (35.4) 8(61.5) 28 (75.7) 34 (23.0)
Clinical response, n (%) 0.212
PR 76 (38.4) 6 (46.2) 15 (40.5) 55 (37.2)
SD 117 (59.1) 6(46.2) 20 (54.1) 91 (61.5)
PD 5(2.5) 11(7.6) 2 (5.4) 2(1.4)
Operative procedure, n (%) 0.842
Lobectomy 154 (77.8) 11 (84.6) 27 (73.0) 116 (78.4)
Sleeve resection 14 (7.1) 0(0.0) 3(8.1) 11 (7.4)
Bilobectomy 18 (9.1) 2 (15.4) 4(10.8) 12 (8.1)
Pneumonectomy 12 (6.0) 0(0.0) 3(8.1) 9(6.1)
Adjuvant regimen, n (%) <0.001
Not administered 13 (6.6) 2 (15.4) 4(10.8) 7 (4.7)
Chemotherapy 122 (61.6) 6 (46.2) 9 (24.3) 107 (72.3)
Targeted therapy 63(31.8) 5 (38.5) 24 (74.9) 34 (23.0)
[Continued]
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Characteristics Total (N=198) Grade 1 (n=13) Grade 2 (n=37) Grade 3(n=148) p Value*
STAS, n (%) <0.001
Presence 77 (38.9) 0(0.0) 2(5.4) 75 (50.7)
Absence 121 (61.1) 13 (100.0) 35 (94.6) 73 (49.3)
Pleural invasion, n (%) 0.215
Presence 36 (18.2) 1(7.7) 10 (27.0) 25(16.9)
Absence 162 (81.8) 12(92.3) 27 (73.0) 123 (83.1)
ypT stage, n (%) 0.579
T1 146 (73.7) 12(92.3) 27 (73.0) 107 (72.3)
T2 48 (24.2) 1(7.7) 10 (27.0) 37 (25.0)
T3 4(2.0) 0 (0.0) 0(0.0) 4(2.7)
ypN stage, n (%) 0.178
NO 72 (36.4) 8(61.5) 17 (45.9) 47 (31.8)
N1 27 (13.6) 11(7.7) 5(13.5) 21 (14.2)
N2 99 (50.0) 4(30.8) 15 (40.5) 80 (54.1)
MPR, n (%)
The entire cohort (n=198) <0.001
Achieved 30(15.2) 7 (53.8) 6(16.2) 17 (11.5)
Not-achieved 168 (84.8) 6 (46.2) 31(83.8) 131 (88.5)
Neoadjuvant chemotherapy cohort (n=128) <0.001
Achieved 15 (11.7) 4 (80.0) 2(22.2) 9(7.9)
Not-achieved 113 (88.3) 1(20.0) 7 (77.8) 105 (92.1)
Neoadjuvant targeted therapy cohort (n=70) 0.339
Achieved 15 (21.4) 3(37.5) 4(14.3) 8 (23.5)
Not-achieved 55 (78.6) 5(62.5) 24 (85.7) 26 (76.5)

cTNM stage and ypTNM stage was classified according to TNM classification eighth edition, clinical response was evaluated in accordance with

RECIST V1.1.

“Comparison of p values between three cohorts.
IQR, interquartile range; MPR, major pathologic response; PD, progressive disease; PR, partial response; SD, stable disease; STAS, tumor spread
through air spaces. Significant p values are in bold form.

the non-MPR patients (Figure 4). Adjusted multi-
variable analysis including grading system, ypN
stage, neoadjuvant regimen, and STAS status
found that neoadjuvant regimen (Table 3, tar-
geted versus chemotherapy, HR: 0.468, 95% CI:
0.257-0.852, p=0.013) along with ypN stage

(ypN1 versus ypNO, HR: 1.034, 95% CI: 0.473—
2.260, p=0.933; ypN2 versus ypNO, HR: 1.967,
95% CI: 1.165-3.321, p=0.011) were signifi-
cantly correlated with RFS. The grading system
was further validated as a strong factor in the uni-
variable analysis of OS (p=0.001) in the
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(a) Pathological response status (entire cohort, N = 198) (b) Pathological response status (Non-MPR cohort, N = 168)

ek

504

Pathological Response Rate (%)

Grade 1 (n=13) Grade 2 (n = 37) Grade 3 (n = 148)

*k

50

Pathological Response Rate (%)

Grade i (n=86) Grade 2 (n=31) Grade 3 (n=131)

Figure 2. Pathological response status of different grades concerning the entire cohort (a) and the non-MPR
cohort (b). The central dots represented the median pathological response rates of different grades, and
the box plots demonstrated the IQRs and ranges of the data. The density curves of the data are also shown

through violin plots.
***p<0.001; **p<0.01.
IQR, interquartile range; MPR, major pathologic response.

