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Durable control of metastases in an HLA-A2+ patient

with refractory melanoma after low-dose radiotherapy in
combination with MAGE-A4 T cell therapy: a case report
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There is no currently approved adoptive cellular therapy
for solid tumors. Pre-clinical and clinical studies have
demonstrated that low-dose radiotherapy (LDRT) can
enhance intratumoral T cell infiltration and efficacy.

This case report describes a 71-year-old female patient
with rectal mucosal melanoma that had developed
metastases to liver, lung, mediastinum, axillary nodes,
and brain. After systemic therapies had failed, she
enrolled in the radiation sub-study of our phase-I clinical
trial exploring the safety and efficacy of afamitresgene
autoleucel (afami-cel), genetically engineered T cells
with a T cell receptor (TCR) targeting the MAGE-A4
tumor antigen in patients with advanced malignancies
(NCT03132922). Prior to the infusion of afami-cel, she
received concurrent lymphodepleting chemotherapy and
LDRT at 5.6 Gy/4 fractions to the liver. Time to partial
response was 10weeks, and duration of overall response
was 18.4 weeks. Although the patient progressed at

28 weeks, the disease was well controlled after high-
dose radiotherapy to liver metastases and checkpoint

Introduction

The most prominent success stories in immunotherapy
have been with checkpoint inhibitors (CPI) and adoptive
cellular therapy (ACTT) such as chimeric antigen receptor
T cell therapy (CAR-T) and T cell receptor T cell therapy
(TCR-T) [1]. CAR-T has been successful in hematologi-
cal malignancies, with four Food and Drug Administration
approvals [2]; however, solid tumors have proven more
challenging [3]. Several factors hamper CAR-T" in solid
tumors. Solid tumors undergo a metabolic shift that
disfavors effector immunocytes while favoring immu-
nosuppressive cell populations [4-15], secrete immuno-
suppressive factors [e.g. I1.-10 and tumor growth factor-f3
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inhibitors. As of the last follow-up, she remains alive over
two years after LDRT and afami-cel therapy. This report
suggests that afami-cel in combination with LDRT safely
enhanced clinical benefit. This provides evidence for
further exploring the benefit of LDRT in TCR-T cell therapy.
Melanoma Res 33: 332-337 Copyright © 2022 The
Author(s). Published by Wolters Kluwer Health, Inc.
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(TGF-p)] [5,12,16], and form a high-density stromal bar-
rier that hinders infiltration of T cells [15]. Altogether,
these factors impede T cell infiltration, activation, and
effector function. The tumor’s immunosuppressive shield
can be penetrated; however, using low-dose radiother-
apy (LDRT), facilitates immune cell infiltration into the
tumor, reduces TGF-f levels, and decreases the number
of suppressor immune cells [17-21].

Moreover, once inside the tumor, T cells often face
additional challenges. Solid tumors are often deficient
in tumor-associated antigen (TAA) presentation. This
may result from low-affinity TCRs for TAAs [22], low
levels of antigen-presenting major histocompatibility
complex (MHC) on the tumor cell surface [23], or both.
CAR-T cells bypass the need for MHC presentation but
can only recognize extracellular antigens. In contrast,
TCRs can recognize and target both intracellular and
extracellular antigens, albeit in an MHC-restricted fash-
ion [24]. Unfortunately, this increases the risk of allore-
active autoimmunity, whereby TCRs reactive towards
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a given peptide MHC recognize and attack non-tumor
cells displaying allelic variations of those MHC mole-
cules. Proper target selection is, therefore, vital.

Melanoma-associated cancer-testis antigen (MAGE)-A4
is an attractive target for T' cell therapy because its
expression level is higher in solid tumor metastases
compared to primary tumors while absent in most nor-
mal tissues [25,26]. Afamitresgene autoleucel (afami-cel,
formerly ADP-A2M4, and MAGE-A4"%?%) is a therapy
consisting of autologous T  cells expressing a specific pep-
tide-enhanced affinity receptor (SPEAR) with high affin-
ity and specificity towards the MAGE-A4230>239 peptide
presented by HLA-A*02%. Preclinical studies support the
specificity, safety, and antitumor activity of afami-cel [27].
A phase I clinical trial investigating the efficacy and safety
of afami-cel in HLA-A*02" subjects with MAGE-A4"
tumors is ongoing and has demonstrated efficacy in non-
small cell lung cancer, head-and-neck cancer, and syno-
vial sarcoma (NC'T03132922) [28].

We report the first case of a patient with metastatic
mucosal melanoma who demonstrated a durable partial
response (PR) after treatment with LDRT plus afa-
mi-cel (a sub-study group of this phase-I afami-cel trial,
NCT03132922). We hypothesize that the combination
of LDRT and afami-cel therapy improved the patient’s
response by modulating the stroma, facilitating infiltra-
tion of MAGE-A4 T cells, and promoting an immunos-
timulatory TME that translated into improved antitumor
responses. We suggest that this approach may be poten-
tially beneficial to patients with solid tumors.

