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Immune-related histologic phenotype R

in pretreatment tumour biopsy predicts
the efficacy of neoadjuvant anti-PD-1 treatment
in squamous lung cancer
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Abstract

Background: Although neoadjuvant anti-PD-1 immunotherapies have shown good efficacy in non-small cell lung
cancer (NSCLC) patients, there is still a lack of effective predictive markers. We aimed to develop a pretreatment histo-
logic scoring system to predict the efficacy of neoadjuvant immunotherapy.

Methods: One hundred forty NSCLC cases were evaluated in this study. Initially, surgical specimens from 31 squa-
mous cell lung cancer patients treated with neoadjuvant anti-PD-1 therapy and their eligible paired pretreatment
biopsies were used for pathologic evaluation and developing the pretreatment scoring system, immune-related
histologic phenotype assessment criteria (irHPC). Three trained pathologists independently scored the haematoxylin-
eosin (HE) slides of the pretreatment tumour biopsies according to irHPC. The follow-up was from 07 March 2018 to
31 December 2021, mainly focusing on disease-free survival (DFS) and overall survival (OS). Second, 109 biopsies of
lung squamous cell carcinoma were evaluated to explore the relationship between eosinophils and PD-L1 expression.

Results: Superior 2-year DFS rates and 2-year OS rates were observed in patients who achieved major pathologic
response (MPR) (MPR vs. non-MPR: 92.9% vs. 78.6%; 100.0% vs. 93.3%). Whether necrosis was included in the calcula-
tion of the per cent of residual viable tumour (%RVT) or not had almost no effect on the consistency of pathologic
assessment and the histological response grouping. The interpathologist variability in assessing %RVT with immune-
activated phenotype was not statistically significant (P = 0.480). Four immune-related features of pretreatment
biopsies were included for calculating the predictive score. The trained pathologist accurately predicted most cases
according to irHPC. For interobserver reproducibility using “2 points”as the cutoff, the overall per cent agreement was
77.8%. The reliability between pathologists for a binary tumour evaluation showed “moderate” agreement (k = 0.54).
Patients with scores > 2 points tended to have better 2-year DFS rates and 2-year OS rates than those with scores < 2
points (85.7% vs. 71.4%; 100.0% vs. 87.5%).

Conclusions: The irHPC scoring system reflecting the preexisting immune response could be used to predict patho-
logic response to neoadjuvant immunotherapy, possibly further predicting the long-term prognosis, but larger trials
are needed for verification.
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Background

The development and progression of tumours are always
accompanied by interactions with the tumour microen-
vironment [1]. The distinct mechanism of immunother-
apy, particularly the PD-1/PD-L1 immune checkpoint
inhibitors, is to reactivate and enhance the existing
adaptive immune response to indirectly kill the tumour
[2]. Studies have shown that a variety of immune cells
are involved in the immune response against tumours,
including T cells, B cells, macrophages, and plasma cells
[3]. However, most studies have explored them by means
of gene expression profiling in bulk tumours [4]. Bulk
tumour RNA based immune signatures simply reflect the
average number of signals in a group of cells or only the
information of the dominant cell subgroups but ignore
the unique characteristics of individual cells. To a great
extent, tumour heterogeneity is a hurdle to reproducibil-
ity and consistent results both within and across studies.

To overcome the hurdles of bulk tumour transcrip-
tomics, ongoing single-cell RNA sequencing is becom-
ing an alternative strategy [5, 6]; it characterizes the
composition of the tumour immune microenvironment
and reveals that the tumour immune microenviron-
ment, including tertiary lymphoid structures (TLSs)
and other subsets of immune cells, is critical to the
immune response and can predict the effect of tumour
immunotherapy. However, it is still challenging in clini-
cal application [7].

Immunohistochemistry based methods have been used
to assess the immunological status of tumours and enrich
prognostic information. One example is Immunoscore, a
digital pathology-based assay derived from the quantifi-
cation of CD3" lymphocytes (total tumour-infiltrating T
cell counts) and CD8" lymphocytes (cytotoxic tumour-
infiltrating T cell counts) at the invasive margin and
at the core of the tumour [8]. However, such methods,
including multiplexed fluorescent immunohistochemis-
try techniques, are limited by problems with the stand-
ardization of testing and interpretation [9].

With the development of neoadjuvant immunotherapy
trials, the neoadjuvant platform affords an unparalleled
opportunity for reverse translation: surgical specimens
obtained after neoadjuvant immunotherapy provide a rich
source of materials for the morphological evaluation of
the body’s immune response to tumour immunotherapy
that are expected to further illuminate the mechanisms of
action for anti-PD-1/PD-L1 drugs [10, 11]. Based on the
preexisting immune response that exists in the process of
tumour development and the morphological changes we

mastered on the pathologic assessment after neoadjuvant
immunotherapy, we hypothesize that there are morpho-
logical clues in tumour biopsy before neoadjuvant ther-
apy that could indicate whether the necessary immune
response exists and predict the efficacy of neoadjuvant
immunotherapy.

In this study, we developed a novel pretreatment scor-
ing system that reflects the preexisting immune response
to explore the predictive effect regarding the pathologic
response after neoadjuvant immunotherapy.

