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Abstract

Background. Paget’s disease of bone (PDB) is a focal metabolic bone disorder. In adulthood,
bones affected by PDB are predisposed to neoplastic degeneration and resistant to metastatic
invasion. In this article, a clinical survey of patients enrolled in the Italian PDB registry and a
systematic review with individual patient data analysis (IPD, PROSPERO database number
CRD42020151209) were performed to describe the characteristic of PDB patients with primary

(BC-PDB) or metastatic (BM-PDB) neoplasms arising in PDB bones.

Methods. BC-PDB were classified as osteosarcoma (Sar-PDB), giant cell tumor (GCT-PDB), and
miscellaneous malignancies (MM-PDB). Patients from the Italian PDB Registry without BC-PDB

and/or BM-PDB were classified as Italian PDB Controls

Results. Among 742 patients enrolled in the Italian PDB Registry, we observed 11 Sar-PDB, 6
GCT-PDB, and 1 MM-PDB, with a prevalence of 1.35%, 0.81%, and <0.01%, respectively. The
IPD identified 1468 Sar-PDB, 122 GCT-PDB, 57 MM-PDB, and 70 BM-PDB. Overall, BC-PDB
arises exclusively in pagetic bones and affect preferentially Caucasian men with multiple
skeletal sites affected by PDB. The occurrence of cancer increases the 5-years mortality rate of
affected patients. Sar-PDB and MM-PDB showed a 5-years mortality rate higher than GCT-PDB,
which in turn showed a lower mean age at PDB onset compared to Sar-PDB and MM-PDB.
Among 149 PDB patients enrolled in the Italian PDB Registry showing a non-bone cancer (56

with metastatic disorder), 6 showed a BM-PDB.

Conclusion. BC and BM arising in PDB patients show unique characteristics compared to non-

PDB BC and BM.



Introduction

Primary bone cancer (BC) accounts for 3770 cases estimated for 2025 according to American
Cancer Society, with 2190 deaths (1). Osteosarcoma is the most common and shows two peaks
in incidence: adolescence and late adulthood (2). Giant cell tumor (GCT) presents a similar
pattern (3). Paget’s disease of bone (PDB, OMIM 602080) is the second most prevalent
metabolic bone disorder worldwide (4), and is a significant risk factor for developing both
osteosarcoma and GCT in late adulthood, due to neoplastic degeneration of pagetic tissue (3,
5-9). PDB is a focal disorder of bone turnover, characterized by impaired bone remodelling and
abnormal skeletal architecture, affecting one (monostotic PDB) or multiple sites (polyostotic
PDB), and noticeable by elevated Alkaline Phosphatase (ALP) serum levels (5, 6). Both genetic
and environmental factors are implicated in the pathogenesis of PDB (5, 6). Germline
mutations [i.e. Sequestosome 1 (SQSTM1), Zinc Finger Protein 687 (ZNF687), Profilin-1 (PFN1),
Valosin Containing Protein (VCP), and Tumor Necrosis Factor Receptor Superfamily Member
11a (TNFRSF11A)] have been identified as potential cause of PDB and of related syndromes (6).
These genes are involved in osteoclast differentiation and function, as well as in cell autophagy
(4). Since the first description by Sir James Paget, several cases of neoplastic degeneration in
affected bone have been reported (10). This complication is estimated to occur in 0.5-1.0 % of
patients with PDB, increasing the risk of neoplastic transformation by 30-fold after the age of
40 (11).

Unlike BCs, bone metastases (BMs) are more common. Indeed, bone is the third site of
metastasis for frequency, following lungs and liver, and its involvement worsens the prognosis
of patients with any type of cancer (12). Tu and colleagues demonstrated that PDB patients
who develop prostate cancer experience a delayed onset of BMs, that affect preferentially
bone without PDB signs, and an improved overall survival compared to those with prostate
cancer alone (13). This finding remained significant even after adjusting for bisphosphonate

treatment (13). In summary, pagetic bones appear to be predisposed to neoplastic



degeneration and resistant to metastatic invasion, at least in males with prostate cancer. From
a clinical perspective, the characteristic of PDB patients with BC (BC-PDB) and/or BM (BM-PDB)
arising in pagetic bones have not yet been systematically analysed and clearly defined. To
address this gap, a hybrid study was conducted: i) a clinical survey of PDB patients enrolled in
the Italian PDB Registry to identify BC-PDB or BM-PDB, ii) a systematic review with individual
patient data analysis (IPD) of all BC-PDB and BM-PDB patients described so far, iii) a
comparison among clinical characteristics of BC-PDB patients, BM-PDB patients and PDB
patients without BC or BM enrolled in the Italian PDB Registry. To the best of knowledge, this

combined approach to this question has not been attempted yet.



Materials and methods

Clinical cross-sectional survey. The clinical data from patients included in the Italian PDB
Registry were collected, according to the methodology detailed in Supplementary Table 1. The
Italian PDB registry was established through the collaboration of the three main national
Centers for the diagnosis and treatment of PDB, located in northern (Turin), central (Siena),
and southern (Naples) Italy from several years (14).

