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Bone metastases are common in genitourinary cancers, but they are underreported and not well
researched.
Synchronous bone metastases occur in 1.39–5.5% of bladder cancer patients, while 30–40% of cases are

metachronous.
Bone morphogenetic proteins (BMPs) play a key role in regulating proliferation, migration and invasion

of tumor cells in bone microenvironment of bone metastases from metastatic urothelial carcinoma
(mUC).
Bone metastases represent a poor prognostic factor due to high morbidity and mortality correlated to

skeletal-related events (SREs). The incidence rate of SREs in bladder, renal pelvis, and ureteral cancer var-
ies from 39 to 68%. Radiotherapy is the most frequent treatment for SREs. The early use of bone targeted
therapies (BTT), zoledronic acid and denosumab, improves SREs incidence and morbidity and it seems to
improve overall survival (OS).
To date, several new agents (immunotherapy and targeted drugs) demonstrated efficacy in mUC.

However, subgroup analysis for bone metastases is often not available, due to difficulties in analysing
bone samples, non-RECIST lesions and delay in systemic treatment due to SREs that limit the enrolment
of bone mUC patients in clinical trials. Larger solid tumor studies that included UC patients are the main
source of data for the management of mUC patients with bone metastases.
For these patients, multidisciplinary approach should be preferred, involving orthopaedics, radiother-

apists and rehabilitation to improve outcome and quality of life. New prospective trials should character-
ize clinical and molecular features of patients with bone metastases and the impact of new drugs on this
poor prognostic metastatic site.
� 2021 Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Bladder cancer is the 12th most common cancer worldwide
with a high morbidity and mortality rate [1,2]. Urothelial carci-
noma (UC) is the most common type of bladder cancer. UC can
involve also renal pelvis and ureters, namely upper tract urothelial
carcinoma (UTUC), and urethra [3].

About 25% of patients present with metastatic disease, with
limited therapeutic options [4,5]. The 5-year survival is 95.8%
among those cases diagnosed in situ, 69.5% for localized disease,
36.3% for regional disease and only 4.6% for metastatic disease [6].

Conventionally, in mUC patients, the presence of bone metas-
tases (BM) is defined as ‘‘visceral metastases”. The most common
sites of BM are pelvis (68%), spine (cervical 12%, thoracic 38% and
lumbar 34%), ribs (24%) and femur (22%).

A model developed at the Memorial Sloan Kettering Cancer
Center recognizes BM and Karnofsky performance status (PS) as
negative prognostic factors in mUC patients receiving cisplatin-
based chemotherapy [7]. Patients with BM from UC have worse
outcome compared to patients with BM from other genitourinary
cancers such as prostate cancer or renal cell carcinoma [8].

BM from UC remain a partially known field, difficult to manage
due to the limited data available.

2. Epidemiology and clinical features of bone metastases in
mUC

First reports of autopsies revealed presence of BM in 22–37%
bladder UC cases [9]. In ‘70 s, Goldman et al. reported the presence
of BM assessed radiographically in a group of 51 patients with
bladder UC and demonstrated either an osteoblastic or a mixed
osteolytic-osteoblastic pattern in 47% of the instances [10].

Nowadays, the incidence of BM in bladder cancer patients is
between 1.39 and 5.5% as synchronous metastatic disease whereas
30–40% of metastatic patients will develop BM during the course of
the disease [11] (Table 1).
Table 1
0444166300 Main feature of bone metastases from metastatic urothelial carcinoma.
SRE: skeletal-related event; Hb: hemoglobin; T: tumor; N: nodes.