Results

Pathologic response and follow-up

Among 31 enrolled neoadjuvant patients, 15 (48.4%)
patients achieved MPR. By data cutoff (31 December
2021), the median follow-up for DFS and OS for all the
enrolled patients was 36.9 (18.6-45.2) months and 38.3
(19.9-46.5) months, respectively. Seven (22.6%) patients
experienced relapse, four patients died, and two patients
whose deaths were not related to the treatment were
excluded from the survival analysis. The 1-year and
2-year DFS rates were 96.6% and 85.8%, respectively. The
2-year OS rate for all enrolled patients was 96.6%. The
3-year survival data were the same as the former. Supe-
rior 2-year DFS rates and 2-year OS rates were observed
in patients who achieved major pathologic response
(MPR) (MPR vs. non-MPR: 92.9% vs. 78.6%; 100.0% vs.
93.3%) (Additional file 1: Table S1).

Percent of residual viable tumour (%RVT) with necrosis
versus without necrosis

Necrosis was not common in resected specimens with
complete pathologic response (cPR) after neoadjuvant
anti-PD-1 treatment in our cohort (1/6). In 31 surgi-
cal specimens, the calculation of %RVT with or without
necrosis resulted in changing the pathologic response
group in only one case (patient 14, the mean value
changed from 10 to 25%, Fig. 1A), although %RV T-with-
out necrosis was higher in 17 of 31 cases compared with
that with necrosis (P < 0.001, range: 5-20%). Whether
necrosis was included in the calculation of %RVT or not
had no effect on the consistency of pathologic assessment
(Fig. 1C, P=0.811).

Intratumor heterogeneity of pathologic response

to neoadjuvant anti-PD-1 treatment

Due to intratumor heterogeneity of either genetics or the
tumour microenvironment, the response of tumour cell
subclones in the same tumour bed to PD-1 inhibitors is
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Fig. 1 Histopathologic assessment of response to treatment in resected samples: the influence of the calculation of %RVT with and without
necrosis and emphasizing the assessment of the histologic phenotype of RVT cells. Whether %RVT was calculated with or without necrosis had
almost no effect on the consistency of pathologic assessment and the pathologic response group, except for patient 14, whose group changed
from MPR to partial pathologic response (pPR) (A) with a mean value changing from 10 to 25% (C). The mean = SD of %RVT with immune-activated
phenotype for each case is shown in B. The interpathologist variability of assessing %RVT with immune-activated phenotype was not statistically

significant (P = 0.480) (D)

Fig. 2 Intratumor heterogeneity of pathologic response to
neoadjuvant anti-PD-1 treatment: different responses of tumour
cell subclones in the same tumour bed. cPR, complete pathologic
response; pPR, partial pathologic response; nPR, no pathologic
response; LNMCa, lymph node metastatic carcinoma

different, and the time required for tumour cell clear-
ance varies (Fig. 2). We also identified three histologic
phenotypes of RVT cells after anti-PD-1 immunother-
apy: immune-activated phenotype, immune-excluded
phenotype, and immune-desert phenotype. In addition
to CD8" T cells, we also characterized CD4" T cells,
CD20" B cells, and CD163" histocytes infiltrating the
tumour-related stroma (Figs. 3 and 4).

Interpathologist reproducibility in assessing
immune-activated histologic phenotype

The immune-activated histologic phenotype is char-
acterized by the presence of immune cells both in the
parenchyma of the tumour nest and the surrounding
stroma and is accompanied by different levels of irregular
tumour-stroma interface. Twenty-five cases with incom-
plete remission all had different degrees of RVT with
immune-activated histologic phenotype, in which eight
of nine MPR specimens had 100% of immune-activated
phenotype RVT, and the remaining specimen had 80%.
The interpathologist variability in assessing the per cent
of RVT with immune-activated phenotype was not sta-
tistically significant (P = 0.480), especially for the MPR
cases, in which seven of nine cases were identical under
the assessments of all three pathologists (Fig. 1B, D).
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immune-related pathologic response criteria (irHPC):

a pretreatment immune-related histologic phenotype
assessment system

Compared with the pathologic response, four
immune-related features of pretreatment biopsies
were included for calculating the predictive score,
including three positive features [tumour infiltrating
lymphocytes (TILs), eosinophils, and dense plasma
cells] and one negative feature (neutrophils). The
score was defined according to the degree of infil-
tration of TILs, eosinophils, and neutrophils and
whether the dense plasma cells existed or not: 0, 1+,
2+, and 3+ of TILs or eosinophils were equal to 0,
1, 2, and 3 points, respectively, but a negative score
was assigned for the neutrophils; if dense plasma
cells existed in the tumour-related stoma, 1 point was
scored, otherwise 0. Then, the four scores were added
to obtain the final predictive score.

irHPC in pretreatment tumour biopsy predicts the efficacy
of neoadjuvant anti-PD-1 treatment

According to the reference scores, the majority of cPR/
MPR cases (87.5%, 7/8) scored no less than 2 points
(range: 2 to 5 points), except for one case with 0 points
(patient 13), whose pretreatment tumour size was 2.2
cm. All pPR/no pathologic response (nPR) cases (100%,
7/7) scored less than 2 points (range: —2 to 1 point).
Survival analysis showed that patients with scores >
2 points tended to have better 2-year DFS rates and
2-year OS rates than those with scores < 2 points (85.7%
vs. 71.4%; 100.0% vs. 87.5%) (Additional file 1: Table S1).
We speculated that the possible predictive cutoff might
be 2 points. Out of the 15 patients, the trained patholo-
gist (C.G.) accurately predicted six out of eight patients
in the cPR/MPR group and five out of seven patients in
the pPR/nPR group. The other two pathologists accu-
rately predicted four out of five patients and six out of
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ten patients in the predicted cPR/MPR group and pPR/
nPR group, respectively (Additional file 2: Table S2).
There were 35 concordant pairs, resulting in an over-
all per cent agreement (OPA) of 77.8%. The reliability
between pathologists for a binary tumour evaluation
showed “moderate” agreement at the “2 points” cutoff
(x = 0.54) (Additional file 3: Table S3).