IPD systematic review. The IPD systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(15), and it was registered in the PROSPERO database (registration number:
CRD42020151209). No language restriction was applied and studies in language different from
English, French, and Italian were translated in English or Italian by a specialist translator. All
articles were acquired as full text and the references were analyzed to tease out duplicate
data. Any disagreement over the eligibility of studies was solved through collegial authors
discussion (16). A standardized, pre-piloted form was used to extract relevant clinical data
from selected studies. Details of the data search and extraction methods are provided in
Supplementary Table 2. The quality assessment of the included studies was performed using
the Joanna Briggs Institute checklist for case series (Supplementary table 3) and for case
reports (Supplementary table 4) (17).

BC-PDB patients identified in the Italian PDB Registry and in the systematic review were
classified into three subgroups according to Singer (18): osteosarcoma (Sar-PDB), giant cell
tumor (GCT-PDB), and miscellaneous malignancies (MM-PDB). PDB patients in the Italian PDB
Registry without BC and/or BM were classified as Italian PDB Controls.

Statistical analysis. All statistical analyses were performed using the IBM SPSS (Statistical
Package for Social Science), version 25 (IBM, Armonk, NY, USA). Individual data from study
publications were extracted and included in a single database for analysis. The Chi-squared or

Fisher’s exact tests were used to evaluate differences between categorical variables or



proportions. All data were expressed as absolute number (percentage) or mean * standard
deviation, as appropriate. All statistical tests were two-tailed. A p-value <0.05 was considered

statistically significant.



Results

Clinical cross-sectional survey. According to the criteria outlined in Supplementary table 1,
clinical data of 742 PDB patients enrolled in the Italian PDB Registry as of October 28", 2023
were analysed. Among them, 167 (22.5%) showed solid malignancy. Of them, we identified 18
(10.8% of all malignancies and 2.4% of all PDB patients) BC-PDB patients (11 with Sar-PDB, 6
with GCT-PDB, and 1 with MM-PDB) (Table 1). Five of these cases had been previously
described in the literature (19-24). The prevalence of Sar-PDB, GCT-PDB, MM-PDB was 1.35%,
0.81%, and <0.01%, respectively. No germinal mutations in SQSTM1, ZNF687, PFN1, VCP, or
TNFRSF11A were detected in Sar-PDB and MM-PDB patients and in their relatives affected by
PDB from the Italian PDB Registry. Conversely, the ¢.2810C>G (p.Pro937Arg) missense
mutation in ZNF687 was identified in all GCT-PDB patients. Notably, all these individuals were
born in the Campania region of Southern Italy, and the same mutation was also found in their
relatives affected by PDB without GCT (19).

At the same time, 149 patients have a history of primary non-bone malignancies [Male: Female
87 (20.3): 62 (19.8); mean age 69.2 + 10.8 years; age at onset PDB 58.7 + 9.9 years; polyostotic
PDB: monostotic PDB 86 (57.7): 63 (42.3); age at onset non-bone malignancy 59.9 + 10.2
years]. The most common non-bone malignancy reported are prostate carcinoma in males,
and breast and uterine carcinomas in females, followed by colon carcinoma, melanoma,
lymphoma, lung carcinoma and thyroid carcinoma in both sexes. The mean survival time was
4.7 £ 3.8 years. During cancer’s clinical course, 56 (37.6%) PDB patients with primary non-bone
neoplasms showed metastatic cancers. Altogether, among 149 PDB patients with non-bone
malighancy 7 (4.7%) had bone metastasis. Of them, six PDB patients (2 from prostate cancer, 2
from colon-carcinoma, 1 from kidney, 1 from breast) showed bone metastasis affecting pagetic
bones (BM-PDB, table 1). Another PDB patient (male, 69 years, 62 years at PDB diagnosis,

polyostotic PDB involving pelvis and left femur, metastasis from lung tumor), affected by lung



adenocarcinoma stage IV (cT2N1M1) showed a bone metastasis at lumbar spine, a skeletal
segment not affected by PDB.

IPD Systematic review. Following the database search, 5433 studies were identified and
screened (Figure 1). Based on the inclusion and exclusion criteria outlined in Supplementary
Table 1, 292 studies were selected. Additional 34 studies were identified through reference list
screening, resulting in a total of 326 studies included in the systematic review (Figure 1,
supplementary tables 2 and 3). The systematic search identified 1468 Sar-PDB, 122 GCT-PDB,
57 MM-PDB, and 70 BM-PDB patients. Patients with BC-PDB and BM-PDB from the Italian PDB
Registry and those identified through the systematic review showed no significantly different
clinical characteristics and therefore were analyzed altogether as a unique cohort: overall,
1478 Sar-PDB, 123 GCT-PDB, 58 MM-PDB, and 70 BM-PDB patients were analysed.

