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ABSTRACT

Background Bone-seeking radiopharmaceuticals can
deposit radiation selectively to some osteosarcoma
tumours because of the bone-forming nature of this
cancer.

Objectives This is the first report of using 223-radium, an
alpha-emitting calcium analogue with a high therapeutic
index, in combination therapy with other agents in 15
patients with metastatic osteoblastic osteosarcoma.
Methods Candidates for alpha-radiotherapy if *"Tc-
MDP bone scan had avid bone-forming lesions and no
therapy of higher priority (eg, definitive surgery). Monthly
223-radium infusions (1.49 puCi/kg or 55.13 kBa/kg) were
given.

Results The median infusion number was three and

the average time to progression was 4.3 months for

this cohort receiving 223-radium-+other agents. Agents
provided during 223-radium included (1) drugs to

reduce skeletal complications: monthly denosumab
(n=13) or zolendronate (n=1); (2) agents with

antivascular endothelial growth factor activity, pazopanib
(n=8) or sorafenib (n=1), (3) alkylating agents: oral
cyclophosphamide (n=1) or ifosfamide, given as a 14-

day continuous infusion (n=1, two cycles), (4) high-dose
methotrexate (n=1), pegylated liposomal doxorubicin
(n=1); and (5) two other combinations: nivolumab and
everolimus (n=1) and rapamycin and auranofin (n=1).
Radiation therapy, including stereotactic body radiotherapy
(SBRT), was also given to 11 patients concurrently with
223-radium (n=2), after 223-radium completion (n=3),

or both concurrently and then sequentially for other sites
(n=6). After 223-radium infusions, patients without RT
had a median overall survival of 4.3 months compared
with those with SBRT and/or RT, who had a median overall
survival of 13.5 months.

Conclusion Although only 1/15 of patients with osteoblastic
osteosarcoma still remain alive after 223-radium, overall
survival

INTRODUCTION

223-Radium is an alpha-emitting bone-
seeking radiopharmaceutical that is effective
against osteosarcoma and other bone-forming
tumours.'™ This agent was developed to treat
osteoblastic metastases and has the advantage
of a decay cascade that produces four high
linear energy transfer (LET) alpha particles
per 223-radium decay where the 223-radium is
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Significance of this study

What is already known about this subject?

» Bone-seeking radiopharmaceuticals can provide
targeted radiation to osteoblastic metastases.

» Alpha emitters have some radiobiological advantag-
es, including more effective tumour cell killing and
less marrow toxicity than beta emitters.

» It has been shown that 223-radium can be safely
given as a single agent to patients with osteoblas-
tic metastases of osteosarcoma and that imaging
shows specific deposition using either *Tc-MDP
or Na'®F scans.

What does this study add?

» This study is the first series of patients who have
been treated with 223-radium in combination
with other agents, including denosumab and
chemotherapy.

How might this impact on clinical practice?

» Since this study shows feasibility of the approach,
patients with osteoblastic bone metastases of osteo-
sarcoma now have additional options to treat both
symptomatic and asymptomatic metastases using
combination therapy using an alpha-emitting bone-
seeking radiopharmaceutical, 223-radium, and oth-
er agents such as pazopanib and denosumab.

deposited in bone or a bone-forming tumour
(t,,, 11.4 days). 223-Ra is also safe because
rapid radon daughter decay compared with
other radium isotopes reduces potential off-
target effects of this gas. Preclinical experi-
ence, clinical development and current 223-
radium use in prostate cancer have shown a
very high therapeutic index.”™"”
Osteosarcoma is a cancer occurring in
young people with an eventfree survival of
about 60%." "7 The pathological diagnosis
requires new bone formation by tumour cells;
this characteristic also facilitates bone-seeking
radiopharmaceutical deposition in tumours
on bone scans. *"Tc-MDP uptake on bone
scan or '"FNa uptake on bone positron emis-
sion tomography (PET) is an excellent means
to identify osteosarcoma tumour that avidly
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sequesters the bone-seeking 223-radium radiopharma-
ceutical,'™ as it is an analogue of calcium. Prior limited
pilot experience' and a phase I study in osteosarcoma®™*
have demonstrated excellent tolerance of 223-radium in
patients with metastatic osteosarcoma. Twice the stan-
dard 223-radium dose has been tolerated by patients with
metastatic osteosarcoma.”

