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Background: Predictive markers for guidance and monitoring of immunotherapy in lung
squamous cell carcinoma (LSCC) are an interesting topic but have yet to be fully explored.
A primary characteristic of LSCC is tumor necrosis that results in extensive immune
suppression in patients. We sought to assess whether tumor necrosis or cavity on baseline
CT could effectively predict the efficacy of immune checkpoint inhibitors (ICls) in advanced
LSCC.

Methods: Advanced LSCC cases undergoing pre-treatment chest CT imaging and receiving
ICIs were retrospectively collected. All CT images were reviewed by an independent chest
radiologist blinded to any previous diagnosis to confirm morphological alterations in necrosis
or cavity. We performed Logistic regression and developed Cox proportional hazards models
to assess the predictive performance of baseline necrosis or cavity characteristics in advanced
LSCC. Survival estimates were observed using Kaplan—-Meier curves.

Results: Ninety-three patients were eligible for analysis, predominantly consisting of
patients with ECOG performance status of 0 or 1 (97.8%), male patients (95.7%), and
heavy smokers (92.5%). Intrapulmonic necrosis or cavity on CT scan was present in 52.7%
of all patients. Generally, the objective response rate (ORR) in patients with necrosis or
cavity to ICI treatment was significantly worse versus those without (30.6% vs 54.5%, p =
0.020), with the subgroup ORRs as follows: ICI monotherapy (necrosis vs non-necrosis:
10.0% vs 36.8%, p =0.047) and ICI combination therapy (44.8% vs 68.0%, p =0.088).
Multivariable analysis identified intrapulmonic necrosis or cavity at baseline as a major risk
factor for advanced LSCC (HR 4.042, 95% CI1.149-10.908, p = 0.006). Multivariate Cox
analysis showed that baseline necrosis or cavity and ICI monotherapy were unfavorable
factors for progression-free survival (HR 1.729; 95% CI1.203-2.484, p =0.003).
Conclusion: LSCC patients with intrapulmonic cavity or necrosis on baseline CT scan may
respond poorly to anti-PD-(L)1-treatment, monotherapy and combination therapy alike.
Keywords: lung squamous cell carcinoma, immune-checkpoint inhibitor, predictive marker,

necrosis, cavity

Introduction

Immune checkpoint inhibitors (ICIs) have transformed our approach for non-small
cell lung cancer (NSCLC) management.' A selection of biomarkers, programmed
cell death-ligand 1 (PD-L1),> ¢ tumor mutational burden (TMB),”® mismatch repair
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deficiency/microsatellite instability-high®'' and beyond,
have exhibited excellent utilities in a considerable share
of beneficiaries.

Adenocarcinoma and squamous cell carcinoma (SCC),
featuring distinct pathogenesis, biological processes, and
immune microenvironments, are two major histopatholo-
gical components and NSCLC subtypes. Among others,
lung adenocarcinoma seems to have a better prognosis
following the identification of predictors of response to
ICI treatment. However, efficacy predictor research for
SCC has only produced more disappointing results due
to lack of druggable driver gene.'” PD-L1 IHC expression
is the only biomarker currently approved for clinical use.>
® Whether there is a histology-specific expression of PD-
L1 between SCC versus non-SCC is still under debate. For
example, a large observational, retrospective study of
LSCC cases showed no relationship between PD-L1 TPS
>50% and overall survival of patients receiving the first-
line pembrolizumab.'? Tt is too early to make a definitive
conclusion about the clinical utility of PD-L1 expression
as a predictor of response to ICI treatment in LSCC.

Tumor necrosis is a typical characteristic of the vast
majority of malignancies.'*'> Foci of cell death are fre-
quently observed in core regions of solid tumors as a result
of inadequate vascularization and subsequent metabolic
stresses, such as hypoxia and nutrient deprivation.'®'’
Although studies over the past decades have explored the
functions and consequences of cellular demise and eluci-
dated several essential cell death pathways, the exact role
of tumor necrosis in tumor development and metastasis
remains elusive.'> Unlike apoptosis, by which tumor cells
are rapidly removed by host macrophages without harming
the membrane of normal cells, necrosis may unleash host
immune suppression via consistently releasing immune-
suppressive inflammatory molecules and recruiting inflam-
matory cells in the tumor microenvironment.'® ' A recent
study found that enhanced potassium outflow from necrotic
tumor cells and the resultant high potassium concentration
led to impairing T cell receptor (TCR)-driven Akt-mTOR
phosphorylation and effector programmes. Potassium-
mediated suppression of Akt-mTOR signalling and T cell
function is dependent upon the activity of the serine/threo-
nine phosphatase PP2A3,4, thus can inhibit CD4 and CD8
T cell activities, which are critical for anti-tumor immunity.**

