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�
 ABSTRACT 

Background: Soft-tissue sarcoma (STS) etiology is largely 
undefined. 

Methods: We analyzed data from an Italian case–control 
study, including 498 incident, histologically confirmed STS cases 
and 969 hospital controls. Odds ratios (OR) of STS for self- 
reported personal medical history and family history of cancer 
were estimated using Firth penalized logistic regression models. 

Results: STS risk was significantly increased with a history of 
burns [OR, 2.46; 95% confidence interval (CI), 1.10–5.47] and 
showed a nonsignificant excess with herpes zoster infection (OR, 
2.31; 95% CI, 0.65–8.23). Hypertension (OR, 0.71; 95% CI, 0.53– 
0.94), hypercholesterolemia (OR, 0.66; 95% CI, 0.45–0.96), and 
tonsillectomy (OR, 0.69; 95% CI, 0.51–0.93) were more frequent 

among controls. No associations were observed for hepatitis, 
diabetes, immune-mediated diseases, fractures, surgeries other 
than tonsillectomy, tooth extraction, or blood transfusion. Family 
history of cancer showed no major associations, except for STS 
(0.6% of cases, 0.1% of controls, OR >7) and kidney cancer (OR, 
4.69; 95% CI, 1.74–12.7). 

Conclusions: Our findings suggest a positive association with 
family history of STS although based on small numbers. Personal 
medical history and family history of other cancers had no major 
role; of interest are the suggestive associations of STS with a 
history of burns and herpes zoster. 

Impact: Further research is needed to replicate our findings 
and to explore potential underlying mechanisms. 

Introduction 
Soft-tissue sarcomas (STS) encompass a group of malignant mes-

enchymal neoplasms, accounting for approximately three quarters of 
all sarcomas (1, 2), with an unfavorable mortality trend (3). STSs are 
relatively rare, representing less than 1% of all malignant tumors in 
adults (4). However, they occur proportionally more frequently in 
children and young adults (5). A large number of distinct histologic 
subtypes have been described, each characterized by specific mo-
lecular alterations, clinical behavior, therapeutic response, and 

prognostic features (6). In adults, the most common subtypes, to-
gether accounting for more than half of all STS cases, include 
leiomyosarcoma, liposarcoma, undifferentiated sarcoma, and gas-
trointestinal stromal tumor (GIST; ref. 7). Anatomically, STSs most 
frequently arise in the extremities, followed by the trunk and ret-
roperitoneum, whereas occurrences in the head and neck or visceral 
organs are uncommon (8). 

Their rarity and marked heterogeneity in terms of histopathol-
ogy, anatomic distribution, and molecular pathways hindered un-
derstanding of their etiology and pathogenesis (9). A small subset of 
cases arises in the context of hereditary cancer predisposition syn-
dromes, including Li-Fraumeni syndrome, hereditary retinoblas-
toma, familial adenomatous polyposis, and neurofibromatosis type 1 
(10). Beyond these syndromes, a positive family history of cancer, 
particularly for sarcomas, breast, and gastrointestinal malignancies, 
has been associated with an increased risk of selected STSs, 
reflecting shared genetic susceptibility, epigenetic mechanisms, and 
gene–environment interactions (11–16). 

Ionizing radiation is an established risk factor for secondary 
sarcomas, typically arising within irradiated fields after long latency 
periods (17, 18). Other medical conditions may contribute to STS 
risk through mechanisms involving chronic inflammation, immune 
dysregulation, or tissue regeneration (19). These include immune- 
mediated diseases (20), viral infections (21), and prior physical 
trauma at the tumor site (22). A possible link with medical or 
surgical procedures, especially those involving repeated tissue dis-
ruption or foreign material implantation, has been suggested, but 
epidemiologic evidence remains sparse (22, 23). 

Beyond these, very few other factors have been associated with 
STS risk, including exposure to selected chemicals, such as phenoxy 
herbicides, chlorophenols, and dioxins (24, 25), and selected occu-
pational factors (26). 

Thus, despite suggestive evidence, epidemiologic data on the role 
of personal medical history and family history of cancer in STS 
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etiology remain scarce and fragmented, largely due to the rarity and 
heterogeneity of these tumors. In this context, the present study 
specifically addresses this gap by evaluating the association between 
selected aspects of personal medical history—including prior dis-
eases, injuries, and medical procedures—and family history of 
cancer across multiple sites in first-degree relatives, in relation to the 
risk of STS in a large Italian investigation (27). 

Materials and Methods 
Study population 

The present study is based on an Italian investigation of the 
epidemiologic, toxicologic, and clinical aspects of STS. The data 
here considered were collected between 2011 and 2019 within a 
hospital-based case–control study conducted in Northern Italy. 
Overall, the study database comprised 498 incident STS cases and 
969 controls, recruited from six hospitals in the Metropolitan City 
of Milan and surrounding areas. Eligible cases and controls were 
identified from hospital admission records and inpatient wards at 
the participating centers. 