(a) RFS curve of the entire cohort (N = 198)
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Figure 3. Survival curves of the entire cohort (198 patients). Kaplan-Meier estimate curves of RFS (a) and 0S
(b) curves of the included patients with invasive pulmonary adenocarcinomas receiving neoadjuvant therapy. p
Value listed demonstrated the significance of the log-rank test between three grade groups.

non-MPR cohort (Table 3), but not in the
adjusted multivariable analysis (p=0.079).

Prognostic comparison between

Grade 1 and pCR cohorts

To further elucidate whether grade 1 IPA corre-
lated with fairly better prognosis than grades 2

and 3 in the entire cohort, such group of patients
was separately extracted and compared with
patients pathologically evaluated achieving pCR
between August 2012 and December 2020. The
external pCR cohort comprised of 10 patients
and the clinicopathological characteristics are
summarized in Supplemental Table S4. We fur-
ther compared the prognoses between Grade 1
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RFS curve of the Non-MPR cohort (N = 168)

100 -~y
]

i b
'

%,
-
75 \ k

50 ---------- L e

Survival Probability (%)

25 Grade 1
-+ Grade 2
- Grade 3

o

p <0.001

0 12 24 36 48 60
Recurrence-Free Survival Time (Months)

Number at risk

31 21 8 4 2 0
131 59 18 6 2 2

(b) OS curve of the Non-MPR cohort (N = 168)
100] —— gyt e e
P
A -
R "a ]
8 75 ~
:; ‘t b '
= L}
| b :
'8 B0{ --------=------- AR '-h.-__.*;- T P et
i I
K] VY i
g ! W“ !
= ' - 1
@ 25 Grade 1 —
- Grade 2 : e,
= Grade 3 i T S
0 p <0.001 ; '

0 60

2 24 36 48
Overall Survival Time (Months)

Number at risk

31 22 12 5 2 0
131 85 38 16 8 4

Figure 4. Survival curves of the non-MPR cohort (168 patients). Kaplan-Meier estimate curves of RFS (a)
and 0S (b) curves of the patients not achieving major pathologic response. p Value listed demonstrated the
significance of the log-rank test between three grade groups.

0S, overall survival; RFS, recurrence-free survival.

and external pCR cohorts, and Kaplan—Meier
curves demonstrated that there was no significant
difference between these two groups of patients in
regard to RFS and OS status (Supplemental
Figure S4).

Discussion

The prognostic value of IASLC proposed grading
system for IPA was preliminarily validated by this
retrospective single-center study in Chinese
cohort receiving neoadjuvant therapy. IASLC
grading system was a significant classifier for RFS
and OS status of the neoadjuvant therapy-treated
IPA patients, and compensated as an important
indicator for pathological response and ypN stage
in regard to subgroup analysis. Specifically,
patients with IPA classified as grade 1 was
depicted as one cohort with satisfactory progno-
sis, approximate to those who achieved complete
pathologic response, while conversely, those with
grade 3 IPA tended to encounter disease progres-
sion or relapse more frequently. Such grading sys-
tem harbors the potential in survival differentiation
of the IPA cohorts receiving neoadjuvant therapy,
specifically for those not achieving MPR.

The subclassification benchmark of IPA was ini-
tially based upon the 2011 international multidis-
ciplinary recommendation, introducing the
concept of predominant architectural patterns,!*

which was afterwards adopted by the 2015 WHO
classification system.2? Such architectural grading
system was reportedly well correlated with con-
trasting prognosis!>16 and was proven predictive of
response to adjuvant chemotherapy.?8:2° Albeit the
high efficacy in survival stratification, inaccuracy
still existed for certain group of patients, specifi-
cally for acinar-predominant subtype which report-
edly represented a wide variety of prognosis.l7-18
To further differentiate IPA patients, IASLC
pathology committee consequently initiated a
novel grading system exploiting predominant sub-
type in combination with proportional distribution
of high-grade patterns.!® Subsequently, Weng er al.
investigated the value of new grading system in
survival outcome estimation of advanced stage
lung adenocarcinoma and proved a close interac-
tion between poorly differentiated arm with poor
prognosis.3® Deng ez al. further validated the sur-
vival discrimination efficacy of new grading system
in a large Chinese cohort and illustrated a patho-
logic-genetic subclassification modality in survival
prediction.2® Subsequently, the prognostic signifi-
cance of the system was verified by Rokutan-
Kurata er al. in a large Japanese cohort as well.2!
Fujikawa ez al. further demonstrated the distinct
clinicopathologic traits and genotypic features of
different grades.?? Another recent study conducted
by our group explored the clinical significance of
the novel system in evaluation of survival status of
completely resected stage I IPA and direction of
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adjuvant therapy through external institutions
integrated validation.2?> Despite the retrospective
nature of these studies, the efficacy of IASLC grad-
ing system in survival differentiation was prelimi-
narily confirmed.