Bone metastases from urothelial carcinoma

Clinical features
Pain as the most common SRE
Poor prognosis
High rate of SRE
Mainly receive cisplatin chemotherapy
More often metacronous

Risk factors
Site of Primary tumor
High Alkaline Phosphatase
Low Hb
High Calcium
T stage
N stage
Grade 3-4
Histology type
Black race
41–60 yrs
Other Metastasis sites

Incidence
Overall incidence of bone recurrence of 35%
Most common sites are
- pelvis (68%),
- - spine (cervical 12%, thoracic 38% and lumbar 34%),
- - ribs (24%),
- - femur (22%)
Almost half of the patients with bone metastases have bone as the only site
of recurrence
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Risk factors for bone metastatic spread in bladder cancer
include alkaline phosphatase, haemoglobin and calcium level,
whereas advanced age, absence of surgery and presence of lung,
liver, or brain metastases predict worse survival [12].

Fan et al. also evaluated risk factors for the onset of BM in blad-
der cancer. BM was associated in univariate and multivariate anal-
yses with T stage, N stage, grade, histology type, race, primary site,
age and site of other metastases. Authors developed a nomogram
that can predict the onset of bone disease. Data excluded UTUC
[13].

Data from the National Cancer Institute’s Surveillance, Epidemi-
ology, and End Results (SEER) database defined age between 41
and 60, black race, married status, T stage, N stage, G3-G4, brain,
lung and liver metastases to be risk factors for BM in bladder can-
cer. BM were associated to poor prognosis and authors suggested
bone scan as routine exam in patients with the previous cited risk
factors. The median OS in this cohort was 4 months for bone syn-
chronous disease [11].

In SEER database, 799/1862 bladder cancer patients had BM,
which configured as the most common site of disease. This cohort
of patients with bone involvement had worse OS and cancer speci-
fic survival (CSS) compared to patients without BM. Multivariate
analysis showed that BM was an independent prognostic factor
for both OS and CSS, whereas distant node metastasis was not.
Patients with liver metastases had the worst outcome though [14].

A study of 52 patients from Dana-Farber Cancer Institute
reported that, in UTUC, lymph nodes (75% [39/52]), lung (65%
[34/52]), liver (54% [28/52]), bone (39% [20/52]) and peritoneum
(19% [10/52]) were the most common metastatic sites [12]. Cheaib
et al. instead described, in 47 UTUC patients, metastases in multi-
ple sites (30%, [14/47]), lungs (28%, [13/47]), bone (13%, [6/47]),
liver (13%, [6/47]), lymph nodes (10%, [5/47]), muscle (4%,
[2/47]), brain (2%, [1/47]), with both bone and liver metastases pre-
senting quick onset and poor prognosis [15].

Analyses of SEER database of UTUC patients revealed that bone
was a common site of relapse, as previously reported [18]. Liver
metastases predicted unfavourable OS rather than CSS, whereas
multivariate analysis showed that BM were not an independent
prognostic factor for patients’ survival [16].

Sengeløv, L. et al. described an incidence of bone recurrence of
35%, the third most common site after bladder and pelvic recur-
rence, in both bladder UC (194) and UTUC (18) patients. Authors
reported that bone metastatic disease was more common in
patients younger than 60 years old and with primary tumor of
renal pelvis. Almost half of the patients (41%) with BM had bone
as the only site of recurrence, and nearly a third had a single bone
lesion [17].

Tsuda et al. analysed the features of BM in 48 mUC (31 bladder
UC and 17 UTUC). Bone was the initial metastatic site for 25/48
patients (52.1%) and pain was the initial symptoms for 54.2% of
patients. The most common locations were pelvis 64.6%, spine
58.3%, rib 20.8%, femur 12.5%, humerus 6.3% and clavicle 6.3%.
BM were usually multiple (26/48, 54.2%) and osteolytic (66.7%)
[18].

A retrospective trial of 203 mUC, including both UTUC (120
patients) and bladder UC (83 patients), reported similar outcome
for patients with BM treated with chemotherapy agent such as
MVAC and CG, with no statistical significance at univariate and
multivariate analyses for overall survival. Patients with bone dis-
ease were 24/203 (16 bladder cancer and 8 UTUC) [19].