There were three recurrence cases among these 15
cases, including one MPR case and two pPR cases. These
three cases were scored by four pathologists, and there
were at least two pathologists predicting less than 2
points for each case.

The derived neutrophil-to-lymphocyte ratio (dNLR)

supports the negative predictive role of neutrophils

There were 10 cases with a dNLR greater than 3, includ-
ing seven pPR/nPR cases and three cPR/MPR cases.
Among 15 ¢cPR/MPR cases, 12 cases had dNLR values
that were no greater than 3 (Additional file 4: Table S4).
For the 15 cases with paired pretreatment biopsies, there
were five cases with a ANLR greater than 3, four of which
were pPR/nPR cases and three of which were found
to have extensive neutrophils in the parenchyma of the
tumour in the pretreatment biopsies. Survival analy-
sis showed that inferior 2-year DFS rates and 2-year OS

rates were found in the patients with a dNLR > 3 (dNLR >
3 vs. dNLR < 3:80.0% vs. 89.2%; 90.0% vs. 100.0%).

The relationship between eosinophils and PD-L1
expression
Regarding PD-L1 expression, on the basis of the
described scoring procedure, 108 cases were available for
evaluation, with 1 case excluded because of insufficient
tumour cells on the immunohistochemical section. There
were 59 cases with tumour proportion score (TPS) > 1%,
16 of which had TPS > 50% (Additional file 5: Table S5).
Regarding eosinophils, there were 45 cases with eosin-
ophils appearing in both the parenchyma of the tumour
and the stroma, and the level of PD-L1 expression was
higher than in the other 63 cases (12 cases and 4 cases
with TPS > 50%, respectively, P = 0.003); however, there
was no significant difference for the cutoff point of 1%
(27 cases and 32 cases, respectively, P = 0.343) (Addi-
tional file 5: Table S5).

Discussion

Neoadjuvant anti-PD-1 immunotherapies have shown
good efficacy in non-small cell lung cancer (NSCLC)
patients, but there is still a lack of effective predictive
markers. Neoadjuvant checkpoint blockade for cancer



Yuan et al. BMC Medicine (2022) 20:403

immunotherapy has highlighted particular considera-
tions for pathologic response assessment in the era of
PD-1 pathway blockade [12, 13]. In this study, we further
explored some questions about the pathologic evalua-
tion of surgical specimens after neoadjuvant immuno-
therapy and for the first time proposed a pretreatment
scoring system based on a morphological evaluation to
predict the efficacy of neoadjuvant immunotherapy.

Although a standardized approach similar to neoad-
juvant chemotherapy was recommended by the Inter-
national Association for the Study of Lung Cancer to
improve consistency in the pathologic assessment of neo-
adjuvant treatment response [12], we introduced some
new ideas in our previous publications [14, 15], one of
which was regarding necrosis. We previously assessed 31
surgical specimens of squamous cell lung cancer patients
treated with neoadjuvant anti-PD-1 therapy according
to the irPRC [14, 16]. In our assessment, immunother-
apy-related necrosis was not common after neoadjuvant
immunotherapy [15]. In the current study, although the
per cent RVT-without necrosis was higher than that with
necrosis in more than half of the cases, there was almost
no effect on the pathologic response grouping and the
consistency of per cent assessment among pathologists.
Our present prognostic data showed that the removal
of necrosis was not associated with patients’ outcomes.
Considering the infrequency of necrosis in neoadjuvant
immunotherapy, the inclusion of necrosis may overes-
timate the efficacy of neoadjuvant anti-PD-1 treatment
efficacy (as in case 14 in our study, RVT changed from
10 to 25% without necrosis being accounted for) and
mislead postsurgical treatment decision-making for indi-
vidual patients. Therefore, whether necrosis is defined as
the main factor in the pathologic evaluation after neoad-
juvant immunotherapy remains to be further discussed.

In addition, we also identified three histologic pheno-
types of the RVT cells after the anti-PD-1 immunother-
apy: immune-activated phenotype, immune-excluded
phenotype, and immune-desert phenotype. In a previous
publication, we emphasized the potential importance of
assessing immune-related phenotypes of RVT, particu-
larly the immune-activated histologic phenotype [14]. In
this study, we explored the interpathologist reproducibil-
ity in assessing immune-activated histologic phenotype,
and the results showed that there was good consistency
of interpretation among pathologists; in addition, for
non-MPR cases, inferior 2-year DFS rates and 2-year
OS rates were observed in cases where the immune-
excluded/desert phenotype RVT was present compared
with those in which it was absent (76.9% vs. 100.0%;
92.9% vs. 100.0%), further emphasizing the feasibility and
importance of the evaluation of the histologic phenotype
of the RVT immune response.
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PD-L1 and tumour mutation burden (TMB) detection
are used to screen the potential beneficiaries of immune
checkpoint inhibitors for advanced NSCLC in clinical
practice; however, the predictive efficacy of PD-L1 and
TMB as pretreatment markers remains controversial [10,
11, 17, 18]. Labelling with simple immunohistochemical
markers revealed that in addition to CD8" T cells, a vari-
ety of immune cells are involved in the tumour immune
process, which can also easily be observed with HE sec-
tions. Therefore, after hypothesizing that there are mor-
phological clues in tumour biopsy before neoadjuvant
therapy that could reflect whether the immune response
exists and predict the efficacy of immunotherapy, we
developed the irHPC scoring system.

