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Abstract: Harnessing the immune system with immune-checkpoint(s) blockade (ICB) has dramatically changed the treatment
landscape of advanced melanoma patients in the last decade. Indeed, durable clinical responses and long-term survival can be
achieved with anti-Cytotoxic T-Lymphocyte Antigen-4 (CTLA-4) and anti-Programmed cell Death-1 (PD-1) monoclonal antibodies
(mAD) either alone or in combination. Despite these unprecedented results, due to intrinsic or acquired resistance to ICB-based
immunotherapy, about half of metastatic melanoma (MM) patients neither respond to therapy nor experience durable clinical benefit or
long-term survival. To improve the efficacy of ICB therapy among a larger proportion of MM patients, in addition to the targeting of
immune-checkpoint(s) inhibitors (ICI) such as CTLA-4 or PD-1, several co-stimulatory molecules, such as Inducible T-cell
COStimulator (ICOS), CD137 and OX40, have been investigated in MM, with initial signs of activity. Thus, a number of MM
patients have been exposed to co-inhibitory and co-stimulatory mAb in the course of their disease. Being aware of the clinical outcome
of such patients may pave the way to novel and more effective clinical approaches and therapeutic sequences for MM patients. Here
we report a paradigmatic clinical case of a cutaneous MM patient who achieved multiple and durable complete responses, leading to an
extraordinary long-term survival with sequential ICB therapies, suggesting the possibility to build a highly effective continuum of care
with co-inhibitory and co-stimulatory therapeutic mAb.
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Background

Immune check-point blockade (ICB) with monoclonal antibodies (mAb) to co-inhibitory Cytotoxic T-Lymphocyte
Antigen-4 (CTLA-4) or Programmed cell Death-1 (PD-1) and their combination is the mainstay in the treatment
landscape of metastatic melanoma (MM) patients.' © The initial efficacy of the anti-CTLA-4 ipilimumab in
a relatively small percentage of MM patients was rapidly improved by targeting the PD-1/PD-L1 pathway, leading to
higher objective response rates and better survival.' ® Furthermore, combined therapy with anti-CTLA-4 and -PD-1 mAb
led to an impressive 56% melanoma specific survival at 6.5 years.’

Despite these unprecedented results, primary or acquired resistance can limit the efficacy of these co-inhibitory mAb
in a sizeable proportion of MM patients, and the identification of new therapeutic ICB mAb is among the most critical
needs in this still deadly disease.® Along this line, upcoming evidence has shown that mAb targeting co-stimulatory
molecules such as Inducible T-cell COStimulator (ICOS), CD137 and OX40, may have great therapeutic potential in
MM; however, their clinical application remains limited to clinical trials, and will undoubtedly grow in the near future.
Co-stimulatory receptors such as CD28 are constitutively expressed on T lymphocytes while others, including 4-1BB,

0X40, and ICOS, are induced by antigen priming.’ "'
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Among co-stimulatory molecules, ICOS has recently raised great interest due to its potential synergistic activity when
combined with ICL.'*'* The ICOS agonist mAb, vopratelimab, has been investigated in combination with anti-PD-1 and
anti-CTLA-4 mAb in the Phase I ICONIC trial (NCT02904226).'*'® Furthermore, the first-in-human INDUCE-1 study
(NCT02723955) explored the combination of the ICOS agonist mAb feladilimab with anti-PD-1, anti-TIM-3 mAb or
chemotherapy, in patients with advanced solid tumors.'”'® However, in spite of the initial results showing safety,
tolerability, and clinical activity of ICOS agonists in heavily pretreated patients, more mature data failed to confirm
their efficacy; thus, their therapeutic potential is being investigated further.'

