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ARTICLE INFO ABSTRACT

Keywords: This study aimed to identify novel prognostic biomarker for advanced renal cell carcinoma (RCC) patients treated

TIM3 with anti-PD-1 therapy, using quantitative multi-immunofluorescence (IF) analysis of tumor immunity. Twenty-

Renal cancer five consecutive patients who had metastatic or unresectable RCC treated with anti-PD-1 therapy were studied.

Anti-PD-1 therapy The patients were divided into a responder group (n=12) and a non-responder group (n=13). Quantitative
multi-IF staining was performed on biopsy or surgical kidney samples using a panel of antibodies. Sections were
scanned using a Mantra microscope, and the images were analyzed with inForm™ software. Responders had
significantly higher rate of TIM3-positive tumor (100% versus 53.9%, p < 0.01) than non-responders. Multi-IF
analysis showed that TIM3 expression on tumor cells was most strongly related to response to anti-PD-1 therapy,
while some of the known immune-related prognostic factors in RCC (CD45RO, FOXP3, VEGF, PD-L1, PD-L2,
CD163) had no significant association. Patients with TIM3-positive tumor showed significantly longer overall
survival (not reached median time versus 6.0 months, p < 0.01) and progression-free survival (18.9 versus 1.1
months, p < 0.01) than those with TIM3-negative tumor. Immunohistochemistry study using samples obtained
after anti-PD-1 therapy showed infiltration of CD163 macrophages and release of HMGB1, a ligand of TIM3, in
necrotic tumor area. In conclusion, our study found clinical correlation between TIM3 expression on tumor cells
and response to anti-PD-1 therapy. Further studies are warranted to verify whether TIM3 expression on tumor
cells before systemic therapy predicts the efficacy of anti-PD-1 therapy for RCC in the clinical setting.

Introduction and reduce the financial burden on health systems because these treat-

ments are expensive. However, useful biomarker has not yet been estab-

Renal cell carcinoma (RCC) represents 2-4% of all malignancies. In
the US, the figures estimated for 2020 are 73,750 new RCC cases and
14,830 deaths [1]. Approximately 20% of RCC cases are metastatic dis-
ease, and 5-year relative survival rate of metastatic cases is only 10%.

Recent phase III studies provided evidence for the accelerated ap-
proval of immuno-oncology (IO) therapy targeting the PD-1/PD-L1 axis
for metastatic RCC [2-5]. Availability of a biomarker that predicts re-
sponders and non-responders to anti-PD-1 therapy would minimize un-
necessary exposure of patients to potentially immune-related toxicities

lished [6-8].

Recent study reveals a dynamic relationship between host immu-
nity and tumor in the process of carcinogenesis. The tumor acquires
the ability to evade recognition by the host immune systems [9]. Al-
though accumulating evidence has revealed that tumor-infiltrating lym-
phocytes (TILs), tumor-associated macrophages (TAMs), VEGF, PD-L1,
PD-L2 and TIM3 have diverse tumorigenic activities in RCC, some con-
tradictory findings were also reported. Regarding TILs, FOXP3-positive
CDA4 T cells [10], FOXP3-negative CD4 T cells [11], CD45R0O-expressing

Abbreviations: RCC, renal cell carcinoma; 10, immuno-oncology; IF, immunofluorescence; Nivo, Nivolumab; Nivo+Ipi, Nivolumab plus Ipilimumab combination;
PFS, progression-free survival; OS, overall survival; FFPE, formalin-fixed and paraffin-embedded; TILs, tumor-infiltrating lymphocytes; TAMs, tumor-associated
macrophages; IHC, immunohistochemistry; KPS, Karnofsky performance status; IMDC, the International Metastatic RCC Database Consortium; BOR, best overall
response; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; pT, pathological tumor; HMGBI1, the nuclear DNA-binding protein
high mobility group box 1 protein.
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T cells [12], and TIM3-positive CD8 T-cells [13] were associated with
poor prognosis of RCC. For TAMs, CD163-positive macrophages were
shown to be an indicator of poor clinical outcome in RCC [14]. VEGF
is not only a pro-angiogenic molecule but also a regulator of tumor im-
munity [15]. VEGF expression was an indicator of adverse prognosis in
RCC [16]. PD-L1 expression on tumor cells was associated with shorter
survival in RCC patients treated with sunitinib or pazopanib [17], while
PD-L2 was a predictor of longer progression-free survival (PFS) in can-
cer cohorts including RCC patients [18]. TIM3 is frequently expressed
on RCC tumor tissue, and higher TIM3 expression level was a predic-
tor of shorter PFS in patients receiving systemic therapy [19]. However,
the subjects of the above studies were treated with cytokines or targeted
therapy. Therefore, the clinical relevance of these immune-related fac-
tors remains uncertain in the era of IO therapy.