Compared with the pathologic response, four immune-
related features of pretreatment biopsies were included
for calculating the predictive score, including three posi-
tive features (TILs, eosinophils, and dense plasma cells)
and one negative feature (neutrophils). The latter is con-
sistent with recent research [19, 20], in which the pres-
ence of neutrophils in tumours has been associated with
poor efficacy of immune checkpoint inhibitors and poor
prognosis. In 31 enrolled cases, most cases with pretreat-
ment dNLR greater than 3 did not reach MPR, and for
the 15 cases with matching pretreatment biopsies, there
were four pPR/nPR cases with dNLR greater than 3 and
three of which were found to have extensive neutrophils
in the parenchyma of the tumour, which also supported
the negative predictive role of neutrophils. For the three
positive features, CD8" TILs and plasma cells have been
previously indicated as positive predictive factors with
a protective role in antitumour immunity [21, 22]. For
eosinophils, the review showed that different phenotypes
were associated with different environmental stimuli,
which could be tumour-promoting or tumour-suppres-
sive [23]; however, in our study, we found that the pres-
ence of eosinophils in the parenchyma of the tumour was
associated with the high PD-L1 expression (TPS > 50%),
which indicated that eosinophils seemed to have a syn-
ergistic positive predictive effect with PD-L1, supporting
its predictive value. Like eosinophils, neutrophils used in
the evaluation system also have double phenotypes, so we
cannot determine that a single indicator is a tumour-pro-
moting or tumour-suppressive [23—25]. For example, we
proposed that neutrophils infiltrated in the tumour play a
negative regulatory role in the tumour immune response.
We found that there were one cPR/MPR case and two
pPR/nPR cases with neutrophil infiltration. The former
had a large number of TILs and a low degree of eosino-
phils and plasma cell infiltration, while the latter two
were accompanied by only a few TILs and/or eosinophils.
Therefore, the comprehensive score of the four indicators
may reflect a balance between tumour promotion and
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tumour suppression, thus predicting the potential efficacy
of neoadjuvant immunity. However, the precise signals
and mechanisms involved still need to be further studied.

Although we highlight the advantages of neoadjuvant
immunotherapy, for nonresponders, the neoadjuvant period
might delay the treatment and miss potential curative sur-
gery. Therefore, in addition to screening potential benefi-
ciaries of neoadjuvant immunotherapy, the challenge is how
to early identify patients who are unlikely to respond.

Synthesizing the relationship among the predictive score,
the pathologic response, and prognostic data, we speculate
that the possible predictive cutoff regarding whether neo-
adjuvant immunotherapy will be effective may be 2 points.
In this study, three pathologists trained in irHPC assessed
the 15 pretreatment biopsies. Although there were differ-
ent extents of variability in the four score-related patho-
logic features, the trained pathologist accurately predicted
most cases. Our follow-up data further showed that supe-
rior 2-year DFS rates and 2-year OS rates were observed in
patients who achieved MPR and patients with irHPC scores
> 2 points, which was not due to the UICC VIII stages
(Additional file 6: Table S6). In this study, there were at least
two pathologists predicting less than 2 points for each of the
three recurrence cases, which means that we can use irHPC
to accurately predict not only the potential beneficiaries of
neoadjuvant immunotherapy, but also the nonresponders
to some extent, and further predicting the long-term prog-
nosis. The interpretative pathologists need to have a solid
morphological foundation, and this requirement may make
the pretreatment scoring system, irHPC, more reliable and
predictive of the pathologic response. In addition, due to the
improved efficacy of the neoadjuvant combination treat-
ment, an increasing number of cases were treated with a
combination of immunotherapy and chemotherapy rather
than neoadjuvant immunotherapy alone, so we were unable
to study enough patients receiving neoadjuvant immuno-
therapy alone to verify the scoring system now. However, we
tried to use 45 cases treated with neoadjuvant combination
treatment as an external set to verify the predictive perfor-
mance: out of the 45 cases, nearly 70% were accurately pre-
dicted using the irHPC, among which 14 out of 18 patients
in the predicted cPR/MPR group (predictive scores no less
than 2) were actual cPR/MPR cases (data not shown). How-
ever, the irHPC scoring system and the predictive cutoff
point still need to be verified in a larger study.

Of course, the current predictive system is still una-
ble to fully predict the potential pathologic response.
One MPR case with a radiographic tumour size of 2.2
cm (patient 13) was incorrectly predicted under the
scoring system, which demonstrated that the pretreat-
ment assessment should combine the histologic phe-
notype with the radiographic tumour size. The latter
has been illuminated in a former study [26], in which
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baseline tumour burden was an independent prog-
nostic factor for the overall survival. Due to the small
size, the clinical and/or biological characteristics (sex,
smoking status, baseline PD-L1 expression, and TMB)
of cases with different efficacies were not significantly
different (data not shown). In our current exploratory
study, we aimed to propose the possibility of predict-
ing the efficacy of neoadjuvant immunotherapy based
on baseline immune status. To establish a reliable pre-
diction model, a larger cohort is needed.

