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ABSTRACT
Introduction: Osteosarcoma is the most frequent bone tumor in children.
Survival of patients who do not have metastases at the beginning has not
changed in the last decade; there are studies that suggest the benefit of
the use of new molecules such as mifamurtide. Methods: We described
the variables of interest in 8 patients under 18 years of age with high-
grade non-metastatic osteosarcoma, who received management with
conventional chemotherapy and mifamurtide as adjuvant in 2 Colombian
institutions between 2014 and 2017. Results: The majority of the patients
had femoral compromise due to conventional osteosarcoma, all of them
received management with pre and post-surgical chemotherapy, 75% of
the patients were taken to limb salvage. In total, 375 cycles of mifamurtide

were evaluated (2 mg/m2 of total body surface area). There were adverse
effects in 7 of the 375 cycles administered (1.87 %); these occurred in 4
of the 8 patients participating in the study; at the end of the study, 6 of
8 patients were alive. Conclusions: In the patients evaluated, the use of
mifamurtide was well tolerated, however due to the type of study it cannot
be determined if the use of this medication had an impact on survival.
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RESUMEN
Introducción: El osteosarcoma es el tumor óseo más frecuente en los
niños. La supervivencia de los que no tienen metástasis al inicio del
tratamiento no ha cambiado significativamente en la última década.
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Existen estudios que sugieren el beneficio del uso de nuevas
moléculas como mifamurtida. Métodos: Se describieron
las variables de interés en 8 pacientes menores de 18
años con osteosarcoma de alto grado no metastásico,
que recibieron quimioterapia convencional y mifamurtida
como adyuvante en 2 instituciones de Colombia entre
2014 y 2017. Resultados: La mayoría de los pacientes
tenía afectación del fémur por osteosarcoma convencional.
Todos se manejaron con quimioterapia pre y posquirúrgica.
El 75% de los pacientes fue llevado a salvamento
de extremidad. En total se evaluaron 375 ciclos de

mifamurtida a dosis de 2 mg/m2 de superficie corporal
total. Se presentaron efectos adversos en 7 de los 375
ciclos administrados (1,87%), en 4 de los 8 pacientes
participantes en el estudio. Al finalizar el estudio, 6 de los
8 pacientes estaban vivos. Conclusiones: En los pacientes
evaluados, el uso de mifamurtida fue bien tolerado; sin
embargo, por el tipo de estudio, no se puede determinar si el
uso de este medicamento tuvo impacto en la supervivencia.
Palabras clave
osteosarcoma; mifamurtida; niño; supervivencia.

Introduction

Bone tumors represent approximately 6%
of oncological diseases in people under 20
years of age. Osteosarcoma is the most
frequent malignant bone tumor in children and
adolescents, and corresponds to 56% of all
bone neoplasms in this population. The annual
incidence ranges from 3.5 cases per million in
children under 15 years of age to 8.8 cases per
million in people between 15 and 19 years of age,
with a peak of appearance around 15 years of age
(1,2). In Colombia, the Cali population register
reported an incidence adjusted by age and sex of
4.2 cases per million in children under 15 years
of age (3).

At the time of diagnosis, 70%-80% of
patients had localized disease, and 20-30% had
metastases, the most frequent of which were lung,
lymph and bone metastases (4).

Current treatment of metastatic and non-
metastatic high-grade osteosarcoma includes
neoadjuvant chemotherapy, followed by
complete surgical resection of the primary
tumor, ideally with negative margins, and
adjuvant chemotherapy. The choice of the
chemotherapy regimen and the optimal
moment (i.e., preoperative-neoadjuvant versus
postoperative-adjuvant) has been controversial,

since there is no definitive survival benefit
for neoadjuvant chemotherapy compared to
adjuvant chemotherapy (5). However, many
centers prefer to use preoperative chemotherapy,
particularly if a limb preservation procedure is
being considered.

The degree of necrosis in the pathological
anatomy reflects the effectiveness of the
neoadjuvant chemotherapy (4). The response
to neoadjuvant chemotherapy is an important
prognostic factor, but there is no evidence
that better results are achieved in patients
with poor histological response to neoadjuvant
chemotherapy by altering the postoperative
chemotherapy regimen (6). The degree to
which an osteosarcoma responds to neoadjuvant
chemotherapy is an important determinant of
clinical outcome for most histological subtypes
(7,8,9,10,11,12,13,14,15).

Five-year survival rates for patients with an
extremity sarcoma and a “good” response to
chemotherapy (as defined by 95% or more
of necrosis in the surgical specimen) are
significantly higher than those with a lesser
response (71%-80% vs. 45%-60%, respectively)
(11,13,15,16). However, the demonstration of an
inverse relationship between the predictive value
of tumor necrosis and the intensity of induction
therapy in a report has led to question the true
value of the histological response as a prognostic
marker (17).