Multi-immunofluorescence (Multi-IF) staining that allows identifica-
tion of several targets in the same tissue section is an invaluable tool for
tumor immune-profiling and development of novel predictive biomark-
ers for cancer immunotherapy [20]. The use of software to compute the
pure spectrum of a fluorophore from mixed emission signals, combined
with automated image analysis avoids the usual risk of overlapping sig-
nals from various fluorophores and inter-operator variability of manual
counting. In this study, we aimed to identify novel prognostic biomarker
for advanced RCC patients treated with anti-PD-1 therapy using quanti-
tative multi-IF analysis to examine host and tumor immunity.

Materials and methods
Patients

This study was a retrospective study by reviewing medical records
at our institution during the period of September 2016 to May 2019.
Twenty-five consecutive patients who had a confirmed diagnosis of
metastatic or unresectable RCC and received anti-PD-1 therapy were
enrolled in the study. Fifteen patients were treated with nivolumab
monotherapy (Nivo monotherapy) following targeted therapy, and
10 patients with nivolumab plus ipilimumab combination therapy
(Nivo+Ipi therapy) as first-line therapy. All patients underwent diag-
nostic CT-guided biopsy or therapeutic nephrectomy before systemic
therapy. Treatments for the subjects were planned according to stan-
dard of care in accordance with relevant treatment guidelines. From
the medical records, clinical data including medical history, treatment
duration, reason for discontinuation, types of targeted therapy prior to
Nivo monotherapy, PFS and overall survival (OS) were collected. Tu-
mor assessments were conducted at baseline, week 12 and every 12
weeks thereafter. According to response to anti-PD-1 therapy, we di-
vided our patients into a responder group and a non-responder group
[21]. Responder was defined as a patient who achieved complete or
partial response (excluding mixed responses) to anti-PD-1 therapy. Non-
responder was defined as a patient who had progressive disease or stable
disease control. These response patterns were based on RECIST ver.1.1.

This study was conducted in accordance with the ethical principles of
the Declaration of Helsinki. The institutional review board of our institu-
tion approved the present study (approval number: H29-18). Informed
consent was waived by the institutional review board.

Multi-IF staining of pretreatment samples

Formalin-fixed and paraffin-embedded (FFPE) kidney tissue sam-
ples were obtained from patients before starting systemic therapy. The
biopsy or surgical tissue samples were fixed in 10% neutral buffered
formalin and embedded in paraffin per routine methods. The qual-
ity of each sample was checked by two pathologists who examined
a hematoxylin-eosin (HE)-stained section. Multi-IF staining was per-
formed as described previously [13,20]. Anti-CD4, -CD8, -CD45RO, -
FOXP3 and -TIM3 antibodies were used for detecting tumor-infiltrating
lymphocytes (TILs) [10-13,22]. Anti-CD68 and CD163 antibodies were
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used for detecting tumor-associated macrophages (TAMs) [14]. Anti-
VEGF, PD-L1, PD-L2, TIM3 and pan-cytokeratin AE1/AE3 antibodies
were used to detect the expression of these molecules on tumor tis-
sues [16-19,23]. These antibodies are described in Supplementary Ta-
ble 1. We determined the best antibody sequence in multiplex staining
for each panel combination: panel 1 (pan-cytokeratin AE1/AE3, CD4,
CD8, CD45R0, FOXP3, TIM3 and DAPI) and panel 2 (VEGF, PD-L1, PD-
L2, CD68, CD163 and DAPI). Sections without addition of primary an-
tibody were used as negative controls in all specimens. To detect six
protein biomarkers on the same tissue section, Opal™ 7 Immunology
Discovery Kit (ParkinElmer, Life Science, Waltham, MA, USA) was used
as the fluorophore (Supplementary Table 1). In each case, we checked
that secondary antibodies did not cross-react with unrelated primary
antibodies used in the combination. Nuclei were counterstained using a
DAPI mounting medium.

Quantitative fluorescent staining

Slides of stained specimens were read under a Mantra microscope
(ParkinElmer, Life Science, Waltham, MA, USA) following the previ-
ously published protocol [24]. For each specimen, after low magnifi-
cation scanning at x 10, individual fields were sampled randomly [five
fields for biopsy specimen, 10 fields (5 fields from central area and 5
fields from peripheral area of the tumor) for surgical specimen] in the
intra-tumoral compartment for scanning at higher magnification (x 20)
in order to capture various elements of tumor heterogeneity. Histologic
assessment of each area analyzed was performed to ensure that tumor
tissue (based on expression of pan-cytokeratin AE1/AE3) was included
in the selected intra-tumoral region.