Case presentation

In March 2017, a 71-year-old woman was diagnosed
with stage I invasive mucosal polypoid melanoma of the
ano-rectal region that invaded the rectocolonic mucosa
and submucosa found incidentally during hemorrhoid-
ectomy. Her medical history included grade 2 hyperten-
sion, type I diabetes, grade 2 arthritis, grade 2 adrenal
cortical hypofunction (secondary to prior CPI treatment),
and early-stage invasive ductal carcinoma of the breast
in 2015. Molecular analysis of the tumor revealed BRAE
NRAS, and c¢-KIT mutations. Supplementary Figure
S1, Supplemental Digital Content 1, A#tp://links.low.
com/MR/A305 shows the clinical course of the patient.
The patient underwent transanal excision of the tumor
followed by anorectal RT (30Gy/5 fractions). In March
2018, she developed metastases to the lungs, liver, and
mediastinal and left axillary lymph nodes. A liver biopsy
revealed metastatic mucosal melanoma. The patient was
then treated with nanoparticle albumin-bound paclitaxel
(Abraxane, Celgene Company, Summit, New Jersey,
USA) alone and in combination with one of two CPIs —
pembrolizumab first, and then ipilimumab. In October
2018, the enlargement of multiple metastases, as well as
new metastasis to the gallbladder, liver, abdomen, pelvis,
and right upper back, occurred. The patient continued

treatment with nanoparticle albumin-bound paclitaxel
and ipilimumab. In May 2019, an additional 4 mm metas-
tasis in the left inferior frontal lobe was found via MRI. In
June 2019, the patient discontinued paclitaxel and ipili-
mumab and began nivolumab. Additionally, she received
Leksell Gamma Knife-Stereotactic Radiosurgery (LSK-
SRS) (20Gy) to the brain lesion and RT (20Gy/5 frac-
tions) to the right hip metastasis.

In September 2019, after eligibility determination and
HLA and MAGE-A4 screening, the patient enrolled in the
trial (NCT03132922). The patient’s baseline MAGE-A4
expression was 100% 3+ by immunohistochemistry his-
toscore (Supplementary Figure S2, Supplemental Digital
Content 1, Aup://links.lww.com/MR[A305). The patient
underwent leukapheresis and the manufacture of afa-
mi-cel soon thereafter. Prior to the infusion of 7.4x 10’
afami-cel, she received concurrent lymphodepleting
chemotherapy (fludarabine, 20 mg/m?, 23-26 September
2019, and cyclophosphamide, 600mg/m? — 23-25
September 2019) and LDRT (1.4 Gy x4 fractions, 23-26
September 2019) to the liver lesions. Supplementary
Figure S3, Supplemental Digital Content 1, Azp://links.
lww.com/MR/A305 shows the LDRTfield and dose-vol-
ume histogram. Seven days later, on 30 September 2019,
the patient received afami-cel infusion.

Following treatment, she experienced transient lym-
phodepleting chemotherapy-related grade 3 leukope-
nia, grade 4 lymphopenia, grade 3 neutropenia, grade
3 anemia, grade 1 nausea, and grade 2 fatigue; and T
cell infusion-related grade 1 fatigue, grade 2 fever,
grade 1 cytokine release syndrome (CRS), and grade 3
immune effector cell-associated neurotoxicity syndrome
(ICANS), which was considered a serious adverse event
(SAE) (Supplementary Table S1, Supplemental Digital
Content 1, kzzp.//links.lww.com/MRJA305). Two other SAEs
unrelated to treatment were grade-3 hyperglycemia and
grade-3 adrenal insufficiency, both of which resolved
within 5 days. The patient received tocilizumab and dex-
amethasone for CRS and ICANS and filgrastim-sndz for
neutropenia. T'he neutropenia resolved within 28 days,
and the ICANS resolved within 3 days.

Six weeks following 'T" cell infusion, C'T imaging showed
reductions in the size of multiple lesions in the liver,
mediastinal lymph nodes, and small bilateral pulmonary
and pelvic nodules (Table 1). According to RECIST1.1,
the patient achieved best overall response (BOR) —a con-
firmed PR —at 10 weeks after afami-cel infusion (Fig. 1a).
The patient experienced PD at 28 weeks following afa-
mi-cel/LDRT treatment and 18.4weeks after BOR,
which was confirmed by CT scan at 33 weeks. Of note,
the PR duration within the LDRT (in-field) and no-dose
lesion (out-of-field) were 22.7 weeks and 4 weeks, respec-
tively. Two months after PD, the patient enrolled in the
salvage RT trial (NCT02710253) and received high-
dose RT (HDRT) to the posterior liver (30Gy/5 frac-
tions) (Supplementary Figure S3, Supplemental Digital
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Fig. 1
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(a) Representative images of LDRT lesion response. Baseline CT image prior to treatment (a, 12 September 2019). The representative lesions
(red circled) measured 12.2cm in sum of longest diameter; liver metastases received LDRT (b, 5.6 Gy/4 fractions, 23 September 2019-26
September 2019) 7 days before afami-cel infusion; ¢, 10 weeks after TCR/LDRT therapy, the patient achieved best overall response with PR and
the LDRT lesion shrank to 6.4 cm (-47.5%) on 12 September 2019. (b) Overview of LDRTs effects on the tumor stroma when in combination with
T cell therapy. The tumor stroma factors including immunosuppressive M2 macrophages, TGF-f3 and CAFs inhibit T cell infiltration and activity and
limit the effectiveness of T cell therapy for solid tumors (left). Local delivery of LDRT could induce a higher ratio of M1/M2, decrease TGF-f3 and
reduce CAFs, which facilitate effective T cells infiltrating into the tumor and enhance the antitumor effect of T cell therapy (right). CAFs, cancer-as-
sociated fibroblasts; LDRT, low-dose radiotherapy; PD, progressive disease; PR, partial response; RT, radiotherapy; TCR, T cell receptor; TGF-f3,

