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1 | INTRODUCTION

Adenoid cystic carcinoma (ACC) is a rare neoplasm
that accounts for 1% of all head and neck cancer cases.
ACC is known to have a relatively slow growth rate.*?
However, most patients with ACC eventually succumb
to the disease because of the high incidence of recur-
rence and metastasis.’ Cytotoxic chemotherapy can be
considered in these patients, but inconsistent and gen-
erally poor response rates and toxicities are the major
limitations.*?

Vascular endothelial growth factor (VEGF) is highly
expressed in ACC, and its expression correlates with poor
prognosis.®”” VEGF receptor (VEGFR), platelet-derived
growth factor receptor, and fibroblast growth factor
receptor have all been considered as potential therapeutic
targets, and drugs targeting them have been evaluated in
numerous trials. Several single-arm studies of multitar-
geted tyrosine kinase inhibitors (TKI) including lenvati-
nib, regorafenib, and sunitinib have shown some
effects.®'" Recently, the first randomized phase II trial of
axitinib in recurrent or metastatic (R/M) ACC demon-
strated a substantial progression-free survival (PFS) bene-
fit with a median PFS of 10.8 months."?

However, predictive biomarkers are needed for the
optimal use of TKIs. To date, several studies have been
conducted on the predictive genomic markers of TKI, but
the results are inconsistent.’*'* It has been reported that
tumor-infiltrating lymphocytes (TIL) evaluated by Lunit
SCOPE 10, an artificial intelligence (AI)-powered ana-
lyzer of TIL, can predict prognosis according to the use of
immune checkpoint inhibitors in multiple cancer
types."*® Given that antiangiogenic agents have an
immunomodulatory ability,’”'®* we hypothesized that
TIL might be a good predictive biomarker of axitinib. We
conducted this study to analyze the predictive value of
Al-powered TIL analysis in patients with R/M ACC trea-
ted with axitinib.

was 11.1 months (95% CI, 9.2-13.7 months). Median TIL densities in the can-
cer and surrounding stroma were 25.8/mm” (IQR, 8.3-73.0) and 180.4/mm?
(IQR, 69.6-342.8), respectively. Patients with stromal TIL density >342.5/mm*
exhibited longer PFS (p = 0.012).

Conclusions: Cancer and stromal area TIL infiltration were generally low in
R/M ACC. Higher stromal TIL infiltration was associated with a longer PFS
with axitinib treatment.

adenoid cystic carcinoma, artificial intelligence-analysis, axitinib, predictive biomarker,
tumor-infiltrating lymphocyte

2 | MATERIALS AND METHODS

2.1 | Participants and study design

In this prospective collateral biomarker analysis, we
obtained data from a phase II trial that assessed the effi-
cacy of axitinib'? in R/M ACC. This trial was an
investigator-initiated, randomized, open-label, prospec-
tive phase II trial. Specific details of the study design and
results of this trial have been previously published."?
Briefly, patients with pathologically confirmed R/M ACC
who had experienced disease progression within
9 months prior to the study were eligible for inclusion.
Sixty patients were enrolled and randomly assigned to
either the axitinib or observation arm in a 1:1 ratio. For the
observation arm, patients were crossed over to axitinib
treatment when disease progression was confirmed. In the
axitinib arm, axitinib was administered orally until disease
progression or unacceptable toxicity was observed.

The patients included in this study were part of the
aforementioned phase II trial that assessed the efficacy of
axitinib on ACC. Of the 60 patients, only those with hema-
toxylin and eosin (H&E)-stained archival tumor tissues
were eligible for inclusion. The TIL density was obtained by
analyzing the H&E slides of patients with Lunit SCOPE IO.

This study was conducted in accordance with the
Declaration of Helsinki and the Good Clinical Practice
guidelines. The study protocol was approved by the insti-
tutional review boards of the participating institutions.
Written informed consent was obtained from all patients
prior to participation.

2.2 | Procedures

Lunit SCOPE IO is an Al-powered spatial TIL analyzer
that identifies and quantifies TIL within the cancer epi-
thelium (CE) and stroma (CS). Lunit SCOPE IO was
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trained and validated with a 13.5 x 10° pm* area and
6.2 x 10° TILs from 17 849 H&E whole-slide images
(WSI) of 23 cancer types, annotated by 104 board-
certified pathologists. H&E images of head and neck
squamous cell carcinoma from The Cancer Genome Atlas
(TCGA-HNSC) were used for comparative analysis of TIL
densities.

