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Breast cancer is one of the most important causes of premature mortality in

women worldwide. Around 12% of breast cancer patients will develop

metastatic disease, a stage associated with poor prognosis, and only 26% of

patients are likely to survive for at least 5 years after being diagnosed. Although

the most common sites where breast cancer tends to spread are bones, lungs,

brain, and liver, it is important that physicians consider other less frequent

organs and viscera, like the bladder, as a target destination. In this article we

report our experience with this rare form of metastases and a systematic

literature review. We analyzed case reports, case series, and review articles

present in PubMED/MEDLINE up to March 2022. We excluded the nonrelevant

articles, editorials, letters to the editor, and articles written in other languages.

We identified a total of 302 articles, with 200 articles being removed before

screening; therefore, the total number of abstracts reviewed was 102. Fifty-five

articles were excluded before full text review because they did not meet the

inclusion criteria, and one article was not retrievable. Therefore, we included a

total of 45 articles in this review. The intention of this review is to highlight the

importance of the early detection of bladder metastases and to facilitate the

diagnostic process for the responsible physician. The most common signs and

symptoms and breast cancer subtype associated with bladder metastases, as

well as overall survival after their detection, were all assessed. Bladder

metastases from metastatic breast cancer are prevalent in the invasive,

lobular breast cancer subtype; most patients present with hematuria (39.5%)
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and the relative 5-year survival rate is 2%. The main limitations of this review are

the low number of cases reported in the literature, clinical and pathological

differences between the individual cases, and absence of the control group.

This study was not funded.
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Introduction and background

Breast cancer is the most common cancer among women,

with the highest incidence in developed countries (1). Actually, it

is presumed that one in eight women will develop breast cancer

during her lifetime (2). Efficient screening programs and

adequate treatments do exist, but unfortunately 20%–30% of

women will develop synchronous or metachronous distant

metastases, leading to circa 400,000 to 500,000 deaths per year

worldwide (3). Furthermore, the fact that 3.5%–10% of all

women with breast cancer already have metastatic disease ab

initio should not be neglected (4). This phenomenon is due to

the tumor’s extremely dynamic metastatic potential. As a matter

of fact, primary breast cancer is an extremely heterogeneous

tumor, can be a reservoir of cancer stem cells, or secretes tumor

growth factors such as TGF-beta that favor implantation and

growth of metastases (5, 6). This also means that 86% of women,

if not metastatic, will be alive 5 years after diagnosis, but at high

risk for cancer recurrence (from 13% to 41%, depending on

tumor and nodal status of the primary disease) (7). Although

considered incurable with poor prognosis, survival rates at 5

years in women with metastatic disease has bettered significantly

in the last years, with median overall survival raising from 20 to

26 months (8).

The most important parameters that influence development

of metastases include tumor size, histological grade,

lymphovascular spread, nodal involvement, presence of

hormonal receptors, and human epidermal growth factor

receptor-2 (HER2) status. Interestingly, these clinicopathological

factors and patterns of breast cancer distant relapse are somehow

related. ER- and PR-positive tumors have a tendency to spread to

the bone, whereas HER2-positive and triple-negative breast

cancers, to the visceral organs, including CNS. Actually, half of

breast cancers metastasize to the bone and 25% relapse in the liver

and lung. On the contrary, metastases to other distant organs such

as the kidneys, spleen, or uterus are uncommon, with the

bladder remaining one of the rarest destinations. Literature

reports urinary bladder metastases should be taken in

consideration when treatment decisions are made, and disease-

related complications occur (9). In this article we report our
02
experience with this exceptional event and a review of the

literature in order to facilitate the early detection of bladder

metastases and management of related complications to the

responsible physician.
Our experience

To date, we have had experience with three metastatic breast

cancer patients who presented urinary bladder metastases.

Interestingly, all three patients presented painless gross

hematuria as the first sign of bladder involvement.
Case 1

The first patient that presented this rare form of widespread

disease was a 57-year-old Caucasian woman without any family

history of breast cancer. Her past medical history revealed

multiple episodes of thrombophlebitis in her lower extremities,

a profound venous thrombosis due to chronic venous stasis in

her right upper extremity, and a myocardial infarction in 2011,

treated with angioplasty and coronary stenting. Also, the patient

suffered from obesity, hypertension, dyslipidemia, and metabolic

syndrome. In 2013, after palpating the nodule in her right breast,

a tumor measuring 16 mm was found on the mammogram. She

underwent Tru-cut biopsy with a diagnosis of invasive ductal

breast carcinoma (95% of tumor cells expressed estrogen

receptor (ER), 40% progesterone receptor (PgR), 40% Ki67

and were HER2 negative). Preoperative staging work-up

showed an involvement of regional lymph nodes, so she

was started on a combined fluorouracil, epirubicin,

cyclophosphamide and paclitaxel neoadjuvant chemotherapy.