Cases were recruited at the National Cancer Institute (n ¼ 493, 
99%) and the European Institute of Oncology (n ¼ 5, 1%), whereas 
controls were enrolled at the Niguarda Ca’ Granda Hospital 
(n ¼ 253, 26.1%), Gaetano Pini Hospital (n ¼ 295, 30.4%), Bollate 
Hospital (n ¼ 361, 37.3%), and Garbagnate Milanese Hospital 
(n ¼ 60, 6.2%). Cases were patients aged 18 to 85 years (median age 
57) with incident (i.e., diagnosed within 2 years) histologically 
confirmed STS [International Classification of Diseases for Oncol-
ogy, third edition (ICD-O-3) codes as reported in Table 1], resident 
in Italy for at least 15 years at the time of enrollment. Exclusion 
criteria included patients diagnosed with Kaposi sarcoma, those 
with a history of any type of neoplasm, those with severe neurologic 
or psychiatric disorders, and those above the age of 85 years at 
diagnosis. 

Controls were patients aged 18 to 85 years (median age 62) 
recruited among subjects hospitalized for a wide spectrum of acute 
nonneoplastic conditions. Of these, 21.8% were admitted for 
traumas, 16.5% for nontraumatic orthopedic disorders, 53.3% for 
acute surgical conditions, and 8.4% for miscellaneous other illnesses, 
such as eye, ear, or skin diseases. Patients whose primary reason for 
hospital admission was a chronic condition or a disease potentially 
associated with tobacco use, alcohol consumption, or long-term 
changes in diet were excluded; however, the presence of such 
conditions as comorbidities did not constitute an exclusion cri-
terion. During their hospital stay, potential participants were 
approached in person by trained interviewers introduced by the 
attending clinical staff and were invited to participate in the study 
after a detailed explanation of its aims and procedures. All par-
ticipants provided written informed consent. Less than 10% of 
either cases or controls approached refused to participate. All 
individuals who agreed to participate completed the enrollment 
and the interview-based questionnaire; no withdrawals or drop-
outs occurred after enrollment. 

The study was conducted in accordance with the Declaration of 
Helsinki and was approved by the Ethics Committees of the NCI, 
Milan (INT 32/09 of June 11, 2009), and of the Gaetano Pini 
Hospital (no. 5,752 of June 9, 2010). 

Data collection 
Cases and controls were interviewed in hospitals by the same 

centrally trained interviewers using a structured questionnaire 

(Supplementary Materials S1). Proxy interviews were not per-
mitted; all interviews were conducted directly with study partici-
pants. Information was collected on sociodemographic and 
anthropometric characteristics, lifetime smoking habits (including 
daily number of cigarettes/cigars and grams of tobacco pipe 
smoked, age at starting, and age at stopping for former smokers), 
alcohol consumption (including weekly number of drinks of wine, 
beer, amari, grappa, whiskey/brandy, age at starting, and age at 
stopping for former drinkers), and contact with livestock and pets. 
For female participants, gynecologic and obstetric data, as well as a 
history of the use of oral contraceptives and hormone replacement 
therapy, were also recorded. Information on family history in-
cluded the number of brothers, sisters, sons, and daughters. For 
each first-degree relative (i.e., parents, siblings, and sons/ 
daughters), we recorded the vital status, current age/age at 
death, history of cancer (excluding nonmelanoma skin cancer), 
site of cancer, and age at diagnosis. We collected self-reported 
information on the history of selected conditions (e.g., chronic 
infections, chronic inflammatory, cardiometabolic and immune- 
mediated diseases), injuries (burns and skeletal fractures, with 
body localization), and medical procedures (e.g., blood transfu-
sions, surgical treatments, and dental extractions). We did not use 
medical or hospitalization records to validate interview-based 
data. Habitual diet during the two years before diagnosis or in-
terview was assessed using a validated (28) 65-item food frequency 
questionnaire. 

Blood and adipose tissue samples were collected for a subset of 
cases and controls and stored at �80°C (27). 

Statistical analysis 
We estimated the odds ratios (OR) of STS, with the corre-

sponding 95% confidence intervals (CI), according to various as-
pects of personal medical history and family history of cancer in 
first-degree relatives using unconditional Firth penalized logistic 
regression models to address issues related to sparse data. ORs were 
calculated for factors with at least 10 exposed subjects (cases plus 
controls). The final model included terms for age (in categories: 
<40, 40–44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, ≥75 years), 
sex, years of education (in categories: <7, 7–11, 12–14, ≥15), and 
area of residence (northern, central, and southern Italy). Models for 
family history of cancer also included a term for family size (in 
continuous). The potential confounding effect of body mass index 
(BMI), tobacco smoking, and alcohol consumption was evaluated; 
however, as the addition of these variables did not substantially 
change any of the risk estimates and most exposures were infre-
quent, these variables were not retained in the final models. Ana-
lyses stratified by sex and by major histologic subtype were 
conducted for factors suggestively associated with STS risk in the 
main analysis. As a sensitivity analysis, analyses of family history of 
cancer were repeated after excluding the 28 cases with family his-
tories suggestive of hereditary predisposition (i.e., at least one rel-
ative diagnosed with cancer before age 40 years). Statistical analyses 
were performed with SAS version 9.4 (SAS Institute; RRID: SCR_ 
008567). 

