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ABSTRACT

Currently, the programmed death-1/programmed death
ligand-1 and the cytotoxic T-lymphocyte-associated
protein 4 are the two commonly targeted immune-
checkpoint inhibition pathways. These drugs have
significantly improved the prognosis of many cancer types.
While immune-checkpoint inhibitors have revolutionised
the treatment of many cancer types, the majority of
patients still progress. Several treatment strategies have
been pursued to improve current results. One approach

is to combine two checkpoint inhibitors, currently with
promising results in melanoma, renal cell carcinoma

and a subset of non-small-cell lung cancer patients. The
identification of new checkpoint targets could allow the
field of immuno-oncology to evolve further. We will discuss
one of the most promising immune-checkpoint targets
currently under investigation, the T-cell immunoglobulin
and mucin domain-3.

INTRODUCTION

The immune system is the gatekeeper of
cancer. Under normal circumstances, to
counter tumour growth, effector T cells and
tumour-infiltrating lymphocytes (TILs) repre-
sent the immune response to neoantigens
and the process of immune surveillance.! This
process can be hampered by cancer through
a dynamic process called immunoediting.
This works by taking advantage of the mech-
anisms through which the immune system
limits T-cell activation to regulate responses
against self-proteins, and is mediated by the
expression of immune-checkpoint proteins
on T cells.? Different treatment approaches
may circumvent their effect and, justin recent
years, the field of cancer immunotherapy has
been revolutionised by immune-checkpoint
inhibition.

Currently, the programmed death-1
(PD-1) /programmed death ligand-1 (PD-L1)
and the cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) are the two commonly
targeted immune-checkpoint inhibition path-
ways. Essentially, blocking CTLA-4 removes
inhibitory signals, allowing T cell activa-
tion and an immune response to a tumour
antigen. Likewise, blocking the interaction
between PD-1 and PD-LI reinvigorates the
antitumour T cell response.” These drugs
have significantly improved the prognosis

of many cancer types. For example, 5-year
survival for advanced non-small-cell lung
cancer (NSCLC) has increased from 5% to
16%-25%.>" and for melanoma, from 22%
to 34%-41%.° While immune-checkpoint
inhibitors (ICI) have revolutionised the treat-
ment of many cancer types, the majority of
patients still progress.7

Several treatment strategies have been
pursued to improve current results. One
approach is to combine two ICI, currently
with promising results in melanoma, renal
cell carcinoma and, perhaps, a subset of
NSCLC patients.g_10 Adding ICI to chemo-
therapy is another combination, that is,
gaining momentum, with significant benefit
in small-cell lung cancer and NSCLC,
triple-negative breast cancer and many trials
ongoing.'"™ More recently, adding ICI to
targeted therapy has shown improved survival
in renal cell carcinoma.'® All of these strate-
gies have shown the potential of combining
treatments. The identification of new check-
point targets could allow ICI to evolve further.
We will discuss one of the most promising
immune-checkpoint targets currently under
investigation, the T-cell immunoglobulin and
mucin domain-3 (TIM3).

T-CELL IMMUNOGLOBULIN AND MUCIN DOMAIN-3
TIM3 is part of the TIM gene family which
codes for proteins comprising TIM-1, TIM-3
and TIM-4. They are type-I cell-surface glyco-
proteins composed of signal peptides, extra-
cellular Ig V domains, mucin-like and trans-
membrane domains and have an intracellular
cytoplasmic tail."”

TIM3 can be expressed on both tumour
and immune cells. It is expressed on multiple
immune cells, including type 1 T helper (Thl)
cells, Th17 and CD8+ T cells, TILs, regulatory
T cells (Tregs) and innate immune cells. Thl
cells participate in antitumour cell-mediated
immunity, as do Th17, via proinflammatory
cytokines. On the other hand, CD8+ are cyto-
toxic T lymphocytes that bind their target
antigen to destroy potential threats. TIM3
contributes to immune tolerance. During
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Figure 1 Role of Tim3. The interaction between Tim3 on
an effector T cell and galectin-9 on a tumour cell inhibits the
immune response by inducing apoptosis in the T cell. Tim3
is also upregulated on Treg, which in turn inhibit effector T
cell function. Blocking Tim3 with a mAb thus enhances T
cell proliferation and immune function. L1/L2, ligand 1/2;
mAb, monoclonal antibody; PD, programmed death; TIL,
tumour-infiltrating lymphocyte; Tim3, T-cell immunoglobulin
and mucin domain-3; Treg, regulatory T cell.

chronic infections, TIM3 is upregulated in CD8+ cells
and in the presence of cancer, specifically in CD8+ TILs.'®
TIM3 overexpression in CD4+ T cells can also be a sign
of more aggressive or advanced disease. Similarly, it is
often overexpressed on cancer cells and associated with
an aggressive clinical course and poor survival."?