We hypothesized that intrapulmonic cavity or necrosis
was associated with worse outcomes and lower response
rates to ICIs. Chest computed tomography (CT) is a valid
approach for monitoring response to treatment in lung

cancer, and the presence of necrosis or cavity on CT scan
has been numerously reported. So, the fundamental objec-
tives of our study were to explore whether baseline cavity
or necrosis on baseline CT scan were satisfactory efficacy
predictors of response to ICIs in advanced lung squamous
cell carcinoma (LSCC).

Methods

Patients

We reviewed the medical records of all patients admitted
to Fujian Medical University Cancer Hospital, Fujian
April 2015
December 2020. Those diagnosed with recurrent or

Cancer  Hospital  between and
advanced LSCC and underwent contrast-enhanced chest
CT imaging at baseline and received ICI treatment were
included for further analysis. These patients must be fol-
lowed for at least one time. The following clinicopatholo-
gical features of each patient were extracted: age at ICI
treatment, gender, smoking status at admission (heavy
smokers individuals who had at least 20 pack-years of
smoking; light smokers individuals who had less than 20
pack-years of smoking), Eastern Cooperative Oncology
Group (ECOG) performance score (PS), the sum of dia-
meters of all measurable tumor lesions, brain, liver, and
bone metastases, lactate dehydrogenase (LDH), neutro-
phil-to-lymphocyte ratio (NLR), and PD-L1 tumor propor-
tion score (22C3 pharmDx assay). NLR was calculated by
dividing the absolute neutrophil count by the absolute
lymphocyte count measured in peripheral blood at
baseline.

Tumor response was assessed using CT and the
Response Evaluation Criteria in Solid Tumor (RECIST,
version 1.1).%* Objective response rate (ORR) was calcu-
lated as the proportion of patients who showed the best
response, using a complete response (CR) or partial
response (PR), as appropriate. Disease control rate
(DCR) was defined as the number of patients with the
best response (CR or PR) or stable disease (SD) divided
by the total number of subjects. Progression-free-survival
(PFS) represented the duration between initiation of treat-
ment and clinical or radiographic progression or death
from any cause. Informed consent was waived for this
retrospective study.

CT Scan

CT data were converted into Digital Imaging and
Communications in Medicine (DICOM) format. Baseline
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chest CT with 5 mm and 2 mm collimations was per-
formed for lung cancer screening. Most CT images were
photographed using both mediastinal (level, 40 HU; width,
400 HU) and lung (level, =600 HU; width, 1600 HU)
window settings. Imaging features were defined according
to recommendations of the Nomenclature Committee of
the Fleischner Society (NCFS).?* In contrast-enhanced
chest CT, necrosis is referred to as an intratumoral area
larger than 5 mm in diameter with a 10-to-30 HU change
and no enhancement greater than 10 HU after contrast
administration. The pulmonary cavity was unanimously
described as “gas-filled space within a zone of pulmonary
consolidation or a mass or nodule, seen as a lucency or
low-attenuation area.” Chest imaging features, intrapulmo-
nic necrosis and cavity in particular, were reviewed by an
independent radiologist blinded to patient’s outcomes to
ICIs.