Data from the Retrospective International Study of Invasive/
Advanced Cancer of the Urothelium (RISC) dataset provided a dee-
per understanding of BM from UC. Out of 1900 patients with bone
disease (comprising 1586 bladder UC and 168 UTUC), 128 (6.7%,
comprising 113 bladder UC and 5 UTUC) were found with exclusive
bone disease. Patients in the latter group were more likely to have



M. Stellato, D. Santini, Maria Concetta Cursano et al. Journal of Bone Oncology 31 (2021) 100405
poor ECOG PS, to be ineligible for chemotherapy (rather than cis-
platin) and to have lower overall response rate (ORR) [20]. Despite
receiving mainly cisplatin chemotherapy patients had poor prog-
nosis, irrespective of additional sites of disease. 43% of patients
received supportive and palliative treatment alone and had rapid
decline of ECOG PS due to pain or other SREs. Nevertheless,
patients who were able to receive additional therapies had the
longest survival [20].

3. Biological concepts in bone metastases from mUC

Bone morphogenetic proteins (BMPs) belong to the transform-
ing growth factor b (TGF-b) superfamily. These proteins bind to
type I and type II serine-threonine kinase receptors and transduce
signals through Smad and non-Smad signalling pathways [21].
Many studies have suggested that the BMPs are associated with
BM in several cancers. BMPs receptors have been found in human
urological cancer cell lines and BMPs are known to regulate the
expression of their receptors [22]. In vitro studies demonstrated
distinct effects of BMPs on proliferation, migration and invasion
of tumor cells depending on the BMP type, the tumour cell line
and the bone microenvironment [23].

Med19 is a mediator complex subunit that plays a key role in
the activity of the mediator itself [24]. The mediator complex is a
conserved interface between gene-specific regulatory proteins
and the general transcription apparatus of eukaryotes at transcrip-
tion initiation [25]. Wen et al. demonstrated the critical role of
Med19 in bladder cancer and in promoting BM. BMPs are impor-
tant in the adhesion of cancer cells to bone tissue, specifically
BMP-2 is crucial in BM from mUC. When the cells gain access to
lymph or vascular circulation, the elevated BMP-2 induced by
Med19 may assist the seeding of bladder cancer cells in bone tissue
[26]. In addition, the interaction of TNF-alpha with BPM-2 has a
crucial role in bone colonization. Higher levels of both were found
in metastatic bladder cancer with BM compared to nonmetastatic
or noninvasively UC [22] (Fig. 1).

4. Bone targeted therapies

Larger solid tumor studies that included UC patients (Table 2)
are the main source of data for the management of mUC patients
Fig. 1. Bone morphogenetic proteins and bone metastases from urothelial carcinoma. BM
TNF alpha: tumor necrosis factor alpha; Smad: small mother against decapentaplegic; M
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with BM [27]. European Association of Urology (EAU) and AIOM
(Italian Association of Medical Oncology) guidelines recommend
the use of bone targeted therapy (BTT), zoledronic acid (ZOL AC)
or denosumab, in this subset of patients [28,29].

ZOL AC has shown to prolong SRE-free interval in patients with
solid tumors, including UC. A small, randomized, placebo-
controlled trial investigated the impact of ZOL AC in 40 patients
with BM from bladder UC previously treated with palliative radio-
therapy. ZOL AC demonstrated to decrease SREs by 59% and to
delay the onset of first SRE [30].

Phase 3 trials of denosumab in patients with solid tumors,
including patients with renal cell carcinoma and bladder cancer,
demonstrated that denosumab was superior to ZOL AC in prevent-
ing SRE. Patients with bladder cancer were only 28 though [31,32].

A study comparing denosumab or placebo with standard treat-
ment in both bladder UC and UTUC patients with BM is nowadays
ongoing (NCT03520231).

The incidence of SREs in mUC is reported to be 65–68%. Owari
et al. reported 58% of SRE in mUC. In a cohort of 180 patients, 26
with mUC (13 bladder UC and 13 UTUC), multivariate analysis
revealed that the type of primary cancer (UC vs prostate cancer
and renal cell carcinoma vs prostate cancer), ECOG PS and bone
pain at the diagnosis of bone metastases were independent predic-
tors of SREs. Overall, the early use of BTT revealed to improve SRE
[8].