Results 
Among the 498 STS cases, 288 (57.8%) were males, and 210 

(42.2%) were females. The distribution of sarcoma subtypes, overall 
and by sex, is provided in Table 1. Liposarcoma was the most 
common STS subtype (33.7%) in both sexes, followed by 
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fibrosarcoma (13.9%), leiomyosarcoma (8.6%), and dermatofi-
brosarcoma (8.2%); 11.4% of patients had sarcoma not other-
wise specified (NOS). Among liposarcoma cases, 61 were well- 
differentiated liposarcomas, 51 were dedifferentiated liposarcomas, 
25 were liposarcomas NOS, 19 were myxoid tumors, 5 were round 
cell tumors, and 7 were pleomorphic liposarcomas. Liposarcomas 
(37.2% vs. 29.1%) and GISTs (7.3% vs. 2.9%) were more frequent 
among males, whereas fibrosarcomas were more frequent among 
females (17.1% vs. 11.5%). With respect to the anatomic site, STS 
occurred in the trunk in 241 patients (48.4%, including 112 in the 
retroperitoneum), in the limbs in 248 (49.8%), and in the head and 
neck in 9 (1.8%). 

Table 2 gives sociodemographic and anthropometric character-
istics in cases and controls. STS cases were slightly younger and 
more educated than controls, whereas the distribution of BMI, to-
bacco smoking, and alcohol consumption was similar in the two 
groups. 

The distribution of STS cases and controls and the corresponding 
ORs for selected aspects of personal medical history are shown in 
Table 3. No association was found for a history of any hepatitis (OR, 
0.82; 95% CI, 0.49–1.36), diabetes (OR, 1.12; 95% CI, 0.65–1.94), or 
immune-mediated diseases (OR, 0.64; 95% CI, 0.30–1.34). Hepatitis 
A, hypertension, and hypercholesterolemia were more frequently re-
ported among controls; the ORs for the three conditions were 0.43 
(95% CI, 0.19–0.99), 0.71 (95% CI, 0.53–0.94), and 0.66 (95% CI, 
0.45–0.96), respectively. A nonsignificant excess risk was observed for 
herpes zoster infection (OR, 2.31; 95% CI, 0.65–8.23). 

With respect to injuries, previous burns were associated with an 
increased STS risk (OR, 2.46; 95% CI, 1.10–5.47). No concordance 
was observed between the site of the prior burn and the location of 
the STS (Supplementary Table S1), and the association did not seem 
to be confined to specific histologic STS types (Supplementary Table 
S2). No association was found with the number of previous fractures 
(OR, 0.76; 95% CI, 0.51–1.15 for ≥2 fractures vs. none), irrespective 
of their location. Tonsillectomy was reported more frequently 
by controls than by cases (25% vs. 17.1%); the OR was 0.69 
(95% CI, 0.51–0.93). No other surgical procedures investigated, 
including tooth extraction and blood transfusion, were associated 
with STS risk. 

Approximately 50% of cases and 48% of controls reported a 
family history of cancer in first-degree relatives. The mean age at 
STS diagnosis was 57.9 years among cases with a family history and 
52.5 years among those without a family history. The ORs are given 
in Table 4. There was no association with family history of any 
cancer (OR, 1.04; 95% CI, 0.81–1.33), either overall or by histologic 
subtype (Supplementary Table S2). However, individuals with three 
or more affected first-degree relatives had a nonsignificant increase 
STS risk (OR, 1.49; 95% CI, 0.71–3.15). Three cases (0.6%) and one 
control (0.1%) reported a family history of STS; the corresponding 
OR was largely above 1 (7.17). There was a significant association 
with family history of kidney cancer (OR, 4.69; 95% CI, 1.74–12.7), 
which did not seem to be limited to a specific histologic subtype 
(Supplementary Table S2). The OR was nonsignificantly increased 
for family history of female-specific cancers (uterus: OR, 2.06; 95% 
CI, 0.62–6.78; ovary: OR, 1.43; 95% CI, 0.31–6.56; breast: OR, 1.40; 
95% CI, 0.71–2.75). Family history of cancer at other sites did not 
show a significant association with STS risk. 