Major problems affecting osteosarcoma survival and
quality of life (QOL) after initial treatment are the
development of lung and bone metastases.'”? We have
used additional agents with 223-radium as well as palli-
ative and/or stereotactic body radiotherapy (SBRT)
as clinically indicated against metastatic osteosarcoma
because patients with osteosarcoma with bone metastases
have worse survival and are at risk of skeletal complica-
tions,”* can escape from radiopharmaceutical action by
metastases that do not avidly make bone and may develop
pain from metastases that incompletely respond to alpha
radiotherapy. We report that combination therapy is
feasible and can result in clinical benefit.

PATIENTS AND METHODS

Patients

Patients with osteoblastic metastases of osteosarcoma suit-
able for alpha radiotherapy were identified using *™Tc
MDP bone scan. At our institution, we also use single-
photon emission computed tomography (SPECT) to
provide axial, coronal and sagittal colour fusion images
to facilitate discussion of indications, risks, alternatives of

treatments for bone-forming metastases (eg, 223-radium,
surgery, cryoablation and/or radiotherapy including
SBRT). All patients offered 223-radium had a poor prog-
nosis and did not have other treatment options of higher
priority (eg, lung surgery to completely remove metas-
tases to obtain a clinical remission). Informed consent
was obtained in the clinic after discussion of indications,
risks and alternatives to facilitate prior authorisation and
also in nuclear medicine at time of 223-radium admin-
istration and re-review of radiation safety precautions. A
retrospective chart review and analysis medical and radia-
tion treatment of consecutive patients with osteosarcoma
treated with 223-radium in 2016-2019 was approved by
Cleveland Clinic IRB (study CCF IRB 19-709).

Characteristics of the patients with metastatic osteosar-
coma who received 223-radium monthly are summarised
in table 1. Once a patient was identified as being suitable
for 223-radium, the interval from submission of insurance
prior authorisation request and/or appeal letter to radio-
pharmaceutical administration was 2 days to almost 2
months; most patients were able to get 223-radium within
1 month of initial consultation. Of note, 223-radium
is an option in the National Comprehensive Cancer
Network (NCCN) guidelines for treatment of relapsed
osteosarcoma.

223-Radium administration
223-Radium (1.49 pCi/kg or 55.13 kBq/kg; Xofigo,
Bayer) was administered intravenously in the Cleveland

Table 1 Metastatic osteosarcoma patient characteristics and 223-radium alpha radiotherapy cycles

223-Radium infusions _Alkaline phosphatase
Patient Age (years) Relapses Time to 223-radium (#) Pre Post % Change
A 36 2 20 3 97 65 -33%
B 15 2 39 6 112 80 -29%
C 26 1 25 2 1714 715 —-62%
D 24 2 21 3 85 59 -31%
E 23 4 16 6 70 48 -325%
F 15 4 33 1 310 nd ---
G 11 2 13 5 1370 67 -95%
H 16 3 18 2 380 232 -39%
| 20 8 15 2 133 nd —
J 24 2 52 2 131 125 -5%
K 18 1 18 6 94 50 —47%
L 14 1 (TNTC-LM) 16 4 198 70 —-655%
M 11 0 (TNTC-B) 8 5 269 168 -38%
N 25 1 (TNTC-B) 18 1 653 220 -66%
(0) 19 2 20 2 403 1041 1.58
Median 19 2 20 3 198 80 -60%
Mean 20 2 21.9 8 401 226 -44%

Time to radium: months from diagnosis to 223-Ra infusion 1.

TNTC-B, too numerous to count—bone metastases; TNTC-LM, too numerous to count—lung metastases.
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Clinic Nuclear Medicine Department by a short infusion
of 1-2min into a central line (eg, subcutaneous port)
followed by normal saline flushes (10 cc)x2. Because of
rapid bone and osteoblastic metastasis uptake and short
range of alpha emitters bound to bone, air travel was
permitted on the same day of infusion. Patients were
provided with a letter concerning radioactive drug treat-
ment in case of radioisotope detection while travelling.
Since there is some elimination of unbound 223-radium
alpha emitting radiopharmaceutical into GI tract for
several days, patients were advised to flush toilet twice
after bowel movements for 1week.