Tsuda et al. reported in a court of 17 UTUC and 31 BC patients
with BM that the first SRE collocated at pelvis (48.5%) or spine
(45.5%) and resulted in radiation therapy (74.2%), spinal cord com-
pression (12.9%) and pathological fracture (9.7%). After the first SRE
41.9% of patients experienced a second SRE. The median survival
time (MST) was 6.2 months (IQR, 4.5–9.5) after the diagnosis of
BM, and 5.6 months (IQR, 3.1–9.6) after SREs. On multivariate anal-
ysis, independent predictors of OS included PS � 2 (HR 4.94; p
0.0003), liver metastases (HR 4.08; p 0.0018), chemotherapy after
diagnosis of BM (HR 0.31; p 0.0018), and bone-modifying agents
(HR 0.36; p 0.0147). 38 patients did not receive BTT. Median OS
of patients treated whit BTT was 15.8 months (95% CI 4.5–26.9)
vs 5.2 months, (95%CI 3.5–7.4; p 0.003). The median time from
diagnosis of BM to development of first SRE was 0.9 months [18].

Yokomizo et al. reported that the rates of SRE in 41 bladder can-
cer patients and 25 renal pelvis and ureteral cancer patients were
P2: bone morphogenetic proteins 2; BMPR: bone morphogenetic proteins receptor;
ed19: mediator complex subunit 19; P: phosphoryl group.



Table 2
Bone target therapy in metastatic urothelial carcinoma. SRE: skeletal-related event; BTA: bone-targeted agent; BTT: bone-targeted therapy; mUC: metastatic urothelial
carcinoma.

Bone Target Therapies in bone metastases from urothelial carcinoma

Authors Year of
publication

Type of study Results Number of
patients

Zaghloul MS
et al. [30]

2010 Prospective, placebo-controlled,
randomized

Zoledronic acid demonstrated to decrease SRE by 59% and to prolong time to
first SRE

40

Owari et al. [8] 2018 Retrospective The early use of BTA revealed to improve SRE 180 (26 with
mUC)

Tsuda Y et al.
[18]

2017 Retrospective Overall survival of patients receiving BTT was longer when compared to
patients who did not receive BTA.

48
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39–68%. Radiation therapy was the most frequent event. Authors
confirmed the short SRE-free survival rate in UC after the diagnosis
of BM in both upper tract and bladder UC. None of these patients
received BTT [33].
5. Novel treatment for mUC and impact on bone disease

Several new agents demonstrated to improve outcome in mUC
but patients with BM are underrepresented in all these trials.

Being mostly non-measurable lesions by RECIST criteria, it is
difficult to fully assess the efficacy of treatments in BM, leading
to exclusion from clinical trials. The bone response to treatments
has not been evaluated in pivotal clinical trials [34,35].

Another limitation is that tumor tissue from BM is not evaluable
for PD-L1 expression, preventing enrolment in many trials investi-
gating the role of immunotherapy.

Symptomatic bone lesions susceptible to palliative radiother-
apy should be treated prior to enrolment to avoid exclusion due
to ongoing radiotherapy.

Furthermore, data about bone disease are often incomplete and
they are reported together with other metastatic sites under the
definition of ‘‘visceral metastases”, due to the limited population
in those studies [3,14].

In trials involving cisplatin ineligible patients treated with PD-1
or PD-L1 inhibitors as first line treatment, authors reported data
about patients with visceral metastases. No patient had bone as
single site of disease [36,37].

A real-world study of vinflunine in mUC reported that the
20/102 patients (comprising 84 bladder UC and 11 UTUC) with
BM had a longer PFS and OS compared to patients with pulmonary
or hepatic metastases [38].

