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Abstract 

Osteosarcoma is a tumor derived from mesenchymal cells. Osteosarcoma mainly affects children of 10-14 years old, 
usually of primary aetiology. Some genetic disorders have been shown to increase osteosarcoma incidence. The aim of 
our study was to investigate the association of osteosarcoma with syndromic features and the potential effects in the 
prognosis of osteosarcoma. A case series report of six cases with different syndromes was reported in this study and we 
have retrospectively evaluated the prognosis of the cases. Data was collected from January 2003 till December 2011 at 
King Hussein Cancer Center in Jordan. A total of 69 patients were diagnosed to have osteosarcoma during the studied 
period, 6 of them having associated syndromes, constituting 8.7% of all cases. The syndromes identified were 
Rothmund-Thomson Syndrome, Osteogenesis Imperfecta, Diamond-Blackfan Anemia, Osteopoikilosis, and Cockayne 
Syndrome. From the 63 non-syndromic patients follow up was lost in 14 of them. Among the remaining 49 patients, 34 
(69.3%) were alive and 15 (30.6%) died, while among the syndromic patients one was lost for follow up, only one 
remained alive (20%), and 4 died (80%). The statistical analysis indicated that syndromic patients presented a poorer 
prognosis than non-syndromic patients since an association with a higher mortality rate was observed (p<0.05). Our 
results suggest that syndromic patient’s show a poorer prognosis and osteosarcoma should be suspected during 
differential diagnosis and follow up of their syndromes. Early diagnosis and treatment might improve the outcome and 
survival.  

Keywords:  Osteosarcoma; Rothmund Thomson Syndrome; Osteopoikilosis; Osteogenesis imperfecta; Diamond-
Blackfan Anemia. 

1 Introduction 

Osteosarcoma is a tumor derived from mesenchymal cells that can be a consequence of primary causes (without any 
previous disease) or secondary causes (related to other pathologies). However, the aetiology of osteosarcoma is still 
partially known and has been described as multifactorial, including genetic alterations, environmental influence, and 
association with other diseases [1]. Some genetic disorders have been shown to increase osteosarcoma incidence, such 
as hereditary retinoblastoma, Li-Fraumeni syndrome, Rothmund-Thomson syndrome (RTS), Bloom syndrome, and 
Werner syndrome [1].Osteosarcoma affects mainly children of 10-14 years old, usually of primary aetiology, and the 
incidence rate is 4 in 1 million among children of 0-14 years old children [2]. Osteosarcoma is the eighth cause of cancer 
in children and is the most common primary bone malignancy in children [3]. Furthermore, the incidence of 
osteosarcoma increases after 65 years old when it is usually originated by secondary causes, such as radiation exposure. 
Diagnosis is performed through physical examination, laboratory tests, such as alkaline phosphatase and lactate 
dehydrogenase, imaging diagnosis, and biopsy. After diagnosis, osteosarcoma is classified according to the Enneking 
system for staging malignant musculoskeletal tumors and American Joint Committee on Cancer system for bone 
sarcomas [4, 5]. 
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Treatment for osteosarcoma includes systemic chemotherapy and local control surgery leading to over 70% survival 
rate, but if metastasis or poor responses to treatment are present, prognosis lowers significantly to around 20% survival 
rate [6]. In addition, limb amputation may be necessary in some cases. Chemotherapy, surgical intervention, and 
imaging advances have allowed improving limb salvage. However, the therapeutic approach that had initially raised the 
survival rate showed no further improvements in the recent years. 

An association has been suggested between osteosarcoma and certain syndromes like RTS and Diamond-Blackfan 
Anemia (DBA) among others, however the incidence is not well known and previous reports indicate different rates. 
The aim of our study was to investigate the association of osteosarcoma with syndromic features and the potential 
effects in the prognosis of osteosarcoma. Therefore, a case series report of six cases with different syndromes was 
reported in this study and we have retrospectively evaluated the prognosis of the cases.  

