Journal of Bone and Soft Tissue Tumors 2016 Jan-Apr;2(1):27-32

Chemotherapy in Osteosarcoma: Current Strategies

Sandeep Jain', Gauri Kapoor’

Abstract

Incorporation of chemotherapy to multi-modality management of high grade osteosarcoma has led to remarkable improvement in survival
rates. Its use in the neoadjuvant setting is now accepted as standard of care and has the added advantage of providing important
information on histologic response. Survival rates for non-metastatic disease are nearly 70%. Outcome of patients with poor histological
response and those with metastatic and recurrent disease continues to be unsatisfactory and an ongoing challenge. Therefore, there is a

need to develop novel agents and biologically driven strategies to target these disease subgroups. The current review focusses on evolution

of chemotherapy, controversies in its use and current standard of care for osteosarcoma
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Introduction:

Osteosarcoma is the most common primary
malignant bone tumor in children and
adolescents accounting for 4% of all
pediatric malignancies. Approximately 20%
of children present with metastatic disease
at diagnosis and it remains, unquestionably
the most important factor affecting long
term survival. Prior to 1970, the prognosis
of patients with osteosarcoma was dismal,
with a 10-20 % overall survival despite
being treated with radical surgeries [1-3].
Outcome of patients with osteosarcoma has
improved in the past three decades with the
addition of effective systemic
polychemotherapy and advances in surgical
resection. These have led to improvements
in overall survival of patients with localized
disease to the tune of 70% [4-S]. Various
well coordinated systemic trials by different
co-operative groups in North America and
Europe have identified high-dose
methotrexate (HD-MTX), cisplatin,
doxorubicin, ifosfamide and etoposide as
active cytotoxic agents and combinations of
these drugs make up the cornerstone of
treatment. Chemotherapy not only takes
care of micrometastatic disease at diagnosis

but also facilitates limb salvage surgery. The
choice of regimen and optimal schedule of
chemotherapy is somewhat controversial. In
this review we focus on evolution of
chemotherapy, controversies in
chemotherapy use and current standard of
care.

Evolution of chemotherapy

Before the introduction of chemotherapy,
the outcome of patients with osteosarcoma
was only 15-20%, despite adequate local
control. Most patients succumbed to
metastatic lung disease. These findings led
to the conclusion that patients with
osteosarcoma have microscopic metastatic
disease at the time of diagnosis and this
prompted investigators to identify active
agents to target it. Initial studies to
demonstrate chemosensitivity of
osteosarcoma were done in the early 1970s
by Sutow et al [6]. He developed a regimen
called "Conpadri"which included
cyclophosphamide, Oncovin (vincristine),
doxorubicin (adriamycin), and L-
phenylalaninemustard. Later on with the
inclusion of HD-MTX, the acronym was
changed to "Compadri' [6-7]. These
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regimes were the first rational attempt at
confirming the role of adjuvant combination
chemotherapy using drugs with non-
overlapping toxicities in osteosarcoma.
Compadri I-IIl yielded a 41% 18-month
disease-free survival [8]. These results
suggested that addition of chemotherapy
improved survival in patients with
osteosarcoma. However, in the absence of
randomized trials, it was not clear, to what
extent improvement in surgical techniques
and radiological studies contributed to
achieving these results. These observations
were further supported by the first
randomized trial from Mayo clinic wherein
patients were randomized to receive
adjuvant vincristine and HD-MTX versus
surgery alone[9]. This trial did not show
any difference between the two arms. All
these concerns were put to rest by two
subsequent randomized controlled trials
from North America that clearly established
the survival benefit of adjuvant
chemotherapy. In both these trials patients
receiving no adjuvant treatment had a 2 year
event free survival of just 20% compared to
66% and 55% in patients who received
adjuvant chemotherapy [10-11]. These
trials also established adriamycin, cisplatin,
HD-MTX and alkylating drugs like
ifosfamide and etoposide as active agents in
the treatment of osteosarcoma. The various
trials showing benefit of chemotherapy in
osteosarcoma are listed in Table 1[12-22].