Unlike other currently known immune checkpoints,
after T-cell activation, the upregulation of TIM3 is specific
only to IFN-y producing T-cells: CD4+ and CD8+ cells.

Once TIM3 binds to its ligand, galectin-9, it inhibits
the cell-mediated immune response by triggering cell
death in TIM3-expressing T cells.® As such, TIM3 overex-
pressing CD4+ and CD8+ T cells respond less to antigenic
stimulation. TIM3 plays a role in T-cell exhaustion during
chronic immune stimulation, such as in cancer. This
phenomenon is characterised by the loss of T-cell effector
functions, expression of multiple inhibitory receptors
and an altered transcriptional programme.19 It has also
been observed that in TILs, TIM3 is overexpressed in
CD4+ and CD8+ T cells, while, in the same population,
peripheral T-cells show minimal TIM3 expression.]g More-
over, blocking the TIM3 pathway can enhance tumour
antigen-specific T cell proliferation and their ability to
produce proinflammatory cytokines.'” *' Finally, TIM3
blockade inhibits Treg function and myeloid-derived
suppressor cell function, contributing to an improved
immune response.19 Thus, TIM3 can regulate both innate
and adaptive immune responses (figure 1).

As PD-1 overexpression is another marker of T cell
exhaustion, the dual blockade of these two pathways
(PD-1/PD-L1 and TIM3) may be synergistic and more
effective in restoring the T-cell proliferation and cyto-
kine production.]8 It is interesting to note that in early
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tumour development, most TILs do not express PD-1
and TIM3, while in more advanced stages, both proteins
are frequently expressed.” In preclinical mouse studies
of solid tumours, CD8+ TILs coexpressing TIM3 and
PD-1 exhibit profound defects in T cell effector func-
tion. Targeting PD-1 or TIM3 allows the restoration of
immune function in these cells, but the greatest impact
on controlling tumour growth appears when both targets
are treated simultaneously."® In another murine model,
this time of NSCLC, TIM3 was upregulated in the case
of progression after an initial response to anti-PD-1 ICIL.
The addition of a TIM3 monoclonal antibody (mAb)
conveyed a survival advantage. Thus, in addition to being
a marker of immune exhaustion, TIM3 could be a targ-
etable biomarker associated with adaptive resistance to
PD-1 inhibition.*

Anti-TIM3 agents under development

The inhibition of TIM3 by mAbs is being investigated
as single blockade, with combination strategies or with
bispecific mAbs. From a biological point a view, it is a very
promising target, justifying the 10 ongoing phase I trials
(table 1).

Combination therapies include immuno-oncology
(I0)-chemotherapy and 1I0-10 approaches. IO-chemo-
therapy is a rapidly growing field based on the hypothesis
that cytotoxic chemotherapy may enhance the tumour
immunogenicity.'"™"> While it increases response rates
and survival, there is room for improvement. The combi-
nation of PD-1 and CTLA-4 mAbs has earned its role in
advanced renal cancer and melanoma® and has been
shown to increase progression-free survival in a subset of
NSCLC patients,® although it is associated with a signifi-
cant increase in immune-related side effects. The biolog-
ical rationale of combined immune regulatory pathway
inhibition is to reverse T cell exhaustion and achieve an
additive or synergistic effect and eventually a stronger
immune response towards cancer antigens. Further
IO-IO combinations are under development, among
which the addition of a TIM3 inhibitor to a PD-1 inhibitor.
TIM3 is upregulated on PD-1 antibody (Ab)-bound TILs
in mice with lung cancers that initially responded to PD-1
blockade, then progressed. The addition of an anti-TIM3
Ab conveyed a clinical and radiological advantage,
doubling survival time. Biologically, it led to an increase in
IFN-y production and T cell proliferation, thus reversing
cell exhaustion.*® In animal models, a synergistic effect of
these checkpoint inhibitors in reducing tumour cells has
been reported.'® One ongoing trial combines dual check-
point inhibition with chemotherapy, aiming to reap the
benefits of both therapeutic strategies (table 1).