Conclusions

The surgical specimens obtained after neoadjuvant immu-
notherapy afford an unparalleled opportunity for reverse
translation, which allowed the development of the irHPC
scoring system; the latter can predict pathologic response
after neoadjuvant immunotherapy, but larger trials are
needed for verification. In addition, for pathologic evalu-
ation after neoadjuvant immunotherapy, whether necro-
sis is defined as the main factor in pathologic evaluation
after neoadjuvant immunotherapy remains to be further
discussed. Furthermore, going beyond %RVT, the histo-
logic phenotype of RVT cells may be of great significance
in pathologic response to neoadjuvant immunotherapy.

Methods

Study design and patients

As the recruiting scheme shows (Fig. 5), surgical speci-
mens from the 31 squamous cell lung cancer patients
who were recruited in a phase 1b study of neoadjuvant
anti-PD-1 therapy at the National Cancer Center/Cancer
Hospital, Chinese Academy of Medical Sciences, Beijing
(Registration Number: ChiCTR-OIC-17013726), and eli-
gible paired pretreatment biopsies from 15 of them were
included in this study. The 31 surgical specimens were
used for pathologic evaluation after neoadjuvant immu-
notherapy and for exploring the influence of necrosis on
the calculation of %RVT. The 15 pretreatment biopsies
and paired surgical specimens were used to develop the
pretreatment scoring system. The follow-up was from 07
March 2018 to 31 December 2021 and focused mainly on
the survival time, including disease-free survival (DES)
and overall survival (OS).

To explore the relationship between eosinophils and
PD-L1 expression, we collected biopsy specimens from
another 109 patients with lung squamous cell carcinoma
receiving care at Cancer Hospital, Chinese Academy of
Medical Sciences, from January 2016 to May 2018.

Derived neutrophil-to-lymphocyte ratio (dNLR)

The pretreatment-derived neutrophil-to-lymphocyte
ratio (ANLR) has been considered a prognostic predictor
for patients with NSCLC treated with immunotherapy
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[27]. Thirty-one squamous cell lung cancer patients had
complete blood cell counts measured before treatment
(Fig. 5). The dNLR was calculated as the derived neu-
trophils/(leukocytes minus neutrophils) ratio and evalu-
ated on the basis of whether it was greater than 3 or not.

Histopathologic assessment of response to treatment

in resected samples

Haematoxylin-eosin (HE) slides containing tumour bed
were all reviewed for semiquantitative evaluation of the
percentage of viable tumour cells, necrosis, and regres-
sion bed according to the immune-related pathologic
response criteria (irPRC) [16]. The per cent of residual
viable tumour (%RVT) was calculated across all slides:
%RVT = [total RVT area/total tumour bed area (total
RVT area + necrosis + regression bed)] x 100%. The his-
tological response was based on %RVT, and the follow-
ing groups were defined: complete pathologic response
(cPR, 0% RVT), major pathologic response (MPR, 1-10%
RVT), and partial pathologic response (pPR, 11-90%
RVT) or no pathologic response (nPR, > 90% RVT).

To explore the influence of necrosis on the consist-
ency of pathologic assessment, we also calculated the per
cent of RVT without necrosis (%RV T-without necrosis):
%RV T-without necrosis = [total RVT area/(total RVT
area + regression bed)] x 100%.

Immune-related histologic phenotype assessment criteria
(irHPC): a pretreatment scoring system

The irHPC scoring system was developed using the fea-
tures associated with response to anti-PD-1 treatment,
which were identified in the resected specimens after
neoadjuvant anti-PD-1 treatment. In this scoring system,
we assessed the immune status of the parenchyma of the
tumour [tumour-infiltrating lymphocytes (TILs), eosino-
phils, neutrophils, and macrophages], the parenchyma-
stroma interface (irregular interface), and the stroma of the
tumour (dense plasma cells, lymphoid aggregate, prolifera-
tive fibrosis, neovascularization, TLSs, mature fibrosis, and
necrosis) (Additional file 7: Supplemental methods, Fig. 6).
The reference scores were defined by the pathologist (J.Y.)
who was the key participator in the irHPC development.

Histopathologic assessment of pretreatment tumour
biopsies

Three pathologists (L.L., PY., and C.G.) not involved in
the irHPC development were trained on irHPC using
resection specimens and two other biopsies from patients
not involved in the neoadjuvant immunotherapy trial.
Each pathologist blinded to patient outcome and patho-
logic response then independently scored the HE slides
from the 15 pretreatment tumour biopsies for preexisting
immune-related histologic features according to irHPC.
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Fig. 6 Immune-related histologic phenotype assessment criteria (irHPC). A Tumour-infiltrating lymphocytes (TILs). B Eosinophils. € Neutrophils. D
Macrophages. E Irregular interface. F Dense plasma cells and neovascularization. G Lymphoid aggregate and proliferative (new) fibrosis. H TLSs. |
Mature fibrosis

Immunohistochemistry

The formalin-fixed paraffin-embedded tissue blocks were
serially cut into 4-pum sections, and the paraffin-embed-
ded sections were deparaffinized, rehydrated, pretreated
for antigen retrieval, and stained with ready-to-use pri-
mary antibodies as follows on Ventana BenchMark Ultra
or DAKO Link48 Autostainer with respective detection
kits: CD3 (Clone SP7, Kit-003, Maxim Biotechnolo-
gies, Fuzhou, China), CD4 (Clone UMAB64, ZM-0418,
Zhongshan Golden Bridge Biotechnologies, Beijing,
China), CD8 (Clone SP16, ZA-0508, Zhongshan Golden
Bridge Biotechnologies, Beijing, China), CD20 (Clone
L26, Kit-001, Maxim Biotechnologies, Fuzhou, China),
CD163 (Clone 10D6, ZM-0428, Zhongshan Golden
Bridge Biotechnologies, Beijing, China), CK (Clone AE1/
AE3, Kit-009, Maxim Biotechnologies, Fuzhou, China),
and PD-L1 (Clone 22C3 pharmDx, SK006, DAKO).