Role of neoadjuvant chemotherapy

The concept of neoadjuvant chemotherapy
(NACT) was first introduced at Memorial
Sloan-Kettering Cancer Center (MSKCC)
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Table 1: Results of chemotherapy in osteosarcoma from published studies

MSKCC T7 Rosenetal [12] 75 Preop and postop: BCD, MTX, V, D 10 year -72%
MSKCC T10 Rosenetal [13] 153 Preop: MTX, V; postop: D, P, BCD (poor) or D, MTX, BCD (good) 5 year -72%
IOR/0OS-2 Baccietal [14] 164 Preop: MTX,D,P; postop MTX, D,P+ [E 10 year-59%
IOR/OS-4 Baccietal [15] 133 Preop: MTX,D,P,I; postop MTX,D,PI 5 year-56%

EOI study 2 Souham etal [16] 391 Preop: D, P or MTX, D, V; postop: D, P or MTX, D, V, BCD 5 year -44%
EOI study 3 Lewisetal [17] 504 Preop and postop: D, P + GCSF 5 year -37%
COSS-86 Fuchsetal [18] 171 Preop and postop: MTX, D, P; I (high-risk patients) 10 year -66%
SSG-1 (T10) Seteretal [19] 97 Preop: MTX, V; postop: D, P, BCD (poor) or D, MTX, BCD (good) 5 year -54%
CCG-782 (T10)  Provisor et al [20] 268 Preop: MTX, BCD; postop: D, P, BCD (poor) or D, MTX, BCD (good) 8 year -53%
INT-0133 Maeyers et al [21]507 Preop and postop: MTX, D, P+ [, + MTP-PE 3 year -71%
EURAMOS-1 Bielack et al [22] 716 Preop: M,D,P; postop: M,D,P+IE+IFN 3 year -76%

in their T-10 protocol [23]. Preoperative
chemotherapy was administered in an effort
to increase the number of patients who
could undergo limb salvage as the surgeons
needed time to order the prosthetic devices.
Administration of NACT also had the
theoretical advantage of treating presumed
microscopic metastatic disease. The
outcome of the T-10 trial was similar to that
of the Multi Institutional Osteosarcoma
Study (MIOS), with a 65% survival rate at S
years. Importantly, the results of this trial
laid the foundation for the subsequent
important association between histologic
necrosis and prognosis. However, there were
concerns regarding the impact of delayed
surgery among patients with chemo-
resistant disease as well as the probability of
development of resistant clone in those with

high volume disease. To answer this
concern Pediatric Oncology Group
conducted a randomized clinical trial (POG
8651) between 1986 and 1993, comparing
NACT with adjuvant chemotherapy. This
trial compared immediate surgery followed
by postoperative adjuvant chemotherapy
with 10 weeks of the NACT (same drugs)
followed by surgery in 100 patients under
the age of 30 years with non-metastatic,high
grade osteosarcoma. Chemotherapy
consisted of alternating courses of HD-
MTX with leucovorin rescue, cisplatin,
doxorubicin, and bleomycin,
cyclophosphamide,dactinomycin (BCD).
The five-year relapse-free survival rates were
similar between the two groups, 65% versus
61% for adjuvant and neoadjuvant arms
respectively. There was also no difference in

Total response - no viable tumour
Good response - 90%-99% necrosis
Fair response - 60%-89% necrosis
Poor response - <60% necrosis

Table 2: Classification system based on histologic response to chemotherapy

IV - no histologically viable tumour

11 - scattered foci of viable tumour

II - areas of necrosis with viable tumour
[ - little or no response

Table 3: Results of trials using non-methotrexate based treatment protocols
St. Jude Children's Preop and post
Research Hospital ~ Najatetal 72 C e]())pIa postop: 61%  5year-66.7%
0899 (31] o

Preop and postop: ) D, P: 5-year EFS 57%,
Bl E%mweu 198 5 pamTX 30% b, b MTX: 5-year EFS 41%
. Preop and postop:
EOI study 3 L tal 504 36% 5 -37%
study rle7v;/1se a D, P+ GCSF 0 year -37%
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the number of patients who underwent limb
salvage procedures (55% and 50 % for
immediate and delayed surgery,
respectively) [24]. On the basis of these
results, the use of preoperative
chemotherapy has become standard of care,
given its advantages, as it allows sufficient
time for surgical planning, potentially
facilitates tumor removal, and permits
evaluation of response to therapy. Several
investigators in single and multi-
institutional studies in the United States and
across Europe, support this general strategy
[13,14,16,18].