2 Material and methods 

This is a retrospective study. Data was collected in the period January 2003 till December 2011 at King Hussein Cancer 
Center in Jordan (KHCC). Ethics Committee Approval was taken prior starting the study. Inclusion criteria covered 
syndromic and non-syndromic patients diagnosed of osteosarcoma. Information regarding presence of syndromic 
features, current condition of the patient whether alive, died, or lost, and localized or metastatic disease at diagnosis 
was retrieved.  

3 Results  

A total of 69 patients were diagnosed to have osteosarcoma during the studied period and 6 of them presented 
syndromes, constituting 8.7% of all cases (Table 1). From the 63 non-syndromic patients follow up was lost in 14 of 
them. Among the remaining 49 patients, 34 (69.3%) were alive and 15 (30.6%) died. From the syndromic patients, one 
was lost for follow up while only one remained alive (20%) and 4 died (80%) (Figure 1). The comparison between 
metastasis percentage in non-syndromic patients vs. syndromic patients indicated that there was no association 
between metastasis and syndrome presentation (p>0.05, OR=3.7). However, among mortality rates, syndromic patients 
presented an association to a higher mortality rate as compared to non-syndromic patients (p<0.05, OR=9.1).  

 

Figure 1 Outcome of the osteosarcoma patients at the end of the study 
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Table 1 Distribution of osteosarcoma patients according to their underlying syndromes 

Syndrome N % 

RTS 2 33.3 

DBA 1 16.7 

Cockayne syndrome (CS) 1 16.7 

Osteogenesis Imperfecta (OI) 1 16.7 

Osteopoikilosis (OPK) 1 16.7 

Abbreviations: DBA: Diamond-Blackfan Anemia; RTS: Rothmund-Thomson Syndrome. 

3.1 Case series report 

3.1.1 Case 1: Rothmund-Thomson Syndrome 

An 11-year-old boy presented with history of 3 months of occasional left knee moderate pain, which spontaneously 
disappeared. He experienced a more severe pain one week prior to presentation at KHCC, 4 days after which he 
exhibited knee swelling and limp while walking. The patient showed antecedents of poor school performance. His family 
history revealed that his parents were first degree relatives, and his siblings (3 sisters and 1 brother) were all healthy. 
No family history of malignancy was recorded. On physical examination his vital signs were heart rate of 110 bpm, 
temperature of 37.2°C, and blood pressure of 117/70 mmHg. His height was 131cm on third percentile, indicating that 
the patient presented a short size. He had a triangular face, telangiectasia on the ear pinna, hyperpigmentation of the 
skin of ears and face, and nail changes (Figure 2). 

 

 

 

Figure 2 Skin manifestations of RTS clinical case; a and b) nail changes; c) telangiectasia in the ear pinna; d and e) 
hyperpigmentation of the skin. (Abbreviations: RTS: Rothmund-Thomson syndrome). 

There was evidence of swelling on the lateral left thigh. Magnetic resonance imaging (MRI) investigation revealed a 
large heterogeneous partially sclerotic intramedullary lesion comprising practically the entire length of left femur, 
extending from the distal femoral metaphysis up to femoral head associated with soft tissue competent at the distal 
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femur measuring about 4x5 cm in transverse dimension (Figure 3). There was no evidence of metastatic disease on 
chest computed tomography (CT) and bone scan was negative. Pathology confirmed a high grade osteoblastic 
osteosarcoma. The patient relapsed and his malignancy progressed in lung. After 1.3 years, the patient deceased. 

 

Figure 2 MRI showing a sclerotic intramedullary lesion in the left femur. (Abbreviations: MRI: Magnetic resonance 
imaging). 

3.1.2 Case 2: Rothmund-Thomson Syndrome 

An 18-year-oldgirl was initially diagnosed in February 1998 with osteosarcoma of the distal part of the left femur at the 
age of 9 years. Biopsy and tumor resection without amputation were performed in Medical City in Jordan and Palestine. 
Tumor resection showed positive margins and amputation was carried out in November 1998. Chemotherapy was 
administered at our hospital KHCC. The patient is alive to the date, after 10 years from treatment with chemotherapy 
and amputation (Figure 4). 