Scoring of PD-L1 expression

Only the cases for which there were at least 100 viable tumour
cells on each slide could be assessed. Staining of any intensity
that was complete or partial on the tumour membrane (at a
level > 1%) was considered positive and was scored in terms

of tumour proportion score (TPS). The results were analysed
on the basis of two cutoff points, 1% and 50%.

Statistical analysis

Statistical analysis was carried out using SPSS version
23.0 (IBM Corp) and Prism version 5.0 (GraphPad). The
Wilcoxon signed ranks test was used to assess whether
%RVT-without necrosis could reduce the differences
among pathologists, and the Kruskal-Wallis test was
used to analyse the consistency of immune-activated
RVT% assessments among pathologists. The overall per
cent agreement (OPA) and the 95% confidence interval
(95% CI) were used to assess the interobserver repro-
ducibility. The reliability between pathologists for binary
tumour evaluation with the specific cutoff point was
assessed by Fleiss’ kappa (x), interpreted as poor to fair
(< 0.40), moderate (0.41-0.60), substantial (0.61-0.80),
and almost perfect (0.81-1.00 )[28]. The Kaplan-Meier
method was used to estimate DFS and OS. All tests were
two-sided, and P values of < 0.05 were considered statis-
tically significant.



Yuan et al. BMC Medicine (2022) 20:403

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512916-022-02609-5.

Additional file 1: Table S1. DFS and OS for 29 neoadjuvant patients after
surgery.

Additional file 2: Table S2. Different pathologists’ pretreatment predic-
tion of pathologic response after neoadjuvant anti-PD-1 treatment
according to irHPC.

Additional file 3: Table S3. Interobserver reproducibility of the irHPC
scoring system to predict the pathologic response.

Additional file 4: Table S4. Derived neutrophil-to-lymphocyte ratio
(dNLR) supports the negative predictive role of neutrophils.

Additional file 5: Table S5. The relationship between eosinophils and
PD-L1 expression.

Additional file 6: Table S6. Comparison of UICC VIl stages between MPR
and non-MPR cases.

Additional file 7: Supplemental methods. irtHPC: a pretreatment scor-
ing system.

Acknowledgements
The authors would like to thank the patients and their families and the partici-
pating study teams for making this study possible.

Authors’ contributions

JY, PY, CG, and L.L. were involved in the study design, data collection, and
analysis. Y.L. and L.G. collected and checked the data. PY. drafted the paper. J.Y.
revised the paper. C.G. and L.L. supervised the study. All authors approved the
final paper.

Funding

This work was supported by the National Natural Sciences Foundation (grant
number: 82172876) and the Medical and Health Science and Technology
Innovation Project of the Chinese Academy of Medical Sciences (grant num-
ber: 2021-12 M-1-012).

Availability of data and materials

The data and materials that support the findings of this study are available
from the corresponding author (Dr. Jianming Ying, email address: jmying@
cicams.ac.cn.) upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the National Cancer
Center/Cancer Hospital, Chinese Academy of Medical Sciences, and all
patients signed informed consent forms.

Consent for publication
All authors have read and approved the content of the paper and agreed to
its publication.

Competing interests
The authors declare that they have no competing interests.

Received: 30 April 2022 Accepted: 14 October 2022
Published online: 24 October 2022

References

1. Joyce JA, Fearon DT.T cell exclusion, immune privilege, and the tumor
microenvironment. Science. 2015;348(6230):74-80. https://doi.org/10.
1126/science.aaab204.

17.

20.

Page 10 of 11

Pardoll DM. The blockade of immune checkpoints in cancer immuno-
therapy. Nat Rev Cancer. 2012;12(4):252-64. https://doi.org/10.1038/
nrc3239.

Binnewies M, Roberts EW, Kersten K, Chan'V, Fearon DF, Merad M,

et al. Understanding the tumor immune microenvironment (TIME) for
effective therapy. Nat Med. 2018;24(5):541-50. https://doi.org/10.1038/
s41591-018-0014-x.

Finotello F, Trajanoski Z. Quantifying tumor-infiltrating immune cells from
transcriptomics data. Cancer Immunol Immunother. 2018;67(7):1031-40.
https://doi.org/10.1007/500262-018-2150-z.

Schelker M, Feau S, Du J, Ranu N, Klipp E, MacBeath G, et al. Estimation of
immune cell content in tumour tissue using single-cell RNA-seq data. Nat
Commun. 2017;8(1):2032. https://doi.org/10.1038/541467-017-02289-3.
Helmink BA, Reddy SM, Gao J, Zhang S, Basar R, Thakur R, et al. B cells and
tertiary lymphoid structures promote immunotherapy response. Nature.
2020;577(7791):549-55. https://doi.org/10.1038/541586-019-1922-8.
Suva ML, Tirosh I. Single-cell RNA sequencing in cancer: lessons learned
and emerging challenges. Mol Cell. 2019;75(1):7-12. https://doi.org/10.
1016/j.molcel.2019.05.003.

