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ABSTRACT

T cell immunoglobulin and mucin domain containing protein 3 (TIM-3) is a receptor found on a multitude of immune cells and is
commonly overexpressed in patients with cancer. Due to its selective expression in immune cells and its preliminary efficacy in
preclinical models, TIM-3 is a promising target as a treatment for cancer. Both monotherapy and combination regimens are being
developed and are currently under investigation. This clinical review seeks to summarize and compile past, present, and future

TIM-3 inhibitors in clinical trials.
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INTRODUCTION

T cell immunoglobulin and mucin domain contain-
ing protein 3 (TIM-3) is a receptor found on a multi-
tude of immune cells, most predominantly on
interferon-gamma producing CD4+ T cells (Th1) and
CD8+ cytotoxic T cells (Tc1), as well as on regulatory
T cells and innate immune cells.!"? Common ligands
that bind to TIM-3 to induce inhibitory effects are
galectin-9, phosphatidylserine (PtdSer), high-mobility
group protein B1 (HMGB1), and CEACAM-1.! Upon
activation of TIM-3 in normal cells, TIM-3 suppresses
Th1l and Tcl through reduced cytokine production
or decreased proliferation responses to antigens.'¥ In

addition, this effect can be seen on other immune cells.
Regulation of T cells via TIM-3 receptor in cancer is illus-
trated in Figure 1.

In patients with chronic viral infections or cancet, over-
expression of TIM-3 is common. Overexpression of TIM-3
leads to T cell exhaustion, which is the primary mecha-
nism of immune suppression associated with this recep-
tor.l! This phenomenon leads to the gradual loss of T cell
function mostly in chronic viral infections or tumorigene-
sis.>>¢ TIM-3 overexpression can also affect the function
and numbers of other various immune cells.”! High TIM-3
expression correlates with immune suppression in
tumors.!*! Regulation of T cells via TIM-3 receptor in
cancer is illustrated in Figure 1.V
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Figure 1. Regulation of T cells via TIM-3 receptor in cancer. Cytokine expression reduction, cancer exosome, and galectin-9 (Gal-9) binding to
TIM-3 reduces overall T cell activity through an exhaustion phenotype. Increased binding of galectin-9 induces T cell apoptosis. Decreased
interleukin (IL), interferon (IFN), and tumor necrosis factor (TNF) causes reduced antitumor response, allowing for cancer growth, invasion, and

migration. Content based on Liu et al.l”!

TIM-3 has multiple different roles. Expression of TIM-3
may result in exhaustion of CD4+ T cells.®*! Within vari-
ous myeloid cells, TIM-3 was shown to regulate innate
immune responses and inhibitory responses, suggesting its
role is specific to location and type of cell.®! In monocytes
and macrophages, TIM-3 antibodies were observed to
increase activation and also aggravated autoimmune dis-
eases.>* TIM-3 antibodies also inhibited inflammatory
cytokine production in vivo.*!

Targeting of TIM-3 inhibitory receptors in patients
with cancer may be a promising cancer treatment strat-
egy. Administration of TIM-3 monoclonal antibodies
(mAbs) was shown to have proliferative effects in anti-
gen specific T cells, suggesting that expression of TIM-
3 limited tumor infiltrating leukocytes.!*! Higher levels
of TIM-3 expression on these cells correlated with poor
patient survival.[*! However, preclinical mouse models
involving TIM-3 mAbs administration found variable
antitumor effects.!*>! One study found no inhibition
in tumor growth when tested on a CT26 colon adeno-
carcinoma model.*>) When administered in combi-
nation with a PD-1/PD-L1 or a CTLA4 mADb, these
combinations slowed tumor progression and had
much greater antitumor effects.’®! Thus, due to its
selective expression in immune cells and its prelimi-
nary efficacy in preclinical models, TIM-3 is a promis-
ing target as a treatment for cancer. Both monotherapy
and combination regimens are being developed and
are currently under investigation.*!