Statistical Analysis

The Chi-squared test and logistic regression analysis were
applied to assess clinical parameters associated with ICI
efficacy. The receiver operating characteristic (ROC)
curves, area under the curve (AUC) of the ROC, sensitiv-
ity, specificity, and likelihood ratios were calculated to
determine cutoffs of the summed diameters of all measur-
able tumor lesions, LDH, and NLR to discriminate clinical
benefit responders (CR/PR) from non-responders (SD/PD).
We utilized Kaplan—Meier curves to estimate associations
of these clinical characteristics with PFS, with significance
assessed using the Log rank test. The hazard ratio (HR)
with its 95% confidence interval (CI) was calculated for
survival prediction based on univariate Cox proportional
hazard models. Two-sided P-values of < 0.05 were con-
sidered statistically significant. A multivariate Cox propor-
tional hazards model was developed by incorporating
covariates with a p < 0.05 on univariate analysis. All
statistical analyses were performed after the database was
locked on March 1, 2021, using the SPSS version 20 (IBM
Corp., Chicago, IL).

Results

Patient Characteristics and IC| Treatment
We identified a total of 106 advanced LSCC patients who
had received ICI therapy, 93 of whom had complete base-
line CT imaging data. Their clinicodemographic profile
was summarized in Table 1. Intrapulmonic necrosis or
cavity was identified in 52.7% of all LSCC patients,

particularly in those with a good ECOG PS (0 or 1 in
97.8% of cases), male patients (95.7%), and heavy smo-
kers (92.5%).

The sum of diameters of all measurable lesions
describes the magnitude of the tumor burden.
Comparisons showed that patients with an intrapulmonic
necrosis or cavity exhibited a larger summed diameter
versus those without necrosis or cavity. And they also
exhibited a higher incidence of bone metastases at baseline
(Table 1). More LSCC patients with necrosis or cavity
expressing PD-L1 (TPS > 1%) versus non-necrosis indivi-
duals (30.6% vs 18.2%), without statistical significance.
LDH and NLR, which represent potential biomarkers for
the prediction of the efficacy of PD-(L)1 checkpoint inhi-
bitors against NSCLC, were also examined. In this study,
the proportions of high baseline LDH (>250 IU/L) and
NLR (>3.0) were not significantly different between the
two groups.

Additionally, 54 patients (58.1%) receiving concurrent
chemotherapy or radiotherapy were assigned to the combi-
nation subgroup. Patients treated with the first-, second-, and
third-line ICIs or beyond were accounted for 46.2%, 38.7%
and 15.1% of all patients. The median duration of the entire

ICI administrations was 6 weeks (range, 1-45 weeks).

Response

At the time of data cutoff, response assessment for an
ORR to ICIs was available for all patients, which was
41.9%. The disease control rate was 64.5%. Subgroup
comparisons showed that patients treated with monother-
apy achieved a lower ORR than the combination group
(23.1% vs 55.6%, p =0.004). We then employed analysis
to assess ORR, taking into account a significant difference
between treatment patterns, with treatment pattern as
a stratifying factor. In the monotherapy subgroup, patients
with intrapulmonic necrosis or cavity at baseline exhibited
a lower ORR versus non-necrosis cases (10.0% vs 36.8%,
p=0.047) (Table 2). The comparison in the combination
group revealed an insignificant rise in ORR in necrosis
patients versus non-necrosis ones (68.0% vs 44.8%,
p =0.088) (Table 2).

Next, we validated these findings using logistic regres-
sion analysis. Still, ORRs to ICI treatment was signifi-
cantly associated with baseline necrosis or cavity in the
lung and treatment patterns (OR =4.402, 95% CI 1.149-
10.908, p = 0.006) (Table 3), but not with other clinical
characteristics, as indicated by both univariate and multi-
variate analyses. For continuous variables such as the
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Table | Patient Characteristics