Lunit SCOPE 10 divided the WSI into CE and CS
areas and counted the number of TIL in each area sepa-
rately. Using this procedure, the TIL density (per 1 mm?)
of the CE or CS area was obtained. In addition, for spatial
analysis of heterogeneous TIL distribution in WSI of vari-
ous sizes, Lunit SCOPE 10 divided WSI into 1 mm?-sized
grids, and calculated TIL density in the CE and CS areas.
The immune phenotype (IP) of each grid was defined as
follows: inflamed—grids having TIL density in the total
CE area of >200/mm? immune-excluded—grids having
TIL density in the CS area of >200/mm?® and TIL density
in the CE area of <200/mm?; and immune-desert—grids
having TIL density <200/mm” both in the CE and CS
areas. The TIL threshold of 200/mm? used for IP defini-
tion was determined and updated agnostic of tumor types
prior to this study, as the optimal level that predicts
higher interferon-y-responsive gene signature levels in a
set of TCGA pan-carcinoma tumor samples
(N = 7454).">*° The inflamed score (IS), immune-
excluded score (IES), and immune-desert score (IDS) of
the WSI were defined by the number of grids annotated
to a certain IP divided by the total number of grids ana-
lyzed in the WSI. Finally, the representative IP for each
WSI was defined as inflamed IP if the IS was >33.3%,
immune-excluded IP if IES was >33.3% and IS was
>33.3%, and immune-desert IP if otherwise.

Moreover, next-generation sequencing (NGS) was
conducted on patients who provided informed written
consent. NGS was performed using the FoundationOne
CDx assay, which could detect indels, copy-number alter-
ations, rearrangements, and tumor mutational burden.
Detailed information on the NGS methods was previ-
ously published."?

2.3 | Statistical analysis

Categorical variables between the two groups were com-
pared using Fisher's exact test or the chi-square test, and
p-values were two-sided. Differences in means or
medians for continuous variables between the two groups
were assessed using the Wilcoxon rank-sum test. The cut-
off for discriminating between low and high TIL and IP
score levels was defined as the point with the lowest
p value for PFS by the log-rank test for all possible levels
for each biomarker. The Kaplan-Meier method was used
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TABLE 1 Baseline characteristics

Characteristics Total N = 27
Age, median (range), years 61 (30-81)
Sex, male, n (%) 15 (55.6)
ECOG PS, n (%)

0 13 (48.1)

1 14 (51.9)
Relapsed or metastatic, n (%)

Relapsed 10 (37.0)

Metastatic 17 (63.0)
Disease distribution at the time of enrollment, n (%)

Locoregional disease only 0(0)

Distant metastasis 27 (100)
Prior RT, n (%) 22 (81.5)
Number of prior systemic treatments, n (%)

0 6 (22.2)

1 14 (51.9)

2 or more 7 (25.9)
Lung metastasis at axitinib use, n (%) 25 (92.6)
Liver metastasis at axitinib use, n (%) 2(7.4)
Analyzed tissue, n (%)

Primary tumor (initially surgically resected) 23 (85.2)

Metastatic tumor (lung metastasis) 4(14.8)
Initially assigned group, n (%)

Axitinib arm 15 (55.6)

Placebo arm followed by axitinib 12 (44.4)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group
Performance status; RT, radiation therapy.

to estimate PFS and overall survival (OS). The log-rank
test was used to assess differences between the groups in
terms of PFS or OS. The statistical software “R” version
4.1.3 (www.r-project.org) was used for all statistical ana-
lyses. p-values of <0.05 were considered statistically
significant.

3 | RESULTS

3.1 | Patient and disease characteristics

A total of 27 patients for whom H&E slides were avail-
able for analysis were included in this study. Among
them, 15 and 12 patients were randomized to the axitinib
group and the observation group, respectively.
All 12 patients who were initially assigned to the observa-
tion arm were crossed over to axitinib after confirmed
disease progression with a median PFS of 1.7 months
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FIGURE 1 Survival (A)

outcomes with axitinib.

(A) Kaplan-Meier curves of
progression-free survival (PFS)

after axitinib treatment.

(B) Kaplan-Meier curves of .

overall survival (OS) after
axitinib treatment
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(95% confidence interval [CI], 0.9-4.2 months) in the 3.2 | Efficacy of axitinib

observation period. The PFS with axitinib after progres-
sive disease in the observation group was analyzed.

The demographic and baseline characteristics are
shown in Table 1. The median age was 61 years (range, 30—
81), and 15 patients (55.6%) were men. A total of 22 (81.5%)
patients had received prior radiation therapy and 22.2% of
patients had not received any prior systemic treatment.