Since the advent of including neoadjuvant ther-
apy into the systematic regimen of locally
advanced NSCLGC, it served as one of the pas-
sionately debated issues. Neoadjuvant chemo-
therapy was initially evaluated beneficial for
survival improvement through large cohort of
clinical trials®>3 and recommended as one effective
downstaging treatment modality.3! Hereafter,
numerous clinical trials evaluating the efficacy of
neoadjuvant targeted and immunotherapy were
conducted worldwide, continually extending the
treatment regimens.%37:12:13:32.33 Parameters other
than survival outcomes were consequently needed
to evaluate the trials in a more effective way.
Pathological response was evaluated as a strong
predictor for survival benefits in numerous solid
tumors.3* Dislike other tumors including breast
and bladder cancers, where pathological com-
plete response was more frequently encountered
after neoadjuvant therapy and was thus selected
as a prominent parameter for pathological
response assessment,3-3% the frequency of pCR in
NSCLC post-therapy was scarcely low.3* Hence,
Junker ez al. initially exploited <10% viable tumor
cells of the tumor tissue as a critical prognostica-
tor for preferable survival outcome of lung cancer
patients,>” which was subsequently defined as
MPR by Hellmann ez al. and recognized as substi-
tute endpoint for survival outcomes regarding
neoadjuvant trials.® Specific recommendations
for pathologic assessment of the residual propor-
tion of neoadjuvant therapy-treated lung cancer
lesions were proposed later in 2020.2¢ In our
study, MPR was evaluated significant for survival
outcomes in the univariable analysis concerning
the entire cohort, while it was insignificant in the
multivariable analysis when included along with
IASLC grading system, ypN stage, and other crit-
ical clinicopathological parameters. Such phe-
nomenon might be attributed to the prognostic
prediction efficacy of pathological response status
lower than traditionally robust ypN stage and
aforementioned grading system. Nonetheless,
such speculation still needed future studies’
confirmation.

Another controversy over pathological response
evaluation of IPA existed concerning the threshold

of residual viable tumor cells in defining MPR. Qu
et al. reported a distinct optimal cutoff percentage
of viable tumor between lung adenocarcinoma and
squamous cell carcinoma, where 65% of viable
tumor in the tumor bed harbored seemingly high
efficacy in survival prediction.?® Such phenome-
non was subsequently confirmed by Liu ez al. with
a calculated optimal cutoff of 58% of residual via-
ble tumor, close to the 65% threshold.? Despite
these studies’ results, IASLC still recommended a
10% of viable tumor as a threshold for defining
MPR when assessing of resected specimens.?6
Since such uncertainty still existed, IASLC grad-
ing system might serve as a valuable substitute for
MPR, especially IPA, which customarily repre-
sented a large variety of non-MPR patients under a
cutoff value of 10%.

Limitations still exist concerning our study. First,
due to the retrospective nature of the study and a
limited enrolled sample size, patient selection bias
was inevitably encountered and hence the efficacy
of the study was relatively restricted. Further
large-scale studies even with a prospective design
are still warranted. Besides, the follow-up period
of this study was short due to the fact that most
patients enrolled were treated after 2018; hence,
future studies with long-term surveillance are
needed to comprehensively evaluate patients’
prognosis. Third, since numerous trials already
exploiting immunotherapy as neoadjuvant regi-
men, while patients receiving immunotherapy
were all excluded in this study, whether new grad-
ing system is applicable to neoadjuvant immuno-
therapy-treated cohort is in continuing need of
further evaluation.

In conclusion, our study preliminarily verified the
efficacy of pathological assessment of the residual
IPA proportions post-neoadjuvant therapy using
IASLC grading system in prognostic stratification.
Such grading system could assist or even substitute
for pathological response evaluation in survival
outcome prediction and clinical management.
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