The therapeutic objective is to eliminate
clinically detectable tumors and to control
microscopic metastases with polychemotherapy,
to improve survival and prevent recurrence. It
was assumed and subsequently demonstrated
that subclinical metastatic disease is present at
the time of diagnosis in most patients, and that
chemotherapy can successfully eradicate these
deposits if it is started when the disease load is
low (18).

The most commonly used drugs are: cisplatin,
doxorubicin, methotrexate with leucovorin,
ifosfamide and etoposide rescues (19,20). The
optimal regime has not been established.
However, the available evidence supports the
benefit of a three-drug regimen compared to a
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two-drug regimen, particularly for children and
young adults (21).

For children and adolescents, we recommend
the methotrexate, doxorubicin and cisplatin
(MAP) regimen, which was used in the control
arm of the American Osteosarcoma Study Group
(AOST) 0331 (EURAMOS-1) protocol (22).

The prognosis, mortality and progression
rate are mainly related to the presence of
metastasis (23). The 5-year event-free survival
has not changed significantly in the last 20
years (24). With the current treatment, it ranges
from 60%-70% for patients with non-metastatic
osteosarcoma, and from 20%-30% for those with
metastatic osteosarcoma (4). Therefore, new
therapeutic strategies are required to improve
these patients’ survival. In this scenario, a
modification of the postoperative regimen was
considered in patients who did not achieve
adequate necrosis rates, and the pioneer was the
T10 protocol of the Memorial Sloan-Kettering
Cancer Center (25,26).

However, this consideration stopped being
used, because the benefits of the T10
strategy were not maintained (27). The main
cooperative groups have not been able to
confirm that these changes improve the
results (17,28,29,30,31), and the multi-group
international trial EURAMOS-1 showed no
benefit of changing the schemes in patients with
poor histological responses (6).

In this context, other considerations have
been to study immunomodulatory drugs with
antitumor action, especially in conventional
chemotherapy-resistant neoplasms (19,24).
Mifamurtide (muramyl tripeptide: MPT) is a
lipophilic synthetic analog of muramyl dipeptide,
a component of the bacteria cell walls,
with immunostimulating properties. This drug
increases the production of proinflammatory
cytokines. As it is lipophilic, it is incorporated
into the membrane of macrophages and
monocytes, which are specifically activated
against tumor cells, without affecting normal
cells. MTP helps to eradicate residual
micrometastases that exist in patients with
chemotherapy-resistant osteosarcoma (4,24,32).

The recommended dose of MTP is 2 mg/m2 of
body surface area, administered intravenously in
1 hour, 2 times a week for 12 weeks; then, once
a week for 24 weeks, for a total of 36 weeks and
48 doses (4).

There is interest in continuing to study the
efficacy of this agent as standard therapy in
osteosarcoma (33,34,35). Some studies suggest
that the addition of MTP improves event-
free survival in patients with non-metastatic
osteosarcoma (23,33). There are no studies
in upper-middle, lower-middle or low income
countries with this drug in children with
osteosarcoma.

In relation to adverse effects and possible
toxicity, hematological, hepatic, renal, digestive,
cardiac, and nervous system effects have been
reported, as well as hearing loss, fever and
infection (4).

MTP has been available in Colombia since
2014. In 2016 the Clínica Infantil Colsubsidio
and the Hospital Militar Central, in Bogotá,
included it in the management protocol for
children with non-metastatic osteosarcoma. In
this article, we characterize patients with non-
metastatic osteosarcoma who received MTP as
part of the oncological treatment in these two
institutions.

Materials and methods

We present a case series (observational,
descriptive and retrospective study) with all
patients aged 2 to 18 years with high-grade,
non-metastatic osteosarcoma who underwent
macroscopically complete surgical resection and
started treatment with MTP in addition to the
conventional protocol, from January 1, 2014 to
July 31, 2017, in two institutions that handle
cancer patients in Bogotá (Colombia).

Parents of the included patients gave their
informed consent, and also the patients,
in the pertinent cases. After obtaining the
authorization from the Ethics and Research
Committee of the participating institutions, we
reviewed the clinical histories with the help of
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the principal investigators and the register of the
value of the variables with an Excel® database.

We evaluated the patients’ general and
sociodemographic characteristics, important
oncological aspects, tumor histology and
location, and the oncological treatment
provided (which included cumulative dose of
chemotherapy and local control type). We also
collected information about the side effects
mentioned in Table 1.

Table 1
Definition of side effects

ANC:absolute neutrophil count.

The information was collected and analyzed
using Excel®. For the qualitative variables,
frequency measures were estimated, and for
the quantitative variables measures of central
tendency were calculated: average or median
with the corresponding dispersion measures.

Results

Eight patients were evaluated, corresponding
to all children diagnosed with non-metastatic
osteosarcoma who were admitted to the
participating institutions. The results are
presented in tables 2 and 3.