Pages F, Mlecnik B, Marliot F, Bindea G, Ou FS, Bifulco C, et al. International
validation of the consensus Immunoscore for the classification of colon
cancer: a prognostic and accuracy study. Lancet. 2018;391(10135):2128-
39. https://doi.org/10.1016/5S0140-6736(18)30789-X.

Tan WCC, Nerurkar SN, Cai HY, Ng HHM, Wu D, Wee YTF, et al. Overview
of multiplex immunohistochemistry/immunofluorescence techniques in
the era of cancer immunotherapy. Cancer Commun. 2020;40(4):135-53.
https://doi.org/10.1002/cac2.12023.

. Forde PM, Chaft JE, Smith KN, Anagnostou V, Cottrell TR, Hellmann MD,

et al. Neoadjuvant PD-1 blockade in resectable lung cancer. N Eng J Med.
2018;378(21):1976-86. https://doi.org/10.1056/NEJMoa1716078.

. Gao S, LiN,Gao S, Xue Q,Ying J, Wang S, et al. Neoadjuvant PD-1 inhibitor

(sintilimab) in non-small cell lung cancer. J Thorac Oncol. 2020;15(5):816—-
26. https://doi.org/10.1016/}.jth0.2020.01.017.

. Travis WD, Dacic S, Wistuba |, Sholl L, Adusumilli P, Bubendorf L, et al.

IASLC multidisciplinary recommendations for pathologic assessment of
lung cancer resection specimens after neoadjuvant therapy. J Thorac
Oncol. 2020;15(5):709-40. https://doi.org/10.1016/.jtho.2020.01.005.

. Stein JE, Lipson EJ, Cottrell TR, Forde PM, Anders RA, Cimino-Mathews

A, et al. Pan-tumor pathologic scoring of response to PD-(L)1 blockade.
Clin Cancer Res. 2020;26(3):545-51. https://doi.org/10.1158/1078-0432.
CCR-19-2379.

. Ling Y, LiN, LiL, Guo C,Wei J, Yuan P, et al. Different pathologic responses

to neoadjuvant anti-PD-1 in primary squamous lung cancer and regional
lymph nodes. NPJ Precis Oncol. 2020;4(1):32. https://doi.org/10.1038/
$41698-020-00135-2.

. LiL, LingY, Guo C, Guo L, Ying J. Necrosis is not the main part of

immune-related pathologic response to neoadjuvant immunotherapy in
squamous cell lung cancer. J Thorac Oncol. 2021;16(1):e7-9. https://doi.
0rg/10.1016/},jth0.2020.03.032.

. Cottrell TR, Thompson ED, Forde PM, Stein JE, Duffield AS, Anagnos-

touV, et al. Pathologic features of response to neoadjuvant anti-PD-1

in resected non-small-cell lung carcinoma: a proposal for quantita-

tive immune-related pathologic response criteria (irPRC). Ann Oncol.
2018;29(8):1853-60. https://doi.org/10.1093/annonc/mdy218.

Remon J, Passiglia F, Ahn MJ, Barlesi F, Forde PM, Garon EB, et al. Immune
checkpoint inhibitors in thoracic malignancies: review of the existing evi-
dence by an IASLC Expert Panel and recommendations. J Thorac Oncol.
2020;15(6):914-47. https://doi.org/10.1016/}.,jth0.2020.03.006.

. Wang S, Yuan P, Mao B, Li N, Ying J, Tao X, et al. Genomic features and

tumor immune microenvironment alteration in NSCLC treated with neo-
adjuvant PD-1 blockade. NPJ Precis Oncol. 2022;6(1):2. https://doi.org/10.
1038/541698-021-00244-6 PMID: 35027673; PMCID: PMC8758728.

. Yuen KC, Liu LF, Gupta V, Madireddi S, Keerthivasan S, Li C, et al. High sys-

temic and tumor-associated IL-8 correlates with reduced clinical benefit
of PD-L1 blockade. Nat Med. 2020;26(5):693-8. https://doi.org/10.1038/
$41591-020-0860-1.

Schalper KA, Carleton M, Zhou M, Chen T, Feng Y, Huang SP, et al. Elevated
serum interleukin-8 is associated with enhanced intratumor neutrophils
and reduced clinical benefit of immune-checkpoint inhibitors. Nat Med.
2020;26(5):688-92. https://doi.org/10.1038/541591-020-0856-x.