With a similar rationale, a different approach entails the
creation of bispecific Abs that can simultaneously target
two oncogenic antigens or epitopes, a strategy with prom-
ising efficacy and safety preliminary results. Like single-
target Abs, they can enhance antitumour effects of the
immune system by eliciting the non-major histocompat-
ibility complex-dependent effector T-cell activity.”> They
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include two major categories. The first comprises those
with a Fc region, with an IgG-like format, with Fc-medi-
ated effector functions. It relies on cytotoxic mechanisms
resulting from the interaction between the Fc portion of
the Ab and the Fc receptors or complement factor Clgq.
This is achieved through Fc-mediated effector functions
including antibody-dependent cell-mediated cytotoxicity
(ADCC) and antibody-dependent cell-mediated phagocy-
tosis (ADCP), and complement-dependent cytotoxicity.
As a reminder, ADCC involves an effector cell targeting
a tumour cell bound to an antibody. ADCP is a process
by which phagocytic effector cells such as macrophages
internalise and degrade target cells marked by an Ab. In
complement-dependent cytotoxicity, the IgG-like anti-
body binds the tumour antigen, forming a membrane
attack complex, resulting in tumour lysis.

The second category of bispecific Abs lacks a Fc region
and relies exclusively on the binding of the Ab to the cancer
antigen to exert its effect, altering biological responses
and possibly triggering apoptosis.”® *” Biologically, these
bispecific Abs can be further divided into three catego-
ries: cytotoxic effector T-cell redirectors, tumour-tar-
geted immunomodulators and dual immunomodulators.
The former engages T-associated antigens and the T-cell
receptor/CD3 complex, directing the T-cell cytotoxicity at
tumour cells. However, CD3 can recruit T-cells indiscrimi-
nately, thus increasing the risk of immune-related adverse
events.” Tumour-targeted immunomodulators bind a
tumour-associated antigen and an immunomodulating
receptor and are activated by the binding of the antigen,
thus allowing for a tumour-specific T-cell response with
lower risk of immune-related adverse events. Finally,
dual immunomodulators target two immunomodulating
proteins resulting in the blockade of inhibitory check-
point pathways, counteracting tumours’ immunosuppres-
sive mechanisms.”® The latter category comprises the two
PD-1/TIM3 bispecific Abs currently under investigation
in phase I trials (table 1). The possible advantages of
bispecific Abs are a lower toxicity and a decreased risk of
escape signalling, by simultaneously binding and inhib-
iting both targeted pathways.

The only data currently available are a preliminary anal-
ysis from the phase I Amber trial. It includes an anti-TIM3
Ab, TSR-022, alone and in combination with an anti-
PD-1 Ab. At the time of analysis, data were presented
for 39 NSCLC patients who had progressed following
initial anti-PD-1 treatment. They were given TSR-042 at
a fixed dose of 500 mg and TSR-022 at either 100 mg (14
patients) or 300 mg (25 patients), every 3 weeks. Among
11 evaluable patients at the 100 mg dose, 1 had partial
response (PR), 3 stable disease (SD), while in the 300 mg
cohort, among 20 evaluable patients, 3 had PR and 8 SD.
All responses were in PD-L1-positive patients. Analysing
only the 12 PD-Ll-positive patients, 4 had PR and 6 SD.
Further analysis is underway with a 900 mg dose expan-
sion cohort, as pharmacokinetic analysis showed that 300
mg are not enough to maintain the maximal pharmaco-
dynamics effect. The current dosage appears to have a

well-tolerated safety profile. Thus, in spite of low response
rates, disease control rates are promlslng, at 55% overall
and 83% in the PD-LI-positive subgroup.”

CONCLUSIONS

TIM3 inhibition represents an intriguing target on a
pathophysiological level, as a single target or in combi-
nation with PD-1 blockade. As stated, the preclinical data
support the use of combined TIM3 and PD-1 blockade,
as the phenotype of exhausted T cells in cancer expresses
both markers and there appears to be a synergistic effect
in immune restoration.'® ® Based on these data, we
believe the potential role of TIM3 inhibition is most likely
with concomitant PD-1 blockade, as initial treatment or
as salvage therapy after anti-PD-1 failure. The preliminary
results from the Amber trial suggest that PD-L1 expres-
sion (>1%) may be a predictive biomarker for combined
blockade, but this requires confirmation.*

Data currently available are insufficient to hypothesise
about the future of this target and results from the listed
trials (table 1) are eagerly awaited. If these treatments
prove to be successful with a good safety profile, TIM3
inhibition could further shape the landscape of lung
cancer treatment.