After excluding the 28 cases with at least one relative diagnosed 
with cancer before age 40, the ORs for family history of kidney 
cancer (OR, 3.82; 95% CI, 1.34–10.90), family history of STS (OR, 
5.61; 95% CI, 0.51–61.21), and ≥3 affected relatives (OR, 1.33; 95% 
CI, 0.61–2.92) were only slightly attenuated. 

In analyses by sex, the ORs for burn history were 2.04 (95% CI, 
0.61–6.87) in females and 2.37 (95% CI, 0.79–7.12) in males; the 
ORs for family history of kidney cancer were 4.23 (95% CI, 1.20– 
14.95) in females and 5.28 (95% CI, 0.99–28.17) in males; and the 
ORs for ≥3 relatives affected by any cancer were 1.38 (95% CI, 0.50– 
3.79) in females and 1.50 (95% CI, 0.46–4.88) in males. 

Discussion 
In the present study, based on one of the largest epidemiologic 

datasets of STS to date, several aspects of family history of cancer in 
first-degree relatives and personal medical history, including se-
lected common and rare diseases, surgeries, and bone fractures, 
were not significantly associated with overall STS risk. Family his-
tory of STS was associated with an increased STS risk although this 
finding was based on small numbers and the effect did not reach 

Table 1. Frequency distribution of sarcoma subtype (International Classification of Diseases for Oncology, third edition, ICD-O-3 
codes) for 498 cases of STS, in the overall case sample and by sex. Italy, 2011 to 2019. 

STS subtype ICD-O-3 histology codes 
Overall soft tissue 
sarcomas, 498 n (%) 

Males, 288 
n (%) 

Females, 210 
n (%) 

Liposarcoma 8850–8858 168 (33.7) 107 (37.2) 61 (29.1) 
Fibrosarcoma 8810–8815 69 (13.9) 33 (11.5) 36 (17.1) 
Leiomyosarcoma 8890 43 (8.6) 23 (8) 20 (9.5) 
Dermatofibrosarcoma 8832 41 (8.2) 22 (7.6) 19 (9.1) 
GIST 8936 27 (5.4) 21 (7.3) 6 (2.9) 
Synovial 9040–9043 20 (4) 10 (3.5) 10 (4.8) 
MPNST 9540–9560 15 (3) 7 (2.4) 8 (3.7) 
Chondrosarcoma 9220–9240 12 (2.4) 7 (2.4) 5 (2.4) 
Angiosarcoma 9120, 9124, 9130, 9133, 9170 10 (2) 7 (2.4) 3 (1.4) 
Sarcoma NOS 8800–8805 57 (11.4) 32 (11.1) 24 (11.4) 
Other typesa 36 (7.2) 19 (6.6) 18 (8.6) 

Abbreviations: MPNST, malignant peripheral nerve sheath tumor; PEComa, perivascular epithelioid cell neoplasm. 
aIncluding rhabdomyosarcoma (n ¼ 9, 1.8%, ICD-O-3 codes: 8900, 8901, 8912), Ewing sarcoma (n ¼ 7, 1.4%, ICD-O-3 code: 9260), PEComa (n ¼ 5, 1%, ICD-O- 
3 code: 8714), myofibroblastic sarcoma (n ¼ 4, 0.8%, ICD-O-3 code: 8825), chordoma (n ¼ 4, 0.8%, ICD-O-3 code: 9370), malignant fibrous histiocytoma (n ¼ 2, 
0.4%, ICD-O-3 code: 8830), alveolar soft part sarcoma (n ¼ 2, 0.4%, ICD-O-3 code: 9581), malignant granular cell soft-tissue tumor (n ¼ 1, 0.2%, ICD-O-3 code: 
9580), carcinosarcoma (n ¼ 1, 0.2%, ICD-O-3 code: 8982), and clear-cell sarcoma NOS (n ¼ 1, 0.2%, ICD-O-3 code: 9044). 
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statistical significance. Significant associations were observed for a 
family history of kidney cancer and a history of burns, and sug-
gestive, though nonsignificant, increases in risk were observed for 
herpes zoster infection and family history of female-specific 
cancers. 

A few studies considered the association between family history 
of cancer and STS risk (11–16). Two US case–control studies, re-
stricted to males and conducted in the late 1970s and early 1980s— 
one hospital-based and including 217 STS cases (15) and the other 
population-based and including 133 STS cases (16)—reported 
similar age-adjusted or age-matched ORs of approximately 1.3, of 
marginal statistical significance. The latter (16) also assessed the 
association with family history across multiple sites and observed 
excess risks for family history of selected hematopoietic cancers 
(OR, 8.9; 95% CI, 1.7–51.2 for Hodgkin lymphoma; OR, 4.0; 95% 
CI, 0.5–25.5 for non-Hodgkin lymphoma), pancreatic cancer (OR, 
6.1; 95% CI, 0.9–38.9), and, to a lesser extent, prostate (OR, 1.9; 
95% CI, 0.7–5.1), brain (OR, 1.8; 95% CI, 0.4–7.1), and skin (OR, 
1.4; 95% CI, 0.6–3) cancers. A Canadian population-based 