The data acquired with the multispectral camera were processed by
the inForm™ software (ParkinElmer, Life Science, Waltham, MA, USA),
which allows automated cell segmentation and phenotyping. Cell recog-
nition was based on DAPI staining. Then, a phenotyping step, which was
based on teaching the software to recognize positive and negative cells,
was performed to define an algorithm program of analysis.

Investigation of types of TILs was performed as follows. Cells co-
stained for CD4 and CD45RO and/or FOXP3 (CD4*CD45ROTFOXP3*
and CD4*CD45RO*FOXP3~), and cells mono-stained for CD8
(CD8*CD45RO~TIM3~) or co-stained for CD8 and CD45RO
(CD8*CD45RO* TIM3~) or TIM3 (CD8*CD45RO-TIM3*) were
identified manually based on fluorescence intensity and subcellular
localization of staining, and counted until automatized recognition
by the inForm™ 2.4 software was concordant with visual count
(Fig. 1A). The mean number of positive-stained cells in at least 5 fields
of biopsy specimen and 10 fields of surgical specimen was calculated.
For the phenotyping step, an independent operator confirmed the
visual inspection. Each phenotyping image was checked after software
analysis.

Investigation of TAMs was performed as follows. Quantitative anal-
yses of CD63 and CD163 staining on macrophages were also performed
with the inForm™ 2.4 software after acquiring images by the Mantra
microscope (Fig. 1B).

For quantification of the expression of PD-L1, PD-L2, VEGF, and
TIM3 on the tumor, intensity of staining was analyzed by the inForm™
2.3 software and scored on a scale of 0 to +3, and H-score was calcu-
lated as the sum of intensity multiplied by percentage of staining area
(Fig. 1C). Positive staining on tumor was defined as subcellular local-
ization of staining and immunohistochemistry (IHC) score > 15.

Immunostaining and quantification analyses for expression of TIM3 and
TIM3-related molecules in post-anti-PD-1 therapy samples

Immunostaining was performed using post-treatment samples ob-
tained from 5 patients (3 patients on Nivo monotherapy, 2 patients
on Nivo+Ipi therapy). Tumor response was checked by examining the
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C. Expression of VEGF, PD-L1, PD-L2 and TIM3 on tumor

A. Tumor-infiltrating lymphocytes: Fluorescent staining shows expansion of CD8, CD45RO and TIM3. Cells mono-stained for CD8 (CD8+CD45RO~TIM3"~) or co-
stained for CD8 and CD45RO (CD8*CD45RO* TIM3~) or TIM3 (CD8* CD45RO-TIM3+) were recognized by the inForm™ 2.4 software. CD8+CD45RO+ TIM3- cells
are indicated by the arrow. CD8+ CD45RO-TIM3+ are indicated by the dotted arrow.

B. Tumor-associated macrophages: Fluorescent staining shows expansion of CD68 and CD163. Cells stained for CD68 or CD163 were recognized by the inForm™

2.4 software.

C. Expression of VEGF, PD-L1, PD-L2 and TIM3 on tumor: For quantification of the expression of PD-L1, PD-L2, VEGF, and TIM3 on tumor, intensity of staining was
analyzed by the inForm™ 2.3 software and scored on a scale of 0 to +3, and H-score .

intra-tumoral compartment in an HE-stained section by two patholo-
gists. Necrotic area, which is an indication of response to anti-PD-1 ther-
apy, and viable tumor area, which is an indication of refractoriness to
anti-PD-1 therapy, were selected from the sample, and immunostaining
was performed for the following molecules. High mobility group protein
B1 (HMGBL1) antibody was used for evaluation of TIM3-interacting part-
ner related to tumor immunity [25] and CD163 antibody was used for
detecting TAMs [14]. The primary antibodies and secondary antibodies
used in immunostaining are described in Supplementary Table 2. Images
were acquired from selected areas showing necrosis and areas showing
viable tumor cells.