This clinical review aims to provide a concise com-
pilation of the currently available results of clinical trials
of TIM-3 inhibitors currently in development (Tables 1
and 2). The information in this review was collected
from publicly available abstracts presented at oncology
conferences, published manuscripts, and clinical trials
registered on ClinicalTrials.gov. Search terms on Clinical-
Trials.gov included “TIM-3,” “TIM-3 inhibitors,” and “T
cell immunoglobulin and mucin domain containing
protein 3.” Filters used were “interventional.” With trials
that were completed, additional searches for associated
articles were completed on Google to find published
data if available. This search was performed between
approximately June 1, 2022, and February 1, 2023.

TIM-3 INHIBITORS CURRENTLY IN
CLINICAL DEVELOPMENT WITH
PUBLISHED RESULTS

LY3321367

LY3321367 (Eli Lilly and Co., Indianapolis, IN, USA) is
an anti-TIM-3 mAD, for which two trials have been initi-
ated. The first trial is a phase Ia/b trial to determine the
recommended dose of LY3321367 as monotherapy or in
combination with LY3300054 (anti-PD-L1 inhibitor) in
patients with solid tumors. The most common cancer
treated was non-small-cell lung cancer. In dose escalation,
LY3321367 was given as flat doses every 2 or 3 weeks
starting at 3 mg intravenously (IV). In combination
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with LY3300054, patients received increasing doses of
LY3321367 starting at 70 mg together with 200, 700,
or 1400 mg of LY3300054 in 2- or 3-week intervals.
The recommended phase II dose of LY3321367 mono-
therapy was determined to be 1200 mg biweekly for
four doses followed by 600 mg every 2 weeks. There
were no dose-limiting toxicities in either monotherapy
(n = 30) or combination cohorts (n = 28). Common
adverse events included pruritus, rash, fatigue, anorexia,
and infusion-related reactions. The half-life of LY3321367
as monotherapy was 21 days. Pharmacodynamic and
pharmacokinetic modeling suggested 100% target cell
engagement at doses >600 mg. In the monotherapy dose-
expansion cohort, anti-PD-1/L1 refractory patients (n =
23) were observed to have an overall response rate (ORR)
of 0%, disease control rate (DCR) of 35%, and a progres-
sion-free survival (PFS) of 1.9 months. Previous anti-PD-1/
L1 responders (n = 14) had an ORR 7%, DCR 50%, and
PES 7.3 months. Combination expansion cohorts (1 = 91)
had ORR of 4% and DCR of 42%. LY3321367 was found to
have modest antitumor activity but with favorable safety,
pharmacodynamic, and pharmacokinetic profiles.®!

The second study was a phase 1b trial as monotherapy
or combination with LY3300054 (anti-PD-L1 inhibitor),
for patients with micro-satellite instability-high/deficient
DNA mismatch repair (MSI-H/dMMR) tumors. EFighty-
two patients were enrolled, including monotherapy (n =
40), combination (n = 20), or combination for PD-1/PD-
L1 inhibitor refractory patients (n = 22). Colorectal (n =
39, 47.6%) and endometrial (n = 14, 17.1%) cancers
were the most common tumors enrolled. Adverse events
occurred in 65.0% (n = 13) of combination therapy
patients. The most common adverse event associated
with combination therapy was pruritis (n = 5, 25%).
Combination treatment patients who were PD-1/PD-L1
inhibitor naive saw ORR of 45.0%, DCR of 70.0%.
Median PFS was 7.6 months. In PD-1/PD-L1 inhibitor
resistant cancers, 54.5% of patients had PD as the
best response. In anti-PD-1/L1 inhibitor resistant or
MSI-H/dMMR tumors, limited clinical efficacy was
observed."!

LY3415244

LY3415244 (Eli Lilly and Co, Indianapolis, IN, USA)
is a bispecific antibody targeting TIM-3 and PD-L1.
The trial was intended to find the safety of LY3415244
as a monotherapy, given as IV in flat doses ranging
from 3 to 70 mg IV every 2 weeks. Twelve patients
enrolled, of whom two patients experienced anaphy-
lactic shock as infusion-related adverse events. All
patients developed antidrug antibodies. The antidrug
antibody epitope specificity was determined to be
directed against both the TIM-3 and PD-L1 arms of the
bispecific antibody. The potential benefit:risk ratio was
not ideal with further evaluation, and the study was
terminated early.!'”!