Concerning CD137, the agonist mAb urelumab also showed initial encouraging signs of activity in two phase I/I
clinical trials in metastatic solid tumors, including MM patients.”* However, clinical development of urelumab was
prematurely discontinued due to drug-related hepatotoxic deaths; nevertheless, subsequent analyses demonstrated that
urelumab at 0.1 mg/kg every 3 weeks had an acceptable safety profile.”” An additional CD137 agonist utomilumab,
showed a good safety profile as single agent in a phase I clinical trial.>' Moreover, the safety and clinical activity of
utomilumab, administered at 5 different doses (ranging from 0.45 to 5.0 mg/kg) every 3 weeks in combination with
pembrolizumab (2mgs), was confirmed in a phase Ib clinical trial in different tumor histotypes, including MM.*>

Though initial and partially limited by their safety profiles, the specific mechanism(s) of action of co-stimulatory ICB
mAb seems to hold significant therapeutic potential; however, a proper balancing of co-stimulatory and co-inhibiting
strategies can be mandatory for a more rational development strategy of ICB therapy. Along this line, we here report the
clinical case of an MM patient achieving multiple complete responses after sequential therapy with co-inhibitory and co-
stimulatory mAb.

Case Presentation

This clinical case illustrates the long-term benefit achieved by a stage IV cutaneous melanoma patient who received
sequential immunotherapies with co-stimulatory and co-inhibitory mAb, leading to multiple and durable complete
responses and to a very long-term survival.

In December 2004, a 72-year-old female was diagnosed with a stage IIIC (pT2bN3), BRAF V600E mutant,
cutaneous melanoma of the left thigh, and was treated with a wide local excision and a left inguinal-iliac-
obturator lymph node dissection, after a positive sentinel node biopsy. She entered a follow-up program that was
negative until September 2007, when a restaging computed tomography (CT) scan identified disease recurrence at
the left popliteal and iliac metastatic lymph nodes, with normal Lactate Dehydrogenase levels. In October 2007,
the patient was evaluated at our Center for Immuno-Oncology at the University Hospital of Siena, Italy, for
enrollment in a randomized, double-blind, Phase III trial (BMS CA184024), comparing ipilimumab 10 mgs i.v.
combined with dacarbazine (DTIC) 850 mg/mq i.v. versus DTIC alone, in untreated MM patients. Due to
evidence of autoimmune thyroiditis, the patient did not meet the study protocol eligibility criteria and received
DTIC 800 mg/mq i.v. every 3 weeks in combination with Thymosin-a (4 cycles), within an Expanded Access
Program (EAP).

In April 2008, due to evidence of progressive disease (PD) of the pre-existing metastatic lesions, the patient was
enrolled in the randomized, open-label, Phase II, BMS CA186-006 (NCT00612664) clinical trial and received the CD137
agonist mAb, urelumab, at 1 mg/kg i.v. every 3 weeks (10 cycles) until November 2008, without treatment-related side
effects. Nevertheless, treatment had to be discontinued for the premature study closure due to two fatal cases of drug-
related hepatic toxicity. Despite early treatment discontinuation, the patient achieved complete response (CR) in
May 2009, 6 months after the last dose of urelumab, as shown by a CT scan (Figure 1). Importantly, she remained in
CR for more than 4 years.

In December 2013, a control ['®F] fluorodeoxy-glucose positron emission tomography (FDG-PET) scan revealed
a right inguinal metastatic lymph node and a left thigh subcutaneous metastatic lesion; thus, the patient received standard
third-line therapy with ipilimumab (3 mgs) i.v. every 3 weeks (4 doses). Therapy was well tolerated, except for
a treatment-related (TR)-grade (G) 2 skin toxicity and TRG2 diarrhea, treated with symptomatic therapy and low dose
steroids (ie, prednisone 25 mg/die) for 3 weeks, slowly tapered with rapid improvement of side effects. Tumor
assessment (TA) performed by FDG-PET scan at week 12 showed a mixed response consisting of a partial regression
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Figure | Objective response after CD 137 agonist treatment. A baseline CT scan (A and B) detected left external iliac (A; white star) and popliteal metastatic lymph nodes
(B; white arrow), which completely disappeared (C, black star; D, black arrow) after 6 months from the last dose of therapy.

