OncoTargets and Therapy Dove

Successful Targeting of CTLA-4 in a2 Melanoma
Clinical Case: A Long-Term “One Stop Therapeutic
Shop”

Maura Colucci ', Vincenzo D’Alonzo ', Federica Santangelo', Clelia Miraccoz, Monica Valente3,
Michele Maio"3’4, Anna Maria Di Giacomo'>"*

'University of Siena, Siena, Italy; 2Department of Pathology, University of Siena, Siena, Italy; 3Center for Immuno-Oncology, Medical Oncology and
Immunotherapy, Department of Oncology, University Hospital, Siena, Italy; “NIBIT Foundation Onlus, Genoa, Italy

Correspondence: Anna Maria Di Giacomo, Center for Immuno-Oncology, Medical Oncology and Immunotherapy, Department of Oncology,
University Hospital of Siena, Viale Bracci, 14, Siena, 53100, Italy, Email annamaria.digiacomo@unisi.it

Abstract: The anti-Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) monoclonal antibody ipilimumab was the first in-class immune-
checkpoint inhibitor (ICI) approved for the treatment of melanoma patients. Initially approved for metastatic cutaneous melanoma,
treatment with ipilimumab subsequently demonstrated to significantly improve recurrence free survival (RFS) in fully resected, high-
risk, stage III melanoma patients. Therapeutic use of ipilimumab has also allowed the initial identification and characterization of
unconventional clinical and radiological patterns of response (ie, tumor flare, pseudo-progression) that may occur during ICI therapy,
unlike chemotherapy or targeted therapy. As a result, the standard Response Evaluation Criteria In Solid Tumors (RECIST) and the
World Health Organization (WHO) criteria conventionally utilized to assess responses to chemo/targeted therapy have been initially
replaced by the immune-related (ir) Response Criteria (irRC) and then by the irRECIST, that encompass all patterns of response
typical of ICI therapy, being key for the optimal comprehensive management of treated patients. Here, we report a paradigmatic
clinical case of a long-term survival in a stage III melanoma patient, experiencing tumor flares during adjuvant treatment with
ipilimumab, and an untreated disease relapse several years after ending therapy.
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Background

The inhibitory receptor Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) is a key regulator of T-cell homeostasis and
self-tolerance; blocking the interaction between CTLA-4 and its ligands, CD80/CD86, unleashes a strong anti-
tumor immune response.' Based on pre-clinical evidence and on encouraging results from Phase I/II studies, the
randomized Phase III MDX-010 trial firstly demonstrated a significant improvement in the overall survival (OS)
of metastatic melanoma patients treated with the anti-CTLA-4 monoclonal antibody (mAb) ipilimumab at 3 mg/
kg.? Likewise, the randomized phase III CA 184-024 study combining ipilimumab at 10 mg/kg with dacarbazine,
demonstrated a significant improvement in OS in advanced melanoma patients compared to dacarbazine alone.’
Importantly, a 10-year pooled analysis of clinical trials with ipilimumab in metastatic melanoma showed a long-
term survival in about 20% of treated patients, demonstrating that a long-lasting immunologic disease control in
metastatic tumors could be achieved.*

Bringing immunotherapy to early stage disease, the randomized, double-blind, CA 184—029/European
Organization for Research and Treatment of Cancer EORTC 18071 phase III trial, showed an improved recur-
rence-free survival (RFS) in the ipilimumab arm compared to the placebo arm (HR 0.75; 95% CI 0.64-0.90;
p=0.013) in resected high-risk stage III melanoma patients.>® The activity of ipilimumab on RFS was confirmed
at a median follow-up of 5.3 years (HR, 0.76; 95% CI, 0.64—0.89; p<0.001), demonstrating also an improved
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distant metastasis-free survival (DMFS) (HR, 0.76; 95% CI, 0.64-0.90; p=0.002), and a prolonged OS in the
ipilimumab arm (HR, 0.72; 95.1% CI, 0.58-0.88; p=0.001).”