MBG453 (Sabatolimab)

MBG453 (Novartis, Cambridge, MA, USA) is a TIM-3
monoclonal antibody. To date, there have been 16 trials
involving MBG453. The first-in-human study of MBG453
evaluated safety and determined a recommended phase II
dose for future studies. MBG453 was administered as
monotherapy or in combination with spartalizumab (PD1
inhibitor) in patients with advanced solid tumors.
MBG453 was administered 1V, 20 to 1200 mg every 2 or 4
weeks. Spartalizumab was administered IV, 80 to 400 mg
every 2 or 4 weeks. A total of 219 patients enrolled,
including 133 who received monotherapy and 68 who
received the combination. The maximum tolerated dose
was not reached. The most common adverse event was
fatigue (9% MBG453; 15% combination). No objective
responses were observed with the MBG453 monotherapy.
Five patients treated with the combination achieved par-
tial responses, lasting 12 to 27 months, including colorec-
tal cancer (n = 2), non-small-cell lung cancer (n = 1),
perianal melanoma (n = 1), and small-cell lung cancer
(n = 1). The recommended phase 2 dose for MBG453 was
determined to be 800 mg every 4 weeks either as mono-
therapy or in combination with 400 mg spartalizumab
every 4 weeks.!'!1?)

A phase 1b open-label, multicenter, dose-escalation
study evaluated MBG453 in combination with hypome-
thylating agents (HMA) decitabine or azacitidine. Forty-
eight patients with acute myelogenous leukemia (AML),
39 patients with myelodysplastic syndrome (MDS), and
12 patients with chronic myelomonocytic leukemia
(CMML) received MBG453 combined with an HMA.
The doses were 240 or 400 mg MBG453 or 800 mg
MBG453 combined with decitabine (20 mg/m?; IV days
1-5) or azacitidine (75 mg/m?; IV/subcutaneously days
1-7) per 28-day cycle. The median duration of MBG453
exposure was 4.5 months for AML and 4.1 for MDS. The
most common adverse events in patients with AML and
MDS, respectively, were thrombocytopenia (with 45.8%
and 51.2%), neutropenia (with 50.0% and 46.1%),
febrile neutropenia (with 29.2%, 41.0%), anemia (with
27.1% and 28.2%), and pneumonia (with 10.4% and
5.1%). Discontinuation due to adverse events was rare
among patients with AML, with 3 of 48 patients discon-
tinuing (one each) for reasons of fatigue, febrile neutrope-
nia, and possible hemophagocytic lymphohistiocytosis
(HLH). No discontinuation occurred among patients with
MDS. There was one dose-limiting toxicity that occurred
with MBG453 240 mg every 2 weeks + decitabine. The
maximum tolerated dose was not reached with either
combination. Among the 34 evaluated patients with
AML, the ORR was 41.2%. The median time to response
(TTR) was 2.1 months, and the estimated 6-month dura-
tion of response (DOR) rate was 85.1%. The estimated 12-
month PES rate was 44%. Among 35 evaluated patients
with MDS, the ORR was 6.2%, TTR was 2.0 months, 6-
month DOR was 90%, and the estimated 12-month PES
rate was 58.1%. Twelve patients were evaluated with
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CMML, and the ORR was 63.6%. The authors concluded
that the combination of MBG453 with HMA is tolerable
in patients with AML and MDS and showed promising
antileukemic activity and durability.!

A phase II study evaluated MBG453 in combination
with spartalizumab in patients with melanoma and
non-small-cell lung cancer (NSCLC) pretreated with
anti-PD-1/L1 therapy. The trial enrolled 33 patients
including 16 with melanoma and 17 with NSCLC: 18.8%
(n = 3) of patients with melanoma and 41.1% (n = 7) of
patients with NSCLC had stable disease for = 6 months.
Common adverse events were fatigue, nausea, and pruri-
tus. Baseline tumor PD-L1 was higher in patients with SD
versus PD. A trend of an inverse association between
tumor reduction and CD163 tumor expression was
observed. The authors concluded that treatment was tol-
erated well but with limited efficacy in patients with
melanoma or NSCLC.!'¥l