Subgroup analysis for BM is not available in the pivotal trials of
avelumab as maintenance treatment and pembrolizumab as sec-
ond line treatment in mUC [36,39].

A retrospective trial recently reported that in patients treated
with IO as first line therapy (cisplatin eligible and ineligible both),
high burden of disease, liver and BM (HR 3.93p 0.02) were associ-
ated with shorter OS. In patients treated with IO as second line,
bone metastases had negative prognostic effect on OS (HR 2.42),
more than other site of disease, including liver. Furthermore,
patients with BM were more likely to not receive further therapies
after progressing to IO [40].

Results from TROPHY01 trial were reported at ESMO virtual
congress 2020. Sacituzumab Govitecan (SG), an antibody-drug
conjugate (ADC), demonstrated efficacy in terms of PFS and OS in
mUC. 62% of patients had visceral metastases. The number of
patients with BM is not reported. SG has received fast track desig-
nation and may have the potential to change clinical practice [41].
Recently, results from the trial have been published. SG demon-
strated statistically significant ORR (27%) with manageable safety
profile. Benefit from SG was seen across several subgroups but data
about bone disease are not available [42].
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Enfortumab vedotin is an ADC that targets Nectin-4, a trans-
membrane protein of the Nectin family of cell adhesion molecules
involved in cellular processes associated with oncogenesis. 51/125
(41%) patients had bone disease. Enfortumab vedotin had consis-
tent clinical activity across all subgroups analysed. Subgroup anal-
ysis for BM is not available [43].

In the phase II trial evaluating Cabozantinib as second line
treatment for mUC, patients in cohort 2 (6/69) had bone-only dis-
ease assessed by PET scan whereas 15/69 had bone disease among
different metastatic sites. From cohorts 1 and 2, 16/69 patients had
a median OS of 7.2 months (95%CI 4.1–10.8) and a median PFS of
3.9 months (1.8–7.8) [44]. No difference in PFS and OS was
reported based on number of bone lesions, alkaline phosphatase,
and maximum SUV at baseline (Table 3). Patients with bone-only
disease had an improvement in their BM, as assessed by sodium
fluoride (NaF) fluorodeoxyglucose-PET.

Erdafitinib, a tyrosine kinase inhibitor of FGFR1-4, showed clin-
ical activity in pretreated mUC patients. 10/21 patients with BM
showed tumor response in the selected-regimen group, treated
with a continue dose of 8 mg. Response rate (RR) was higher in
patients with bone disease, 48% (95%CI 26–69), compared to other
site of metastases such as liver (35% [95%CI 14–56]), lung (40%
[95%CI 28–53]) and lymph nodes (33% [95%CI 7–60]). Even in the
two other groups of patients treated with unselected intermittent
regimen of 10 mg and 6 mg continuously, patients with BM had a
satisfactory ORR of 17% (1/6) and 40% (6/15), respectively [45].
6. Discussion

Bone metastases from mUC represent a relevant problem for
patients, physicians and health care systems. They are a poor prog-
nostic factor and are related to high morbidity and mortality rates
due to SRE.

Most common sites of BM are pelvis, spine, ribs and femur, as
previously described, and patients usually present with pain and
worse PS ECOG (Table 4). EAU and AIOM recommend BTT use in
clinical practice, as ZOL AC and Denosumab improve SRE-free
interval and OS. The impact of novel therapies on BM is mostly
unknown due to the exclusion from clinical trials of this group of
patients. Indeed, difficulties in analysing bone samples, non-
RECIST lesions and delay of systemic treatments limit the evalua-
tion of the efficacy of anticancer therapies, especially of novel
drugs. Therefore, the treatment of BM from mUC represents an
unmet clinical need.

The management of BM in genitourinary malignancies includes
the spectrum of lifestyle modifications, therapies targeting the
bone microenvironment and disease-targeting agents. Multidisci-
plinary approach should be preferred, involving orthopedics, radio-
therapist and rehabilitators to improve outcome and quality of life.