 

Figure 3 Skin manifestations of a RTS patient;a) and c) poikiloderma in arms and hands;b) and d) hyperpigmentation 
of the face and skin. (Abbreviations: RTS: Rothmund-Thomson syndrome). 

3.1.3 Case 3: Osteogenesis Imperfecta 

A known case of OI of a 15-year-old girl from Iraq presented with history of multiple fractures. She was treated for left 
forearm non-metastatic osteosarcoma in 2000 by chemotherapy (5X cisplatin + doxorubicin) and amputation. Her 
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family history revealed that 2 brothers died from malignant tumor of bone. There was history of bilateral lower tibia 
and fibula fractures for which internal plating was done to fix a right tibia fracture, and was removed in March 2009. Six 
months before the date of arriving the hospital she developed pain and soft tissue swelling at the right ankle. On October 
3rd of 2009 biopsy showed spindle cell soft tissue sarcoma. Pathology review at KHCC showed features consistent with 
high grade osteosarcoma. Her first visit at KHCC was on October 18th 2009. On examination her weight was 22.5kg and 
her height of 132cm (both below fifth percentile). The sclera conserved their white colour. The patient presented limp 
while walking with left forearm prosthesis. Presence of lower limbs deformities and scars were also observed. Bone 
scan showed active bone lesion of the right humerus. Ankle/bone CT revealed a large soft tissue mass likely arising from 
distal fibula (Figure 5). The patient completed treatment with chemotherapy and amputation, but the follow up was lost 
after one year post treatment. 

 

Figure 4 Ankle/bone X-ray revealing a soft tissue mass arising from distal fibula. 

3.1.4 Case 4: Osteopoikilosis 

A 17-year-old boy presented with right upper tibia swelling of four months duration, with previous diagnosis outside 
KHCC of right proximal tibia osteosarcoma (Figure 6). He presented low weight at birth with no complications. At the 
age of 2 years there was growth retardation and mild mental retardation, hearing loss with erythematous skin rash with 
scaling and bleeding following sun exposure. He progressed to lung relapse and died after 1.8 years. 

 

Figure 5 Plain X-ray and MRI right leg showing right proximal tibia osteosarcoma in a 17-year-old boy. 
(Abbreviations: MRI: Magnetic resonance imaging). 

3.1.5 Case 5: Cockayne syndrome  

A patient reported a 2month history of left leg swelling following trauma. He was followed at Al Salt Hospital in Jordan 
where a hematoma was suspected, and received oral antibiotics showing no improvement. After unsuccessful needle 
decompression, open decompression and biopsy were performed. Bone scan revealed active lesion proximal to left tibia 
and chest CT exhibited numerous lung lesions (1-3 cm) representing metastasis. MRI analysis indicated that there was 
a large tumor originating from metaphysis of the left tibia (15 cm intramedullary extension) with extraosseous 
component reaching lateral condyles of femur. The patient progressed and died shortly after 1 month of diagnosis 
before receiving chemotherapy. 

3.1.6 Case 6: Diamond-BlackfanAnemia 

A 15-year-old girl was diagnosed with DBA and was on regular blood transfusion. She presented at KHCC with 
osteosarcoma of the right tibia and lung metastasis. The patient needed amputation secondary to osteomyelitis at the 
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site of biopsy taken outside. Therapy consisted of chemotherapy with cisplatinum + doxorubicin, ifosfamide + VP16, HD 
MTX). She progressed and died after 2.4 years with multiple lung metastases. 

3.2 Literature review 

Research related to osteosarcoma has significantly improved the outcome of treatments and survival rates; however, 
poor response to treatments worsens the prognosis. There is still much unknown about pathogenesis of the disease and 
efforts are being directed to discover new targets and develop new treatments. 