After documented disease regression, mastectomy with

ipsilateral axillary lymph nodes dissection was performed. The

final pathological examination confirmed luminal B, invasive

ductal carcinoma, but also described, despite neoadjuvant

chemotherapy, multiple lymph node metastases, with one

already having an extranodal extension. Furthermore, final

immunohistochemical examination found 95% of tumor cells
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expressing estrogen receptors (ER), 55% progesterone receptors

(PgR), and 1% Ki67, changes possibly due to neoadjuvant

treatment (10). Subsequently, she underwent adjuvant

radiation therapy associated with oral hormonal therapy,

letrozole. Unfortunately, she rapidly progressed, and 36

months after the initial diagnosis, the excisional biopsy of an

inguinal lesion confirmed cutaneous breast cancer metastasis.

Immunohistochemical coloration showed a persistence of ER

(100%) but loss of PgR and increase in Ki-67 activity (40%).

Although bone scintigraphy did not show any suspicious lesions,

a total-body CT scan evidenced enlarged inguinal lymph nodes,

so letrozole was substituted with Fulvestrant. At a 5-year follow-

up CT scan, enlarged pelvic lymph nodes, thickened bladder wall

and bilateral hydronephrosis were documented. At that point,

the patient was enrolled in a phase II clinical trial with CDK4/6

inhibitor Palbociclib as a single agent, or in combination with

endocrine therapy, in metastatic, hormone receptor positive

(HR+), but HER2 negative, metastatic breast cancer (TREnd

trial). During her participation in the trial, she experienced

painless, gross hematuria, initially treated as a hemorrhagic

cystitis for a couple of months. This was a valid hypothesis

considering the previous treatment with cyclophosphamide, and

the current therapy with new cytotoxic agents. Nevertheless,

after the second episode of gross hematuria, acute urine

retention, and serum creatinine increase (1.6 mg/dL, whereas

previously she did not suffer from renal insufficiency), she was

treated with vesical catheterization and bilateral nephrostomy

positioning. She underwent cystoscopy that found suspicious

erythematous areas in all bladder regions as well. Shortly

afterwards, the patient underwent transurethral bladder

resection. The histopathological findings showed muscular
Frontiers in Oncology 03
invasive anaplastic cells consistent with the primary

adenocarcinoma of the breast. Interestingly, the bladder

urothelium was completely intact, without any dysplastic or

neoplastic changes (Figures 1, 2). Immunohistochemical

coloration evidenced positivity for ER, PgR, KRT7, GCDFP 15,

and mammoglobin. Moreover, positivity for HER2 appeared

and Ki67 immunostaining was markedly increased, indicating

the appearance of various mutations and escalation of tumor

aggression. Not long after, she started having multiple episodes

of malignant pleural effusions for which she was admitted to the

palliative care ward. She passed away due to disease-related

complications, 5 months after being diagnosed with

bladder metastasis.
Case 2

The second patient that came to our attention was a 79-year-

old Caucasian woman. Her past medical history did not reveal

any significant medical conditions. After finding a lump on her

left breast, she was diagnosed with invasive ductal breast cancer

on Tru-Cut biopsy (ER, PgR, E-cadherin positive, and HER2

negative) in 2014. She was started on neoadjuvant treatment

with fluorouracil, epirubicin, and cyclophosphamide, followed

by paclitaxel. After documented disease regression on follow-up

imaging, lumpectomy and sentinel node removal was

performed. Final pathological examination showed invasive

ductal carcinoma with 86% of cancerous cells expressing ER,

78% PgR, 16% Ki-67, but not HER2. Subsequently, she

underwent an axillary lymph node dissection with breast

cancer metastases found in five of the total 13 excised lymph
FIGURE 1

Hematotoxylin-eosin coloration (20x) showing the submucosal layer of the urinary bladder invaded by poorly differentiated, atypical cells with
deep infiltration of the muscolaris propria. Urothelial mucosa is completely intact.
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nodes, and adjuvant radiotherapy of the residual breast tissue.

