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Summary Osteosarcomas are rare malignant bone
tumors, most frequently occurring in children as
well as adolescents and young adults. Therapy of
initially localized disease consists of neoadjuvant
chemotherapy followed by surgical resection and ad-
juvant chemotherapy. Osteosarcomas often present
relapses, most commonly lung metastases. Treatment
of isolated lung metastasis most commonly includes
surgical resection. The correct adjuvant treatment
option is still under investigation. In this manuscript
we describe the clinical course of an osteosarcoma
patient and give a review of the literature regarding
current standard treatment for localized as well as
pulmonary metastatic disease.
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Introduction

Osteosarcomas are rare malignancies, which most
commonly occur in children as well as adolescents
and young adults, aged between 15-25 years [1].
Initially localized osteosarcoma is generally treated
with neoadjuvant chemotherapy followed by surgical
resection and adjuvant chemotherapy [2, 3]. Os-
teosarcomas nevertheless frequently develop isolated
pulmonary relapses, which are commonly treated
with complete metastasectomy if possible, even in
consecutively relapsed disease [4, 5]. However, data
on systemic treatment options after pulmonary re-
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lapse are limited; therefore, treatments are mostly
assigned individually in a patient-tailored setting [2].
In this article, we describe a patient treated with var-
ious systemic treatments after metastasectomy and
briefly summarize the current literature.

Case report

We describe the case of a 19-year-old woman who
consulted her general practitioner in July 2013 due
to acute and increasing pelvic pain. A computed to-
mography (CT) scan showed a suspicious mass of the
left hemipelvis with a maximum diameter of 15.5cm
(Fig. 1). Subsequently, she was referred to the Vi-
enna General Hospital, Medical University of Vienna,
a specialized sarcoma center. Open biopsy and sub-
sequent histopathology revealed a high grade, G3,
mixed osteoblastic (20%) and chondroblastic (80%)
osteosarcoma. Abdominal and chest CT scan showed
no metastases. Therefore, in compliance with the
recent guidelines, first-line therapy according to the
EURAMOS-1 protocol was initiated [2]. Thus, neoad-
juvant therapy for 10 weeks consisting of 120 mg/m?
cisplatin (P) and 75mg/m? doxorubicin (A) (weeks 1
and 6), followed by 12g/m? high dose methotrex-
ate M) (weeks 4, 5, 9 and 10) were administered.
Subsequently, tumor excision performing limb-spar-
ing left-sided hemipelvectomy was performed.
Postoperative histopathology showed a complete
resection (RO resection) with a high extraosseous
proportion and 20% vital tumor cells. Thus, the pa-
tient was classified as a nonresponder to neoadjuvant
treatment (regression grade IV) and was subsequently
assigned to adjuvant MAPIE over 28 weeks (MAP with
additional ifosfamide and etoposide). Ifosfamide at
the dose of 3g/m? was given with doxorubicin over
3 days in cycles designated as Al, and at dose of
2800 mg/m? with etoposide 100 mg/m? over 5 days in
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Fig. 1 CT scans of pulmonary disease progression 1-3; a October 2015, b June 2016, ¢ August 2019. Upper segments shows
the pulmonary metastasis (red arrow). Lower segments show corresponding postoperative CT scans

designated IE cycles, according to the EURAMOS-1
trial [6].

Due to neutropenic fever after IE administration
(week 16), a 50% dose reduction was necessary start-
ing from week 19 until the end of treatment at week 39
in October 2014. The scheduled week 40 (M) was
omitted due to increased liver enzymes, attributed to
delayed M elimination in weeks 35 and 39.

Follow-up imaging via CT scan of thorax and ab-
domen as well as magnetic resonance imaging (MRI)
of the pelvis was performed at 3 month intervals. In
October 2015, a 5mm lesion in the lower lobe of the
left lung was identified in a chest CT scan, approx-
imately 1 year after therapy completion. Following
international guidelines, complete pulmonary metas-
tasectomy was performed. Histopathology showed
a metastasis of the chondroblastic osteosarcoma with
RO resection. Current guidelines do not recommend
adjuvant treatment after complete pulmonary metas-
tasectomy [4, 7]. However, we chose to start adjuvant
treatment in hopes of prolonging the time to poten-
tial recurrence of further pulmonary metastases and
given the simple oral administration of pazopanib at
home.

In June 2016, after 8 months of oral adjuvant pa-
zopanib treatment, a CT scan showed 3 pulmonary
nodules (left lower lobe: 19mm, lingula: 5mm and
right upper lobe: 4mm). Another RO metastasec-
tomy of all 3 pulmonary lesions was performed and

experimental therapy with pembrolizumab 200mg
every 21 days was initiated. The interval between
applications of pembrolizumab was prolonged to
28 days due to pembrolizumab-induced blepharo-
conjunctivitis, which was successfully treated with
local corticosteroids. Therapy with pembrolizumab
was administered from August 2016 until July 2018,
when again, a single pulmonary metastasis (right
upper lobe: 4mm) was diagnosed.

A third RO metastasectomy was performed, and an
oral third-line treatment with 28-day cycles of rego-
rafenib, another multitargeted TKI (tyrosine kinase in-
hibitor), at a daily dose of 40mg, for the first 21 days
of each cycle, was initiated. Apart from regorafenib-
induced substitution-dependent hypothyroidism, no
side effects were noted, and therapy was continued
on schedule. Currently, the patient is followed up with
CT scans of the thorax and abdomen every 6 months
and annual MRI. Recent CT scans, 28 months after
initiation of regorafenib, showed NED (no evidence
of disease), regorafenib therapy is still ongoing and
the patient is in excellent general condition (ECOG 0).
Due to good tolerance, therapy will be continued until
disease progression.