3.2.1 Molecular pathogenesis 

Osteosarcoma shows a complex karyotype that may exhibit mutations, translocations, copy-number alterations, and 
even aneuploidy [7]. These genomic alterations cause lack of genome stability; however, the mechanism by which 
instability occurs is unknown. Previous studies have suggested that chromothripsis, rupture and reassembly of one or 
more chromosomes, might be involved, and it has been observed in nearly 90% of osteosarcomas [3]. Research for 
driver genes is difficult given that to the date no benign precursor of osteosarcoma has been described, which would 
help describe tumorigenesis mechanism involved in this type of cancer [8].It has been shown, by next-generation 
sequencing, that altered genes involved are related to genomic stability maintenance like TP53, RB1, CDK4, MDM2, and 
ATRX. RB1 is involved in preventing entrance to S phase of the cell cycle and its mutations lead to cell division. RB1 
alterations have been shown in approximately 29-47% of osteosarcomas [9,10]. TP53 have been detected in about 50-
90% of osteosarcomas [8]. CDHK4 and MDM2 are p53 and Rb activity regulators, and are usually overexpressed in 
osteosarcoma. MDM2 regulates ubiquitination of p53 that leads the protein to degradation [11]. The high relevance of 
these genes in cell biology prevents their use as treatment targets for osteosarcoma. 

3.2.2  Osteosarcoma and Rothmund-Thomson Syndrome 

RTS is a recessive autosomal genetic disorder caused by a mutation in RECQL 4 that encodes for DNA helicase [12]. 
Children with RTS present a characteristic rash that evolves to poikiloderma and other dermatological, as well as 
skeletal abnormalities. Patients with RTS present high risk for developing cancer, particularly osteosarcoma [13]. It has 
been indicated that 30% of RTS patients develop osteosarcoma [14]. A previous review showed that 62% of RTS 
patients developed osteosarcoma and a cohort study indicated that 32% developed such cancer [14, 15]. 

3.2.3 Osteosarcoma and Osteogenesis Imperfecta 

OI is a genetic disorder that causes bone fragility. Four types of OI have been described according to the inheritance, 
manifestations, and prognosis [16]. Type I is the main type of OI: is an autosomal dominant disease and causes hearing 
loss, skeletal deformities, and bone fragility among other manifestations. Type II is autosomal recessive and a deadly 
form of the disease. Types III and IV have normal sclera, unlike the other types, while type IV is a less severe form of the 
disease. 

These patients can present hyperplastic callus that may be similar to osteosarcoma and sometimes be mistaken [17]. 
Osteosarcoma presentation in patients with OI is rare, nearly 10 cases have been reported to the date [18, 19]. Early in 
1978 only 5 cases had been diagnosed with osteosarcoma and OI [20]. A 14-year-old boy with OI type I exhibited 
osteosarcoma. Given the similarity of osteosarcoma with hyperplastic callus, his biopsy was delayed, which is necessary 
for definitive diagnosis [18]. Maiya et al. [19] showed that an early diagnosis of osteosarcoma in OI patients is critical to 
improve prognosis, and they reported a 6year survival in a type I OI patient of 4 years that received early diagnosis and 
chemotherapy. It has been proposed that osteosarcoma complication in OI patients might be unrelated to the disease 
[21]. In contrast, it has been suggested that some factors like frequent fractures, radiation exposure, and metal implants 
might increase the incidence of osteosarcoma in OI patients [19]. However, the low incidence of both disorders makes 
the correlation difficult. It must be noticed that in almost all cases diagnosis was delayed and presented a low survival. 

3.2.4 Osteosarcoma and Diamond-Blackfan Anemia 

DBA is a congenital hematopoietic disorder that causes red blood cells aplasia, predominantly during childhood [22]. In 
2004, 400 DBA cases had been described worldwide and a higher risk for presenting osteosarcoma has been suggested 
in these types of patients. The first case of osteosarcoma in DBA patients was described in 1996 by Aquino and Buchanan 
[23], and an association between the entities was proposed at young age. Since then, approximately 10 cases have been 
described of osteosarcoma in DBA patients. A study performed on 354 DBA patients suggested that individuals with 
DBA would have a higher risk for osteosarcoma [22]. 
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Mean survival of DBA patients with osteosarcoma was reported as 1.6 years and involved causes like pulmonary 
metastasis and sepsis. Lee et al. [24] showed that the mean age of presentation for osteosarcoma in DBA patients was 
between 11 and 12 years old, and that the patients were transfusion dependent. Importantly, the authors reported that 
3 patients that developed osteosarcoma had received growth hormone therapy. 