Sar-PDB. Sar-PDB occurs mostly in Caucasian men with polyostotic PDB (Table 2). Sarcoma
involves only skeletal sites affected by PDB. The prevalence of single-site and multifocal Sar-
PDB was 94.1% and 5.9%, respectively. Sar-PDB most commonly affects the femur (26.3%),
pelvis (22.5%), humerus (17.1%), and skull (14.4%). Other pagetic skeletal sites are involved in
fewer than 10% of cases (Supplementary Table 4). PDB was diagnosed before of sarcoma onset
in 73.6% of patients, with a time-lapse of 12.4+10.6 years between PDB and Sar-PDB
diagnoses. At the Sar-PDB onset, serum ALP levels were elevated in 98.3% of patients, and the
most common presenting symptom was bone pain in the tumour location (Table 3). Systemic
metastases were documented at Sar onset in 180 patients, most commonly involving the
lungs. Among the genes associated with PDB, no germinal mutation of SQSTM-1 was reported
in cases with Sar-PDB. On the other hand, the somatic mutation C1215T of SQSTM-1 was
detected in bone specimens from 3 Sar-PDB (25). Two somatic mutations in ZNF687 gene,
P937R and R331W, were identified in 2 Sar-PDB (26). Germinal mutations in PFN1 were also
described in an Italian family with PDB complicated by Sar (27). Green and colleagues

demonstrated that the microRNA-16 is highly expressed in Sar-PDB (28).



Treatment strategies for Sar-PDB are reported in Table 4, and included primarily surgery and
radiotherapy. Pharmacological treatments were mainly based on amino-bisphosphonates,
such as zoledronic acid.

Giant Cell Tumours. GCTs occurred predominantly in Caucasian men with polyostotic PDB
(Table 2). The involved skeletal sites were mainly the skull (42.0%), pelvis (15.9%), spine
(13.0%), and femur (7.9%). Other skeletal sites affected by GCT in fewer than 6% of cases
(Supplementary table 5). All GCTs arose in bones affected by PDB, to the exclusion of 7 GCTs
(5.7%) located in soft tissues adjacent pagetic bones (3). In 74.8% of cases, the tumour was
limited to a single bone, while multifocal GCT-PDB occurred in 25.2% of patients. At GCT-PDB
onset, ALP levels were elevated in all patients. The most frequently reported symptom was
bone pain (22%), and the most common clinical sign was bone deformity (46%; Table 3). In
82.6% of GCT-PDB patients, PDB was diagnosed prior to GCT, with a mean interval of 12.618.9
years. In the remaining patients, PDB and GCT were diagnosed simultaneously. Lung
metastases developed in 10.6% of cases. No germline or somatic SQSTM1 mutations were
identified in GCT-PDB patients or in their PDB-affected relatives without GCT (20). The
germinal P937R mutation in ZNF687 was found in 8 Caucasian GCT-PDBs patients from Italy
and in their PDB-affected relatives without GCT (19). The same was also reported in one Black
GCT-PDB woman from United States of America (26). Additionally, germline PFN1 mutations
were described in two Chinese Han GCT-PDB patients and their affected relatives (29).
Treatment of GCT-PDB included surgery, alone or in combination with radiotherapy and/or
drugs such as calcitonin, bisphosphonates, glucocorticoids or denosumab (Table 4). The 27.6%
of GCT-PDB patients experienced local recurrence.

Miscellaneous bone malignancies. MM-PDB patients included 25 fibrous histiocytomas, 17
multiple myelomas, 8 skeletal lymphomas, 2 intraosseous fibromas, 2 enchondromas, 2
neuromas, 1 adamantinoma, and 1 intraosseous lipoma. MM-PDBs predominantly affected

Caucasian men with polyostotic PDB and involved skeletal sites that were macroscopically



affected by PDB (Table 2). PDB preceded the diagnosis of MMs in 50% of patients, while in the
remaining 50% the diagnoses were simultaneous. The skeletal sites most affected were the
pelvis (34.2%), femur (23.7%), spine (15.8%), and skull (13.2%). Other sites were involved in
fewer than 6% of cases (Supplementary table 5). MM-PDB occurred in a single site in 83.8%,
while 17.2% were multifocal. Signs and symptoms at onset were reported in Table 3. Lung
metastases were observed at onset in 3 cases. Surgery and radiotherapy were the primary
treatments (Table 3). No germline or somatic mutation in genes involved in PDB pathogenesis
were found in MM-PDB patients.

Bone Metastasis on pagetic bone. BMs was reported in 4.7% of PDB patients with solid
tumours. The primary cancer responsible for BMs in male PDB patients were prostate cancer
(22.8%), lung cancer (15.7%), renal clear cell cancer (7.1%), colorectal cancer (4.3%), pancreatic
cancer (1.4%), thyroid cancer (1.4%), and melanoma (1.4%). In females PDB patients, primary
cancer responsible for BMs included breast cancer (11.6%), lung cancer (4.3%), renal clear cell
cancer (2.9%), colorectal cancer (1.4%), pancreas cancer (1.4%), thyroid cancer (1.4%), and
melanoma (1.4%). In 14 patients, the primary cancer site remained unidentified. BM-PDBs
occurred more frequently in Caucasian males (Table 2). In 59.0% (13/22) of patients, PDB was
diagnosed prior to bone metastasis, with a time-lapse of 11.8+12.1 years between PDB and BM
diagnoses. In the remaining cases, both diagnoses were made concurrently. At malignancy
diagnosis, all BM-PDB patients showed elevated serum ALP levels. The most frequently skeletal
sites involved by PDB were the pelvis (34.2%), femur (23.7%), spine (15.8%), and skull (13.2%).
Other skeletal sites were affected in fewer than 6% of cases (Supplementary table 5). The most
reported symptom was bone pain, but also systemic signs, such as fever, asthenia, and weight
loss, were observed in BM-PDB patients (Table 3). Treatment approaches included
preferentially radiotherapy and surgery (Table 4).