Bioinformatic analysis for TIM3 gene alteration

The status of TIM3 gene in RCC was investigated on cBioPortal On-
coPrint (http://www.cBioPortal.org/index.do) using the data for The
Cancer Genome Atlas (TCGA) Pan-Cancer Atlas (PanCanAtlas) cohort
[26,27]

Statistical analysis

Fisher’s exact test and t-test were used to compare patient character-
istics. Correlation was analyzed using the Spearman rank correlation
test. Logistic regression analysis was used for multivariate statistical
analysis. PFS and OS were estimated by the Kaplan-Meier method. Uni-
variate analyses were performed by the log-rank test. P value less than

0.05 was considered to indicate statistical significance in all tests. Sta-
tistical analyses were performed using JMP14 (SAS Institute, Cary, NC,
USA).

Results
Patient characteristics

Table 1 shows patient characteristics. The subjects comprised 20
men and 5 women with mean age of 65.9 + 2.0 years. Sixteen patients
had Karnofsky performance status (KPS) score of 80 to 100% (mean
82.0 + 3.1%) at the start of anti-PD-1 therapy. According to the Interna-
tional Metastatic RCC Database Consortium (IMDC) risk criteria, 11 pa-
tients (44%) were classified as intermediate risk and 11 patients (44%)
as poor risk. Nine patients (36%) had renal tumors with inferior vena
caval extension (clinical T3b or T3c) or involving adjacent organ (clin-
ical T4). The most common sites of metastases were lung (21 patients,
84%), bone (10 patients, 40%) and lymph nodes (9 patients, 36%). Fif-
teen patients were treated with Nivo monotherapy as second-line ther-
apy after targeted therapy and 10 patients were treated with Nivo+Ipi
therapy as first-line therapy. Tissue samples were collected by surgery in
10 patients and by CT-guided biopsy in 15 patients. The median follow-
up period was 16.4 months (95% confidence interval [CI] 11.8-20.3).
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Table 1
Patient characteristics of responder and non-responder groups.

Characteristics Responders Non-responders p value
n=12 n=13
Age, year 67.1+3.0 64.8+2.7 0.57
Sex (men), n (%) 10 (83.3) 10 (76.9) 1.00
KPS>80%, n (%) 2 (16.7) 7 (53.9) 0.10
MSKCC favorable/intermediate/poor 3/4/5 0/6/7 0.16
risk, n
IMDC favorable/intermediate/poor 3/4/5 0/7/6 0.14
risk, n
Histological clear cell subtype, n (%) 11 (91.7) 9 (69.2) 0.32
T stage cT3b/3c/4, n (%) 5(41.7) 4 (30.8) 0.69
Sites of metastases, n (%)
Lung 12 (100) 9 (69.2) 0.10
Liver 4 (33.3) 2(15.4) 0.38
Bone 4 (33.3) 6 (46.2) 0.69
Lymph nodes 3 (25.0) 6 (46.2) 0.41
Prior nephrectomy, n (%) 6 (50.0) 5 (38.5) 0.70
Immuno-checkpoint inhibitor, n (%)
Nivo monotherapy 8 (66.7) 7 (53.9) 0.69
Nivo+Ipi therapy 4 (33.3) 6 (46.1)
TTF in Nivo mono therapy group,
months (mean+SD) 16.1+8.6 6.5+3.8 0.33
BOR to 10 therapy: CR/PR/SD/PD, n 1/11/0/0 0/0/8/5 <0.01

Reason of discontinuation of TT
in Nivo mono therapy group; 2/6/0 1/5/1 0.51
AE/PD/Ope, n

PFS, months (mean+SD)

0S, months (mean+SD)

Procedure to collect tissue sample, n
(%) 5 (41.7) 5 (38.5) 0.70
Surgery 7 (58.3) 8 (61.5)

CT-guided biopsy

123+25
20.8+3.1

9.0+2.2 0.34
11.6+2.1 0.02

KPS; Karnofsky performance status, MSKCC; Memorial Sloan-Kettering Cancer
Center.

IMDC; International Metastatic RCC Database Consortium.

Nivo; nivolumab, Ipi; ipilimumab, TTF; time to treatment failure.

TT; targeted therapy, PFS; progression-free survival, OS; overall survival.

BOR; best overall response.

To evaluate biomarker for predicting response to anti-PD-1 therapy,
we performed an analysis by dividing the patients into a responder
group (n=12) and non-responder group (n=13). Patient background
did not differ significantly between the two groups. The proportion of
patients treated with Nivo+Ipi therapy was similar between the respon-
der and the non-responder groups (33.3% versus 46.1%, p=0.69). Ac-
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cording to best overall response (BOR) in all patients, 1 case had com-
plete response (CR) case, 11 cases had partial response (PR), 8 cases
had stable disease (SD), and 5 cases had progressive disease (PD). In the
non-responder group, 5 of 7 cases (71%) treated with Nivo monotherapy
had PD, and all 5 cases treated with Nivo+Ipi therapy had SD. The PFS
tended to be longer in the responder group than in the non-responder
group (12.3 + 2.5 months versus 9.0 + 2.2, p=0.34). The OS was signif-
icantly longer in the responder group than in the non-responder group
(20.8 + 3.1 months versus 11.6 + 2.1, p=0.02).