case–control study based on 357 male cases reported an age- 
adjusted OR of 1.3 (95% CI, 1–1.68) for family history of any 
cancer, which, however, decreased to 1.14 (95% CI, 0.81–1.60) 
after controlling for family size (14). Additionally, a US hospital- 
based case–control study based on medical record review, in-
cluding 425 sarcoma cases (mostly STS cases) and a similar 
number of controls matched for age, sex, and race, found ORs 
between ∼2 and ∼4 for family history of cancer, depending on the 
type of affected relative (12). 

Studies on the familial aggregation of kidney cancer have pri-
marily focused on the risk of renal cell carcinoma among relatives 
and did not report an increased occurrence of STS. From a bio-
logical perspective, there is no established shared etiologic pathway 

Table 3. Distribution of 498 cases of STS and 969 controls, with 
ORsa and corresponding 95% CI, according to personal medical 
history. Italy, 2011 to 2019. 

Medical history Cases, n (%) Controls, n (%) OR (95% CI) 

Past diseases 
Any hepatitis 29 (5.8) 65 (6.7) 0.82 (0.49–1.36) 

Hepatitis A 10 (2.0) 28 (2.9) 0.43 (0.19–0.99) 
Hepatitis B 12 (2.4) 16 (1.7) 1.64 (0.72–3.73) 
Hepatitis C 4 (0.8) 13 (1.3) 0.79 (0.24–2.64) 

Diabetes 27 (5.4) 43 (4.4) 1.12 (0.65–1.94) 
Hypertension 146 (29.3) 387 (40) 0.71 (0.53–0.94) 
Hypercholesterolemia 52 (10.4) 165 (17.1) 0.66 (0.45–0.96) 
Herpes zoster 5 (1) 6 (0.6) 2.31 (0.65–8.23) 
Any immune-related 

diseaseb 
11 (2.2) 34 (3.5) 0.64 (0.30–1.34) 

Past injuries 
Burns 15 (3) 14 (1.4) 2.46 (1.10–5.47) 
No. of fractures 

0 338 (67.9) 612 (63.2) 1 
1 115 (23.1) 251 (25.9) 0.81 (0.61–1.08) 
2+ 45 (9.0) 106 (10.9) 0.76 (0.51–1.15) 

Past medical proceduresc 

Surgeries 
Tonsillectomy 85 (17.1) 242 (25) 0.69 (0.51–0.93) 
Discal hernia repair 

surgery 
12 (2.4) 38 (3.9) 0.59 (0.29–1.20) 

Abdominal hernia 
repair surgery 

60 (12.0) 113 (11.7) 1.06 (0.73–1.54) 

Gallbladder surgery 
(including 
removal) 

22 (4.4) 65 (6.7) 0.64 (0.37–1.11) 

C-sectiond 22 (10.5) 47 (10.7) 0.63 (0.34–1.14) 
Musculoskeletal 

surgery 
74 (14.9) 221 (22.8) 0.56 (0.41–0.76) 

No. of teeth extracted 
0 99 (20.4) 164 (17.2) 1 
<10 255 (52.5) 452 (47.4) 0.92 (0.66–1.28) 
≥10 132 (27.2) 338 (35.4) 0.82 (0.55–1.21) 

Blood transfusion 18 (3.7) 26 (2.7) 1.13 (0.57–2.22) 

aDerived from Firth penalized unconditional logistic regression models, in-
cluding terms for age, sex, area of residence, and years of education. The 
referent group for each comparison is all other subjects who did not report 
that condition, injury, or medical condition. 
bIncluding: ulcerative colitis, bronchial asthma, allergy/eczema, psoriasis, li-
chen ruber planus, celiac disease, thyroiditis, lupus, polymyositis, rheumatoid 
arthritis, rheumatic disease, polyarthritis or other autoimmune vasculitis, 
myasthenia gravis, multiple sclerosis, thrombocytopenia, agranulocytosis, 
Sjögren syndrome, Raynaud disease, hemolytic anemia, pernicious anemia, 
serum sickness, and hypogammaglobulinemia. 
cThe most frequently reported surgeries were considered. 
dPercentages were calculated among females only. 

Table 2. Distribution of 498 cases of STS and 969 controls 
according to selected sociodemographic characteristics. Italy, 
2011 to 2019. 