She was put on hormonal therapy with anastrazole for the next 5

years. In 2020, a follow-up, total-body CT scan showed

ubiquitous disease dissemination with multiple bone

metastases. However, there was no evidence of enlarged lymph

nodes or suspicious visceral lesions. Her treatment plan has

changed from anatrozole to fulvestrant in combination with

abemaciclib, but only for a 6-month period due to inadequate

response. In the same year, after being evaluated for DPYD

polymorphism that resulted heterozygous for c.2194G>A, she

started therapy with cabecitabine, which was also suspended for

a lack of benefit. Three months later she received doxorubicin

hydrochloride, a third line chemotherapy, followed by a fourth

line with Carboplatin associated with Denosumab, which all

failed to slow down the course of the disease. The patient
Frontiers in Oncology 04
developed multiple lymph node localizations, latero-cervical,

mediastinic, and pelvic, and a suspicious bladder wall

thickening (Figure 3). Two months prior to the bladder

metastasis diagnosis, she presented with painless gross

hematuria, oliguria, and acute renal insufficiency due to lower

urinary tract obstruction. This led to hypercreatininemia and

hyperkalemia requiring hemodialysis prior to any urological

maneuver. Later, after one cycle of hemofiltration, she

underwent vesical catheterization and bilateral nephrostomy

placement. Transurethral bladder resection was performed

with final pathology describing neoplastic infiltration of

submucosal and muscular tissue by undifferentiated

carcinomatous cells expressing E-cadherin, partial expression

of PgR, and a complete loss of ER and KRT5/6. During her

hospital stay, left nephrostomy was successfully substituted with
FIGURE 3

Bladder wall thickening documented on CT scan.
FIGURE 2

Diffuse positivity for estrogen receptors of muscularis propria on the immunohistochemical examination with bladder mucosa being completely negative.
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ureteral JJ stent, while right ureteral stenting was impossible due

to disease infiltration of the intravesical ureter. She passed away

1 month after urinary bladder metastasis diagnosis due to the

worsening of her general health status.
Case 3

Finally, the third patient who presented with urinary bladder

metastasis was a 55-year-old Caucasian woman with

insignificant past medical history. Her mother was also

diagnosed with breast cancer at a young age, but she resulted

negative at BRCA genetic testing. She was initially diagnosed in

2015 with invasive, luminal A, lobular breast carcinoma on a

Tru-Cut biopsy. She underwent lumpectomy and axillary lymph

node dissection immunohistochemistry that revealed cancerous

cells expressing 95% of ER, 60% of PgR, and 15% of ki67. Lymph

nodes analysis showed a presence of metastases in 15 of the total

16 lymph nodes dissected, multiple already extranodal. She was

started on adjuvant chemotherapy with epirubicin,

cyclophosphamide, and paclitaxel, followed by radiation

therapy of the residual breast tissue. She was given hormone

therapy with Letrozole, substituted with Exemestane after a few

weeks, due to arthralgia. She progressed 24 months after the

initial diagnosis, with the bone being the first metastatic site, and

was prescribed with the combination of Fulvestrant and

Palpociclib. After only 3 months, her treatment additionally

changed to doxorubicin hydrochloride, accompanied by

palliative radiation treatment of three bone metastases (sixth

left rib, sacrum, and right iliac bone). In 2020, her disease

worsened yet again, and was prescribed therapy with Eribulin.

In the same year, she was admitted to the ER for painless gross

hematuria, anemization and opioid-non-responsive skeletal

pain. An urgent CT scan showed very advanced metastatic

disease with multiple mediastinic and retroperitoneal

metastatic lymph nodes, hepatic metastasis, peritoneal

carcinosis, as well as numerous secondary bone lesions.

Moreover, a grade I left renal hydronephrosis due to the

incarceration of the intravesical ureter and a 15 mm

endoluminal bladder lesion were revealed. In order to get the

vesical bleeding under control and try and free the ureter from

the metastatic disease, she underwent transurethral bladder

resection. A final histopathological exam described a breast

cancer metastasis with cells organized in small nests and

spinnerets expressing weak positivity for PgR, 50% of

expression for ER, and 30%–40% for Ki-67. Furthermore, cells

started to express HER2 and C-erb-2 oncoproteins. These two

oncoproteins were negative on the immunohistochemical

examination of the primary tumor, HR was more expressed,

and Ki-67 was a lot lower, demonstrating how much aggressive

and mutated the secondary lesions were. The patient passed

away 2 months after urinary bladder metastasis diagnosis.
Frontiers in Oncology 05
Our patients died 66, 84, and 60 months after the initial