Histological response to chemotherapy
Most trials reveal that patients with greater
than 90% necrosis following NACT have
significantly better event free survival (EFS)
compared to those with less than 90%
necrosis. Several grading systems have been
developed for assessing the effect of
preoperative chemotherapy on the tumor.
The two most commonly used classification
systems are the Picci and Huvos
classifications[ Table 2].

The Institute of Rizzoli (IOR) reviewed
data on localized extremity osteosarcoma in
more than 1000 patients over the 19-year
period from 1983 to 2002 [25]. Fifty-nine
percent of all patients had good response to
chemotherapy (Picci), and had a S-year
survival of 76%, compared to 56% for poor
responders. The Cooperative Osteosarcoma
Study group (COSS) database analyzed
1,700 patients between 1980 and 1998 that
included all sites, ages, and presence or
absence of metastases [26]. The data
revealed that 55.6% of patients had good
response to therapy. The 5-year survival rate
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for good and poor responders was 77.8%
and 55.5% respectively. The European
Osteosarcoma Intergroup (EOI) analyzed
data of two consecutive studies between
1983 and 1986 and 1986 and 1991 [27]. A
total of 570 patients were analyzed in the
report. This analysis is notable for several
differences compared to the COSS and IOR
analyses. Only 28% of patients had a good
histologic response, whereas 72% of patients
had a poor histologic response. Their S-year
survival rate was 75% and 45% respectively.
Interestingly, many of the patients included
in the analysis did not receive HD-MTX as
they were randomized to receive either
doxorubicin and cisplatin or more intensive
therapy including doxorubicin and HD-
MTX. This data clearly established that
histological response to chemotherapy is an
important prognostic factor.

Intensification of neoadjuvant and
adjuvant chemotherapy

As it became clear that the degree of
histological necrosis after pre-operative
chemotherapy predicts survival, efforts were
directed to intensify chemotherapy so as to
achieve maximum therapeutic response.
This strategy of preoperative chemotherapy
intensification has been tested in COSS-86
and MSKCC T-12 study [14,28]. Although
this strategy resulted in increased
proportion of good responders achieving
>90% necrosis, it did not translate into
improved overall survival (OS) or EFS rates.
Till date only INT-0133 study has shown
benefit of NACT intensification [19].

The next group of trials focused to alter or
intensify chemotherapy for patients with
sub-optimal response to preoperative
chemotherapy. In the early 1980s at
Memorial Sloan-Kettering Cancer Center,
poor responders had cisplatin substituted
for HD-MTX in addition to continuing
BCD (bleomycin, cyclophosphamide, and
dactinomycin) and doxorubicin [13].
Survival of patients with intensified
adjuvant treatment was similar to others.
Several other reports have also failed to
demonstrate benefit of intensification of
therapy for poor responders[20,29]. Thus,
till date it has not been possible to improve
the outcome of poor responders by altering
postoperative chemotherapy. An
explanation for this may be that the NACT
response is a surrogate measure of chemo-

sensitivity of tumor and an inherently
biologic unresponsive tumor is not
modifiable by currently available therapies.

Role of intra-arterial chemotherapy

The intra-arterial route was introduced in an
attempt to enhance the efficacy of drugs by
increasing the local concentration of
chemotherapy. Alkylating agents like
ifosfamide and cyclophosphamide could not
be used as they required phosphorylation in
liver for activation. Doxorubicin was not a
suitable agent as it is associated with skin
and subcutaneous necrosis. MTX achieved
high tumoricidal concentrations intra-
arterially but similar concentrations could
also be attained via the intravenous route.
Intra-arterial cisplatin was therefore,
selected and found to be highly effective.
Response rates with the intra-arterial route
were better when compared to the
intravenous route[30]. It has been used
extensively at the MD Anderson Cancer
Center in the TIOS pediatric trials. It was
highly effective in patients with pathological
fractures and neurovascular involvement.
Unfortunately, intra-arterial route is labor
intensive and requires general anaesthesia or
conscious sedation in a radiological suite. It
also requires intensive monitoring of the
distal arterial vascular status during and after
the infusion. Moreover, similar results could
be achieved with multiple courses of
combination chemotherapy administered
by the intravenous route over a more
prolonged period. Therefore, intra-arterial
route is generally not preferred.

