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ABSTRACT

The PD-1/PD-L1 axis is characterized as an important checkpoint of immune activation, particularly
through negatively regulating T cell function. Although accumulated evidence has demonstrated the
patients with some types of tumor benefit from blockade of PD-1/PD-L1 signaling pathway, the possible
synergistic effect of combination of radiotherapy and anti-PD-1/PD-L1 antibody still need to be
explored. Here, we report a case of patient who was diagnosed with metastatic mediastinal leiomyo-
sarcoma and treated by combination of local radiotherapy and anti-PD-1 antibody nivolumab.
Remarkable tumor regression was observed at both the irradiated focus and distant metastatic sites
2 months later after combined treatment. The patient has tumor mutational burden (8.7 somatic
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mutations/Mb) and positive PD-L1 expression. The increased circulating lymphocytes suggest induced
activation of immune response after combination treatment. Free disease progression has reached one

and a half years as far.

Background

Sarcoma is a heterogeneous group of malignancies with more
than 50 distinct histological subtypes. It approximately
accounts for less than 1% of all new malignancies in adults
and STS comprises 7% of all children cancers."” The average
overall survival was just under 15 months in metastatic or
recurrent locally advanced sarcomas.™ Currently, clinical
treatment modalities to improve outcomes of sarcoma are
limited by its rarity and diversity.

Immune checkpoint inhibitors targeting programmed
death-1 receptor and its ligand PD-L1 have been demon-
strated to contribute to dramatic improvements of clinical
benefits and represent a new promising therapeutic
approach in advanced tumors.>® Heine et al reported a
successful treatment of refractory leiomyosarcoma with
anti-PD-1 inhibitor nivolumab.” However, results of a
phase II study showed that single agent of anti-PD-1 anti-
body nivolumab did not demonstrate benefit in a cohort of
advanced patients with uterine leiomyosarcoma.® Another
randomized phase II study (NCT02500797) indicated com-
pared with patients in the anti-PD1 or anti-CTLA4 alone
group, those who received combined immunotheraputic
treatment achieved higher confirmed response rate and
prolonged survival in patients with advanced or metastatic
sarcoma.” Anti-tumor response with immune checkpoint
blockade may be enhanced with combinatorial strategies.

Moreover, the results of combination of RT and immu-
notherapy in patients with melanoma and non-small cell
lung cancer (NSCLC) are especially encouraging'®'?
However, little is known regarding the effects of anti PD-
1 antibody and RT in sarcomas. Here, we firstly reported a
case of tumor regression in a patient with metastatic med-
iastinal leiomyosarcoma treated with local radiation and
nivolumab.

Case report

In February 2011, a 31-year-old female patient presented with
a mediastinal nodule, for which the initial positron emission
tomography/computed tomography (PET/CT) revealed
increased metabolic activity (size: 2.9*2.9 cm, standard uptake
value: 34.2). The patient received a wide local excision of her
primary lesion following biopsy of mediastinal leiomyosar-
coma in March 2011. There was no residual lesion at the
primary site, and lymph nodes were not involved.

The patient remained disease-free until August 2014 when
she had asthma and shortness of breath and the routine chest
radiography revealed a new mediastinal mass. She then
received adjuvant radiotherapy (RT) for recurrent mediastinal
nodules, at the doses of 60 Gy in 30 fractions and concurrent
chemotherapy with paclitaxel 45 mg/m* body surface area
(BSA) and cisplatin 25 mg/m” BSA every week for 4 cycles.
Treatments almost completely relieved moderate to severe
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wheeze and short breath during the recurrence period.
Compared with the CT before concurrent chemoradiother-
apy, subsequent chest CTs in November 2014 and January
2015 demonstrated decreased size of the irradiated nodules.

In June 2015, brain magnetic resonance imaging (MRI)
indicated disease progression with a nodule in her left frontal
lobe. Further ultrasound examination in July 2015 revealed
mixed echogenic masses with an approximate size of
34 x 17 mm” on her right shoulder and 25 x 62 mm” in her
waist which exhibited distinct border. One month later, the
patient received stereotactic RT for her brain metastasis with
total doses of 60 Gy in three fractions. Then she underwent
local excision of metastases on the shoulder and waist, which
was confirmed as metastatic undifferentiated leiomyosarcoma
according to immunohistochemistry and SS-18 gene detection
by a pathologist. Thereafter, the patient received postoperative
adjuvant RT for metastatic nodules on her back at total doses of
40 Gy delivered over 10 fractions, completing in October 2015.