Covariates Cases, n (%) Controls, n (%) 

Age (years) 
<40 76 (15.3) 139 (14.3) 
40–44 55 (11) 66 (6.8) 
45–49 40 (8) 66 (6.8) 
50–54 54 (10.8) 66 (6.8) 
55–59 52 (10.4) 90 (9.3) 
60–64 69 (13.9) 120 (12.4) 
65–69 59 (11.9) 137 (14.1) 
70–74 47 (9.4) 154 (15.9) 
≥75 46 (9.2) 131 (13.5) 

Sex 
Male 288 (57.8) 529 (54.6) 
Female 210 (42.2) 440 (45.4) 

Years of educationa 

<7 88 (17.7) 183 (19) 
7–11 158 (31.8) 333 (34.6) 
12–14 146 (29.4) 327 (34) 
≥15 105 (21.1) 119 (12.4) 

BMIa, kg/m2 

<25 210 (42.9) 446 (46) 
25–29.9 199 (40.6) 379 (39.1) 
≥30 81 (16.5) 144 (14.9) 

Tobacco smokinga 

Never 219 (44) 413 (42.6) 
Former 116 (23.3) 288 (29.7) 
Current, n cigarettes/day 

<10 35 (7) 75 (7.8) 
10–19 51 (10.2) 131 (13.5) 
≥20 30 (6) 80 (8.3) 

Alcohol drinkinga (drinks/week) 
Never 106 (21.3) 173 (18.0) 
<7 146 (29.3) 282 (29.3) 
7 to <14 88 (17.7) 173 (18.0) 
14 to <21 86 (17.3) 208 (21.6) 
≥21 72 (14.5) 126 (13.1) 

Family sizeb, mean (SD) 3.8 (2.4) 4.0 (2.8) 

aThe sum does not add up to the total because of missing values. 
bIncluding siblings and offspring; excluding the proband and partner. 
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linking sporadic kidney cancer and STS. Although rare hereditary 
cancer syndromes may include both sarcomas and renal tumors 
within their clinical spectrum, these conditions are uncommon and 
unlikely to largely explain the associations observed in population- 
based studies of sporadic cases. In line with this interpretation, 
sensitivity analyses excluding STS cases with family histories sug-
gestive of hereditary cancer syndromes yielded only slightly atten-
uated ORs. An alternative explanation is diagnostic misclassification 
among affected relatives, as retroperitoneal STS may present as renal 
masses and, particularly in historical cases or in the absence of 
pathologic confirmation, may have been misreported as kidney 
cancer. A similar mechanism may also apply to other tumor sites, 
particularly female reproductive cancers such as uterine and ovarian 
tumors. Pelvic STS can clinically mimic gynecologic malignancies 
and may therefore have been misreported as cancers of the uterus or 
ovary. Therefore, any observed association with a family history of 
kidney cancer or gynecologic cancers should be interpreted with 
caution. 

An association between prior burns and the risk of STS has been 
reported, although the evidence remains limited and largely based 
on case reports and case series (29, 30). Malignant transformation 
may occur in burn scars after long latency periods, likely driven by 
chronic inflammation, persistent oxidative stress, and repeated 

cycles of tissue injury and repair. Medical management of burns, 
including skin grafting or repeated surgical interventions, may 
also contribute to local alterations in tissue architecture. In our 
study, STS cases reporting a history of burns were reviewed, with 
particular attention to the anatomic location of both the burn 
injury and the tumor. No concordance was observed between the 
site of the prior burn and the location of the STS, and the asso-
ciation did not seem to be restricted to a specific histologic subtype 
of STS. These findings suggest that the observed association is 
unlikely to reflect a direct local malignant transformation of burn 
scars although it may be related to systemic and long-term effects 
of chronic tissue injury and repair. Recall bias is possible, whereby 
patients with sarcoma are more likely to report previous burns at 
the tumor site. However, 90% of burns were reported >10 years 
before diagnosis or interview, indicating that reporting bias is 
unlikely. 

An increased STS risk associated with herpes zoster infection 
has been reported by another Italian study (21), which also sug-
gested potential associations with common childhood infections, 
particularly mumps and chickenpox. However, other studies did 
not confirm these associations (16, 31). Although a role of viruses 
in human sarcoma development has long been hypothesized, the 
only well-established viral-sarcoma relationship is between human 
herpesvirus 8 and Kaposi sarcoma. Herpes zoster results from the 
reactivation of latent varicella-zoster virus and is often accompa-
nied by transient impairment of cell-mediated immunity, which 
can facilitate oncogenic processes, including the development of 
mesenchymal tumors (32). Nevertheless, current evidence sup-
porting a causal link between herpes zoster and STS remains 
limited. 