High Dose Methotrexate

High dose methotrexate is one of the oldest
drugs used in the treatment of
osteosarcoma. It is generally administered
over 4-6 hours and requires aggressive
hydration, leucovorin rescue, serum level
monitoring and adequate infrastructure to
safeguard delivery and manage toxicity.
Moreover, it adds substantially to the overall
cost of treatment. In addition, there are no
randomized studies to compare the efficacy
of higher versus intermediate doses of HD-
MTX plus doxorubicin and cisplatin versus
doxorubicin/cisplatin alone. Furthermore,
investigators at St. Jude Children's Research
Hospital have demonstrated good outcomes
with five-year EFS and OS of 66% and 75%
respectively with non-methotrexate-

containing chemotherapy regimen
consisting of carboplatin, ifosfamide and
doxorubicin [31]. All of this has led to
considerable controversy regarding the
optimum role of HD-MTX.

Methotrexate is the only active agent that
has been subjected to a comparative trial of
efficacy with another active agent i.e.
cisplatin. Compared to 5-20% survival of
historical controls in pre-chemotherapy era,
HD-MTX increased survival to 40% - 60%
as a single agent. When combined with
other active agents like cisplatin and
doxorubicin the long term survival of 65% -
75% was reported [12-15]. Many studies
have shown a favorable correlation between
peak serum levels and outcome [19,32-33].
Therefore, optimum doses and
administration schedule is crucial to derive
optimum benefit from HD-MTX therapy.
Chemotherapy regimes devoid of HD-MTX
were considered, among the “major poor
prognostic factors” in the treatment of
osteosarcoma by Graf et al. [33]. Despite
the absence of randomized trials evaluating
osteosarcoma treatment with and without
HD-MTYX, it is generally acknowledged that
methotrexate is a standard component of
almost all contemporary osteosarcoma
protocols in children and adolescents.

Current standard of care for patients with
osteosarcoma:

It is well established that chemotherapy is
an integral component of osteosarcoma
treatment and is essential in addition to
local surgery in order to achieve a
reasonable expectation of cure. Therefore,
optimum treatment for osteosarcoma
demands a multidisciplinary strategy. The
treatment generally consists of three stages:
initial cytoreduction with chemotherapy to
eradicate micro metastatic disease and
facilitate effective local control measures
with wide negative margins; and
consolidation therapy for eradication of
occult residual disease to reduce the
likelihood of tumor recurrence. Importantly,
NACT not only helps to achieve optimal
cytoreduction in facilitating limb salvage
procedures but also provides a chance to
assess the histologic response to
chemotherapy.

Most treatment protocols include cisplatin,
doxorubicin and HD-MTX with or without
ifosfamide plus etoposide(IE). In the
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Figure 1: Treatment schema of MAP
regimen in EURAMOS-122
M:Methotrexate 12g/m2

A:Doxorubicin 75g/m2

P:Cisplatin 120g/m2

Pegylated IFN-a 2b: Dosing Starting at
0.5pu/kg/week (max. SOylg) SC x4 weeks
Escalation to 1.0 pg/kg/week(max. 100 pg)
SC, if well tolerated

Timing once per week after chemotherapy
until week 104

R: Random assignment

recently concluded EURAMOS study, all
patients received NACT: 2 blocks of MAP
(methotrexate, doxorubicin and cisplatin)
chemotherapy for 10 weeks followed by
surgery (wide excision). Surgical excision of
tumor with oncologically safe margins was
the best means of local control. Post surgery,
poor responders were randomized to receive
MAP for 28 weeks with or without IE. All
good responders continued on MAP for 28
weeks and then were randomized to no
further therapy and maintenance therapy
with pegylated interferon. This is the largest
international trial in the history of
osteosarcoma treatment and its results show
that intensification of adjuvant
chemotherapy by addition of IE in poor
responders did not improve survival.
Furthermore, in good responders addition
of pegylated interferon maintenance was not
useful [22]. Schema of this treatment is
shown in Figure 1 and most of the study
groups endorse this strategy as current
standard of care.