Comparison of phenotypes of TILs and TAMs between responders and
non-responders

We performed a multi-IF analysis to examine phenotypes of TILs
and TAMs to identify marker that predicts efficacy before initiation of
anti-PD-1 therapy. Results of quantitative analyses for multi-IF stain-
ing are summarized in Table 2. First, we analyzed and compared of
phenotypes of CD4 T cells and CD8 T cells in tumor between the
two groups. The number of CD4*CD45RO*FOXP3~ T cells was sig-
nificantly larger in the responder group than in the non-responder
group (cell density: 7.9+ 1.8 versus 2.6 + 0.6, p=0.02). The number of
CD4*CD45ROTFOXP3™* T cells was similar between the two groups. The
numbers of CD8*CD45RO~TIM3™ T cells, CD8*CD45RO*TIM3™ T cells
and CD8% CD45RO™TIM3™* T cells were also similar between the two
groups.

Next, we analyzed infiltration of TAMs in tumor. The number of
CD68 macrophages and CD163 macrophages in tumor were similar be-
tween the responder group and the non-responder group.

Pretreatment expression of VEGF, PD-L1, PD-L2 and TIM3 on tumor

Expressions of VEGF, PD-L1, PD-L2 and TIM3 on tumor cells in the
responder group and the non-responder group were analyzed (Table 2).
There were no significant differences between the two groups in the pro-
portions of cases with VEGF-positive tumor, PD-L1-positive tumor and
PD-L2-positive tumor. Immunostaining of tumor tissues demonstrated
TIM3 expression on both immune cells and tumor cells. We detected
TIM3 expression on tumor cells in all the responders. A significant differ-
ence in the proportion of cases with TIM3-positive tumor was observed
between the responder and non-responder groups (100% versus 53.9%,
p < 0.01). Expression of pan-cytokeratin AE1/AE3 was similar between
the responder group and the non-responder group.

Table 2
Comparison of quantitative multi-immunofluorescence analyses between responders and non-responders.
Quantitative analyses of multi-IF Responders Non-responders Univariate Multivariate
n=12 n=13 analysis p value analysis p value
CD4+ CD45R0O+ FOXP3-, CD 79+1.8 2.6+0.6 0.02 0.10
(mean+SD)
CD4+ CD45R0+ FOXP3+, CD 23+19 0.7+0.5 0.42
(mean+SD)
CD8+ CD45RO- TIM3-, CD 53.4+183 50.3+25.4 0.92
(mean+SD)
CD8+ CD45R0+, CD 38.0+17.9 33.8+12.9 0.85
(mean+SD)
CD8+ TIM3+, CD (mean+SD) 15.6+9.9 1.3+05 0.18
CD68+ macrophage in tumor,
CD (mean + SD) 93.5+30.9 88.9+21.2 0.90
CD163+ macrophage in tumor,
CD (mean + SD) 141.1+19.4 149.3+£27.2 0.81
VEGF positive on tumor, n (%) 9 (75.0) 12 (93.1) 0.32
PD-L1 positive on tumor, n (%) 9 (75.0) 8 (61.5) 0.67
PD-L2 positive on tumor, n (%) 10 (83.3) 12 (92.3) 1.00
Tim3 positive on tumor, n (%) 12 (100) 7 (53.9) 0.01 0.01
Pan-CK AE1 AE3 on tumor, 151.3+15.0 0.53
H-score 138.9+12.3

CD; cell density, CK; cytokeratin.
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Fig. 2. Multi-immunofluorescence (IF) staining of a responder case and a non-
responder case.

Multi-IF demonstrates different TIM3 expression patterns in tumor between the
responder case and the non-responder case (magnification: x 20). Responder
case (left): TIM3 expression is seen mainly on tumor cells and does not co-
express with CD8. Non-responder case (right): TIM3 expression is found mainly
in the stroma of tumor. TIM3 expression on tumor cells is considerably low.

