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Abstract

Background The overall survival of patients with localised osteosarcoma has dramatically improved with the introduction of multi-
drug chemotherapeutic regimens into the treatment paradigm. However, despite optimal treatment, all-cause mortality remains higher
among osteosarcoma survivors than in the general population. The development of second malignant neoplasms contributes to this
higher mortality rate.

Case series We present three cases of patients definitively treated for osteosarcoma who subsequently developed a second malignant
neoplasm. The first case describes a 17-year-old female with osteosarcoma of her right femur treated with surgical resection and
perioperative chemotherapy. Ten years later, she was diagnosed with metastatic HER2-positive breast cancer. Genetic testing identified
a germline TP53 mutation, confirming the presence of Li-Fraumeni syndrome. The second case details an 18-year-old male with
osteosarcoma of his right humerus treated with definitive resection and perioperative chemotherapy. He was diagnosed with
appendiceal adenocarcinoma after presenting with acute abdominal pain 17 years later. The third case reviewed is of a 36-year-old
male with osteosarcoma of his right femur treated with definitive resection and adjuvant chemotherapy. A diagnosis of
leiomyosarcoma was made 7 years later following surveillance imaging.

Discussion The risk of second malignant neoplasms in osteosarcoma may relate to previous oncological treatment, an inherited cancer
predisposition syndrome or a spontaneous new neoplasm. Although screening for a second malignancy is not routinely recommended
for osteosarcoma survivors, a high degree of clinical suspicion should be maintained during surveillance.

Keywords Osteosarcoma - Second primary

Introduction

Osteosarcoma is a primary malignant bone tumour characterised
by the production of osteoid and/or immature bone. It represents
the most common malignant tumour of bone, accounting for
30% of bone tumour cases in Ireland. Overall, it remains a rare
malignancy [1]. Osteosarcoma has a bimodal incidence, predom-
inantly affecting children and adolescents (primary osteosarco-
mas), with a second peak in incidence in adults over the age of 65
(frequently secondary osteosarcomas—i.e., arising from sarco-
matous change within a benign bone lesion). Optimal definitive
treatment involves a combination of surgery and perioperative
chemotherapy [2]. With the introduction of multidrug chemo-
therapeutic regimens into the treatment paradigm, overall surviv-
al (OS) has dramatically improved with an expected 5-year OS in
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the region of 70% for localised disease treated with three drug
regimens [3, 4].

Surveillance and survivorship care are important components
of oncological management for this cohort, particularly, given the
young age at diagnosis for many. Despite optimal multimodality
treatment, recurrent cancer is the most likely cause of death
among patients with osteogenic sarcoma. A small number, how-
ever, will develop a new primary cancer (second malignant neo-
plasm/SMN) which may relate to previous oncological treatment
or an inherited cancer predisposition syndrome. Here, we present
a case series of three patients who survived their osteosarcoma
but subsequently developed a second malignant neoplasm.

Case Reports
Case 1
A 17-year-old Irish female presented with high-grade osteo-

genic sarcoma of her right femur. A right above-knee ampu-
tation with perioperative (neoadjuvant and adjuvant) MAP
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chemotherapy (high-dose methotrexate alternating with
doxorubicin and cisplatin) was performed. The surgical spec-
imen showed 80% necrosis of malignant cells. The following
year, and again 24 months later, she developed oligometastatic
disease in her lungs and underwent two surgical
metastasectomies with interval etoposide/ifosfamide chemo-
therapy. This cancer has not recurred in 10 years since.

At the age of 25 (8 years after her diagnosis and after
receiving a total lifetime dose of 300 mg/m? of doxorubi-
cin chemotherapy), the patient reported shortness of
breath whilst walking her dogs and was found to have a
significant anthracycline-related cardiomyopathy. She has
been under the care of the heart failure service since that
time and has recovered her ejection fraction with optimal
medical management.

At the age of 27, the patient developed a right breast
mass and hepatic lesions were identified on CT imaging.
A liver biopsy was performed revealing a poorly differen-
tiated carcinoma with HER-2 overexpression.
Immunohistochemistry for P53 was negative. PET CT
identified a 3.5-cm mass in the right breast and biopsy
confirmed a grade 3 invasive ductal carcinoma, ER/PR
negative, and HER2 positive. She was diagnosed with met-
astatic breast cancer and commenced on paclitaxel and
trastuzumab (further HER-2-targeting treatment was with-
held due to risk of exacerbating her cardiac impairment).

Family history was significant for a maternal grandun-
cle with bowel cancer in his 60s, a maternal granduncle
with oesophageal cancer in his 60s, and a maternal great
grandmother with eye cancer, presumed ocular melanoma.
Paternal family history was unknown.

This patient was referred for genetic evaluation and
counselling. A germline TP53 mutation was identified
confirming the presence of Li-Fraumeni syndrome.