Non-methotrexate based chemotherapy
for countries with limited resources
There is paucity of published data on
osteosarcoma from India. Historically, the
role of high dose methotrexate in the
treatment of osteosarcoma has always been
debatable. From the practical perspective, it
requires rigorous pharmacokinetic
monitoring and often the infrastructure
required for monitoring is not available in
many centers with limited resources.
Therefore, most of the centers in India use
cispaltin, doxorubicin and ifosfamide based
chemotherapy. Pathak et al have reported
relapse-free survival was 72% nonmetastatic
osteogenic sarcoma of the extremities using
cisplatin and doxorubicin as adjuvant
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therapy [35]. Recently, results from a single
center study from India have revealed 2yr
progression free survival of 70 % for patients
with non-metastatic osteosarcoma [36]. In
light of these results use of non
methotrexate based therapy in resource
constraint setting seems justified. In
addition, it is desirable to focus on
developing infrastructure to provide limb
salvage procedures and direct resources to
develop indigenous affordable prosthesis.

Treatment of relapsed osteosarcoma
Treatment of relapsed osteosarcoma has not
been tested in randomized clinical trials, and
thus, there is no single standard approach.
Prognosis of patients with relapse depends
on duration of off therapy and site of
relapse. In a large database of 565
osteosarcoma patients who relapsed after
being treated with one of three different
NACT protocols within the European
Osteosarcoma Intergroup, five year survival
post relapse in those whose disease recurred
after two years versus within two years of
randomization was 35 versus 14 percent,
respectively[37]. There is no reasonable
chance of cure without complete surgical
resection of all sites of disease. Choice of
chemotherapy depends on agents used in
front line therapy. In most of contemporary
studies, most of the patients receive cisplatin
and doxorubicin in front line therapy.
Therefore, ifosfamide, etoposide and HD-
MTX are the most commonly used drugs in
relapse setting. In general, patients should
be treated with any of the four most active
agents that were not included in front line
therapy. The use of high-dose
chemotherapy with autologous
hematopoietic stem cell rescue has been
applied to salvage therapy. However, at least

two small pilot studies failed to demonstrate
significant advantage of standard salvage

therapy approaches [38-39].

Newer therapies

There has been significant progress in the
management of patients with osteosarcoma
from 1970 to 1990. However, thereafter,
progress has been stalled due to limited
options available for patients with poor
histologic response and those with
metastatic and recurrent disease. It is clear
that intensification of available
chemotherapeutic agents has not translated
into survival benefit for these group of
patients and novel agents are required.
Some of the agents being tested include
mTOR inhibitor (ridaforolimus), inhibitors
of insulin-like growth factor I receptor,
tyrosine kinase inhibitor (sorafenib),
microtubule inhibitor (oferibulin), human
monoclonal antibody against RANKL
(Denosumab) and anti-disialoganglioside
antibody (theuseofan) [40-44]. Some of
these agents have demonstrated promising
results in preclinical data and may offer a
potential role in adjuvant therapy in the
future.

Acute toxicities and Late Effects

The most frequent acute toxicities due to
chemotherapy are infections secondary to
myelosuppression and mucositis. Renal
dysfunction may lead to hypomagnesemia
and other electrolyte abnormalities from
tubular and glomerular damage induced by
ifosfamide and cisplatin respectively.
Ototoxicity from cisplatin and cardiac
dysfunction related to anthracyclines are the
other commonly observed side effects.
Late effects in osteosarcoma may be
attributed to local therapy i.e. surgery or to
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systemic chemotherapy. Those related to chemotherapy are

usually agent specific. Doxorubicin is known to cause chronic

cardiomyopathy which is dependent on the total cumulative

dose. Longhi et al reported 2% incidence of symptomatic

cardiomyoathy at a median follow up of 10 years [45]. In general,

cumulative dose of doxorubicin is usually limited to less than 450

mg/m?2. Anthracycline and alkylating agents may also result in

second malignant neoplasm (SMN). The same authors report a

10-year and 20-year cumulative incidence of SMN of 4.9% and

6.1% respectively in osteosarcoma survivors. The alkylating

agent, ifosfamide is associated with infertility, especially male

infertility, so sperm cryopreservation should be offered to

postpubertal boys if treatment plan includes alkylating agents. In

addition, ifosfamide can cause a persistent renal tubular
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