Clinical significance of TIM3 expression on tumor cells

An exploratory analysis was performed to evaluate the prognostic
relevance of the results of quantitative multi-IF analysis. Multivariate
analysis identified TIM3 expression on tumor cell as the only significant
independent variable associated with the response to anti-PD-1 therapy
(Table 2). Immunostaining of tissues from patients with good response
to Nivo monotherapy revealed TIM3 expression mainly on tumor cells
with no co-expression with CD8 (Fig. 2, responder case). Inmunostain-
ing of tissues from patients with rapidly progressive disease during Nivo
monotherapy showed considerably low expression of TIM3 on tumor
cells (Fig. 2, non-responder case).

The correlation between TIM3 expression and clinicopathologic fac-
tors was then analyzed. Patients with TIM3-positive tumor cells had sig-
nificantly longer OS and PFS than those with TIM3-negative tumor cells
(Fig. 3). In the present study, 6 patients with TIM-3 positive tumor cells
were classified into the non-responder group. In a subgroup analysis of
the non-responder group, patients with TIM3-positive tumor cells tender
to have significantly lower rate of PD (14.3% versus 66.7%, p=0.01), a
tendency of longer PFS (12.4 months versus 5.1 months, p=0.10) and
apparently longer OS (14.0 months versus 8.8 months, p=0.27) than
those with TIM3-negative tumor cells. Patients with TIM3-positive tu-
mor and those with TIM3-negative tumor did not differ in the frequen-
cies of exhibiting pathological characteristics indicating aggressive be-
havior of RCC [higher pathological tumor stage (pT stage), higher nu-
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clear grade, presence of sarcomatoid differentiation, presence of necro-
sis, and presence of venous infiltration] (Supplementary Table 3).

Multi-IF analysis of tumors before systemic therapy showed no sig-
nificant relation between TIM3 expression on tumor and the presence
of CD68 or CD163 macrophages (TIM3 versus CD68: r=—-0.19, p=0.38,
TIM3 versus CD163: r=-0.14, p=0.50).

To examine the possible mechanism for the difference in TIM3 ex-
pression in RCC, we searched for the status of the TIM3 gene in RCC on
cBioPortal OncoPrint. According to the results for the TCGA PanCanAt-
las cohort (n=10,967), 31 of 511 (6%) RCC cases exhibited TIM3 gene
amplification. The frequency of alteration of TIM3 was higher in RCC
than in other types of cancer (Supplementary Fig. 1).

Immunostaining of HMGB1 and macrophage infiltration in post-anti-PD-1
therapy sample

TIM3 has been reported to have multiple ligands including galectin
9, phosphatidylserine, CEACAM1 and HMGB1. Among these ligands,
HMGB1 is a necrosis-related ligand [28]. The nuclear DNA-binding pro-
tein HMGB1 binds to TIM3 and induces phagocytosis by recruiting
macrophages and dendritic cells [29]. Previously, our group reported
a case of CR treated with Nivo monotherapy [30]. This case exhib-
ited necrotic cell death and infiltration of macrophages in tumor tissue.
Therefore, we performed IHC to analyze expression of HMGB1 and in-
filtration of CD163-positive macrophages in tumor after initiating anti-
PD-1 therapy. Five cases were studied. Two cases underwent nephrec-
tomy subsequent to Nivo therapy, two cases underwent nephrectomy
subsequent to Nivo+Ipi therapy, and one case (case 3) was autopsied
after Nivo monotherapy. The results of IHC are summarized in Table 3
and representative micrographs are shown in Supplementary Fig. 2.
HE staining of samples obtained after initiation of anti-PD-1 therapy
showed necrotic tumor area in case 1, case 2, case 4 and case 5. TIM3
expression was detected on tumor cells in 4 cases, except in case 3. Low
and intranuclear expression of HMGB1 was found in the viable area
in cases 2, 3, 4 and 5, and extranuclear expression of HMGB1 was de-
tected in the necrotic area in cases 1, 2, 4 and 5. Accumulation of CD163
macrophages was found only in the necrotic area in cases 1, 2, 4 and 5.

Discussion

We show that TIM3 expression on tumor cells is a potential pre-
dictor of efficacy of anti-PD-1 therapy. This is a clinically important
predictor that may minimize unnecessary exposure of patients to po-
tentially immune-related toxicities and reduce the financial burden on
the health systems because these treatments are expensive with limited
efficacy. Multi-IF analysis that allows visualization of several targets in
the same tissue section is an invaluable tool for tumor immune-profiling
and for the development of novel predictive biomarkers for cancer im-
munotherapy [20]. In this study, we demonstrated the usefulness of the
multi-IF technique to identify novel prognostic biomarker for advanced
RCC patients treated with anti-PD-1 therapy.