Concomitant anticancer agents

Agents to prevent skeletal complications were given on
different days than 223-radium at standard dosages.
Denosumab (120mg) was given subcutaneously monthly
or zolendronate 4mg intravenously over 60 min monthly.
Calcium carbonate+vitamin D supplementation (500 mg
calcium+500 U vitamin D) orally two times per day was
recommended for all patients receiving denosumab or
zolendronate.

Pazopanib was used at a minimum of 400mg and a
maximum of 800 mg orally daily, depending on body size
and GI tolerance. Sorafenib was used at 400 mg two times
per day. Ifosfamide+mesna was used as a slow contin-
uous infusion regimen (1g/m®/dayx14 days) to reduce
potential for thrombocytopenia, nephrotoxicity and
encephalopathy.**® Oral cyclophosphamide was given
as 25-50mg q AM and dose adjusted to keep ANC>1000.
High dose methotrexate was given in a standard
manner.”” # Pegylated liposomal doxorubicin was used at
a dose of 30 mg/m? per month. Nivolumab and everlimus
were given in standard doses in one patient and another
received sirolimus 4mg per day and auranofin 3mg two
times per day), both standard doses of these agent.”’

External beam radiation therapy (RT)

SBRT or other RT simulation was performed in treat-
ment position with 1.5mm CT axial slices. Various modes
of immobilisation were used based on the location of
the tumour to be treated. A gross tumour volume was
defined based on all available imaging. Typically, a 1cm
anatomically constrained clinical target volume was used,
with consideration of inclusion of the regional bone. If
the patient had received previous radiotherapy or was
planned for multiple courses of SBRT in close proximity,
a dose accumulation was created to evaluate all radiation
plans and the contributory dose to the organs at risk. A
treatment plan was developed for each site within 7-10
days of simulation.

Live-time daily cone-beam CT was used for image guid-
ance for all treatments in the presence of a physician and
physicist at the treatment console prior to treatment each
day. SBRT was delivered in five fractions or less using a
fraction size of 5—10 Gy per fraction delivered over sequen-
tial days. A maximum of four sites were treated with SBRT
during a treatment session. Two patients with lung hilum

and mediastinal treatment fields had RT given as 3 Gyxb
fractions for a total of 45 Gy.

Data capture was done using REDCap and analysis
of clinical benefit (improvement in pain and/or non-
progression at sites of RT and/or SBRT), and survival was
done using retrospective chart review with institutional
review board (IRB) approval. Because Response Criteria
in Solid Tumors (RECIST) has not been useful in assessing
response of osteosarcoma, a bone-forming tumour, this
was not used in this study.** Only one patient had before
and after Na'®F -PET-CT scans for analysis of Nal8F PET
Response Criteria in Solid Tumors (NAF CIST)." Overall
survival was calculated using the method of Kaplan and
Meier.

RESULTS

A total of 15 patients with osteoblastic metastases osteo-
sarcoma were treated in a 2.5-year period: 6 in 2016, 7
in 2017, 1 in 2018 and 1 in 2019. Patient characteristics
including age, number of relapses before 223-radium
therapy, months from initial diagnosis to 223-radium and
total number of monthly doses of 223-radium are detailed
in table 1. The median age was 19 years old. For this
cohort, an average interval of 1.5 years had elapsed from
initial diagnosis and alpha radiotherapy of osteoblastic
metastases. Because initial osteosarcoma chemotherapy
takes 8—-10 months, all of these patients had early relapse
or persistent active disease and/or progressive osteosar-
coma at the end of initial chemotherapy.

As detailed in table 1, only 3/15 patients received
a planned six doses of 223-radium; the median and an
average 223-radium doses were three and three per
patient. The most common reason for <6 monthly doses
of 223-radium was development of new or progressive
non-osteoblastic metastases and a clinical decision to stop
223-radium. For example, if a new lung metastasis did
not make bone (not avid on bone scan with SPECT), 223-
radium would be unlikely to be deposited into the nodule
and stopping monthly 223-radium was recommended.

All patients were able to get an agent useful for the
prevention of complications of skeletal metastases
(monthly denosumab n=13or zolendronate n=1); one
patient s/p prior denosumab refused monthly zolen-
dronate. There were no adverse events related to hypo-
calcaemia, hypophosphataemia, fevers, or jaw necrosis
attributable to denosumab or zolendronate during or
after 223-radium therapy in this cohort. Table 2 lists
concurrent agents during 223-radium, SBRT timing and
survival status at the time of this report. Patients who had
no SBRT and/or only one agent had worse survival (n=4
median 4.3 months) than patients treated with two or
more agents and/or SBRT (n=11, medial survival of 13.5
months).