Case 2

An 18-year-old Irish male was diagnosed with high-grade
osteogenic sarcoma of his right humerus in 1998. This
was treated with a combination of surgical resection and
perioperative MAP chemotherapy with 100% necrosis
seen on the surgical specimen. Five years later, he had
an isolated pulmonary metastasis which was surgically
removed and treated with adjuvant chemotherapy. He
had a subsequent resection of a large mediastinal mass
(dedifferentiated osteosarcoma) 8 years after initial diag-
nosis followed by further chemotherapy.

Family history was significant for a maternal aunt with
pancreatic cancer in her 60s, a maternal first cousin with breast
cancer at the age of 30, and a paternal first cousin with man-
dibular bone cancer in his 40s.

Seventeen years following his initial diagnosis, aged 35, he
presented with abdominal pain and proceeded to have a
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laparoscopic appendectomy. On histological examination of
the postoperative specimen, an invasive well-differentiated
adenocarcinoma was identified. The surgical margins were
clear and associated lymph nodes were negative; therefore,
no adjuvant chemotherapy was warranted.

The patient was referred for genetic counselling, and
peripheral blood was screened for the presence of a
germline mutation in either the p53 tumour suppressor
gene or a mismatch repair gene that could relate to
Lynch syndrome. No causative mutation was identified.
At this time, the patient is alive and cancer free. Both
tumours appear to have been sporadic in nature.

Case 3

A 36-year-old never smoker, Irish male was first diag-
nosed with high-grade, chondroblastic, osteogenic sarco-
ma of the right femur in 2003. He proceeded to amputa-
tion and 8 cycles of adjuvant MAP.

Family history was significant for maternal breast can-
cer in her 60s and paternal colorectal cancer in his 70s.
There was no other significant family history.

Surveillance imaging 7 years later revealed an 8-cm
retroperitoneal pelvic nodal mass involving the inferior
vena cava. Biopsy identified this as a second primary,
high-grade leiomyosarcoma. This was different morpho-
logically and by immunohistochemistry to the patient’s
previous osteosarcoma. Immunohistochemistry revealed
an absence of p53 staining in both the leiomyosarcoma
and previous osteosarcoma but could not differentiate be-
tween loss due to germline or somatic mutation. This pa-
tient did not proceed to germline testing.

The patient was treated with neoadjuvant etoposide and
ifosfamide and underwent surgical resection and subsequent
adjuvant radiotherapy due to positive surgical margins.

Over the subsequent years, he developed unresectable lung
metastases secondary to leiomyosarcoma, which ultimately
progressed despite several lines of palliative chemotherapy
and targeted systemic approaches. The patient died at age
50, 5 years after the diagnosis of his second cancer.

Discussion

Our case series illustrates the potential for late develop-
ment of new, unrelated cancers in patients who have com-
pleted definitive treatment for osteogenic sarcoma. All of
these cases occurred 5 years or more from diagnosis of
primary osteosarcoma, in itself a rare tumour. Whilst re-
currence of osteosarcoma is the major mitigating factor
for long-term survival in these patients, it tends to occur
within the first 5 years following treatment with rates of
late recurrence (5 or more years after diagnosis) ranging
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Table 1 Observed primary sites

of SMN Primary SIR Fidler SIR Nagarajan Percentage of observed Percentage of observed
site et al. (CI) [7] etal. (CI) [9] SMN Fidler et al. SMN Nagarajan et al.
Breast 4.0 (1.8-8.8) 9.73 (5.56-15.80)  26% 32.7%
Skin NR 4.84 (2.09-9.55) NR 16.3%
GI NR 5.84 (2.13-12.70) NR 12.2%
Thyroid NR 7.03 (2.57-15.30) NR 12.2%
STS/bone  *65.4 13.72 (3.69, 35.12)  13% 8.2%
(21.1-202.-
7

SIR, standardised incidence ratio; CI, 95% confidence interval; SMN, second malignant neoplasm; *Bone only

from only 1.4 to 5.7% in the literature [5, 6]. All-cause
mortality for osteosarcoma survivors who have survived
their diagnosis by more than 5 years remains significantly
higher than the general population [7]. Late recurrence of
osteosarcoma is the main cause of the raised mortality but
second cancers represent a significant minority of cases.

Osteosarcoma is a relatively rare malignancy and sur-
veillance data are limited. However, several groups have
made efforts to collate long-term outcomes on these pa-
tients. The largest available results come from the
Childhood Cancer Survivor Study (CCSS) which was a
multi-institutional study of over 20,000 individuals surviv-
ing 5 or more years following treatment for childhood can-
cer, 1077 (5.2%) of whom had osteosarcoma [8]. In the
subset of childhood osteosarcoma patients that survived
more than 5 years, 7% (75 out of 1068), ultimately died
from recurrent or persistent osteosarcoma [9]. The cumu-
lative incidence of SMNs at 25 years in osteosarcoma sur-
vivors who completed long-term follow-up was 5.4%, with
a standardised incidence ratio (SIR) of 4.79 (95% confi-
dence interval (CI) 3.54-6.33; p < 0.01) as compared to the
general population (Surveillance, Epidemiology, and End
Results (SEER) registry rates).