Total Cavity and/or Necrosis N (%) p-value
Positive Negative
N (%) N (%) N (%)
Gender Male 89 (95.7%) 41 (93.2%) 48 (98.0%) 0.534
Female 4 (4.3%) 3 (6.8%) 1 (2.0%)
Smoking Light or never 7 (7.5%) 3 (6.8%) 4 (8.2%) 0.806
Heavy 86 (92.5%) 41 (93.2%) 45 (91.8%)
Age X+SD 61.3+8.8 60.819.1 61.8+8.7 0.565
ECOG PS 0 1 (1.1%) I (2.3%) 0 (0.0%) 0.567
| 90 (96.8%) 42 (95.5%) 48 (98.0%)
2 2 (2.2%) I (2.3%) 1 (2.0%)
Sum of tumor lesion diameters X+SD 67.7+38.8 47.5+23.1 85.7+41.1 <0.001*
Brain metastases Presence 10 (10.8%) 3 (6.8%) 7 (14.3%) 0.205
Absence
Liver metastases Presence 13 (14.0%) 8 (18.2%) 5 (10.2%) 0.405
Absence
Bone metastases Presence 25 (26.9%) 6 (13.6%) 19 (38.8%) 0.009*
Absence
LDH X+SD 244.1£136.0 212.8+54.9 272.2x176.2 0.035*
< 250 IU/L 70 (75.3%) 35 (79.5%) 35 (71.4%) 0.506
>250 IU/L 23 (24.7%) 9 (20.5%) 14 (28.6%)
NLR X+SD 35(2) 33 (1.9) 3.8 (2.0) 0.272
<3.0 44 (47.3%) 25 (56.8%) 19 (38.8%) 0.125
>3.0 49 (52.7%) 19 (43.2%) 30 (61.2%)
PD-LI TPS Done
0(0%) 9 (28.1%) 3 (27.3%) 6 (28.6%) 0.345
1(1-49%) 15 (46.9%) 5 (45.5%) 10 (47.6%)
2(>50%) 8 (25.0%) 3 (27.3%) 5 (23.8%)
Not done 61 (65.6%) 33 (75.0%) 28 (57.1%)
Treatment model Monotherapy 39 (41.9%) 19 (43.2%) 20 (40.8%) 0.983
Combination therapy 54 (58.1%) 25 (56.8%) 29 (59.2%)
Treatment line Ist 43 (46.2%) 17 (38.6%) 26 (53.1%) 0.102
2nd 36 (38.7%) 22 (50.0%) 14 (28.6%)
23rd 14 (15.1%) 5 (11.4%) 9 (18.4%)
ICl agent Nivolumab 11 (11.80%) 4 (9.10%) 7 (14.30%) 0.607
Pembrolizumab 15 (16.10%) 9 (20.50%) 6 (12.20%)
Camrelizumab 19 (20.40%) 10 (22.70%) 9 (18.40%)
Sintilimab 24 (25.80%) 9 (20.50%) 15 (30.60%)
Others 24 (25.80%) 12 (27.30%) 12 (24.50%)

Notes: Others: Atezolizumab, Avelumab, Tislelizumab, Sugemalimab, Toripalimab ang HLX10. *Indicates statistically significant p-values.
Abbreviations: PS, performance status; ICl, immune checkpoint inhibitor; CRP, C-reactive protein; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio.
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Table 2 Summary of Response in Study Population, ICI Monotherapy Subgroup and ICI Combination Therapy Group
Total N=93 Cavity and/or Necrosis p-value
Positive N=44 Negative N=49
Objective response
Monotherapy N=39 9 (23.1%) 2 (10.0%) 7 (36.8%) 0.047%
Combination therapy N=54 30 (55.6%) 13 (44.8%) 17 (68.0%) 0.088
Total N=93 39 (41.9%) 15 (30.6%) 24 (54.5%) 0.020%

Note: *Indicates statistically significant p-values.

summed diameters of all measurable tumor lesions, LDH,
and NLR, ROC curves also failed to identify any clinically
significant threshold to predict the response to ICIs
(Supplement Figure 1).

Survival Analysis

During the median follow-up of 20 weeks (range, 2—
136.6 weeks), a total of 73 events of progression or
death were recorded. The univariate Cox proportional
hazard analysis identified brain metastases, LDH > 250
IU/L, intrapulmonic necrosis or cavity, and ICI mono-
therapy as predictor candidates for a shorter PFS of
advanced LSCC patients even after ICI treatment
(Table 4). Accordingly, PFS of non-necrosis patients
was significantly extended compared to the necrosis or
cavity-positive group (median PFS, 26.7 weeks vs 16.0
weeks, P=0.004), with the similar results observed in the
monotherapy (15.0 weeks vs 7.9 weeks, P=0.012) and
combination (81.9 weeks vs 21.6 weeks, P=0.024)

subgroups (Figure 1). The multivariate Cox analysis
further confirmed brain metastases, ICI monotherapy,
and intrapulmonic necrosis or cavity as risk predictors
for a shorter PFS (HR:1.729, 95% CI:1.203-2.484,
P=0.003) (Table 4).