The response to axitinib was evaluated in 27 patients.
The best response to axitinib was stable disease in
25 (92.6%) patients and progressive disease in the remain-
ing two (7.4%). More than half of the patients experi-
enced tumor shrinkage (16 of 27, 59.3%). The 12-month
PFS rate was 45.4% (95% CI, 29.0%-71.1%), with a median
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FIGURE 2

TABLE 2 Immune phenotypes

Phenotypes Total N = 27

Cancer area TIL density (/mm?),
median (range)

Stromal TIL density (/mm?),
median (range)

25.8 (0.5-462.1)

180.4 (12.5-1177.1)

Immune phenotype score (%),
median (range)
Inflamed 3.3(0-38.2)
15.6 (0-60.0)

80.2 (20.0-100.0)

Immune-excluded
Immune desert

Immune phenotype, n (%)

Inflamed 1(3.7)
Immune-excluded 7 (25.9)
Immune desert 19 (70.4)

Abbreviation: TIL, tumor-infiltrating lymphocytes.

follow-up of 27.3 months. The median PFS was
11.1 months (Figure 1A; 95% CI, 9.2-13.7 months). The
12-month OS rate was 80.1% (95% CI, 65.9%-97.4%). How-
ever, the median OS was not determined (Figure 1B).

3.3 | TIL density analyzed by Lunit
SCOPE IO

The results of the analysis by Lunit SCOPE IO are
presented in Figure 2 and Table 2. The median TIL
densities in the 27 patients were 25.8/mm? (interquar-
tile range [IQR], 8.3-73.0) in the cancer area and
180.4/mm> (IQR, 69.6-342.8) in the surrounding
stroma, which were lower than those in TCGA-HNSC
(81.3/mm? [IQR, 43.8-172.3] and 1351.4/mm?* [IQR,
658.1-2588.0], respectively). Using the log-rank test,

Representative image of Lunit SCOPE IO. Representative image of H&E original image (left) and Lunit SCOPE IO-
inferenced segmentation of cancer epithelium (orange), cancer stroma (blue), and TIL (yellow), respectively (right)

the optimal cut-off threshold for high and low stromal TIL
density was determined to be 342.5/mm?. Using this thresh-
old, eight (29.6%) patients were in the high-stromal TIL
group and the remaining 19 (70.3%) patients were in the
low-stromal TIL group. The patients with a higher stromal
TIL density (>342.5/mm?) exhibited longer PFS with axi-
tinib (Figure 3A; median PFS 13.7 vs. 10.1 months,
p = 0.012). The difference in PFS detected during axitinib
treatment was not observed during the observation
period in the 12 patients who were initially allocated to
the observation arm. The median OS was numerically
greater in patients with higher stromal TIL density
(Figure 3B; not reached vs. 27.4 months, p = 0.21).
Contrary to stromal TIL, an adequate threshold for TIL
density in cancer areas could not be determined.

3.4 | Immune-excluded score and
clinical outcomes of axitinib

For spatial analysis of TIL distribution, we determined
the IP of each 1 mm? grid. The median IS, IES, and IDS
in this cohort were 3.3, 15.6, and 80.2%, respectively.
Interestingly, more than 70% (20 of 27) of the samples
predominantly harbored immune-desert IP (>50% of
WSI); 70% (19 of 27) of the patients had immune-desert
IP, whereas only one patient had inflamed IP.

To clarify whether IP is also a predictive biomarker
of axitinib treatment like stromal TIL density, we ana-
lyzed the treatment outcomes of axitinib according to
either the IP or IES scores. PFS and OS were not signif-
icantly different according to IP, but differed according
to IES. Median PFS was 13.7 months (95% CI,
10.1 months—not reached) in patients with a high IES
(>15.8%; n=13) and 11.1 months (95% CI,
7.1 months—not reached) in patients with a low IES
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FIGURE 3  Survival outcomes with axitinib based on stromal tumor-infiltrating lymphocytes (TIL) density. (A) Kaplan-Meier curves of

progression-free survival (PFS) after axitinib treatment based on stromal TIL density. (B) Kaplan-Meier curves of overall survival (OS) after

axitinib treatment based on stromal TIL density
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Survival outcomes with axitinib based on immune excluded score (IES). (A) Kaplan-Meier curves of progression-free
survival (PFS) after axitinib treatment based on IES. (B) Kaplan-Meier curves of overall survival (OS) after axitinib treatment based on IES
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(£15.8%, n = 14, p = 0.037; Figure 4A). The median OS
was numerically greater in the patients with high IES
(>15.8%) (Figure 4B; not reached vs. 27.4 months,
p = 0.51).

3.5 | Genomic analysis

NGS using FoundationOne CDx assay was conducted on
the pre-axitinib archival tissue samples in 22 out of the
27 patients. Integrated genomic analysis of mutations
observed in three or more patients is shown in Figure S1,
Supporting Information. The mutation burden for each
patient ranged from 4 to 19 mutations per megabase. The
most frequently identified mutations were in KDM6A
and ARIDIB (6/22, 27.3%), followed by PARP4 (5/22,
22.7%). The mutation burden was not correlated with
both cancer area TIL density and stromal TIL density.