BC-PDB patients vs. BM-PDB patients. Altogether, the prevalence of polyostotic PDB was

significantly higher among BC-PDB compared to BM-PDB patients (p<0.01, Table 2). In
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particular, patients with Sar-PDB and GCT-PDB had a higher prevalence of polyostotic disease
than patients with BM-PDB (p<0.01 for both comparisons, Table 2). Furthermore, the mean
age at PDB onset was significantly lower in GCT-PDB patients compared to those with Sar-PDB,
MM-PDB and BM-PDB (p<0.05 in all cases, Table 2).

Time trends of BC-PDB and BM-PDB reported cases. Since 1970, the number of reported BC-
PDB cases has progressively decreased, whereas BM-PDB cases have increases (Table 5).
During the same period, the mean age at PBC diagnosis had shown an upward trend.
Comparison BC-PDB and BM-PDB with Italian PDB Controls. The prevalence of males was
significantly higher among patients with Sar-PDB, GCT-PDB, and BM-PDB compared to Italian
PDB Controls (p<0.05 in all case, Table 2). The prevalence of polyostotic PDB was higher in Sar-
PDB and GCT-PDB patients compared to Italian PDB Controls (p<0.01 in both cases, Table 2).
Moreover, the mean age at PDB onset was significantly lower in GCT-PDB patients compared
to Italian PDB Controls (p<0.05, table 1).

Five-years mortality rate. Five-year mortality rates were significantly higher in patients with
Sar-PDB, GCT-PDB, MM-PDB, and BM-PDB compared to Italian PDB Controls (p<0.01 in all
cases, Table 2). Furthermore, Sar-PDB and MM-PDB patients had higher five-year mortality

compared to GCT-PDB patients (p<0.01 in both comparisons, Table 2).
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Discussion

A fascinating behaviour of pagetic bone tissue is profiled in the results of our study. Pagetic
bones appear to be prone to primary neoplastic degeneration of the affected tissues, up to the
occurrence of some BCs with specific clinical characteristics. At the same time, however, PDB
shields bone tissue from the onset of BMs, both on affected and non-affected skeletal sites.

In particular, Caucasian males with polyostotic PDB appear to be at high risk of developing BCs,
with a different prevalence from the general population. According to the 2006 report on
tumors by the AIR-TUM (Association of Italian Tumor Registries) in Italy, primary BCs
represented 0.2% of all malignancies, with an yearly average of 1.3 new bone malignant
tumors diagnosed per 100,000 males and of 1.1 per 100,000 females (30). Within the Italian
PDB Registry, BCs represent the 10.8% of all solid malignancies, and occurs in the 2.4% of all
PDB patients, indicating a higher prevalence compared to the population not affected by PDB.
The oncogenic role of PDB is furtherly supported by the evidence that almost all BCs occurs on
affected skeletal tissues in the IPD systematic review and, as previously reported, mostly in
polyostotic patients. Moreover, multifocal BCs was found in 5.9% of Sar-PDB patients in our
results, instead of 1.5% observed by Corradi et al in Sar without PDB (31). The overproduction
of insulin-like growth factor-1 by PDB osteoclasts may explain our results, because it
contributes to the development of pagetic bone structure and to tumorigenesis (32) by
upregulating the expression of two members of largest family of receptor tyrosine kinases,
EphB2 and EphB4, in osteoclast and osteoblast (33, 34). This suggests that PDB may create a
“favourable soil” for the development and progression of BCs.

On the contrary, the prevalence of BMs is lower in PDB patients compared to the general
population. The largest survey about the prevalence and prognosis of bone metastases, i.e.
Surveillance, Epidemiology, and End Results (SEER), indicated a prevalence of 6.0% of BMs
considering all solid tumors between 2010 and 2015 (35). In our PDB population, the 4.7% of

patients with solid tumor resulted with a BM, sparing pagetic and non-pagetic bones. This
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result proves that PDB probably protect against cancer metastasis on bones, even if the final
effect on the mortality must be proved in targeted studies. A possible reason behind this
finding may be found in the protection against occurrence of bone metastasis offered by
bisphosphonate treatment (36). Indeed, Pagetic bones are histologically characterized by
disorganized architecture of bone matrix near Haversian canals and pathological angiogenesis
(37). Zoledronic acid appear to “normalize” the architecture of pagetic bone. Histological
analyses of post-treatment biopsies have shown a restoration of bone structure, indicating a
near-complete reversal of the pagetic alterations (38). For this reason, treatments should be
always advised to obtain remission and normalization. As recommended, our PDB population
received zoledronic acid as first line treatment at least once in their lifetime, probably
restoring bone tissue architecture and so preserving it from cancer (39). However, this
assumption is not supported by Tu et al, whose results show a non-significant difference in the
prevalence of BMs according to treatment (13). Prospective studies need to be designed to
clarify the local tissue events in PDB patients with solid tumors.