In one patient with TNTC osteoblastic bone metastases
(figure 1), Na'®F bone PET-CT provided data showing
approximately 50% decrease in Na'®F bone-PET in
osteoblastic lesions (table 3). This would be considered
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Table 2 Combination therapy with 223-radium: other agents and SBRT

Survival from 223-Ra

Patient Combinations of agents RT timingt RT sitest (months)
A Den+pazopanib A Face+skull base 29
B Den+pazopanib C+A Bone+lung 33
C Den+pazopanib+rapamycin/auranofin C+A Bone+lung 11
D Den+lfos* then pazopanib A Lung >30
E Den+sorafenib C+A Lung 16
F Den C Lung 6

G Den+pazopanib C+A Bone 13
H FHDMTX N None 4

| Zolendronate N None 4

J Den+nivolumab+everolimus N None 10
K Den+pazopanib C Bone 14
L Den-+pazopanib+oral CPM C+A Bone, lung, liver 11
M Den+pazopanib, then sorafenib C+A Bone 6

N Den C+A Bone, lung 5
(0] Den+liposomal doxorubicin A Bone 4

*Ilfos+mesna 1 g/m?/dayx14 days via continuous infusion.

Tn=34 SBRTs, n=16 other RTs. RT timing: A=after 223-radium, C=concurrent with 223-radium, N=no radiotherapy.
FPatient H had no Den or zolendronate because of prior Den treatment and refused zolendronate.
CPM, cyclophosphamide; Den, denosumab; HTMTX, high-dose methotrexate; Ifos, ifosfamide; RT, radiotherapy; SBRT, stereotactic body

radiation therapy.

a partial response by NAFCIST* and was associated with
dramatic improvement in pain and regaining ability to
walk. Figure 2 shows another patient with TNTC lung
metastases, as well as one left lower lobe lung metas-
tasis and a bone metastases in the left femur and both
proximal humerus with *"Tc-MDP avidity on " Tc-MDP
SPECT. Hence, although lung surgery was not possible,
223-radium+SBRT could provide meaningful treatment
of areas of active osteosarcoma.

223-Radium+SBRT seemed particularly useful
controlling disease in sites for which surgery was not
possible or indicated because of location. Figure 3 illus-
trates SBRT plans in two patients with extensive sacrum
bone metastases, a location in which surgery is difficult
and would affect QOL (eg, loss of bowel and bladder func-
tion). figure 3 (top) shows SBRT plan for right sacrum
using 7Gyxfive fractions (35Gy); figure 3 (bottom)
shows left the sacrum SBRT plan using 8 Gyxfive fractions
(40 Gy). Both patients had concurrent 223-radium with
SBRT of the sacrum bone metastasis; neither of these
patients had relapse in the sacrum (follow-up 40 and 14
months).

There were no hospitalisations related to 223-radium
administration. QOL during the 223-radium and combi-
nation therapy was excellent in 14/15 patients. The one
exception was a patient with extensive prior radiation and
no concurrent or later SBRT who had continued throm-
bocytopenia, pain and poor performance; this patient
received only one dose of 223-radium. The other 14/15
patients had acceptable neutrophil and platelet count

in

recovery (ANC>1000and platelets>50K) within 1 month
of 223-radium administration and remained ambulatory
outpatients with an Eastern Cooperative Oncology Group
(ECOG) performance status of 0.

Two patients had pain flare reactions with increased
bone pain after the first dose of 223-radium. One was
related to chest wall pain from an osteoblastic lesion; this
patient elected to stop therapy rather than try dexameth-
asone with 223-radium dose 2. The other patient who had
a flare reaction was able to wean off opiates within 2 weeks
and received six doses of 223-radium. This patient even-
tually had disease in other areas and lived for 29 months
after an initial 223-radium infusion. There were no flare
reactions during 223-radium cycles 2—6 in any patient.