tumor growth factor-f3.
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Content 1, /hup:/llinks.lww.com/MRJ/A305). Meanwhile,
she received nivolumab and ipilimumab beginning in
July 2020 but changed to nivolumab alone in September
2020 due to diarrhea. The CT scan in September 2020
showed PR again (according to original baseline) in both
in-field and out-of-field lesions. At the last follow-up in
September 2021, via phone, the patient reported feel-
ing well and has been off treatment since March 2021.
Presently, 2years after afami-cel/LDRT, her disease is
well-controlled and requires only surveillance. These
results support the safety and efficacy of LDRT in com-
bination with afami-cel therapy and merit further pre-
clinical and clinical studies.

Discussion and conclusions

Identifying a sufficiently specific TAA is a major challenge
for a safe and effective AC'T’ The demonstrated safety and
clinical efficacy of afami-cel in various solid tumors sup-
ports the therapeutic benefit of enginecered TCR-T in
patients with malignancies expressing MAGE-A4 [28-30].
According to data from the phase-I trial, afami-cel shows
promising efficacy and a manageable safety profile ata dose
range of 1.2-10x 10°. During the 2020 American Society of
Clinical Oncology Meeting, responses were demonstrated
in patients with synovial sarcoma, non-small cell lung,
and head-and-neck cancers [28]. In the ongoing phase
II SPEARHEAD-1 trial (NCT04044768) [30], the over-
all response rate was 41.4% for synovial sarcoma patients
(7=12, with two complete responses) and 25.0% (z=1)
for myxoid/round cell liposarcoma patients. The median
duration-of-response has not yet been reached (range,
4.3+-38.0+ weeks). Another phase I trial (SURPASS,
NCT04044859) with ADP-A2M4CDS8, a next-generation
SPEAR T cell targeting MAGE-A4, is ongoing.

A variety of factors determine patient responses to ACT
[24]. Two potential reasons for failure are the lack of intra-
tumoral penetration and the inhibitory TME. LDRT in
combination with AC'T" has shown promising results in
clearing these obstacles. Our lab has recently demon-
strated the efficacy of LDRT preclinically and clinically.
LDRT improved tumor control, CPI efficacy, and overall
survival in mice [18]. Moreover, in a recent clinical trial, we
observed that LDRT, when used to complement HDRT,
safely promoted effector immune cell infiltration into the
tumor [31]. DeSelm e #/. demonstrated the benefit of
LDRT prior to CAR-T in an in-vivo orthotopic pancre-
atic cancer cell model [32]. Pancreatic cancer cells in this
model were heterogeneous, with only some expressing the
CAR target (sL.eA). LDRT and ACT resulted in tumor
lysis of both antigen-positive and antigen-negative cells.
Consistent results were observed in a patient with diffuse
large B cell lymphoma with heterogeneous CD19 expres-
sion. The patient received palliative RT to the lower leg
(4Gy x5 fractions) prior to AC'T [32]. One year later, the
patient’s disease progressed with recurrence at initial dis-
ease sites and the development of new lesions. However,
the area that received palliative RT remained disease-free.

In this case report, the patient achieved a durable PR
after treatment with LDRT in combination with afa-
mi-cel therapy. The duration-of-response within the
LDRT field was almost three-fold longer compared to
the out-of-field lesions. Based on our preclinical and clin-
ical studies [18,31,33], we hypothesize that LDRT mod-
ulates the stroma of tumors to facilitate afami-cel T cell
infiltration and tumorolysis. The tumor stroma factors
including immunosuppressive M2 macrophages, T'GF-
[, and cancer-associated fibroblasts (CAFs) inhibit T cell
infiltration and activity and limit the effectiveness of T
cell therapy for solid tumors. Local delivery of LDRT
could induce a higher ratio of M1/M2, decrease TGF-f3
and reduce CAFs, which facilitate effective T" cells infil-
trating into the tumor and enhance the antitumor effect
of T cell therapy (Fig. 1b). This case report supports pre-
vious observations in providing evidence for further stud-
ies to explore the benefit of LDRT in ACT.
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