Another result standing out from the systematic analysis is represented by the clinical
characteristics that define BCs in PDB patients compared to general population. The
demographic features of Sar-PDB make it clear. Indeed, non-PDB osteosarcoma primarily
affects child and adolescents, preferentially Blacks (6.8 per million persons per year) and
Hispanics (6.5 per million) patients and typically involves the knee region and the metaphysis
of the appendicular long bones (40). In contrast, Sar-PDB affect adult Caucasian patients and
show a peculiar anatomical distribution which reflect the distribution of skeletal sites
commonly involved in PDB, such as femur, pelvis, tibia, and skull (5). Sar-PDB also show a high
prevalence of multifocal neoplasm, that is uncommon, as previously reported (31). Lastly, the
prognosis is different, with a 5-year mortality rate approaching 30% in non-PDB osteosarcoma
(40, 41) and 90% in Sar-PDB (Table 2). These unique clinical features (gender, age, localization

and prognosis) picture a distinct disease in PDB patients that may require different strategies
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for treatment to be studied. In this case, the lack of tailored therapies conceals a successful
impact of treatment on the mortality rate.

To be noted, the prevalence resulting in the clinical cross-sectional survey overlap prior studies
conducted in the field, at least for osteosarcomas (13, 42-50). In contrast, the percentage of
GCT-PDB in our sample is higher compared to any other party, because of the founder effect of
ZNF687 in Campania region, Southern Italy, that both increases the rate of GCT and the
severity of the condition (19, 22).

A final worthing comment regarding the results is represented by the poor use of the genetic
profile of PDB patients, that does not impact on the occurrence, development and prognosis of
BCs or BMs. One future prospective may be represented by the demonstration of microRNA-
16 hyperexpression in Sar-PDB (28). This last can be a cue for a tailored therapy, that should
aim to obtain remission of PDB, even under the toughest circumstances (51).

Our study presents strengths and weaknesses. As first, the large sample size and the analogy
between the patients from Italian PDB Registry and from the United Kingdom’s Multi - Centre
Randomised Controlled Trial of Symptomatic Versus Intensive Bisphosphonate Therapy for
Paget’s Disease (PRISM) study, guarantees generalizability of the results. Moreover, the IPD
design allows to collect a large amount of data, that, however, results heterogeneous. Another
limitation is the genetic information, which has only become available in the last 20 years, and
so is lacking in many of the reported cases in the review.

In conclusion, PDB represent a risk factor for occurrence of bone neoplasms, that
demonstrates unique clinical characteristics needing further investigation to tailor specific
treatments. On the other hand, PDB protects bone from metastasis of solid tumors on affected
and non-affected bones, probably depending on bisphosphonate treatment. For this reason,
remission of PDB must be always pursued by zoledronic acid administration whenever

possible.
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Figure 1

Study flow chart.

Figure 1 legend: The systematic search was performer according to PRISMA criteria. PRISMA=
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Table 1

Clinical characteristics of PDB patients with primary bone neoplasms and bone metastasis
affecting pagetic bones from Italian PDB Registry

Age PDB Bone neoplasm
Pt tyr) Sex Dia P/M (n) Treatment Rem Neo Dia (yr) ALP (%) 5
(yr) ALP (%) Symp Y ° Symp Sites Treatment Y
Cal, Clo, Pam,
01 59 M 42 453 BD P(7) no Sar 59 463 BP, Neu Pel Rx no
Zol
02 77 M 72 986 BP P(2) Ner no Sar 77 765 BP, Neu Spi Rx no
03 81 M 72 586 BD, BP P (4) Cal, Pam no Sar 80 359 BP, Neu Spi Rx no
04 61 M 60 1758 AS P(7) Cal, Pam no Sar 60 533 BP, Fra Pel Dox, Cis, Ifo no
05 68 M 67 364 BD, BP P (3) Zol no Sar 67 364 BD, BP Sku None no
06 67 M 67 115 BD, BP P(7) None no Sar 67 236 BP Sca None no
07 63 M 61 577 AS P (6) Clo, Ris, Zol yes Sar 63 647 BP Pel None no
08 64 M 60 168 BP, Neu P (5) Eti, Clo no Sar 63 123 BP Pel No no
09 79 M 78 384 AS P (4) Cal no Sar 76 652 BP Spi Rx no
10 61 F 55 273 BD P (3) Eti, Clo no Sar 60 1243 BP Sca Rx, Dox no
11 68 M 52 523 AS P (5) Cal, Eti, Clo no Sar 67 891 BP, Fra Pel Rx, Dox no
Man,
12 80 F 57 1536 BD P(9) Cal, Clo, Pam no GCT 67 2524 BP Sku, Rx, Sur yes
Max
13 76 F 44 2523 BD P(5) Cal, Clo no GCT 58 1536 BP Man Rx, Sur yes
14 61 M 35 1207 BD P(12) Cal, Clo, Pam no GCT 51 1136 BP Sku Rx yes
Sca,
Man,
Clo, Pam, Ner,
15 58 M 41 1950 BD P (6) | no GCT 51 1185 BP Pel, Sur yes
Zol
Cla,
Max
Clo, Pam, Ner,
16 67 M 45 1217 AS P (5) no GCT 52 876 BP, Neu Pel Den yes
Zol
BD, BP, Fra,
17 60 M 37 345 BD, BP P (8) Clo no GCT 51 470 Pel Sur, Den yes
Neu
MM
18 70 F 60 398 AS P(3) Ner yes (LN 61 127 BP, SS Sku Dox yes
H)
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19