No patients were admitted for fever and neutropenia
during 223-radium cycles including the patient that
received two cycles of continuous infusion ifosfamide/
mesna. This patient survived >2.5 years and remains alive
and has been treated with 10 cycles of ifosfamide/mesna
via continuous infusion (total dose 140g/m?) with good
renal function. Overall survival was 40% at 1 year and
20% at 2 years (figure 4). Although few patients had no
additional palliative radiation (n=3), this was associated
with short survival (3, 3 and 9 months; figure 4). After
223-radium infusions, patients without RT had a median
overall survival of 4 months compared with those with
SBRT and/or RT who had a medial overall survival of
13 months. Overall survival was 47% at 12 months and
20% at 24 months (figure 4). In general, 223-radium
infusions were easily done in the outpatient setting, and
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Initial NaF PET
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Figure 1 TNTC bone metastases demonstrate a partial response by NAFCIST after 223-radium. Ten-year-old previously
treated with on doxorubicin, cisplatin and high-dose methotrexate developed massive progression of bone metastases (TNTC)
evidenced on Na'®F PET-CT. This patient (patient M in tables 1-3) was then started on 223-radium, and after one cycle, a PR
by Na18F PET Response Criteria in Solid Tumors (NAFCIST) was observed (table 3). Radiographical response was associated
with excellent improvement in pain and regaining ability to walk. PET, positron emission tomography; TNTC, too numerous to

count.

combination therapy, including bone-seeking agents,
chemotherapy and external beam radiation during and
after 223-radium, was well tolerated.

DISCUSSION

We report the first clinical evaluation of 223-radium in
bone-forming osteosarcoma with other anticancer thera-
pies, including radiotherapy and SBRT. Using a standard
dose of 1.49 pCi/kg (or 55.13 kBq/kg) 223-radium, it is
feasible and safe to combine 223-radium, other agents

Anderson PM, et al. ESMO Open 2020;5:e000635. doi:10.1136/esmoopen-2019-000635

and radiotherapy including SBRT. In the oligometastatic
setting, it is generally accepted that local control surgery,
if possible with acceptable morbidity, is the best means
to treat second and subsequent recurrences of osteosar-
coma.” Systemic therapy with local control is needed not

only in the upfront setting as described by\]affe32 but also

has been shown by recent analysis of Children’s Oncology
Group data of seven phase II trials showing an event-free
survival of 12% at 4 months.”® Since bone metastases
in osteosarcoma are not only associated with a worse
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Table 3 Decrease in Na'®F bone PET uptake of many osteoblastic metastases after 223-radium (patient M)

SUV pre SUV post Difference

Bone lesion location 223-Radium 223-Radiumx2 Suv Per cent less
Skull base (clivus) 9.3 5.1 -4.2 -46%
C-spine (C3) 21.2 8.2 -13 -61%
T-spine (T2) 26.9 7.8 -19.1 -71%
T-spine (T12) 30.1 253 -4.8 -16%
L-spine (L4) 24.9 10.6 -14.3 -57%
Sacrum 26.8 18.8 -8 -30%
Pelvis (femoral head) 24.7 6.9 -17.8 -72%
Ribs (postleft sixth) 18.5 6 -12.5 —-68%
Humerus (proximal right) 35.8 19.5 -16.3 -46%
Ankle (left distal tibia) 32.6 16 -16.6 -51%
Median 25.8 9.4 -15.3 -54%
Mean 25.1 12.4 -12.7 -51.80%

Alkaline phosphatase was 269 before 223-radium and 168 after dose two at the time of the aforementioned sodium-fluoride PET study.

PET, positron emission tomography.

prognosis16 172021 bt also associated with the morbidity of
osseous involvement and difficult local control strategies,
we sought to use 223-radium in the setting of osteoblastic
osteosarcoma metastases.