Discussion

This study demonstrates that intrapulmonic necrosis or
cavity present on baseline CT is related to low response
to ICIs and poor PFS of advanced LSCC patients.
Although this phenomenon is rather common among
lung cancer patients, the present study, to the best of our
knowledge, is the first to provide more information on the
association of this basic character with ICI efficacy and
patient prognosis in a real-world setting.

Predictive biomarkers for immune-checkpoint blockade
(ICB) are being extensively investigated for personalized
therapy. PD-L1 TPS has been recognized as a well-
established biomarker for response to PD-(L)! inhibitor in

Table 3 Univariable and Multivariable Analyses of Objective Response Rate

Univariable Model Multivariable Model
OR (95% CI) p-value OR (95% CI) p-value
Sum of tumor lesion diameters > 67.7 cm® 0.742 (0.322-1.710) 0.484
LDH >250 IU/L 1.925 (0.705-5.258) 0.202
NLR >3 1.316 (0.576-3.006) 0515
Cavity and/or necrosis 2.720 (1.163-6.359) 0.021* 4.042 (1.149-10.908) 0.006*
PD-LI TPS 21% 0.536 (0.089-3.210) 0.494
PD-LI TPS 250% 0.686 (0.128-3.683) 0.661
Treatment line
23" (reference) 0.046*
|5 0.339 (0.145-0.796) 0.013
2" 1.576 (0.996-2.494) 0.052
Combination therapy 0.240 (0.096-0.601) 0.002* 0.285 (0.102-0.799) 0.017*
Notes: T67.7 cm represented the mean of the sum of tumor lesion diameters in all LSCC patients. *Indicates statistically significant p-values.
Abbreviations: Cl, confidence interval; OR, odd ratio.
Cancer Management and Research 2021:13 https: 5935
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Table 4 Univariable and Multivariable Analyses of Progression Free Survival

Univariable Model Multivariable Model

HR (95% CI) p-value HR (95% CI) p-value
Brain metastases 1.855 (1.117-3.078) 0.017* 2.531 (1.471-4.356) <0.001*
Liver metastases 1.466 (0.926-2.319) 0.103
Bone metastases 1.256 (0.870-1.813) 0.224
LDH >250 1U/L 1.473 (1.011-2.145) 0.044* 1.436 (0.977-2.112) 0.066
NLR >3 1.169 (0.842—1.624) 0.350
PD-LI TPS 21% 1.086 (0.618-1.911) 0.774
PD-LI TPS 250% 1.126 (0.590-2.150) 0.720
Cavity and/or necrosis 1.644 (1.180-2.346) 0.004* 1.729 (1.203-2.484) 0.003*
Combination therapy 0.517 (0.372-0.719) <0.001* 0.417 (0.292-0.595) <0.001*
Sum of tumor lesion diameters > 67.7 cm* 1.091 (0.781-1.517) 0.605

Note: *Indicates statistically significant p-values.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

NSCLC. However, a large-scale, retrospective, real-world
study of 1460 patients recently argued that PD-L1 could not
be an appropriate predictive biomarker for ICI use in
NSCLC with squamous histology.'® Similar results were
observed in our study and other publications. For example,
high PD-L1 expression correlated with tumor necrosis has
been confirmed in lung adenocarcinoma,*” pulmonary pleo-
morphic carcinoma,® and oral squamous cell carcinoma.?’
The relationship of PD-L1 expression with other subtypes
of lung squamous carcinomas, including LSCC, has not
been fully understood. And potential efficacy predictors
for monitoring immunotherapy and estimating LSCC prog-
nosis are a field wait for exploration. Preexisting studies on
this topic have not reached a consensus on the predictive
values of PD-L1 expression or TMB in studies of NSCLC
anti-PD-(L)1-based
treatment.>® The present study offers new insight into

patients  receiving combination
a common imaging sign, baseline necrosis or cavity on
CT, whose predictive power has been observed in patients
undergoing ICI mono and combination immunotherapy.
Amid a surge of biomarker and drug target studies,
morphological characteristics on CT are rarely figured as
important players for efficacy prediction of cancer treat-
ment in advanced lung cancers, even NSCLC. Ma et al
ascertained an association between pleura thickening/
indentation of stage I lung adenocarcinoma and its
prognosis.”® Choi et al reported that CT imaging charac-
teristics at diagnosis were associated with clinical response
to EGFR-tyrosine kinase inhibitors.”® Patients with