Another study observed that a patient with DBA that received bone marrow transplantation at the age of 13 years 
developed osteosarcoma after 117 months [25]. In this study, the authors associated risk for osteosarcoma after bone 
marrow transplantation due to different hematopoietic disorders, as the observed 3 cases, and found 7more cases 
reported in the literature. They proposed to include osteosarcoma consideration during follow up after bone marrow 
transplantation and reported favorable prognosis for osteosarcoma presentation in these cases. Furthermore, a clinical 
trial is being performed to evaluate the risk for osteosarcoma in DBA patients. 

4 Discussion 

A total of 69 patients were diagnosed to have osteosarcoma during the studied period and 6 of them presented 
syndromes, constituting 8.7% of all cases. Among children, osteosarcoma represents 2.4% of cancers [3]. The incidence 
of osteosarcoma in patients with syndromes is not well established and has been reported to be around 31% or even as 
high as 62% [26]. In general, the incidences reported in syndromic patients were always higher than for sporadic 
osteosarcoma in children population. To the best of our knowledge, this is the first case series of osteosarcoma and 
overall predisposing syndromes. 

We observed that among non-syndromic patients, 35% presented metastasis and 30.6 % died. From the syndromic 
patients, 66.6% developed metastasis and 80% died. It has been shown that survival rate in patients with osteosarcoma 
and metastasis is 30% and that the rate lowers to 15% when osteosarcoma relapses [27]. Our results indicated that 
metastasis was higher among syndromic patients (p>0.05, OR=3.7). The high OR indicates a possible association 
between metastasis and syndromic patients; however, no statistical significance was reached. It could be considered 
that the low number of patients analysed could contribute to the absence of statistical significance. Regarding survival, 
a significantly higher mortality rate was associated to syndromic patients (p<0.05, OR=9.1). It could be hypothesized 
that syndromic patients present higher risk for presenting osteosarcoma and metastasis. Metastasis has been proven 
to significantly lower survival rate, which might explain the higher death rate among syndromic patients, suggesting a 
poorer prognosis among syndromic patients respect to non-syndromic ones [27]. Our results confirm previous reports 
that showed that syndromic patients have previously been associated to higher cancer and death rates [1]. 

Likewise, our results indicated that 2 syndromic patients (nearly 30%) that developed osteosarcoma were RTS patients. 
The association between RTS and osteosarcoma has been previously reported [28]. A previous study developed by 
Wang et al. [14] indicated that the incidence of osteosarcoma was 31% among 41 RTS patients. Truncating mutations 
of RECQL4 that affect DNA helicase structure have been related to a higher risk to develop osteosarcoma in young 
patients [29]. This could explain the variability of presentation and outcome between different RTS patients. In fact, one 
of the patients died after 1.3 years as the result of osteosarcoma relapse and lung metastasis, while the other patient 
needed chemotherapy and amputation, but survived 10 years and is still alive. In previous reports, it has been shown 
that nearly half of the patients were long term survivors and the authors proposed that metastasis at diagnosis might 
be related to their low prognosis results [30]. On the other hand, Hicks et al. [31] indicated that almost 67% of the 
patients survived with standard treatment for osteosarcoma. 

The age of diagnosis of osteosarcoma on both RTS patients was 9 and 11 years, which is similar to the previously 
reported mean ages of presentation of 13 years by Zils et al. [30] and 10 years by Hicks et al. [31]. Interestingly, it should 
be noticed that the age reported in our clinical series was lower than the reported mean age for sporadic osteosarcoma 
of 15 years [30]. 