Some of the observed differences in findings across sarcoma 
studies may be partly explained by variation in case characteristics, 
particularly in terms of disease histologic subtype composition and 
sex distribution. Among studies reporting on family history of 
cancer, the US case–control study based on medical record review 
by Nabi and colleagues (12) showed a markedly different subtype 
distribution compared with the present study, with a substantially 
lower proportion of liposarcomas (∼7% vs. 34%), larger propor-
tions of leiomyosarcomas (∼15% vs. 9%) and GISTs (∼9% vs. 5%), 
and the inclusion of Kaposi sarcomas and osteosarcomas. With 
regard to sex distribution, that study also had a higher proportion 
of female cases (48% vs. 42%), whereas three other studies (14–16) 
assessing the association between family history and STS risk 
recruited only male STS cases and did not provide information on 
disease subtypes. With respect to medical history, the study 
reporting an association with herpes zoster infection and other 
selected childhood infections (21) showed a lower proportion of 
liposarcomas (∼16% vs. 34%), a similar proportion of leiomyo-
sarcomas, and higher proportions of fibrosarcomas (∼23% vs. 
14%) and malignant fibrous histiocytomas (18% vs. < 1%). Large- 
scale registry-based studies describing the epidemiology of STS in 
different countries (33–36) indicate a higher incidence of STS in 
males than in females, with male-to-female ratios ranging from 
approximately 1.1 to 1.5, in line with the present study. With 
respect to disease histology, these studies reported highly variable 
subtype proportions. Substantial heterogeneity in diagnostic cri-
teria, histologic classification systems, and subtype groupings— 
including the miscellanea category—prevents meaningful quanti-
tative comparisons across studies. 

The present study is one of the largest epidemiologic investiga-
tions conducted to date on STSs, a group of rare and heterogeneous 

Table 4. Distribution of 498 cases of STS and 969 controls, with 
ORsa and corresponding 95% CI, according to family history of 
cancer among first-degree relatives. Italy, 2011 to 2019. 

Cancer siteb Cases, n (%) Controls, n (%) OR (95% CI) 

Head and neck 14 (2.8) 30 (3.1) 1.18 (0.58–2.41) 
Esophagus 2 (0.4) 8 (0.8) 0.57 (0.11–2.94) 
Stomach 27 (5.4) 53 (5.5) 1.23 (0.73–2.07) 
Intestine 36 (7.2) 77 (7.9) 0.84 (0.53–1.33) 
Liver 18 (3.6) 48 (5) 0.80 (0.44–1.46) 
Pancreas 8 (1.6) 21 (2.2) 1.24 (0.53–2.90) 
Lung 42 (8.4) 89 (9.2) 1.24 (0.81–1.90) 
Bone 1 (0.2) 11 (1.1) 0.45 (0.08–2.74) 
Breast 19 (9) 30 (6.8) 1.40 (0.71–2.75) 
Uterus 6 (2.9) 7 (1.6) 2.06 (0.62–6.78) 
Ovary 4 (1.9) 5 (1.1) 1.43 (0.31–6.56) 
Prostate 34 (6.8) 40 (4.1) 1.21 (0.63–2.35) 
Bladder 4 (0.8) 14 (1.4) 0.38 (0.11–1.27) 
Kidney 15 (3) 7 (0.7) 4.69 (1.74–12.7) 
Brain 7 (1.4) 24 (2.5) 0.33 (0.13–0.85) 
Thyroid 4 (0.8) 10 (1) 0.53 (0.15–1.89) 
Lymphohematopoietic 20 (4) 28 (2.9) 1.04 (0.53–2.04) 

Hodgkin 3 (0.6) 3 (0.3) 1.28 (0.23–7.07) 
Non-Hodgkin 3 (0.6) 4 (0.4) 0.61 (0.09–4.04) 
Leukemia 12 (2.4) 17 (1.8) 1.25 (0.53–2.91) 
Myeloma 3 (0.6) 4 (0.4) 1.26 (0.23–6.97) 

STS 3 (0.6) 1 (0.1) 7.17 (0.81–63.7) 
All cancers 247 (49.6) 467 (48.2) 1.04 (0.81–1.33) 
No. of relatives 

affected 
0 251 (50.4) 502 (51.8) 1 
1 178 (35.7) 333 (34.4) 1 (0.77–1.31) 
2 53 (10.6) 108 (11.1) 1.09 (0.73–1.64) 
3+ 16 (3.2) 26 (2.7) 1.49 (0.71–3.15) 

aDerived from Firth penalized unconditional logistic regression models, in-
cluding terms for age, sex, area of residence, years of education, and family 
size. The referent group for each comparison is all other subjects who did not 
report family history at that specific site. 
bCancer sites are listed in anatomic order. 
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malignancies. Major strengths of this study include its large sample 
size, the high participation rate among both cases and controls, and 
the availability of detailed, interview-based information on a wide 
range of sociodemographic, lifestyle, medical, and familial factors. 
In particular, the availability of comprehensive data on family his-
tory of cancer in first-degree relatives, including cancer site and age 
at diagnosis, allowed for an in-depth evaluation of familial cancer 
patterns rarely explored in previous STS studies. However, most of 
the exposures under investigation were rare in the study population, 
including family history of specific cancer sites, with corresponding 
estimates likely being unstable and sensitive to small changes in the 
data. In addition, although the overall study sample was large, the 
sample size substantially decreased in stratified analyses, such as 
those conducted by sex and histologic subtype, further limiting 
statistical power. 