Discussion and short review

In this article, we present the case of a young pa-
tient undergoing local surgery, chemotherapy as well
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as therapy with novel agents for recurring osteosar-
coma.

In 2013, according to the EURAMOS-1 trial, our pa-
tient received neoadjuvant MAP and was postopera-
tively randomly assigned to receive MAPIE, due to the
classification as a nonresponder to neoadjuvant treat-
ment (regression grade IV). However, in 2016, pub-
lished data reported increased toxicity without sur-
vival improvement of MAPIE compared to MAP alone
[6]. Therefore, current guidelines recommend local
surgery as well as neoadjuvant and adjuvant treatment
with only MAP in all young patients with initially lo-
calized disease [2].

Recurrence rates in bone sarcomas with complete
response to initial treatment have been reported to
be 20-40% [8]. In case of relapse with isolated lung
metastasis, complete surgical resection, if possible,
is the treatment of choice, even in consecutive re-
lapses and is often accompanied by chemotherapy [9].
A possible chemotherapeutic option in relapsed os-
teosarcoma is high-dose ifosfamide with an overall re-
sponse rate (ORR) of approximately 20-30% [10]. Be-
sides ifosfamide, the use of gemcitabine and docetaxel
as well as cyclophosphamide and etoposide in re-
lapsed or refractory osteosarcoma is feasible [11, 12].
If surgery is not possible, stereotactic radiotherapy;,
cryotherapy or radiofrequency ablation are alternative
treatment options. Evidence even suggests an effect
of radiofrequency ablation and stereotactic radiother-
apy as first-line treatments of resectable lung metas-
tasis [12-14]. Only limited data exist in adjuvant ther-
apy after pulmonary metastasectomy. Predina et al.,
for example, reported no differences in disease-free
survival after pulmonary metastasectomy for soft tis-
sue sarcoma with adjuvant chemotherapy versus no
chemotherapy (p=0.88) [15]. According to guidelines,
watch and wait strategy is the treatment of choice
in relapsed osteosarcoma patients with lung metas-
tasis after RO resection [7]. In this particularly young
patient, however, a maximum therapy approach was
chosen in hopes of prolonging disease-free survival.

Because our patient had already received first-line
ifosfamide in the MAPIE arm, and did not wish any
further intravenous chemotherapy treatment, other
adjuvant therapeutic options had to be offered to her.

Trials investigating the efficacy of different novel
treatment options, such as TKIs in osteosarcomas
are scarce [16-18]. Studies on sorafenib, for exam-
ple, showed an ORR between 5 and 9% in two trials
in advanced bone sarcoma patients [19, 20]. Data
on the use of pazopanib, a second generation TKI,
in osteosarcoma are mostly limited to small case
series, demonstrating median overall survivals be-
tween 3 and 11 months in the metastatic setting
[17, 18, 21]. Since RO metastasectomy was achieved
and our patient was already heavily pretreated with
chemotherapy, application of off-label pazopanib was
established. Therapy was well tolerated, but tumor
recurrence in the lung occurred 6 months after initi-

ation of therapy, which is nevertheless in the range of
tumor control reported previously [17, 18, 21].

In addition to TKIs, checkpoint inhibitors (CPI)
have gained much attention in the last decade due
to their widespread use in various oncologic diseases
[22, 23]. Therefore, after failure of pazopanib and sec-
ond pulmonary RO resection, experimental off-label
treatment with pembrolizumab was initiated. A total
of 28 cycles of pembrolizumab were administered un-
til a third pulmonary relapse was diagnosed. During
treatment with pembrolizumab, the patient showed
NED over a period of 23 months with manageable side
effects. However, phase II studies on the use of pem-
brolizumab in advanced unresectable or metastatic
osteosarcoma published later showed mostly nega-
tive results with low or no antitumor effect [24-26].
In view of this, it is difficult to assess whether the
course in our patient was a natural progression or
if pembrolizumab had some sort of delaying effect.
However, the fact that prior progression had occurred
17 months earlier makes it tempting to speculate that
in the presence of minimal disease burden, pem-
brolizumab might still have been beneficial in our
patient.

Following the third relapse and metastasectomy;,
our patient is currently in remission, 28 months af-
ter initiation of fourth-line regorafenib, which she tol-
erated well. As with our patient, previous phase 2
placebo-controlled trials demonstrate an efficacy and
safety benefit of regorafenib in pretreated osteosar-
coma patients. Regorafenib showed ORR between 8
and 13.6% in two phase II trials of advanced disease
(16, 27].

Conclusion

This case demonstrated the importance of complete
pulmonary metastasectomy in patients with relapsed
osteosarcoma. Even after consecutive relapses, long-
term survival can be achieved by complete metasta-
sectomy, followed by adjuvant treatment with a TKI or
CPI, without the necessity of further line chemother-
apy administration. Therapy with TKI is feasible
with manageable side effects. CPI treatment showed
promising results in our patient; however due to
previous conflicting data, further studies have to be
established. Large phase III trials are necessary to
confirm the status of adjuvant therapy after pul-
monary metastasectomy.

Take Home Message

In relapsed osteosarcoma with lung metastasis, long-
term survival can be achieved by RO resection. In some
patients adjuvant therapy with TKIl is feasible with man-
ageable side effects.
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