diagnosis, respectively, and within 5, 1, and 2 months of the

bladder metastases resection. Furthermore, all patients were

HR-positive and HER2-negative initially, but after multiple

local and systemic treatments, secondary lesions that caused

rapid disease progression started to show HER2 expression,

lower HR, and increased Ki-67 expression with more mitotic

activity. Bladder metastases that caused gross hematuria were

not evaluated with ultrasound because of its diminished

sensitivity in the presence of blood clots, so all three of them

underwent CT scan. They underwent transurethral bladder

resections to have confirmational pathology and stop the

vesical bleeding. Acute kidney injury due to urinary tract

obstruction was managed with nephrostomy positioning

(Figure 4). Unfortunately, all these treatments were

purely palliative.
Materials and methods

We conducted systematic research in the PubMed/

MEDLINE database using Medical Subject Headings (MeSH)

terms: ((“Breast Neoplasm”[Mesh]) AND (“Neoplasm

Metastasis”[Mesh]) AND (“Urinary Bladder”[Mesh])) from

1950 to March 2022, wanting to evaluate epidemiology,

histopathology, patterns of spread, signs and symptoms, and

treatment of bladder metastases in metastatic breast cancer

patients that could help clinicians in their diagnosis

and management.

The search was performed by six researchers (R.M., F.B.,

G.G., A.F., G.T., and F.A.), and any disagreement was resolved

after consulting a seventh researcher (G.M.). The initial

screening was done based on titles and abstracts.

We included full-text articles, in particular, case reports, case

series, and reviews, written in English, French, and Italian

languages. After reviewing each manuscript, we also searched

its references for any relevant manuscripts missed. We excluded

the nonrelevant articles, editorials, letters to the editor, and

articles written in other languages.

Data were entered into a Microsoft Excel (Version 2019)

database. Descriptive statistics were calculated for all

demographic, clinical, and follow-up variables, and reported as

median or as a proportion with percentage.

The updated Preferred Reporting Items for Systematic

reviews and Meta-Analyses (PRISMA) guidelines (11) were

followed for this review, and the flow chart is shown in Figure 5.
Results

By searching the above-mentioned MeSH terms, we

identified 302 articles in PubMed/MEDLINE; 200 articles were
frontiersin.org
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FIGURE 4

Bilateral hydronephrosis documented on anterograde pyelography during nephrostomy positioning
FIGURE 5

.PRISMA flow chart.
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removed before abstract screening because they were ineligible

or not related; therefore, the total number of abstracts reviewed

was 102.

During abstract selection, 55 articles were excluded before

full text review because they did not meet the inclusion criteria.

After abstract selection one full-text article was not retrievable.

Therefore, we included a total of 45 articles in this review.
Discussion

The most common invasive breast cancer histologies are

ductal and lobular, representing 50%–75% and 5%–15% of all

diagnoses, respectively (12). Breast cancer is further divided into

three major subtypes: hormone receptor positive/HER2 negative

(HR+/HER2−), HER positive (HER2+), and triple-negative. The

main differences between these subtypes are related to

prevalence, treatment plan, systemic therapy options and

prognoses in stage I and advanced disease. The HR+/HER2-

represents 70% of diagnoses and has better prognosis in all

stages when compared to HER2+ and triple-negative subtypes.

Actually, triple-negative tumors have a high risk for distant

recurrence in the first 5 years following diagnosis, and are more

frequently diagnosed in younger black and Hispanic patients

(13). Metastatic breast cancer remains an incurable disease, and

the main goal of therapeutic agents is symptom palliation and

prolonging life (13). Regarding patterns of metastatic spread,

interestingly, ductal and lobular subtypes have completely

different organotropisms when it comes to the uncommon

sites. Lobular subtype breast cancer metastases usually appear

as nodules, spreading to the parenchymal organs, or as a diffuse,

sclerotic-like thickening of serosal surfaces, retroperitoneal

space, or walls of the hollow viscera and internal genitalia.

Moreover, this ‘diffuse’ pattern of metastatic spread in the

retroperitoneum could cause bilateral hydronephrosis and,

because of their appearance, remain undetected for a certain

period. On the other hand, invasive ductal breast cancer

metastases appear almost exclusively as nodules and do not

have this tendency to involve the retroperitoneum or viscera (14,

15). Various hypothesis were proposed regarding the pattern of

metastatic viscera invasion, but the most accepted one is via

formation of the tumor emboli. Venous route could possibly use

azygos and lumbar veins to reach inferior and superior vena

cava, and disseminate distant organs, whilst arterial by bypassing

the lungs (16). Another hypothesis is the use of concomitant

steroid therapy that causes suppression of the immune

system (17).