Sym023

Sym023 (Symphogen A/S, Ballerup, Denmark) is a
recombinant, fully human, anti-TIM-3 mAb with two
completed and one currently ongoing clinical trial. The
first of the completed trials was the first-in-human trial
of Sym023. This phase 1, open-label trial investigated
the safety, tolerability, and antitumor activity of
Sym023 as monotherapy in patients with advanced
solid tumor malignancies, metastatic cancers, and lym-
phomas to find the maximum tolerated dose and the
recommended phase 2 dose. Sym023 was administered
IV in escalating doses ranging from 0.03 mg/kg to 20
mg/kg, given every 2 weeks. Twenty-four patients were
enrolled in the trial. Treatment-related adverse events
included anemia (n = 1, 4.2%) and fatigue (n = 1,
4.2%). The observed half-life was in the range of 105.10
hours for the 0.1 mg/kg cohort and 203.7 hours in 20
mg/kg cohorts. Of the 24 patients, none exhibited any
response. !

An ongoing, open-label phase 1b trial has been initiated
to evaluate safety and efficacy of Sym021 (anti-PD1 mAb)
in various combinations in patients with recurrent
advanced selected solid tumors. The trial included three
substudies to evaluate safety, tolerability, and efficacy. Sub-
study 1 enrolled patients with biliary tract carcinoma onto
either a combination of Sym021 (PD-1 mAb) and Sym022
(LAG-3 mAb) (Arm A) or a combination of Sym021 (PD-1
mAb) and Sym023 (Arm B). Sub-study 2 also enrolled
patients with biliary tract carcinoma, who were treated on
a combination regimen of Sym021, Sym023, and irinote-
can. Sub-study 3 evaluated the combination of Sym021,
Symo023, and irinotecan in patients with esophageal squa-
mous cell carcinoma. After an interim analysis, the trial
discontinued further enrollment into Sub-study 1 Arm A
as of August 2021. Enrollment continues to Sub-study 1
Arm B and Sub-study 2.The 24 patients who were adminis-
tered Sym-023 monotherapy experienced no partial
responses with adverse events being primarily immune-

mediated arthritis (n = 1, 4.2%) and fatigue (n = 1, 4.2%).
Seventeen patients were administered the SymO21 and
Sym023 combination therapy. Adverse events included
ALT elevation (n = 1, 5.9%), lymphopenia (n = 1, 5.9%),
fatigue (n = 1, 5.9%), cough (n =1, 5.9%), and rash (n =1,
5.9%). The combinations were all well tolerated. Antitu-
mor activity has not yet been observed.!'¢!”!

TSR-022

TSR-022 (cobolimab; Tesaro, Waltham, MA) is an
mADb against TIM-3. The first-in-human phase 1 study
had two parts, with part one as dose escalation and part
two as expansion. The doses evaluated include the fol-
lowing: (1A) cobolimab monotherapy at seven doses
(six weight-based from 0.03 to 10 mg/kg and one flat
dose of 1200 mg; (1B) cobolimab (1 mg/kg) with nivolu-
mab (3 mg/kg) every 2 weeks; (1C) cobolimab (100,
300, or 900 mg) with dostarlimab (500 mg) every 3
weeks. A total of 104 patients were treated, including 46
patients in 1A, seven patients in 1B, and 5SS patients in
1C. Four patients crossed over from 1A to 1C. The most
common cancers were NSCLC and melanoma in 1A,
NSCLC in 1B, and NSCLC, melanoma, and mesotheli-
oma in 1C. Treatment-related treatment-emergent
adverse effects (TR-TEAE) occurred in 67.4% of patients
in 1A, 85.7% of patients in 1B, and 67.3% of patients in
1C. The most common adverse events were fatigue
(13%) and nausea (8.7%) in 1A; diarrhea (57.1%) and
nausea and vomiting (42.9%) in 1B; fatigue (20%) and
rash (14.5%) in 1C. TR-TEAEs led to discontinuation in
1.1% of patients in 1A, 28.6% of patients in 1B, and
9.0% of patients in 1C. Dose-limiting toxicities occurred
in 3% of patients in 1A, 40% of patients in 1B, and 0%
of patients in 1C. The ORR was 0% in 1A, 42.9% in 1B
(PRs in cervical cancer and NSCLC), and 16.4% in 1C
(PRs in melanoma, neuroendocrine carcinoma, and
mesothelioma). The recommended phase 2 dose was
determined to be cobolimab 300 mg with dostarlimab
500 mg IV every 3 weeks. The terminal half-life of TSR-
022 was 9.5 to 12.3 days for 1C. Part 2 results have not
yet been presented.!'8 1!