NSCLC with interlobular septal thickening may poorly

respond to nivolumab.*® Intratreatment radiographic
assessments, particularly noninvasive functional imaging,
can generate quantitative data on tumor dynamics that has
been found to be associated with clinical response to and
outcomes of precision cancer therapies. They are also
useful tools for clinical response or prognostic stratifica-
tion in patients undergoing immunotherapy.’' The combi-
nation of deep learning and CT imaging will be more
efficient in screening biomarkers for efficacy prediction
of novel ICIs, such as nivolumab, in NSCLC.

A retrospective analysis showed that lower tumor bur-
den is associated with greater efficacy of PD-1/PD-L1
inhibitor monotherapy for patients with advanced
NSCLC.** We estimated the tumor burden using the base-
line sum of diameters of all measurable tumor lesions, and
the multivariate Cox analysis showed that it was not asso-
ciated with PFS. Whether tumor burden is directly related
to intrapulmonic necrosis or cavity is unknown. Therefore,
more studies are needed to determine the mechanism.
Tumor necrosis is usually induced by nutrient deficiency
and the resultant hypoxia.'*'> Since many efforts to better
understand how hypoxia and metabolic stress contribute to
drug resistance were made, almost all findings have turned
out to be inflammatory mechanisms.* > The latest cumu-
lating retrospective analyses indicate that common inflam-
matory lab markers, such as LDH, CRP, NLR, and IL-6,
are associated with the outcomes of advanced NSCLC
patients undergoing ICIs.***” Of note, their associations
are not as tight as those with baseline necrosis or cavity on
CT, which was confirmed as an independent predictor of
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The study group
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Figure | Progression free survival of advanced LSCC patients with versus without intrapulmonic necrosis or cavity on baseline CT scan. (A) PFS in the study population. (B)

PFS in the ICl monotherapy subgroup. (C) PFS in the ICI combination subgroup.

response to ICI treatment. One possible reason is that
serum levels of these inflammatory markers dramatically
fluctuate during the treatment, compared to morphological
features like necrosis or cavity. Future studies can eluci-
date the precise mechanisms governing the relationship
between necrosis or cavity and patient prognosis after
ICI treatment.

Available evidence on the prognostic value of tumor
necrosis in LSCC, primarily provided by retrospective
studies, is limited and remains weak.>®*! And its detec-
tion largely relies on CT scan rather than histological
examination as biopsy specimen does not necessarily
incorporate the necrotic-core component and cannot out-
line the morphology of necrosis as clearly as CT imaging.
Besides, necrosis is detectable on CT only when it grows

to a certain size. Interestingly, we found that necrosis or
cavity at baseline was closely associated with the summed
diameters of all measurable tumor lesions. However, the
latter was not associated with clinical response to ICI
treatment. Overall, although we ascertained intrapulmonic
necrosis or cavity on baseline CT as an efficacy predictor,
this conclusion needs further validation by prospective,
non-ICI treatment controlled, multicenter trials.

There are some limitations concerning study design
and patient stratification. Limited by the retrospective nat-
ure, the sample size of the current study, particularly in the
cohort matched for baseline characteristics, was relatively
small. Despite ICI treatment, patients included also
received chemotherapy or radiotherapy. Unlike chronic
necrosis, treatment-related acute necroptosis (referring to
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regulated cell death with necrotic morphology) is more

immunogenetic and favors anti-tumor
immunoactivity.'*'> In our study, patients of this kind
were not excluded due to insufficient medical records
and limited sample size. The potential influence of treat-
ment-related necroptosis on immune response remains to
be determined.

In conclusion, LSCC patients with intrapulmonic
necrosis or cavity on baseline CT may respond poorly to
anti-PD-(L)1-treatment, whether mono or combination
therapy. This finding warrants further validations by rigor-
ously designed prospective trials, leading to an improved
understanding of how tumor necrosis is involved in LSCC

progression.
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