Similarly, Fidler et al. studied 664 patients, who partic-
ipated in the British Childhood Cancer Survivor Study
(BCCSS), diagnosed with any bone sarcoma before the
age of 15, from 1940 to 1991, who survived more than
5 years from diagnosis [7]. They found that the death rate
among patients diagnosed with osteosarcoma was 6 times
higher than the general population. The majority is ex-
plained by late recurrence of disease; however, the devel-
opment of a SMN was the second most common cause of
death in osteosarcoma survivors.

Across several reports, the SIR for the development of a
second malignancy among osteosarcoma survivors has
been reported as 2.4-4.6, with a slight female predomi-
nance and a higher incidence among patients whose prima-
ry osteosarcoma involved the axial skeleton [7, 9-11].
Table 1 shows the primary site of secondary malignancies.

There are a number of possible explanations for the link
between primary osteosarcoma and the higher risk of devel-
oping a second malignancy. These may be due to adverse
long-term effects of therapy used in the primary treatment of
osteosarcoma, they may be due to genetic predisposing fac-
tors, and finally, they may of course represent spontaneous
new second malignancies with no identifiable cause.

Both radiotherapy and chemotherapeutic agents have
been implicated in the development of SMNs. Armstrong
et al. examined 2821 deaths in all childhood cancer survi-
vors, 470 of which were due to second malignancy [12].
The use of alkylating chemotherapies (such as cyclophos-
phamide) and high doses of epipodophyllotoxins (such as
etoposide) were both associated with an increased risk of
death from SMN. Etoposide is commonly used in the treat-
ment of osteosarcoma [13]. Methotrexate and doxorubicin
are also associated with the development of second cancers
including haematological malignancies [14, 15].

Radiotherapy is an established risk factor for second
primary neoplasm and has been linked to the development
of secondary tumours in up to 8% of solid tumour survi-
vors [12, 16]. Radiotherapy is used rarely in the treatment
of osteosarcoma in Ireland and because the treatment field
is usually anatomically confined to the limbs in osteosar-
coma, it is less likely to be contributory [1].

Osteosarcoma may be the presenting diagnosis of a he-
reditary cancer predisposition syndrome. Li-Fraumeni syn-
drome (LFS) is a rare autosomal dominant condition that is
associated with germline TP53 mutations. TP53 is a tu-
mour suppressor gene with an important role in regulating
cells with DNA damage. LFS is manifested by the devel-
opment of multiple malignant neoplasms at an early age
including sarcoma, breast cancer (which is usually HER2
overexpressing), brain tumours, leukaemia, and adrenal
cancer [17, 18]. Immunohistochemistry for p53 protein
was negative in our third patients’ tumours. Loss of p53
staining indicates a loss of the whole protein or loss of
functional protein unit but does not definitively diagnose
whether the patient has a germline (hereditary) mutation in

@ Springer



1166

Ir J Med Sci (2019) 188:1163-1167

p53 or a somatic p53 mutation (loss of p53 within tumour
cells only, therefore not hereditary). Somatic pS3 muta-
tions are a common finding in many cancers including
sarcomas.

Ballinger et al. recently performed exon sequencing on
72 genes associated with increased cancer risk on 1162
patients with sarcoma [19]. They found that over half of
patients with sarcoma have putatively pathogenic varia-
tion in known and novel cancer genes including TP53,
ATM, ATR, BRCA2, and ERCC2 [19]. Early referral of
young patients with sarcoma for germline genetic testing
regardless of age/family history would facilitate risk strat-
ification of patients and help to identify not only patients
who would benefit from additional surveillance for SNMs
but also counselling and screening of unaffected family
members [20-22].

Our case series illustrates the rare but recognised oc-
currence of SMNs in osteosarcoma survivors.
Surveillance in this patient cohort is not only important
for early detection of osteosarcoma recurrence but also for
the detection of secondary malignancies and late compli-
cations associated with systemic therapy. International ex-
pert guidelines recommend surveillance with a physical
exam, full blood count, imaging of the primary site and
chest every 3 months for years 1 and 2, every 4 months
for years 2 and 3, every 6 months for years 4 and 5, and
yearly thereafter for those with a history of osteosarcoma
[13]. Whilst not yet available in Ireland, these relatively
rare cancer patients should optimally be followed in
specialised clinics to encompass survivorship health main-
tenance and to ensure clinical and radiological surveil-
lance for detection of late recurrences and SMN. We also
recommend the integration of hereditary cancer expertise
into the multidisciplinary management of osteosarcoma.
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