Contributors All authors contributed equally to this mini-review.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and any changes made are indicated. See: https://creativecommons.org/licenses/
by/4.0/.

REFERENCES
Swann JB, Smyth MJ. Immune surveillance of tumors. J Clin Invest
2007;117:1137-46.

2. Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer 2012;12:252-64.

3. Novello S, Milella M, Tiseo M, et al. Maintenance therapy in NSCLC:
why? to whom? Which agent? J Exp Clin Cancer Res 2011;30.

4. Brahmer JHL, Jackman DM. Five-year follow-up from the CA209-003
study of nivolumab in previously treated advanced non-small cell
lung cancer: clinical characteristics of long-term survivors. American
Association for Cancer Research Annual Meeting, Washington, DC,
2017.

5. Banna GL, Passiglia F, Colonese F, et al. Immune-checkpoint
inhibitors in non-small cell lung cancer: a tool to improve patients'
selection. Crit Rev Oncol Hematol 2018;129:27-39.

6. Hamid O, Hersey P, Wolchok JD, et al. Five-year survival outcomes
for patients with advanced melanoma treated with pembrolizumab in
KEYNOTE-001, 2019.

7. Addeo A, Banna GL. Pros: should immunotherapy be incorporated in
the treatment of oncogene-driven lung cancer? Trans/ Lung Cancer
Res 2018;7(Suppl 3):S287-S289.

8. Hellmann MD, Ciuleanu T-E, Pluzanski A, et al. Nivolumab plus
ipilimumab in lung cancer with a high tumor mutational burden. N
Engl J Med 2018;378:2093-104.

9. Borghaei H, Hellmann MD, Paz-Ares LG, et al. Nivolumab (Nivo) +
platinum-doublet chemotherapy (chemo) vs chemo as first-line (1L)

4

Friedlaender A, et al. ESMO Open 2019;4:€000497. doi:10.1136/esmoopen-2019-000497


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1172/JCI31405
http://dx.doi.org/10.1038/nrc3239
http://dx.doi.org/10.1016/j.critrevonc.2018.06.016
http://dx.doi.org/10.21037/tlcr.2018.07.09
http://dx.doi.org/10.21037/tlcr.2018.07.09
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1056/NEJMoa1801946

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

treatment (tx) for advanced non-small cell lung cancer (NSCLC) with.
Journal of Clinical Oncology 2018;36.

Motzer RJ, Tannir NM, McDermott DF, et al. Nivolumab plus
ipilimumab versus sunitinib in advanced renal-cell carcinoma. N Engl/
J Med 2018;378:1277-90.

Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung cancer. N Engl J
Med 2018;378:2078-92.

Paz-Ares LG, Luft A, Tafreshi A, et al. Phase 3 study of carboplatin-
paclitaxel/nab-paclitaxel (chemo) with or without pembrolizumab
(Pembro) for patients (PTS) with metastatic squamous (SQ) non-small
cell lung cancer (NSCLC). Journal of Clinical Oncology 2018;36(15_
suppl):105.

Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab for first-

line treatment of metastatic Nonsquamous NSCLC. N Engl J Med
2018;378:2288-301.

Schmid P, Adams S, Rugo HS, et al. Atezolizumab and nab-
paclitaxel in advanced triple-negative breast cancer. N Engl J Med
2018;379:2108-21.

Horn L, Mansfield AS, Szczgsna A, et al. First-line Atezolizumab plus
chemotherapy in extensive-stage small-cell lung cancer. N Engl J
Med 2018;379:2220-9.

Rini BI, Plimack ER, Stus V, et al. Pembrolizumab plus axitinib versus
sunitinib for advanced renal-cell carcinoma. N Engl J Med Overseas
Ed 2019;380:1116-27.

Monney L, Sabatos CA, Gaglia JL, et al. Th1-specific cell surface
protein Tim-3 regulates macrophage activation and severity of an
autoimmune disease. Nature 2002;415:536-41.