https://doi.org/10.1186/s12916-022-02609-5
https://doi.org/10.1186/s12916-022-02609-5
jmying@cicams.ac.cn
jmying@cicams.ac.cn
https://doi.org/10.1126/science.aaa6204
https://doi.org/10.1126/science.aaa6204
https://doi.org/10.1038/nrc3239
https://doi.org/10.1038/nrc3239
https://doi.org/10.1038/s41591-018-0014-x
https://doi.org/10.1038/s41591-018-0014-x
https://doi.org/10.1007/s00262-018-2150-z
https://doi.org/10.1038/s41467-017-02289-3
https://doi.org/10.1038/s41586-019-1922-8
https://doi.org/10.1016/j.molcel.2019.05.003
https://doi.org/10.1016/j.molcel.2019.05.003
https://doi.org/10.1016/S0140-6736(18)30789-X
https://doi.org/10.1002/cac2.12023
https://doi.org/10.1056/NEJMoa1716078
https://doi.org/10.1016/j.jtho.2020.01.017
https://doi.org/10.1016/j.jtho.2020.01.005
https://doi.org/10.1158/1078-0432.CCR-19-2379
https://doi.org/10.1158/1078-0432.CCR-19-2379
https://doi.org/10.1038/s41698-020-00135-2
https://doi.org/10.1038/s41698-020-00135-2
https://doi.org/10.1016/j.jtho.2020.03.032
https://doi.org/10.1016/j.jtho.2020.03.032
https://doi.org/10.1093/annonc/mdy218
https://doi.org/10.1016/j.jtho.2020.03.006
https://doi.org/10.1038/s41698-021-00244-6
https://doi.org/10.1038/s41698-021-00244-6
https://doi.org/10.1038/s41591-020-0860-1
https://doi.org/10.1038/s41591-020-0860-1
https://doi.org/10.1038/s41591-020-0856-x

Yuan et al. BMC Medicine

21.

22.

23.

24.

25.

26.

27.

28.

(2022) 20:403

Thommen DS, Koelzer VH, Herzig P, Roller A, Trefny M, Dimeloe S, et al.

A transcriptionally and functionally distinct PD-14 CD8+ T cell pool
with predictive potential in non-small-cell lung cancer treated with
PD-1blockade. Nat Med. 2018;24(7):994-1004. https://doi.org/10.1038/
s41591-018-0057-z.

Lohr M, Edlund K, Botling J, Hammad S, Hellwig B, Othman A, et al. The
prognostic relevance of tumour-infifiltrating plasma cells and immuno-
globulin kappa C indicates an important role of the humoral immune
response in non-small cell lung cancer. Cancer Lett. 2013;333(2):222-8.
https://doi.org/10.1016/j.canlet.2013.01.036.

Laviron M, Boissonnas A. Ontogeny of tumor-associated macrophages.
Front Immunol. 2019;10:1799. https://doi.org/10.3389/fimmu.2019.01799.
Shaul ME, Fridlender ZG. Tumour-associated neutrophils in patients with
cancer. Nat Rev Clin Oncol. 2019;16(10):601-20. https://doi.org/10.1038/
s41571-019-0222-4.

Grisaru-Tal S, Itan M, Klion AD, Munitz A. A new dawn for eosinophils in
the tumour microenvironment. Nat Rev Cancer. 2020,20(10):594-607.
https://doi.org/10.1038/541568-020-0283-9.

Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott
DF, et al. Five-year survival and correlates among patients with advanced
melanoma, renal cell carcinoma, or non-small cell lung cancer treated
with nivolumab. JAMA Oncol. 2019;5(10):1411-20. https://doi.org/10.
1001/jamaoncol.2019.2187.

Yang T, Hao L, Yang X, Luo C, Wang G, Lin Cai C, et al. Prognostic value of
derived neutrophil-to-lymphocyte ratio (dNLR) in patients with non-small
cell lung cancer receiving immune checkpoint inhibitors: a meta-
analysis. BMJ Open. 2021;11(9):e049123. https://doi.org/10.1136/bmjop
en-2021-049123.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159-74. https://doi.org/10.2307/
2529310.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1038/s41591-018-0057-z
https://doi.org/10.1038/s41591-018-0057-z
https://doi.org/10.1016/j.canlet.2013.01.036
https://doi.org/10.3389/fimmu.2019.01799
https://doi.org/10.1038/s41571-019-0222-4
https://doi.org/10.1038/s41571-019-0222-4
https://doi.org/10.1038/s41568-020-0283-9
https://doi.org/10.1001/jamaoncol.2019.2187
https://doi.org/10.1001/jamaoncol.2019.2187
https://doi.org/10.1136/bmjopen-2021-049123
https://doi.org/10.1136/bmjopen-2021-049123
https://doi.org/10.2307/2529310
https://doi.org/10.2307/2529310

	Immune-related histologic phenotype in pretreatment tumour biopsy predicts the efficacy of neoadjuvant anti-PD-1 treatment in squamous lung cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Results
	Pathologic response and follow-up
	Percent of residual viable tumour (%RVT) with necrosis versus without necrosis
	Intratumor heterogeneity of pathologic response to neoadjuvant anti-PD-1 treatment
	Interpathologist reproducibility in assessing immune-activated histologic phenotype
	immune-related pathologic response criteria (irHPC): a pretreatment immune-related histologic phenotype assessment system
	irHPC in pretreatment tumour biopsy predicts the efficacy of neoadjuvant anti-PD-1 treatment
	The derived neutrophil-to-lymphocyte ratio (dNLR) supports the negative predictive role of neutrophils
	The relationship between eosinophils and PD-L1 expression

	Discussion
	Conclusions
	Methods
	Study design and patients
	Derived neutrophil-to-lymphocyte ratio (dNLR)
	Histopathologic assessment of response to treatment in resected samples
	Immune-related histologic phenotype assessment criteria (irHPC): a pretreatment scoring system
	Histopathologic assessment of pretreatment tumour biopsies
	Immunohistochemistry
	Scoring of PD-L1 expression
	Statistical analysis

	Acknowledgements
	References