A follow-up CT scan revealed multiple enlarged nodules in
the lungs in January 2016, demonstrating disease progression.

She then received 2 cycle of chemotherapy of doxorubicin
and cisplatin. CT scan indicated progressive enlargement of
the masses in the lungs and growth of new lesions in her left
adrenal gland, right kidney and liver. The size of the intracra-
nial metastases had not significantly changed under brain
MRI imaging.

Figure 1. Sample immunohistochemical images.
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In April 2016, analysis comparing the whole exome
sequencing (WES) of resected lumbar metastases and normal
paired samples revealed mutational landscape (8.7 somatic
mutations/Mb) and copy number variations in genome.
Immunohistochemical staining showed weak positive
expression of PD-L1 (20% tumor cells) (Figure 1A) and
high densities of CD3 and CD8 tumor-infiltrating lympho-
cytes (Figure 1B and 1C). We discussed the results of pro-
spective examinations extensively and supposed anti-PD-1/
PD-LI inhibitor might synergized the local and system ther-
apeutic outcome by local radiotherapy. The patient was
informed of available evidence in advanced melanoma and
NSCLC. She then consented and signed the informed con-
sent and started receiving nivolumab treatment and local RT
to one of the lung metastases.

The patient received enhanced chest CT for RT treatment
planning in June 2016. An isolated pulmonary nodule in the
right paraspinal lesion was selected as the RT target. RT at a total
dose of 50 Gy was performed in five fractions over 5 days with 6
MYV photons by means of a coplanar two-field volumetric modu-
lated arc therapy (VMAT) (Figure 2). The patient was intrave-
nously administrated with nivolumab at 2 mg per kilogram of
body weight every 3 weeks from the third day after first radia-
tion. She completed 23 doses of nivolumab and tolerated this
combined treatment without any treatment-related adverse
events. Maintenance of administration of nivolumab continued.

Immunohistochemical staining of PD-L1, CD3 and CD8 on paraffin-embedded slides of resected lumbar metastases tissue. (a) Immunohistochemical staining for PD-
L1 in tumor specimens (x200), (b) Immunohistochemical staining for CD8+ TILs (x200), (c) Immunohistochemical staining for CD3+ TILs (x200).
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Figure 2. Registration of CT/simulation to target paraspinal lesion.

It shows the CT simulation image for radiotherapy planning. The right paraspinal lesion was selected as the irradiated target. The treatment plan was designed with 6
MV photons by means of a coplanar two-field VMAT. The isodose lines represent total doses of 50 Gy (red), 40 Gy (green), 30 Gy (blue), and 10 Gy (pink).

Results were observed in distant metastasis (left lower lobe and left
adrenal gland). However, other pulmonary metastasis and
lesions in the mediastinum, right kidney, liver and left frontal
lobe of brain did not response to the treatment (Figure 3B).
Then the patient received two additional doses of nivolumab.

In July 2016, after one month of radiotherapy and nivolumab
treatment, CT scan revealed irradiation-targeted nodule
shrinkage in the right lung. Moreover, striking regressions

May 2016 Jul. 2016 Sep. 2016 Aug. 2017

Figure 3. Nivolumab and radiation result in tumor regression.

Axial CT images are shown corresponding to the treatment timeline. Panel A represents the status before treatment with nivolumab and radiation. Panel B shows
images 1 month later after radiotherapy. The CT scan revealed tumor shrinkage in irradiated (red circle) and pulmonary metastasis (yellow circle) and stable lesions in
the liver (blue circle) and kidney (green circle). Panel C shows tumor regression in the irradiated focus and distant disease outside the radiation field. The response
was durable, as shown in Panel D.



In September 2016, remarkable clinical responses to concur-
rent treatment was found not only at the irradiated focus but
also the distant metastatic sites outside the radiation field
(pulmonary, brain, adrenal gland, renal and hepatic metasta-
sis) (Figure 3C). The subsequent CT scan obtained in August
2017 (14 months after RT) showed further evidence of clinical
response, with continuous presence of minimal disease
(Figure 3D).