Sakuishi K, Apetoh L, Sullivan JM, et al. Targeting Tim-3 and PD-1
pathways to reverse T cell exhaustion and restore anti-tumor
immunity. J Exp Med 2010;207:2187-94.

Gao X, Zhu Y, Li G, et al. Tim-3 expression characterizes regulatory T
cells in tumor tissues and is associated with lung cancer progression.
PLoS One 2012;7:e30676.

20.

21.

22.

283.

24.

25.

26.

27.

28.

29.

Sabatos CA, Chakravarti S, Cha E, et al. Interaction of Tim-3 and
Tim-3 ligand regulates T helper type 1 responses and induction of
peripheral tolerance. Nat Immunol 2003;4:1102-10.

Jones RB, Ndhlovu LC, Barbour JD, et al. Tim-3 expression

defines a novel population of dysfunctional T cells with highly
elevated frequencies in progressive HIV-1 infection. J Exp Med
2008;205:2763-79.

Ngiow SF, von Scheidt B, Akiba H, et al. Anti-TIM3 Antibody
Promotes T Cell IFN- -Mediated Antitumor Immunity

and Suppresses Established Tumors. Cancer Research
2011;71:3540-51.

Koyama S, Akbay EA, Li YY, et al. Adaptive resistance to therapeutic
PD-1 blockade is associated with upregulation of alternative immune
checkpoints. Nat Commun 2016;7.

Chae YK, Arya A, lams W, et al. Current landscape and future of dual
anti-CTLA4 and PD-1/PD-L1 blockade immunotherapy in cancer;
lessons learned from clinical trials with melanoma and non-small cell
lung cancer (NSCLC). J Immunother Cancer 2018;6.

Spiess C, Zhai Q, Carter PJ. Alternative molecular formats and
therapeutic applications for bispecific antibodies. Mol Immunol
2015;67:95-106.

Kontermann RE, Brinkmann U. Bispecific antibodies. Drug Discov
Today 2015;20:838-47.

Yu S, Li A, Liu Q, et al. Recent advances of bispecific antibodies in
solid tumors. J Hematol Oncol 2017;10.

Dahlén E, Veitonméki N, Norlén P. Bispecific antibodies in cancer
immunotherapy. Ther Adv Vaccines Immunother 2018;6:3-17.

Davar D, Boasberg PD, Eroglu Z, et al. A phase 1 study of TSR-022,
an anti-TIM-3 monoclonal antibody, in combination with TSR-

042 (anti-PD-1) in patients with colorectal cancer and post-PD-1
NSCLC and melanoma. SITC 2018 Annual Conference Proceedings,
2018:21.

Friedlaender A, et al. ESMO Open 2019;4:€000497. doi:10.1136/esmoopen-2019-000497


http://dx.doi.org/10.1056/NEJMoa1712126
http://dx.doi.org/10.1056/NEJMoa1712126
http://dx.doi.org/10.1056/NEJMoa1801005
http://dx.doi.org/10.1056/NEJMoa1801005
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.105
http://dx.doi.org/10.1056/NEJMoa1716948
http://dx.doi.org/10.1056/NEJMoa1809615
http://dx.doi.org/10.1056/NEJMoa1809064
http://dx.doi.org/10.1056/NEJMoa1809064
http://dx.doi.org/10.1056/NEJMoa1816714
http://dx.doi.org/10.1056/NEJMoa1816714
http://dx.doi.org/10.1038/415536a
http://dx.doi.org/10.1084/jem.20100643
http://dx.doi.org/10.1371/journal.pone.0030676
http://dx.doi.org/10.1038/ni988
http://dx.doi.org/10.1084/jem.20081398
http://dx.doi.org/10.1158/0008-5472.CAN-11-0096
http://dx.doi.org/10.1038/ncomms10501
http://dx.doi.org/10.1186/s40425-018-0349-3
http://dx.doi.org/10.1016/j.molimm.2015.01.003
http://dx.doi.org/10.1016/j.drudis.2015.02.008
http://dx.doi.org/10.1016/j.drudis.2015.02.008
http://dx.doi.org/10.1186/s13045-017-0522-z
http://dx.doi.org/10.1177/2515135518763280

	﻿﻿New emerging targets in cancer immunotherapy: the role of TIM3
	Abstract
	Introduction
	T-cell immunoglobulin and mucin domain-3
	Anti-TIM3 agents under development

	Conclusions
	References