The strongest prognostic factor of anti-PD-1 therapy identified in
this study is the expression of TIM3 on tumor cells. Some of the known
immune-related prognostic factors in RCC (CD45RO, FOXP3, VEGF, PD-
1, PD-L2, CD163) were not significantly associated with efficacy of anti-
PD-1 therapy. CD4*CD45RO*FOXP3- T cells, despite showing a modest
association with efficacy in univariate analysis, was not a significant in-
dependent predictor of efficacy in multivariate analysis. Patients show-
ing TIM3-positive tumor cells showed significantly longer OS and PFS
than those with TIM3-negative tumor cells. In the non-responder group,
TIM3 expression on tumors tended to be associated with lower rate of
PD and longer PFS and longer OS. There was no significant relation
between pathological characteristics indicating aggressive behavior of
RCC and TIM3 expression on tumor cells. Moreover, the proportion of
cases with PD-L1 expression on tumor was higher in this study than pre-
vious report. Expression of molecules associated with immune evasion
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Fig. 3. Clinical significance of TIM3 expression on tumor cells.
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B. Progression-free survival
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Kaplan-Meier curves for the group with TIM3-positive tumor cells (black line) and the group with TIM3-negative tumor cells (gray line) were plotted for overall

survival (OS) and progression-free survival (PFS).

A. OS [median (95% confidence interval)] in patients with TIM3-positive tumor cells is significantly longer than in those with TIM3-negative tumor cells [not reached
median time (18.7 — not reached) versus 6.0 months (0.7 - not reached); p < 0.01]. B. PFS [median (95% confidence interval)] in patients with TIM3-positive tumor
cells is significantly longer than in those with TIM3-negative tumor cells [18.9 months (6.7 — not reached) versus 1.1 months (0.5-17.5), p < 0.01].

Table 3
Expression of TIM3-related molecules in post-anti-PD-1 therapy samples.
Case Regimen of IO BOR Area of tumor IHC findings
therapy tissues -
TIM3 HMGB1 Accumulation of CD163
expression localization macrophages
Case 1 Nivo CR Necrotic area + Ex +
Case 2 Nivo SD Necrotic area + Ex +
Viable area + N -
Case 3 Nivo PD Viable area - N -
Case 4 Nivo+Ipi PR Necrotic area + Ex +
Viable area + N -
Case 5 Nivo+Ipi PR Necrotic area + Ex +
Viable area + N -

10; immune-oncology, IHC; immunohistochemistry, BOR; best overall response.

Nivo; Nivo monotherapy, Nivo+Ipi; Nivo+Ipi therapy, CR; complete response, PR; partial response, SD; stable disease, PD; progressive disease, Ex; extra-nuclear

region, N; nucleus.

correlates with poor prognosis in lung cancer and breast cancer [31,32].
Hirsch et al. [33] reported variation of PD-L1 expression on tumor cells
in lung cancer depending on the type of PD-L1 assay. The discrepancy
of our finding with previous reports may be due to histological hetero-
geneity, higher proportion of poor risk patients in this study, and also
the type of antibody used.

In the present study, more than one-half of pretreatment samples
were obtained by CT-guided biopsy. Our study population contained a
larger proportion of patients classified as poor risk according to IMDC
compared to the populations in clinical trials of anti-PD-1 therapy (44%
in our study versus 23% in nivolumab group of Checkmate 025 trial ver-
sus 21% in nivolumab plus ipilimumab group of Checkmate 214 trial),
and also included five patients with KPS below 70%, which is an exclu-
sion criteria in clinical trials [2,3]. Current RCC therapeutic guideline
recommends avoiding cytoreductive nephrectomy in metastatic RCC pa-
tients with poor risk and low performance status because of limited sur-
vival benefit and high perioperative risk [34]. Higher proportion of pa-
tients with poor risk and poor performance status was the reason why we
obtained pretreatment samples by CT-guided biopsy. Accurate assess-
ment of tumor microenvironment seems to be difficult using a biopsy
specimen because intra-tumoral heterogeneity exists in RCC [35,36].
Zahoor et al. [37] compared TILs between matched biopsy and nephrec-
tomy samples from patients. They demonstrated a positive correlation
between the frequencies of TILs in biopsy and nephrectomy samples,

and concluded that biopsy material can be used for IHC analysis to pro-
vide insights into the tumor microenvironment. Based on these results,
we performed IHC analyses using both biopsy and surgical specimens
before initiation of systemic therapy. To decrease selective bias due to
tumor heterogeneity, we acquired multiple images from both the cen-
tral and peripheral regions of the tumor specimens and averaged the
quantitative data of all images.