4 | DISCUSSION

This study showed that (1) ACC is an immune desert
cancer represented by low TIL density in both the CE
and CS areas, (2) higher stromal TIL infiltration is associ-
ated with longer PFS with axitinib treatment.

Our data are consistent with those of previous studies
that showed that ACC is a cancer with low immunoge-
nicity, using immunohistochemistry.”’”** It has been
reported that immune checkpoint inhibitors are not
effective in ACC, which may be in part a result of low
immunogenicity.***> The level of TIL expression is not
suitable as a predictive biomarker for immunotherapy in
ACC, possibly due to a similar cause.”” In a previous
study analyzing TIL patterns in ACC, it was reported that
the IP, represented by the spatial distribution of TIL, has
no clear association with clinical outcomes.** Our analy-
sis found that the IP in ACC was not associated with PFS
with axitinib use. This may be because the existing classifi-
cation of IP is not suitable for ACC since the TIL infiltration
of the cancer area of ACC is generally low, and there is little
difference between them. Instead, we found that a high pro-
portion of immune-excluded IP was correlated with better
PFS in patients with ACC treated with axitinib. A more
appropriate immunophenotypic classification of ACC with
low immunogenicity should be developed in the future.

Effective treatment strategies for R/M ACC are lack-
ing. Several molecules, including MYB and VEGFR, may
be potential therapeutic targets for ACC treatment.*®*’
Based on this, the efficacy and safety of various multitar-
geted TKIs have been studied and some results have been
achieved. There have been steady efforts to identify pre-
dictive biomarkers of TKI to identify patients who are

sensitive to TKI. However, despite several attempts,
including next-generation sequencing, no predictive
genomic biomarkers have been identified to guide the
use of TKIs in ACC. In a previous study, starting with
the rationale that MYB might be a central driver, no asso-
ciation between MYB expression and clinical outcome
was reported.”® It has also been reported that the
NOTCH1 mutation or amplification of 4q12 can be
potential predictive biomarkers of TKL*"* but NOTCH1
is a poor prognostic biomarker.*®

The present study demonstrates the usefulness of TIL
analyzed by Lunit SCOPE IO, an Al-powered spatial ana-
lyzer, as a novel biomarker that can optimize the use of
axitinib in patients with ACC. As this study is based on
the rationale that TIL might be a predictive biomarker of
axitinib in patients with R/M ACC because antiangio-
genic multitargeted TKIs also have an immunomodula-
tory ability, stromal TIL density analyzed by Lunit
SCOPE IO can also act as a predictive biomarker for
other TKIs such as lenvatinib, regorafenib, and sunitinib.
Future studies with other TKIs and a sufficient number
of patients are warranted.

This study had several limitations. The first was the
small number of patients analyzed. However, given
the rarity of ACC and the paucity of other studies on pre-
dictive biomarkers when using TKI, we believe that the
small number of patients does not eliminate the signifi-
cance of our study. Second, the Al-powered Lunit SCOPE
IO has not yet been validated in ACC. Although it was
developed and validated by the analysis of multiple can-
cer types, further validation in ACC is required. Also, the
Al-powered Lunit SCOPE IO does not provide additional
cellular characterization of TILs. However, it has the
advantage of direct application from H&E slides without
the need for additional staining, simplifying procedures
and making it applicable in many cases. Third, most of
the tumor tissues assessed were initially surgically
resected. Needle biopsy after recurrence was not suffi-
cient to evaluate the entire tumor microenvironment. It
is possible that assessment using the initially resected tis-
sue in the R/M setting may be a confounder. However,
recent study have suggested that there may not be signifi-
cant differences in the immune microenvironment
between primary and metastatic tumors.> In addition, a
study analyzing lung cancer with Lunit SCOPE IO used
primary resected lung tissue and found that tumor micro-
environment did not change much at recurrence, sug-
gesting that it could be used to evaluate R/M settings."

Despite these limitations, our study is the first to iden-
tify a predictive biomarker of anti-angiogenic agents for
patients with R/M ACC. It is important to identify the
first imaging biomarker for antiangiogenic agents. Lunit
SCOPE IO can assess whole tumor tissue with a single
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H&E slide in a short time, and we, therefore, believe that
it will be useful and practical in clinical settings.

5 | CONCLUSION

Tumor stromal TIL density analyzed by Lunit SCOPE 10
can be a predictive biomarker of axitinib in patients with
R/M ACC. Patients with a higher stromal TIL density
(>342.5/mm”) or higher IES had a longer PFS with axitinib.
Further investigations are needed to validate the value of
Al-powered spatial analysis of TIL as a predictive biomarker
for axitinib and other antiangiogenic TKIs in R/M ACC.
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