20

21

22

23

24

66

76

68

73

62

55

47 212 AS P(3) Pam, Zol yes Met 66 204 Fra Fem Rx, Dox

65 214 AS P(2) Clo, Zol yes Met 75 148 BP Spi RX
56 184 AS P(3) Clo, Zol yes Met 67 165 BP Spi Rx
59 204 BP P (4) Zol Yes Met 70 25 BP Sca Rx, Car
58 550 BP P(3) Clo, Zol yes Met 62 550 BP Sca None
54 103 BP P(2) None no Met 55 116 BP Spi None

no

no

no

yes

no

no

PDB= Paget’s disease of bone. Pt= Patient. M: male. F= female. Age= age at the last
examination. Dia= Age at diagnosis. ALP= Alkaline phosphatase serum levels expressed as
percentage compared to laboratory reference range at PBD (left) and bone neoplasm (right)
diagnosis. Symp = Clinical signs and symptoms at diagnosis of PDB and of bone neoplasm. BD:
bone deformity. BP: Bone pain. AS: No signs or symptoms. Neu: nerve compression. Fra:
pathological fracture. SS systemic symptoms. P/M polyostotic/monostotic PDB (number of
skeletal sites affected by PDB). Neo: histological definition of bone neoplasm. GCT: Giant cell
tumor. Sar= sarcoma. MM= miscellaneous neoplasm. LNH= skeletal non-Hodgkin lymphoma.
Met= metastasis. Sytes= skeletal sites affected bone neoplasms, which occurs in skeletal sites
affected by PDB in all cases. Man= Mandible. Sku= skull. Max= maxillary. Sca=Scapula. Pel=
Pelvis. Cla= clavicle. Fem= femur. Spi= spine. Treatment: Treatment for PDB and bone
neoplasm. Cal= calcitonin. CIn= clodronate. Pam= pamidronate. Ner= neridronate. Zol=
zoledronate. Eti= etidronate. Ris= risedronate. RX= radiotherapy. Sur= surgery. Den:
Denosumab. Dox: Doxorubicina. Cis: Cisplatino. Ifo: Ifofosamide. Car= carbozatinib. Rem= PDB
remission, defined as ALP serum levels within the laboratory reference range after PDB
treatment. 5y=5 years’ survival from bone neoplasm diagnosis
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Table 2

Clinical characteristics of the patients with Paget’s disease of bone and primary bone

neoplasm, bone metastasis, or patients without primary bone neoplasm nor bone

metastasis enrolled in the Italian Registry of Paget’s disease of bone

PBC-PDB Italian PDB
BM-PDB
Controls
Sar-PDB GCT-PDB MM-PDB
Number (n) 1478 123 58 70 718
Male gender 784/1267 (61.9)°  82/120 (68.3) 27/37(73.0)  39/56 (69.6) 409/718 (57.0)

Caucasian 569/601 (94.7) 75/85 (88.2) 6/9 (66.7) 11/12 (91.6) 718/718 (100)
Black 13/601 (2.1) 1/85 (1.2) 2/9(22.2) 0 0

Asian 19 /601(3.2) 9/85 (10.6) 1/9 (11.1) 1/11(9.1) 0
Mean age, years 68.219.1 61.41£12.6 61.61£12.3 66.41£13.7 68.7£11.5

PDB Polyostotic

329/424 (77.6)*¢

109/118 (92.3)*¢

13/20 (65.0)

14/24 (58.3)

423/718 (58.9)

Mean age at PDB onset, years 60.3+11.6 50.8+12.1%b<¢ 59.1+13.7 63.4+13.3 59.3+11.9
PDB diagnosis prior to neoplasm onset 89/121 (73.6) 76/92 (82.6) 7/14 (50.0) 13/22 (59.1) -
5-year mortality 778/834(93.3)>¢  26/94 (27.7)°  11/12(91.7)*¢  12/15 (80.0)? 31 (4.3)¢