Although alpha emitters advantages
compared with beta emitters for treatment of cancer,

have some

alpha emitters have shorter range than beta emitters.
Alpha emitters have high LET,”’ less haematological

Initial Radiotracer Avid Disease on SPECT

Treatment course with SBRT + 223-Ra (6 cycles)

toxicity and a superior safety profile which facilitates not
only administration but many fewer radioactivity precau-
tions.! ™® * ¥ Furthermore, 223-radium has been asso-
ciated with clinical benefits, including improved lactate
dehydrogenase (LDH), prostate specific antigen (PSA)
and alkaline phosphatase and a survival advantage in those
with osteoblastic bone metastases of prostate cancer.” 11
Because of these qualities, it would seem that 223-radium

Post-Treat SPECT, prior sites of disease no longer
taking up radiotracer

6 months
e

Figure 2 Active sites of disease treated with SBRT and 223-Ra with reduced radiotracer uptake on post-treatment SPECT.
(A) Sixteen-year-old with TNTC lung metastases (patient L in tables 1 and 2) exhibited two active sites of bone-forming
disease on *™Tc-MDP bone scan with SPECT: left lower lobe lung and left femur. The lung lesion (A) and the femoral lesion
(B) were treated simultaneously with SBRT and six cycles of 223-radium. No radiotracer uptake was observed on the post-
treatment SPECT in either lesion. This patient achieved disease stability and excellent quality of life (attended school) while on
therapy with 223-radium with denosumab, oral cyclophosphamide and SBRT. PTV, planning target volume; SBRT, stereotactic
body radiation therapy; SPECT, single-photon emission computed tomography.
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Initial Radiotracer Avid Disease on SPECT

Treatment course with SBRT + 223-Ra (6 cycles)
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Post-Treat SPECT, prior site of disease with

reduced radiotracer uptake
g

6 months

 —

6 months

Figure 3 Sacrum metastases not amenable to surgical resection are treated with SBRT and 223-Ra with improvement in the
patient’s quality of life. (A) A 15-year-old patient (patient B in tables 1-3) with osteosarcoma recurrence in the right sacrum
evidenced on SPECT. This patient was treated with SBRT and six cycles of 223-Ra. The patient was able to continue to attend
school while undergoing SBRT. The post-treatment SPECT revealed reduced radiotracer uptake in the sacral disease. (B) A
17-year-old patient (patient K in tables 1-3) with osteosarcoma recurrent in the left sacrum associated with severe pain. This
patient was treated with SBRT and six cycles of 223-Ra. Again, the post-treatment SPECT showed reduced radiotracer uptake
in the sacral disease. Complete and durable resolution of pain without local relapse was observed in both patients. PTV,
planning target volume; SBRT, stereotactic body radiation therapy; SPECT, single-photon emission computed tomography.

is a ‘designer drug’ for osteoblastic osteosarcoma metas-
1135 However, if osteosarcoma metastases are not
osteoblastic (ie, metastases do not make bone), other
agents would be needed for cancer control. When used as
asingle agent in metastatic osteosarcoma, 2x the standard
dose of 223-radium could be given safely to patients with
osteosarcoma,” all of whom previously at diagnosis had
aggressive upfront multiagent chemotherapy, which for
most patients includes cisplatin, doxorubicin, high-dose
methotrexate and/or ifosfamide.'” 193

Our osteosarcoma cohort was particularly challenging
with early onset of new metastases, recurrence or
persistent metastatic disease (median time from diagnosis,
18 months; median relapses=2). Furthermore, while only
3/15 had too numerous to count (TNTC) metastases,
the others often presented with a wide variety of unre-
sectable osseous and pulmonary sites of osteosarcoma. In
this setting, we sought to maintain QOL using not only
223-radium to specifically treat the osteoblastic parts of
numerous metastases but also other agents to decrease
skeletal complications, as well as improve effectiveness of
alpha radiotherapy and radiotherapy including SBRT.

Of note, there is a small series demonstrating utility
of SBRT for metastatic Ewing and osteosarcoma with a
local control of 85% after a 2-year follow-up for survi-
vors.” This series reported a median SBRT dose of 40 Gy
delivered over five fractions; however, a range of dose
and fractionation schemes were used. Although our
experience is retrospective with treatment biases, the
significant survival advantage of 9 months seen with the

use of SBRT, along with 223-radium certainly supports
consideration of the combined 223-radium+radiotherapy
approach in patients with unresectable, metastatic osteo-
sarcoma. Because of heterogeneity in the uptake of the
bone seeking radiopharmaceutical and size of lesions
treated with external beam radiation, it would seem that
an advantage of 223-radium would be to target smaller
less heterogeneous osteoblastic metastases and microme-
tastases, as well as to try to maintain QOL in the setting of
TNTC bone metastases.