Table 2
Patient characteristics

Table 3
Average cumulative dose of chemotherapy drugs

The average age of the patients at the time of
diagnosis was 12.5 years (with an interval of 9 to
16 years), the majority were men and the most
frequent location of the primary tumor was the
distal femur. The most common histological type
was central osteosarcoma, conventional subtype
(according to the World Health Organization
classification).

All of them received neoadjuvant
chemotherapy prior to local control. A
good response was considered when the
percentage of necrosis reached was greater than
95%, according to the Huvos classification.
Subsequently, adjuvant chemotherapy was
administered.

The neoadjuvant chemotherapy regimen
provided was doxorubicin and cisplatin. Six
patients were administered ifosfamide and
methotrexate, depending on the clinical
stage, the patient’s adherence and the
institutional protocol. Only 2 patients required
amputation; the others underwent salvage
surgery. All received adjuvant chemotherapy
with doxorubicin; 7 received ifosfamide and
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cisplatin; 6 methotrexate, and 5 etoposide. All
received MTP 2 mg/m2 per cycle, 7 completed 48
cycles, and one received 39 cycles.

At the end of the follow-up, in August 2018, 2
patients had died due to disease progression with
pulmonary metastatic involvement; both had less
than 95% necrosis at the time of local control,
and one of them was the one that received 39
cycles of mifamurtide.

There were adverse effects in 7 of the 375
cycles administered (1.87%); these occurred
in 4 of the 8 patients participating in the
study. Three patients presented with fever,
anemia, thrombocytopenia and neutropenia in
the first 6 hours of application in one of the
cycles. One patient presented with fever not
associated with alterations in the blood count;
one patient presented with fever associated
with mild anemia, and one presented headache.
Finally, one patient reported palpitations.

Discussion and conclusions

Although the incidence of osteosarcoma is low,
it is the most frequent malignant bone tumor in
children. Many cases are diagnosed late, which
greatly influences the prognosis.

The treatment plan continues to be local
surgical control with chemotherapy before
and after the procedure, with conventional
medications such as alkylating agents, platinum,
anthracyclines, semisynthetic podophyllin and
folic acid analogues.

Despite the scientific advances and the
adjustments made to the treatment protocols,
survival has not changed significantly in recent
decades, which makes it necessary to consider
therapeutic strategies with different mechanisms
of action that influence the prognosis of the
kids. MTP has immunomodulatory properties
that confer it tumoricidal activity and there are
studies that suggest its effectiveness in patients
with osteosarcoma.

Meyers et al. (33) published a clinical
trial in 2008 to determine if the addition of
ifosfamide and MTP increased overall survival
and event-free survival in patients with non-

metastatic, resectable osteosarcoma. They made
a 2 × 2 factorial design, including 662 patients.
They compared chemotherapy with cisplatin,
doxorubicin and methotrexate with and without
the addition of ifosfamide and MTP. The addition
of MTP improved the 6-year survival from 70%
to 78% (p = 0.03). The risk ratio was 0.71 (95%
CI: 0.52-0.96). They did not find statistically
significant differences between the scheme with
ifosfamide and without it. They concluded that
the addition of MTP improved overall survival.

In 2017, Jimmy et al. (4) published a systematic
review of the literature to estimate the effect
of administering MTP in addition to adjuvant
chemotherapy, on event-free survival, overall
survival, recurrence and quality of life in patients
with metastatic and not metastatic high-grade
osteosarcoma. They found two experimental
studies that included 802 patients of all ages.
No differences were found in event-free survival
in metastatic and non-metastatic osteosarcoma.
There were small, but statistically significant
differences in favor of MTP in overall survival
in patients with non-metastatic osteosarcoma
and in progression-free survival in patients with
pulmonary metastases or relapse. The authors
concluded that there is little evidence to estimate
the effectiveness of MTP.

The 2015 study by Song et al. (23) used a
Markov model to estimate the effectiveness of
adding MTP to chemotherapy in patients with
metastatic and non-metastatic osteosarcoma,
with a lifelong time horizon, starting at 13
years of age. The study concluded that the
addition of MTP increases the treatment’s
effectiveness in metastatic and non-metastatic
osteosarcoma. The relative effectiveness was
higher in metastatic osteosarcoma.

Published studies include populations of
different ages, without considering children as
a subgroup. There are no studies on the
effectiveness and side effects of MTP in upper-
middle or low-income countries. In our study, 375
cycles were administered to 8 patients with non-
metastatic osteosarcoma. Two of these patients
died, and side effects occurred in only 1.87%
of the cycles. There were no deaths associated
with drug toxicity. It is important to mention
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that we took into account patient, physician and
nursing staff reported events, without making an
active search for other events documented in the
literature on the subject.

Considering that it is a descriptive study,
its results are aimed at generating hypotheses.
However, in view of the low prevalence of the
disease and the fact that there are no studies
in developing countries, the information about
the experience with children treated with MTP
in the mentioned institutions is valuable for
the scientific community. Although in Colombia
other institutions besides the ones mentioned in
the present study have used MTP, no study has
been published in this regard.
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