To improve comparability between cases and controls and to 
minimize selection bias, we recruited the control group from major 
teaching and general hospitals in the study area and excluded pa-
tients admitted for chronic conditions from the comparison 
group. As the large majority of STS cases were enrolled at a spe-
cialized sarcoma referral center, a higher proportion of cases than 
controls originated from outside the Milan area. We therefore ad-
justed our risk estimates for the area of residence to account for 
potential geographic variation in sociodemographic and lifestyle 
characteristics. 

With regard to information bias, data on medical and family 
history were self-reported, collected by questionnaire, and not 
supplemented by medical chart review. However, the questionnaire 
was administered by trained interviewers, ensuring standardized 
data collection. In addition, high agreement between self-reported 
and health record data was reported for several medical conditions 
and procedures, including various cardiac conditions (>90%), se-
lected cardiac procedures (>90%), joint replacement (100%), stroke 
(96%), multiple sclerosis (98%), Crohn disease (96%), thyroid dis-
eases (87%), diabetes (79%), rheumatoid arthritis (87%), and other 
autoimmune diseases (89%; ref. 37). With regard to family history of 
cancer, self-reported data were found to be fairly accurate according 
to a systematic review by the US Agency for Healthcare Research 
and Quality: specificity across all cancer types ranged from 91% to 
99%, whereas sensitivity values showed greater variability, with 
breast cancer having the highest values (around 85%–90%; ref. 38). 
Sensitivity ranged from 57% to 65% for colorectal cancer, from 67% 
to 83% for ovarian cancer, and from 69% to 79% for prostate cancer. 

It is possible that patients with cancer recalled their medical 
history and family cancer history in greater detail than controls 
(38). Nevertheless, the interviews were conducted in similar 
hospital settings for cases and controls, and the same trained 
interviewer administered the questionnaire to both groups, thus 
improving the comparability of the information collected. 
Moreover, satisfactory reliability of self-reported medical history 
and family history of cancer among hospital controls has been 
shown in our network of studies (39, 40). In particular, 
k-statistics >0.85 were observed for various comorbidities such as 
diabetes, thyroid diseases, hepatitis, and benign breast disease, as 
well as for appendectomy and hysterectomy (39). For family 
history, kappa values were 0.7 for any cancer, 1 for oesophageal 
cancer, 0.8 for stomach cancer, 0.7 for liver and pancreatic can-
cers, 0.6 for intestinal cancer, and 0.5 for lung cancer (40). In 
addition, any misclassification of self-reported exposures is likely 
to be nondifferential by case–control status and hence likely to 
have biased risk estimates toward the null. 

The higher proportion of controls reporting selected previous 
surgical and medical conditions may reflect a greater likelihood of 
hospitalization among hospital controls (Berkson’s bias). As for 
confounding, cases were older than controls; therefore, age was 
adjusted for using a granular dummy-variable specification with 
multiple 5-year age categories and two open-ended classes, 
allowing flexible control for age, thus controlling for age-related 
confounding. In addition to age, risk estimates were adjusted for 
sociodemographic characteristics; BMI, tobacco smoking, and al-
cohol consumption were evaluated as potential confounders but 
were not retained in the final models, as they did not materially 
affect the results. However, some residual confounding cannot be 
excluded. 

Some of the few studies reporting on medical and family history 
with which our findings are compared were case–control studies 
that identified STS cases through population-based cancer registries 
(14–16, 31). These studies benefit from comprehensive case ascer-
tainment and high completeness of incident cases, but they relied on 
telephone or postal questionnaires to collect exposure information, 
often with moderate participation rates and frequent inclusion of 
proxy respondents. Such features may introduce differential accu-
racy in exposure reporting, particularly for personal medical history 
and family history variables. 

In conclusion, the present analysis contributes to improving the 
limited knowledge of risk factors for STS. Our results indicate a role 
of family history of STS but do not support a major contribution of 
personal medical history or other aspects of family history of cancer 
in STS development. Of interest are the suggestive findings of an 
increased risk associated with a history of burns and herpes zoster 
infection, which provide leads for further investigation. The ob-
served associations with family history of kidney cancer also warrant 
additional study. Despite the low prevalence of several exposures 
under investigation in a study of a rare cancer, the present findings 
help identify potentially relevant etiologic hypotheses and highlight 
key priorities for future research. These include larger collaborative 
studies to enable adequately powered subtype-specific analyses, 
improved characterization of familial aggregation through validated 
family history data and linkage with cancer registries, and integra-
tion of epidemiologic evidence with molecular and biomarker-based 
investigations. 
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