Despite the mechanisms responsible for BM have been
researched and partially reported, the molecular features of
patients with bone disease from UC remain mostly unknown. Sev-



Table 3
Platinum-refractory patients with urothelial carcinoma and bone disease treated with cabozantinib in second line (n=22): no difference in OS and PFS was found in patients
basing on number of bone lesions at baseline; max-SUV at baseline and alkaline phosphatase at baseline. OS: overall survival; PFS: progression free survival; HR: hazard ratio.

Lesion number < or = 5 bone metastases N=11 >6 metastases N=11 HR (95%CI) p value

Median OS (95%CI) 3.7 months (2.1-7.7) 4.7 months (3.4-9.7) 1.01 (0.41-2.4) 0.97
Median PFS (95%CI) 2.1 months (1.4-3.9) 1.9 months (1.3-6.0) 0.92 (0.38-2.2) 0.84
Max SUV 4–17 N=11 >17�1 N=11
Median OS (95%CI) 3.7 (1.8-7.1) 6.7 (3.4-9.7) 0.57(0.24-1.35) 0.19
Median PFS (95%CI) 1.9 (1.3-3.6) 2.1 (1.8-5.3) 0.91(0.38-2.17) 0.83
Alkaline phosphatase (U/L) < or = 103 N=11 >104 N=11
Median OS (95%CI) 4.1(2.1-7.1) 6.7 (3.4-9.7) 0.66 (0.28-1.55) 0.33
Median PFS (95%CI) 1.9(1.4-3.6) 2.1 (1.3-5.3) 0.98 (0.41-2.34) 0.97

Table 4
Patients with bone metastases from mUC have dismal prognosis. This table resume the main evidences regarding clinical features of this subgroup of patients. BM: bone
metastasis; mUC: metastatic urothelial carcinoma; GU: genitourinary; QOL: quality of life; SRE: skeletal related event; OS: overall survival; CSS: cancer-specific survival

Authors Year of
publication

Type of study Results Number of
patients

Owari et al. [8] 2018 Retrospective Patients with BM from UC have the worst outcome compared with patients with bone metastasis
from other GU cancers and worse QOL due to SRE.

128 (26
with mUC)

Cheaib et al. [15] 2020 Retrospective Hepatic and bone recurrences have relatively quicker onset and less favorable prognosis
compared to other sites.

47

Zhang C. et al. [11] 2018 Retrospective Patients with BM at diagnosis showed a marked decrease in survival rates compared with BC
patients without BM occurrence

1223

Fan Dong et al. [14] 2017 Retrospective BM was independent prognostic factors for both OS and CSS 1862
Gómez de Liaño

Lista et al. [40]
2019 Retrospective In patients treated with IO as first line therapy, high burden of disease, liver and bone metastases

were associated with shorter OS
270
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eral classifications into sets of molecular classes have been pro-
posed for UC. Kamoun et al. on behalf of the Bladder Cancer Molec-
ular Taxonomy Group, provided a consensus classification of
muscle-invasive bladder cancer with clinical and histological cor-
relations that suggests that the muscle-invasive bladder cancer is
a molecularly heterogeneous disease [46].

Indirectly, aggressive features of bone metastatic disease sug-
gest that these patients should be part of molecular classes with
worse prognosis such as Basal/Squamous (Ba/Sq),
Neuroendocrine-like (NE-like) or Luminal Unstable (LumU)
tumors. Ba/Sq, furthermore, have higher clinical stages whereas
Luminal Papillary (LumP) involve younger patients (<60yrs), fea-
ture described in patients with BM too. LumP tumors harbour more
frequently FGFR mutations whereas Ba/Sq and NE-like tumors
seems to respond to immunotherapy. Nevertheless, the missing
data on bone response to novel and old therapies do not permit
therapeutic correlations and make these suggestions speculative.

In conclusion, patients with bone metastasis from UC should be
investigated more in depth and prospective trials should character-
ize clinical andmolecular features of this population to explore and
make the dark side of the moon less mysterious.
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