Despite numerous bone metastases, none of our
patients had a pathological fracture and all were ambu-
latory during 223-radium cycles. We chose denosumab
instead of zolendronate because of osteosarcoma biology
considerations, " as well as observations of osteosarcoma
metastases becoming more 99mTe MDP avid after monthly
treatment with the antirank ligand antibody+calciumand
vitamin D supplements two times per day. On the other
hand, zolendronate may also be a similarly useful adjunct
to not only prevent skeletal complications and is now
inexpensive (generic) and could also delay progression.g8

Agents which inhibit vascular endothelial growth factor
(VEGF) are associated with minimal haematological
toxicity and would seem suitable for combination with
223-radium. VEGF inhibition is associated with growth
delay after radiotherapy39 and metastatic potential of
osteosarcoma cells.*” Furthermore, VEGF pathway genes
are sometimes amplified in osteosarcoma’! *? and are
correlated with a poor outcome. However, bevacizumab
can be associated with wound issues.* Thus, use of

Anderson PM, et al. ESMO Open 2020;5:e000635. doi:10.1136/esmoopen-2019-000635
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Months after 223-radium administration
Figure 4 Overall survival of patients with osteoblastic osteosarcoma metastases after 223-radium in combination with other
agents. Kaplan-Meier survival curve shows those that had additional radiation (o), no additional radiation (closed circles) and
still surviving (x). Approximately 47% and 20% were surviving at 1 and 2 years, respectively; one patient remains alive for >2.5

years.

tyrosine kinase inhibitors (TKIs) with anti-VEGF activity
would seem to be an attractive option for inhibiting meta-
static osteosarcoma after 223-radium. There are reports of
activity of pazopanib against osteosarcoma**™*® and, simi-
larly, sorafenib with activity in osteosarcoma’™; these
were successfully used in combination with 223-radium in
our report. Since regorafenib has properties that improve
response to radiotherapy in paediatric malignancy
models’' and a recent study showed a high response rate
of regorafenib against osteosarcoma,” regorafenib would
seem to be an attractive combination agent with 223-
radium in the future. Usefulness of regorafenib may be
limited by rash and GI toxicity, but this is variable in indi-
vidual patients with some tolerating the agent well, while
others seem to tolerate pazopanib or sorafenib better.
Children’s Oncology Group has an expansion cohort
currently receiving cabozanitinib (COG ADVL1622), and
future activity could be expected using this TKI too.
Other agents with activity against osteosarcoma with a
higher therapeutic index used with acceptable toxicity
in our report also included high-dose methotrexate,”
ifosfamide/mesna as a continuous infusion at lg/mQ/
dayx14 days, which is associated with minimal thrombo-
cytopenia,” % ** oral cyclophosphamide,Q7 2854 pegylated
liposomal doxorubicin and auranofin with sirolimus.*
Since mammalian target of rapamycin (mTOR) inhibi-

: 55 56
tors may be useful against sarcoma cancer stem cells™”

as well as having some radiosensitisation qualities,57 these
agents could also be used in combination with either 223-
radium or SBRT.

We used an approach in patients with metastatic osteo-
blastic osteosarcoma to not only reduce disease burden
but also maintain QOL. Combination therapy as used
in this cohort could maintain QOL and, in some cases,
disease control for limited amounts of time, but long-term
efficacy of the bone seeking alpha-emitting radiophar-
maceutical seemed limited by populations of cells that
escape by no longer having the ‘osteoblastic phenotype’.
What is needed are other means to efficiently eliminate
disease burden and to maintain QOL. Future directions
could include immune agents such as mifamurtide,58 59
anti-CD47,% ®' perturbation of metastatic phenotypes® %
and a novel radiopharmaceutical with tumour seeking
characteristics, CLR-131 (NCT03478346).

CONCLUSION

For patients with osteosarcoma with an osteoblastic
phenotype, 223-radium would seem to be a ‘designer
drug’. Although logistics of getting the bone-seeking radi-
opharmaceutical for a rare cancer can be complicated,
it is an option in the NCCN guidelines and provides a
minimally toxic means to ameliorate metastatic burden.
We were able to provide combination therapy with
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223-radium and other agents including SBRT to prevent
skeletal complications and to maintain QOL. Neverthe-
less, because risk of relapse remains high and survival is
poor, additional novel means to inhibit metastatic dissem-
ination and to reduce burden of disease with a high ther-

apeutic index are needed for metastatic osteosarcoma.
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