DISCUSSION

To date, at least 10 TIM-3 inhibitors have entered clini-
cal trials for patients with solid tumor cancers, as well as
MDS, AML, and CMML. Among the wide variety of
malignancies treated with TIM-3 inhibitors in clinical tri-
als, preliminary evidence of antitumor efficacy has been
observed, including in AML, cervical cancer, NSCLC,
melanoma, neuroendocrine carcinoma, and mesotheli-
oma. Sabatolimab, cobolimab, and LY3321367 have each
shown promising early efficacy. A phase I trial of sabato-
limab with 34 patients with AML demonstrated an ORR
of 41.2%. In the same trial, among 12 evaluable patients
with CMML, an ORR of 63.6% was observed. The phase
1 trial of cobolimab demonstrated an ORR of 42.9%



Review Article 95

among seven patients in the 1B flat dosing combination
cohort with nivolumab and ORR of 16.4% among 55
patients in the 1C RP2D combination cohort with dos-
tarlimab. Early clinical trials of LY3321367 showed an
ORR of 7% as monotherapy among 14 patients who
were previous anti-PD-1/L1 responders, as well as an
ORR of 4% in combination with PD-1 inhibition but an
ORR of 45% among combination treatment patients
who were PD-1/PD-L1 inhibitor naive.

TIM-3 inhibitors that have entered clinical trials to
date have all been administered IV. The pharmacoki-
netic profiles of these agents have varied considerably,
with half-lives as short as 4.37 to 8.49 days for sym023
and as long as 21 days for LY3321367. Accordingly, the
dosing schedules of these agents have also varied but
have usually been IV infusions every 2 to 4 weeks.

In general, TIM-3 inhibitors have been well-tolerated as
monotherapy. Common toxicities have included fatigue,
rash, and nausea, all of which were treatable with supportive
medication and which did not usually require permanent
discontinuation of treatment. Very few dose-limiting toxici-
ties have been reported as monotherapy, including one
patient with grade 3 lipase elevation in the monotherapy
escalation portion of the phase 1 trial of cobolimab. Excel-
lent tolerance as monotherapy suggested that TIM-3 inhibi-
tors may be suitable partners for combination strategies.

Infusion-related reactions (IRRs) have been observed
in multiple TIM-3 inhibitors and have the potential to
disrupt further development of this drug class. On the
clinical trial of LY3415244 (bispecific antibody targeting
TIM-3 and PD-L1), two patients experienced anaphy-
laxis, resulting in early termination of the trial. In
another example, on the clinical trial of LY3321367
(TIM-3 monoclonal antibody), IRRs were less severe, all
grade 1 or 2, resolved with supportive measures, and
did not prevent retreatment of patients. Notably, five of
the six patients who experienced IRRs had been treated
on the PD1 inhibitor combination arms of the trial.

Combination regimens of TIM-3 inhibitors with PD-1
inhibitors have generally been well tolerated to date. In
addition to IRRs described herein, another notable excep-
tion is the combination of cobolimab with nivolumab, in
which two of five treated patients experienced dose-limiting
toxicities, including one patient with grade 3 diarrhea
and one patient with grade 3 aspartate aminotransferase
and alanine aminotransferase elevation. This exception
is especially notable because in contrast, cobolimab was
safely combined with a different PD-1 inhibitor, dostarli-
mab, with no dose-limiting toxicities observed among
55 patients treated with the combination.

CONCLUSION

In summary, TIM-3 inhibitors are a promising class of
drug that has shown early antitumor activity in both
solid tumor cancers and hematological malignancy.
Additional studies are ongoing to further investigate

safety and efficacy in various tumor types, as monother-
apy and in combination with other agents.
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