There is still little information about RTS and osteosarcoma and nearly 50 cases have been reported in the literature 
[30]. Similar to our results, Hicks et al. [31] showed that none of the 12 RTS patients with osteosarcoma presented 
metastasis at diagnosis, as only one of our patients developed lung metastasis that was absent at the time of 
osteosarcoma diagnosis. Neither of our patients presented metastasis at osteosarcoma diagnosis. 

One of the syndromic cases with osteosarcoma was a 15-year-old female with OI. Regrettably, her follow up was lost 
after one year. Although rare, there have been some reports in the literature that have suggested a higher risk for 
osteosarcoma among OI patients [19]. The outcome of osteosarcoma in these types of patients has been suggested to be 
aggravated by the fact that similarity with hyperplastic callus and its high frequency can delay osteosarcoma diagnosis 
worsening prognosis [18]. Furthermore, the patient presented history of multiple fractures that has been proposed as 
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a predisposing factor for OI patient’s presentation of osteosarcoma [19]. The low frequency of both disorders also makes 
its study difficult and, with only almost 10 cases reported, it must be highlighted that more studies are needed to 
increase awareness among physicians about the importance of differential diagnosis between hyperplastic callus and 
osteosarcoma in OI patients. 

As far as we know, this is the first case of OI patient that presented osteosarcoma in her forearm. Femur localization 
was the most frequently reported [19]. Also, the patient survived at least one year without metastasis presentation at 
diagnosis, which is a little longer than the majority of the cases reported who did not survive through the first year after 
diagnosis. Remarkably, Maiya et al. [19] indicated that their patient survived 6 years after diagnosis and the authors 
suggested that awareness and early diagnosis were key to this outcome. 

In our study we have identified one case of OPK with osteosarcoma. The patient was a 17year- old boy. OPK is a rare 
autosomal dominant genetic disorder that causes osteosclerotic dysplasia. The pathogenesis of OPK is unknown and 
usually causes bone trabeculation with bone islands formation in bones. It presents in 1 of 50,000 cases and is more 
common in men [32, 33]. Generally, OPK is asymptomatic but in some cases it can present with clinical manifestations, 
such as cutaneous lesions, musculoskeletal disorders, organ abnormalities, endocrine dysfunction, and dental and facial 
anomalies [34]. Our patient presented clinical features at the age of 2 years, such as growth retardation, mild mental 
retardation, and hearing loss with erythematous skin rash and scaling and bleeding following sun exposure. 

It has been proposed that OPK patients may develop osteosarcoma, as reported by Mindell et al. in their case report 
performed in 1978 [35]. This was the only case reported in the literature with osteosarcoma presented in an adult 
patient. The patient was a man of 48 years old with 7month history of pain and swelling in his left knee. OPK was 
diagnosed by the presence of bone islands in his ribs, long bones, and small bones of hands and feet. Additionally, biopsy 
confirmed the presence of osteosarcoma in his left tibia. The patient received chemotherapy and amputation, and 
progressed to lung metastasis. However, the follow up indicated at least a 5 years survival. Our case report patient 
presented osteosarcoma in the same localization and referred pain during the previous 4 months. Nonetheless, our 
patient progressed to lung metastasis and died after 1.8 years. Kucukcakir et al. [34] suggested that OPK patients should 
be followed up since it has been proposed that increased osteogenesis might be related to osteosarcoma development 
[36], and follow up of bone activity might help to early diagnosis of osteosarcoma. It could be thought that a follow up 
of our patient since the age of 2 years and an early diagnosis of OPK might have contributed to an earlier diagnosis of 
osteosarcoma. Furthermore, it has been reported that OPK lesions in children might increase along with growth and 
skeleton maturation, perhaps worsening the prognosis of our patient [35]. 