After combined treatment of RT and nivolumab, increased
absolute lymphocyte counts (ALCs) in peripheral blood were
found in the patient. The ALC at the bottom of 780/pl on June
2, 2016, demonstrated a dramatic rise to 2,000/ul on August 7,
2016, and thereafter was maintained at high levels.
Additionally, a changing trend of lymphocyte percentage
(LYM%, 7.5% of whole blood at baseline, 31.6% of whole
blood at peak levels) is consistent with the change of ALC
(Figure 4).

Discussion

The association of PD-L1 expression with overall survival and
clinical response treated by anti-PD-1/PD-L1 inhibitors is
always inconsistent.'>'* In the KEYNOTE-024 phase III trial
(NCT02142738), patients with advanced NSCLC and PD-L1
expression on at least 50 % of cells in tumor nests were
randomly divided to receive either anti-PD-1 antibody pem-
brolizumab or the platinum-based chemotherapy. A promis-
ing objective respond rate (ORR) and progression free
survival (PFS) were observed in the pembrolizumab group.'
In contrast, Checkmate-026 reported that in the PD-L1 > 5%
NSCLC patients, nivolumab failed to show any benefit com-
pared with standard chemotherapy.'® These result indicated
that additional factors should be considered except for PD-L1
expression when predicting the treatment efficacy of PD-1/
PD-L1 checkpoint inhibitors. Moreover, the exploratory ana-
lysis of CheckMate 026 suggested that anti-PD1 antibody
improved ORR and PFS when compared with standard che-
motherapy in patients with high TMB. Though the optimal
threshold of high TMB has not been fully established, pro-
spective evaluation of TMB as a potential biomarker for pre-
dicting response to immunotherapy is already in progress.
Immunohistochemical staining showed positive expression
of PD-L1 (20% tumor cells). Moreover, WES revealed TMB
(8.7 somatic mutations/Mb) and non-synonymous mutations
in coding DNA. In addition, our patient had a history of RT
for metastases to the chest, brain, and back. A secondary
analysis of the KEYNOTE-001 trial suggests that previous
treatment with RT in patients with NSCLC results in longer
survival with pembrolizumab treatment than those who did
not have previous RT." Consistent with previous studies,
these may be associated with the durable clinical benefit in
the present case.

In recent years, combination treatment did show signifi-
cantly enhanced anti-tumor response.'”>' In 2012, Postow
MA et al. reported a patient with melanoma had a systemic
response to localized RT after having had disease progression
while receiving ipilimumab.* It indicated a synergistic anti-
tumor effect of irradiation and immunotherapy. However, the
patient in our case received concurrent anti-PD-1 therapy and
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Figure 4. The circulating lymphocyte counts during treatment.

A detailed clinical timeline is displayed (A). The results of ALC and LYM% in
peripheral blood are displayed in accordance with the aforementioned treat-
ment timeline. A dramatic increase in ALC and LYM% was observed after
treatment with RT and nivolumab (B and C). The ALC at the bottom of 780/pl
on June 2, 2016, demonstrated a dramatic rise to 2,000/ul on August 7, 2016,
and thereafter was maintained at high levels (B). After combined therapy, the
LYM% increased gradually, up to 31.6% and maintained at a high level through-
out treatment (C).

local radiation after progression of multiple lesions.
Therefore, tumor regression after combined treatment may
be explained either by a synergistic interaction with radiation
or purely by immunotherapy drugs nivolumab. Future rigor-
ous and randomized clinical trials are needed to optimize
treatment options and address unsolved puzzles in combina-
tion strategies.

In conclusion, we firstly report the delayed but burst tumor
regression 2 months later after the start of nivolumab given as a
concurrent regimen with fractionated RT in a patient with
metastatic leiomyosarcoma. Immunologic treatment strategies
in sarcoma hold substantial potential and multiple combinations
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may provide a novel and effective therapeutic pattern in

advan
Th

ced malignant tumors.
e patient in this article has given her written informed

consent to publication.

Abbreviations

PD-1 programmed death-1

PD-L1  programmed death ligand-1
NSCLC non-small cell lung cancer

CT computed tomography

WES whole exome sequencing;

ALC absolute lymphocyte count
LYM% lymphocyte percentage

ICD induce immunogenic cell death
TMB tumor mutational burden.
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