Data are expressed as absolute number/number of patients in whom the variable was
available (percentage) for dichotomous variables and mean * standard deviation for
continuous variables. PDB: Paget’s disease of bone. PBC-PDB: PDB patients with primary bone
neoplasm. Sar: PDB patients with sarcomas. GCT: PDB patients with giant cell tumor. MM: PDB
patients with miscellaneous malignancies. BM-PDB: PDB patients with bone metastasis. Italian
PDB Controls: PDB patients enrolled in the Italian PDB Registry without PBC or BM. PDB
polyostotic: patients with more than one skeletal sites affected by PDB. PDB monostotic:
patients with one skeletal site affected by PDB. A: significantly different compared to Italian
PDB Controls. B= significantly different compared to Sar-PDB. C= significantly different
compared to BM-PDB. D= significantly different compared to GCT-PDB: E= 5-year mortality was
25



calculated in PDB patients registered in the Italian Registry of Paget’s disease of bone from at
least 5 years.
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Table 3

Clinical signs and symptoms in patients with Paget’s disease of bone and primary bone

neoplasm and bone metastasis at neoplasm onset

PBC-PDB
BM-PDB
Sar-PDB GCT-PDB MM-PDB
No sign and 0 0 0 0
symptoms
Bone Pain 332 37 (22.2) 5(20.0) 26 (76.5)
(56.6) ' ' '
. 107
Bone deformity (18.2) 77 (46.4) 10 (40.0) 11 (34.4)
Pathological Fractures 82 (14.0) 5(3.0) 6 (24.0) 6 (18.8)
Contigue tissues 52 (89.9) 33(19.9) 3(12.0) 0
compression
Systemic symptoms 10(1.7) 2(1.2) 1(4.0) 12 (37.5)
Bleeding 4(0.7) 12 (7.2) 0 0
. 296
High ALP serum (98.3) 75 (96.2) 7 (87.5) 16 (100.0)

Data are expressed as absolute number (percentage). PDB: Paget’s disease of bone. PBC-
PDB: primary bone neoplasms. Sar: PDB patients with sarcomas. GCT: PDB patients
with giant cell tumor. MM: PDB patients with miscellaneous malignancies. BM-PDB:
PDB patients with bone metastasis. Systemic symptoms: fever, asthenia, significant

weight loss.
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Table 4
Treatment of patients with Paget’s disease of bone and primary or secondary bone

neoplasms
PBC-PDB
BM-PDB
Sar-PDB GCT-PDB MM-PDB

None or palliative treatment 266 (43.8) 77 (50.3) 2 (8.0) 1(11.1)
Surgery 212 (34.9) 38 (24.8) 9 (36.0) 5(27.8)
Radiotherapy 108 (17.8) 4(2.6) 8(32.0) 11(61.1)
Chemiotherapy 14 (2.3) 3(1.9) 5(20.0) 3(16.7)
Bisphosphonate 5(0.8) 11(7.1) 1(4.0) 1(5.6)
Calcitonin 2(0.3) 3(1.9) 0 1(11.1)
Glucocorticoids 1(0.1) 13 (8.5) 0 0
Denosumab 0 4 (2.6) 0 0

Data are expressed as absolute number (percentage). PDB: Paget’s disease of bone. PBC:
primary bone neoplasms. Sar: PDB patients with sarcomas. GCT: PDB patients with
giant cell tumor. MM: PDB patients with miscellaneous malignancies. BM-PDB: PDB
patients with bone metastasis.
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Supplementary table 1
Methods about data search and extraction

Systematic Review

Database

Key words

Search last conducted date
Article typology

Article information

Data extracted

Google Scholar; Pubmed; Cockraine;
Google Book; Medline; Web Of
Science; Scopus; Reference lists from
other articles

Cancer; neoplasm; tumour; Paget’s
disease of Bone; metastasis

October 28, 2023
Case report; case series; review

Title; authorship; publication year;
reference

Age; gender; age at PDB onset; number
of bones affected by PDB; age at PBC
or BM onset; symptoms related to
PBC or BM; histological diagnosis of
PBC; histological diagnosis of
primary neoplasm causing BM;
family history of PDB and/or PBC;
ALP serum levels at onset of PBC or
BM; genetic or epigenetic data
regarding PDB, PBC or BM;
treatment; death; date of last follow
up or death

Italian PDB Registry

Data extracted

Age; gender; age at PDB onset; number
of bones affected by PDB; age at PBC
or BM onset; symptoms related to
PBC or BM; histological diagnosis of
PBC; histological diagnosis of
primary neoplasm causing BM;
family history of PDB and/or PBC;
ALP serum levels at onset of PBC or
BM; genetic or epigenetic data
regarding PDB, PBC or BM;
treatment; death; date of last follow
up or death

PDB: Paget’s disease of bone; ALP: Alkaline Phosphatase; PBC: primary bone cancer; BM:

bone metastasis;
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Supplementary table 2