A patient with CS was diagnosed with osteosarcoma in our study. He presented lung metastasis at diagnosis and died 1 
month after. CS is a rare genetic disease characterized by microcephaly, short size, and delayed development [37]. To 
our knowledge, this is the first case report of CS and osteosarcoma. Although the pathogenesis mechanism involves 
mutations that affect DNA repair mechanisms, the disease has not been associated to higher risk for cancer [38]. Further 
studies should be addressed to determine whether it is a case of sporadic osteosarcoma or if there is an association with 
this disease. 

A patient with DBA was also diagnosed with osteosarcoma. The patient presented lung metastasis at diagnosis. Few 
cases in the world have been diagnosed with DBA and osteosarcoma [22]. As mentioned earlier, Lipton et al. [22] 
suggested that DBA patients would present a higher risk for osteosarcoma. 

The age of presentation (15 years) was a little higher than the previously reported (11-12 years) [24]. On the other 
hand, the patient survived for 2.4 years after chemotherapy and amputation that was also a little higher than the 
reported mean survival of 1.6 years [24]. The patient died because of progression to multiple lung metastases, which 
has previously been described as a cause of poor prognosis not only in DBA patients [24], but also in sporadic 
osteosarcoma patients [39]. 

According to our study, 8.7% of the osteosarcoma patients presented underlying predisposing syndromic features, 
suggesting that these patients should be suspected of osteosarcoma during differential diagnosis. Even more, although 
few patients were analyzed, our study might suggest that osteosarcoma presentation in patients with syndromes carries 
a bad prognosis, as observed by our high death and metastasis rates among syndromic patients (Table 2). 

 



Abdulqader and Taleb / World Journal of Advanced Research and Reviews, 2020, 06(02), 152–162 

160 
 

Table 2 Summary of the reported cases in our clinical series.  

Syndrome Age at diagnosis 
(years) 

Bone Type of 
management 

Survival 

CS 16 Tibia None Progressed fast and died after 1 month, 
before receiving chemotherapy 

RTS 9 Femur Chemotherapy and 
amputation 

Alive after 10 years 

DBA 15 Tibia - Progressed in lung and died after 2.4 years 

OI 14 Tibia Chemotherapy and 
amputation 

Follow up was lost after 1 year 

RTS 11 Femur Not recorded Progressed in lung and local relapse; death 
after 1.3 years 

OPK 17 Tibia Not recorded Lung relapse and progression; died after 1.8 
years 

Abbreviations: CS: Cockayne syndrome; DBA: Diamond-Blackfan Anemia; OI: Osteogenesis Imperfecta; OPK: Osteopoikilosis; RTS: Rothmund-
Thomson syndrome. 

Additionally, considering that some of these syndromes may be accompanied by low stature and delayed growth, 
growth hormone therapy should be considered as a potential predisposing factor for osteosarcoma in syndromic 
patients [24]. Moreover, bone marrow transplantation in DBA patients should also be considered carefully given the 
previous reports that suggest an increased risk for osteosarcoma [25].Although previous studies have reported a 
potential association between most of the syndromes indicated in our work and osteosarcoma, this is the first case of a 
CS as well as OPK patients that presented osteosarcoma. 

5 Conclusion 

Previous research studies have reported a potential association between most of the syndromes indicated in our work 
and osteosarcoma, this is the first case of a CS as well as OPK patients that presented osteosarcoma. This study revealed 
that osteosarcoma carried bad prognosis when associated with syndromes, although the number is small. High index of 
suspicion to look for syndromic features in each OS Patient is warranted. Further research studies are needed to be 
carried out in CS and OPK patients to confirm these observations. 

6 Limitations of the study 

The main limitations of this study include the low number of patients analyzed that is related to the low frequency of 
presentation of the diseases studied, including osteosarcoma per se. The comparison between the percentages of 
metastasis in non-syndromic patients vs. syndromic ones did not show a statistical significance, and more patients 
should be considered to reach trustworthy results. Moreover, each syndrome has its own particular characteristics and 
its relation to osteosarcoma would probably be unique, suggesting that it would be appropriate to continue the study 
by considering each syndrome separately.  

The other limitation is related to the fact that none of the syndromic genes have been documented due to lack of genomic 
analysis. 
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