The function of TIM3 in tumor cells remains uncertain at present.
TIM3 has been shown to be expressed on T cells, macrophages and den-
dric cells, and play a role as negative regulator of cytotoxic T cell viabil-
ity [13,38,39]. Recently, TIM-3 expression on tumor cells has also been
found in melanoma, liver cancer, lung cancer, and prostate cancer [40-
42]. An analysis using the TCGA database indicated that the TIM3 gene
amplification rate in RCC is higher compared to other types of cancer.
The TIM3 gene is located on chromosome 5q which has been reported to
be frequently amplified in RCC [43]. Recent study has revealed that 3p
loss generates concurrent 5q gain as a result of chromothripsis event in
the process of renal carcinogenesis [44]. Although the intracellular sig-
naling mechanism of TIM3 has not been elucidated [28], we speculate
that chromosomal amplification is one of the mechanisms of overexpres-
sion of TIM3 in RCC.

In RCC, the prognostic relevance of TIM3 expression on tumor cells
remains controversial. Komohara, et al. [19] demonstrated high TIM3
expression in patients with relatively short PFS. On the contrary, Zhang,
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et al. [45] reported TIM3 expression as a favorable prognostic factor
for PFS and OS. They also showed higher detection rate of TIM3 in
primary sites than in metastatic sites and homogeneous expression of
TIM3 across different metastatic sites [45]. Therefore, we explored the
significance of the presence of TIM3 expression in primary sites as a
potential prognostic marker of anti-PD-1 therapy. We previously re-
ported one case of CR to Nivo monotherapy for metastatic RCC, and
that case showed expansion of necrosis in the tumor [30]. TIM3 plays a
crucial role in mediating phagocytosis, which is one of the mechanisms
of necrosis due to clearance of apoptotic cells by phagocytes such as
macrophages [46,47]. Among the ligands of TIM3, HMGB1 is a necrosis-
related ligand [28]. Therefore, we used post-treatment samples from 5
cases to analyze the relation between anti-PD-1 therapy-induced necro-
sis and TIM3, and analyzed macrophage infiltration and expression of
HMGB1 which is released from nucleus during phagocytosis [29]. TIM3
expression was detected on cell membrane in all cases except the au-
topsy case with PD. Release of HMGB1 from nucleus was detected only
in the necrotic tumor area after anti-PD-1 therapy. CD163 macrophage
accumulated around the necrotic area in the responders. Based on these
results, we speculate that TIM3 alone may not be sufficient to predict
efficacy, but assessment of both TIM3 and HMGB1 may better predict
tumor necrosis response to anti-PD-1 therapy. Extranuclear HMGBI re-
lease can be monitored directly or indirectly using commercially avail-
able ELISA kits [48]. In the future, we plan to evaluate TIM3 expres-
sion on tumor cells before starting anti-PD-1 therapy and then measure
plasma HMGB1 during anti-PD-1 therapy.

Our study had several limitations. It was a retrospective study with
a small number of cases and potential selection bias. The sample does
not provide sufficient power to perform quantitative multi-IF analy-
ses for each regimen of anti-PD-1 therapy. Moreover, comparison of
pre-treatment and post-treatment samples was not possible, since post-
treatment samples were available from only 5 cases because many pa-
tients enrolled had poor risk or low performance status. Hence, the in-
teraction between TIM3 and anti-PD-1 therapy was not elucidated. Our
multi-immunofluorescence staining panel containing TIM3 (panel 1) did
not include antibodies specific to immune cells other than T cells. There-
fore, we did not evaluate total TIM3-related tumor immunity. In the fu-
ture, we aim to establish multi-immunofluorescence staining panel that
includes antibodies specific to other types of immune cells and to TIM3.
We are also planning to use Autostainer to analyze a large number of
pre-treatment and post-treatment samples to validate the usefulness of
TIM3 expression as a biomarker of response to anti-PD-1 therapy. Fur-
thermore, we need to perform analyses of mRNA expression and copy
number alteration of TIM3 to evaluate the mechanism of overexpression
of TIM3 protein.

In conclusion, our study found a clinical association between TIM3
expression on tumor cells and efficacy of anti-PD-1 therapy. In addition,
analyses of samples obtained after starting anti-PD-1 therapy indicated
that release of HMGBI1 from the nucleus may trigger anti-PD-1 therapy-
induced necrosis in patients showing TIM3 expression on tumor cells.
Further studies are warranted to verify whether TIM3 expression on
tumor cells before systemic therapy predicts the efficacy of anti-PD-1
therapy for RCC.
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