Further supporting the efficacy of immune-checkpoint inhibitor (ICI) therapy in melanoma, blockade of the
interaction between programmed cell death (PD)-1 and its ligand PD-L1 by therapeutic mAb, demonstrated
a higher antitumor activity compared to ipilimumab. Indeed, the anti-PD-1 nivolumab and pembrolizumab
significantly improved the OS of treatment-naive metastatic melanoma patients, reaching a 5-year survival rate
of about 40%.>'° Moreover, the randomized, double-blind, phase III KEYNOTE-054/ EORTC1325 trial, eval-
uating pembrolizumab administered every 3 weeks for 1 year as adjuvant treatment of patients with resected,
high-risk, stage III melanoma, demonstrated a significantly longer RFS than placebo (HR, 0.57; 98.4% CI, 0.43—
0.74; p<0.0001);11 these findings were confirmed at 3.5-year median follow-up (HR, 0.59; 95% CI, 0.49-0.70;
p<0.0001), and an improved DMFS (HR, 0.60; 95% CI, 0.49-0.73; p<0.0001) was also reported.'> Consistently,
the randomized, double-blind, Phase III, CA209-238 trial explored the efficacy of nivolumab (3 mg/kg) or
ipilimumab (10 mg/kg) administered for 1 year, as adjuvant therapy in fully resected stage III/IV melanoma
patients. Treatment with nivolumab resulted in a significantly longer RFS (HR, 0.72; 95% CI, 0.60—0.86) and
DMFS (HR, 0.79; 95% CI, 0.63-0.99) than ipilimumab, with a more favorable safety profile.'*'*

Longer-term follow-up in fully resected, high risk, stage III/TV melanoma will further assess the impact of ICI therapy
in earlier stages of disease and on the induction of an efficient and long-lasting anti-tumor activity. In this scenario, we
report a clinical case of an over decennial clinical success after ipilimumab monotherapy for a stage III melanoma
patient, despite a delayed and untreated recurrence of disease.

Case Presentation
This clinical case illustrates an ipilimumab-induced long-term survival in a stage III melanoma patient, experien-
cing a medically untreated disease relapse several years after completion of adjuvant therapy.

In November 2009, a 58-years-old female was diagnosed with stage IIIC cutaneous melanoma and was enrolled in the
phase III randomized CA 184-029/EORTC 18071 clinical trial, receiving adjuvant ipilimumab (10 mg/kg) i.v. every 3
weeks for 4 cycles in the induction phase, and then every 12 weeks for up to 3 years in the maintenance phase.® At the
end of the induction phase (W12), tumour assessment with computed tomography (CT) scan and Fluorodeoxyglucose
(FDG)-Positron Emission Tomography (PET) identified enlarged, FDG-positive, bilateral cervical lymph nodes and left
palatine tonsil (Figure 1A and B). A fine needle biopsy of the palatine tonsil excluded the presence of neoplastic cell. The
subsequent tumour assessment (W24) with CT scan and FDG-PET was negative; thus, this episode was classified as
“tumor flare” and adjuvant treatment was resumed according to the study procedures. Maintenance phase started per
protocol on August 2010.

On May 2011, the W60 follow-up CT scan revealed a single lung nodule (37.9 x 34 mm) with radiologic features
suggestive for an inflammatory lesion (Figure 2A). Though in the absence of clinical and laboratory signs of infection (ie,
normal body temperature, C-reactive protein level and white blood cell count in the normal ranges) that would suggest
for a “conventional” pneumonia, the scheduled ipilimumab dose was skipped and a further CT scan was planned after 12
weeks. In view of the full radiologic recovery of this inflammatory lung event on August 2011 (Figure 2B), treatment
was resumed and completed in June 2013, when the patient entered the study follow-up phase. No additional adverse
events were reported during treatment.

On January 2017, a control CT scan detected a single pulmonary nodule (7x6 mm) that significantly increased
(12.5 x 8.5 mm) 4 months later; thus, also based on its morphologic features (Figure 3A and B) suspicious for
a metastatic lesion, a wedge pulmonary resection was performed on June 2017. Notably, histopathologic report
depicted scattered residual melanoma cell nests surrounded by a rich mononuclear cell infiltrate and plentiful
necrosis; immunohistochemistry revealed a T cell infiltration mostly composed of CD4+ and CDS8+ cells
(Figure 4A-D).

No further treatments were administered from June 2017 and the last CT scan performed on January 2022 did not
show signs of disease relapse.
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Figure | Early tumor flare. CT scan at W12 (A) and PET scan at W18 (B) showed enlarged (A; red arrow) and hypermetabolic cervical lymph nodes (B; red arrow) and in
the left palatine tonsil (B; grey arrow).