Quality assessment of selected case reports with references

JBI Critical Appraisal Checklist for Case Reports

N.A

Ref

10
11
12
13

14
15
16
17
18
19
20
21

22
23
24
25

26
27
28
29
30
31

32

33

34
35

36
37

38

39
40

41

42

43

44
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46

47

48

49

50
51

52

53

54
55

56
57
58
59
60
61

62

63

64
65

66

67

68
69
70
71

72

73

74
75

76
77
78
79
80
81

82

83

84
85

86

87

88
89
90
91

92

93

94
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N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

95

96
97

98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

125
126

127

128
129
130

131
132

133
134

135

136

137
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N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

N.A

138

139
140
141
142

143

144
145

146

147
148

149
150
151
152

153
154

155
156
157
158
159
160
161
162
163
164

165
166
167
168
169
170
171
172
173
174
175
176
177
178
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N.A

N.A

N.A

N.A

N.A

N.A

179
180
181
182

183
184

185
186
187
188

189

190
191
192
193
194
195
196
197

198
199
200
201
202

203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
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224 N Y Y Y Y Y Y U
225 Y Y N N N N N U
226 Y Y Y Y Y N N Y
227 Y Y Y Y Y Y Y Y
228 Y Y Y Y Y Y Y Y
229 Y Y Y Y Y N N Y
230 Y Y Y Y Y Y Y Y
231 N N N N N N N N.A
232 N Y Y Y Y Y Y Y
233 N N N N N N N N.A
234 N Y Y Y Y N N U
235 N Y N Y Y Y Y Y
236 N Y Y Y Y N N U
237 N Y N N N N N N.A
238 Y Y Y Y Y Y Y Y
239 N Y Y Y N N N Y
240 N.A N.A N.A N.A N.A N.A N.A N.A
241 N Y Y Y Y Y Y Y
242 Y Y Y Y N N N u
243 Y Y Y Y Y Y Y Y
244 N.A N.A N.A N.A N.A N.A N.A N.A

1. Were patient’s demographic characteristics clearly described?

2. Was the patient’s history clearly described and presented as a timeline?

3. Was the current clinical condition of the patient on presentation clearly described?

4. Were diagnostic tests or assessment methods and the results clearly described?

5. Was the intervention(s) or treatment procedure(s) clearly described?

6. Was the post-intervention clinical condition clearly described?

7. Were adverse events (harms) or unanticipated events identified and described?

8. Does the case report provide takeaway lessons?

Ref: references. Yes: Y. No: N. U: Unclear. Not applicable: N.A.
Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, Currie M, Lisy K, Qureshi R,

Mattis P, Mu P. Chapter 7: Systematic reviews of etiology and risk. In: Aromataris E,
Munn Z (Editors). JBI Manual for Evidence Synthesis. JBI, 2020. Available from
https://synthesismanual.jbi.global. https://doi.org/10.46658/JBIMES-20-08
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Supplementary table 3

Quality assessment of the selected case series with references

JBI Critical Appraisal Checklist for Case Series
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1. Were there clear criteria for inclusion in the case series?

2. Was the condition measured in a standard, reliable way for all participants included in
the case series?

3. Were valid methods used for identification of the condition for all participants

included in the case series?

Did the case series have consecutive inclusion of participants?

Did the case series have complete inclusion of participants?

Was there clear reporting of the demographics of the participants in the study?

Was there clear reporting of clinical information of the participants?

Were the outcomes or follow-up results of cases clearly reported?

Was there clear reporting of the presenting sites’/clinics’ demographic information?

10. Was statistical analysis appropriate?
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Yes: Y. No: N. Unclear: U. Not Applicable: N.A.
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Supplementary table 4
Skeletal and extra skeletal sites involved by primary and secondary bone neoplasm in PDB

patients
PBC-PDB
BM-PDB
Sar-PDB GCT-PDB MM-PDB
ST B N
merus S/ 2138 0 e
ST A R S
Tibia (n; %) 114/(183;)6 4/1(22) 2/38(5.3) 5/67 (7.5)
I R
Scapula (n; %) 30/ 1(2‘16) 7/ 1(;81) 1/38 (2.6) 2/67 (3.0)
Tarsus (n; %) 13/1((3)'396) 0 0 0
Radius (n; %) 6/1(303_461) 0 0 0
Ui (% sase 1 0 :
Hand (n; %) 3/1(30%2) 0 0 0
Clavicle (n; %) 2/1(30??2) 8/1(;88) 0 1/67 (1.5)
Fibula (n; %) Y 1(3’0%?) 0 0 1/67 (L.5)
Sternum (n; %) 1/1(30%% 0 1/38 (2.6) 0
Rib (n; %) 1 1(3’0%% 0 1/38 (2.6) 2/67 (3.0)
Patella (n; %) 1/1(303% 0 0 0
Extraskeletal ' 7/138
neoplasm (n; 0 (5.0) 0 -

%)

Data are expressed as absolute number (percentage). PDB: Paget’s disease of bone. PBC-
PDB: PDB patients with primary bone cancers. Sar: PDB patients with sarcomas. GCT:
PDB patients with giant cell tumor. MM: PDB patients with miscellaneous
malignancies. BM-PDB: PDB patients with bone metastasis
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