Figure 2 Mixed response after third line-therapy with ipilimumab. A baseline FDG-PET scan revealed progression of disease (A; black arrows), with evidence of a right
inguinal lymph node (B; white star) and a left thigh subcutaneous lesion (C; white arrow). Tumor assessment performed at week 12 with FDG-PET scan showed a mixed
response (D; black arrows), due to the regression of nodal disease (E; grey star) and the worsening of subcutaneous lesion (F; grey arrow).

of the right inguinal node and a progression of the left thigh subcutaneous lesion. Thus, the patient had achieved stable
disease (SD) as per immune-related Response Criteria (irRC) and PD as per Response Evaluation Criteria in Solid
Tumors (RECIST) v. 1.1 (Figure 2). However, the subsequent TA at week 24, confirmed PD according to RECIST v. 1.1
and irRC criteria (data not shown).

Based on the confirmed PD, in October 2014 the patient received fourth-line therapy with the anti-PD-1 pembroli-
zumab (2 mgs) i.v. every 3 weeks within an EAP, achieving a new CR at week 24 of therapy (Figure 3). Treatment was
well tolerated with evidence of TRG1 arthralgia and TRGI fatigue after the 4th cycle and TRG1 diarrhea after the 10th
cycle, which resolved with symptomatic therapy.

In August 2017, due to the durable CR and to the patient’s desire, treatment with pembrolizumab was permanently
discontinued. The last FDG-PET scan performed in December 2022 confirmed CR lasting 91+ months.
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Figure 3 Complete metabolic response after fourth-line therapy with pembrolizumab. A baseline FDG-PET scan showed a left thigh subcutaneous lesion (A and B; black
arrows), completely disappeared at week 24 (C and D; grey arrows).

Discussion and Conclusions

Understanding the immune mechanisms controlling T-cell immunity has impressively grown over the past two decades,
particularly in the field of co-stimulation and co-inhibition that can be therapeutically tilted to enhance immune responses
against cancer cells. Thus, despite decades of failures and scepticism about cancer immunotherapy, ICI treatment with
anti-CTLA-4 and -PD-1 has proven to be a valuable therapeutic strategy first in melanoma, and subsequently in other
tumor types. These unprecedented clinical results are paving the way to the development of additional mAb to different
co-inhibitory and co-stimulatory immune molecules. Thus, further exploring novel combinations and sequences of mAb
to different ICB is a crucial issue to fully exploit their clinical potential; in this context, even single case experiences may
help.

The patient we described here experienced a 4-year CR with urelumab against the co-stimulatory CD137 and, at
disease recurrence, a new 7-year ongoing CR with pembrolizumab against the co-inhibitory PD-1. The message
derived from this case report suggests that ICB targeting of co-inhibitory and co-stimulatory immune molecules can
separately lead to very long disease-free survival, even in the presence of disease recurrence. Whether treatment with the
co-stimulatory CD137 first, followed by the co-inhibitory PD-1 has facilitated the very positive outcome of this patient
remains to be defined. However, though speculative, an intriguing hypothesis is that an effective anti-tumor immune
priming induced by urelumab first followed by ipilimumab, may have facilitated the subsequent effector activity of
pembrolizumab.** Consistent with this notion, CTLA-4 blockade has been postulated to lead to a more favorable tumor
milieu through the increase of tumor-infiltrating lymphocytes and interferon-y-inducible genes that promoted the efficacy
of concurrent or sequential anti-PD-1 therapy.?**> Furthermore, co-targeting of CD137 and CTLA-4 increased the
intratumoral CD8/Treg ratio and generated a significantly higher CD4 T-effector/T-reg ratio compared to either molecule
alone, in the poorly immunogenic B16 melanoma model.*?

Overall, the long-lasting complete responses we observed in this MM patient seem to indicate that the prospective
clinical availability of a large array of therapeutic mAb to ICB, with different immune function, may generate extremely
long-term survivals, even in elderly patients, and without impairment of their quality of life.
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