Figure 2 Late tumor flare. CT scan performed at W60 (A) detected a single lung nodule with morphologic feature of an inflammatory lesion (A; arrow) that disappeared at
a follow-up CT at W72 (B; arrow).
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Figure 3 Radiologic features of lung melanoma metastasis. CT scan showed a lung lesion with irregular shape (A; arrow) and density (B, arrow) that had progressed
compared to a previous CT scan (not shown).

Discussion

Unprecedented clinical results have been achieved with therapeutic mAb against CTLA-4 and/or PD-1/PD-L1, firstly in
melanoma and subsequently in solid tumours of different histology. ICI treatment promotes an immune-mediated tumour
eradication by inhibiting negative signalling pathways that down-regulate anti-tumor T-cell activity. Based on their
unique mechanism of action, responses to ICI can be delayed and/or show peculiar features, such as tumor flares and
pseudo progressions, that unlike conventional RECIST and WHO criteria are appropriately captured by irRC and
irRECIST.">™"” Tumor flares may mimic disease progression and comprise lymph nodes enlargement, skin nodules,
and pulmonary infiltrates, with or without systemic symptoms.'® First described in hematologic malignancies treated with
immunomodulatory agents such as imatinib or thalidomide/lenalidomide, tumor flares were also reported during ICI
therapy and require awareness by treating physician to properly evaluate potential tumor progression(s)."> Along this
line, pseudo progressions were described as the growth of pre-existing lesions, or the appearance of new ones, followed
by tumour regression, potentially due to T-cell infiltration.”® Although pseudo progressions occur in a small subgroup of
subjects, their potential clinical consequences are relevant for the most appropriate management of patients in the course
of ICI therapy. Indeed, 9.7% of patients with metastatic melanoma who received ipilimumab were classified as
progressors according to WHO criteria but as responders according to irRC; moreover, while responders by both criteria
had a median survival of 31.2 months, median OS in responders by irRC alone was not reached.?*' Thus, the decision to
discontinue therapy at first evidence of disease progression must rely exclusively on clinical factors including worsening
of the performance status, disease-related symptoms, tumour growth rate and, in the absence of such signs, therapy
should be continued until disease progression is confirmed at a further evaluation.?*?

The patient described in this report experienced a biopsy-confirmed tumor flare and pneumonia while on adjuvant
therapy, both suggestive for a significant immune activation mediated by ipilimumab. Furthermore, while off therapy, she
developed an irRC-confirmed single site recurrence of disease, that was surgically removed and showed limited residues
of neoplastic cells, a major CD4+ and CD8+ T lymphocytes infiltrate, and abundant tumour cell necrosis all suggestive of
an ongoing anti-tumor response. These findings were supported by similar observations demonstrating, that the increase
of a CD8+ T lymphocytes infiltrate, results in a better response to therapy, during ipilimumab treatment.**>°

The main teachings of this clinical case are two-folds: first, in the presence of disease recurrence or progression
confirmed by irRC or irRECIST, that would rule out “conventional” pseudo progression, one cannot exclude that the
increasing volume of new and/or pre-existing lesions can be due to immune infiltration by immune cells; second, that
under the comprehensive circumstances of this patient case history further medical therapy could be avoided since an
ongoing and long-lasting active anti-tumor immune response, primed by previous ICI therapy, is capable to provide long-
term disease control in melanoma.
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Figure 4 Histopathologic features of lung melanoma metastasis. Histopathologic examination of the surgical specimen, (A; HE) revealed melanoma cells surrounded by a very abundant
mononuclear inflammatory cells infiltrate (arrow) and plentiful necrosis (star). The mononuclear cell infiltrate consisted predominantly of CD4+ T cells intermingling neoplastic cells in
the non-necrotic area (B; anti-CD4, Ventana Roche) and surrounding the necrotic area (C; anti-CD4, Ventana Roche); CD8+ T cells were identified both in the non-necrotic (D; Fuchsin/
anti-CD8, Ventana Roche) and in the necrotic (E; anti-CD8, Ventana Roche) portion of the lesion. Scale bar: (A), 600 micron; (B and C), 250 micron; (D and E), 120 micron.

Limitations

We acknowledge that observations generated in a single case limited the extent of interpretation of results, however the
long-lasting active anti-tumor immune response we observed in a melanoma patient after adjuvant ipilimumab therapy,
clearly demonstrated its ability to provide a durable disease control.
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