The urinary bladder is considered a rare target of breast

cancer metastases, but secondary lesions to the bladder are

actually described in 7% of patients with metastatic breast

cancer by some authors (18). A lower number was also

reported (4.5%), but in all patients where bladder metastases

were clinically not suspected (19). In reality, their actual
Frontiers in Oncology 07
incidence is still uncertain because in some studies they were

not encountered at all (19, 20); also, there are no recent studies.

Our literature research found 74 cases described and published

from 1950 to date. Finally, elapsed time between initial breast

cancer diagnosis and urinary bladder metastases detection varies

from within a month up to 30 years (11, 17, 21–62).

Symptoms caused by bladder metastases reported in the

literature differ considerably. Most patients do not manifest any

signs or symptoms when metastases remain confined to the

serosal and muscular layer of the bladder; but when the

inner layers, mucosa and submucosa, become infiltrated,

common signs and symptoms related to the bladder disease

may occur—dysuria, gross or micro hematuria, urge and stress

incontinence, with or without flank pain. Hematuria was

reported as a first symptom and sign of the disease in 39.5%

of cases, urge or stress incontinence and pollakiuria in 32.5%,

dysuria associated with flank pain in 16%, whilst 12%

of metastatic breast cancer patients were completely

asymptomatic, with bladder secondary lesions appearing only

on the follow-up imaging. Other, frequent urological diseases

that could cause hematuria such as urothelial carcinoma,

urolithiasis, and hemorrhagic cystitis caused by drugs, should

be excluded first. If all these common conditions were

investigated and dismissed, finally, bladder metastases should

be suspected. Attentive evaluation of the patient is mandatory,

considering that our first patient was treated, once hematuria

appeared, for hemorrhagic cystitis, causing a delay in diagnosis

and treatment (11, 17, 21–62).

Urogynecological examination should be the first diagnostic

approach when evaluating female patients presented with

hematuria. A mass could be palpated, particularly if vesical

trigone gets involved in the metastatic process, as it happened

with our patients, or in the local spread of the primary tumor.

On the other hand, hemorrhagic cystitis does not cause any

hardening of the bladder walls. Subsequently, if still in doubt,

imaging should be ordered. Although all patients with cancer

history usually undergo follow-up imaging, and disease

progression is frequently caught quite early in asymptomatic

patients (26); it becomes more and more obvious that

cystoscopy, repeated contrast-enhanced CT urography, and

urodynamics should be readily performed when metastatic

breast cancer patients present with complicated LUTS and/or

hematuria (63). As mentioned previously, on contrast-enhanced

CT scan, bladder metastases are generally described as

thickening of the bladder wall and could go unobserved for a

long time (23); therefore, we should not neglect the importance

of cystoscopy. Cystoscopic findings commonly describe a very

suspicious erythematous area or, less frequently, a well-defined

nodule. At that point, differential diagnosis between primary

urothelial tumor and breast cancer metastasis is crucial. Changes

in serum tumor-specific biomarkers could help clinicians, as

their constant increase could imply breast cancer

progression (64).
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Immunohistochemical staining is the most important

examination for differential diagnosis, especially when the

resected tissue contains highly undifferentiated cells. Urothelial

carcinoma could express both GATA3 and ER, but not GDFP-15

and mammoglobin, so the standard panel for differential

diagnosis includes all of them, associated with PgR (65).

Moreover, plasmacytoid urothelial carcinoma could mimic

undifferentiated cells of metastatic breast cancer by expressing

GATA3, KRT20, and KRT7, but Perrino et al. found that it is

always mammoglobin negative (66). Furthermore, biomarker

status conversion between primary and metastatic breast cancer

tissues is possible, probably due to adjuvant therapy, changing

from HR positive to HR negative (46). Biomarker conversion

status is an important factor in the management of these patients

as it is associated to different therapeutic strategies and shorter

survival (67, 68). Although all three of our patients remained

weakly positive for the HRs, they lived for 5, 1, and 2 months

after the bladder metastases diagnosis, respectively. This could

be due to their late recognition, or to an extremely fast disease

progression. However, in patients where survival was reported

(n = 45), 42% of them were alive 12 months after bladder

metastases diagnosis, and only 2% of them 5 years later; reports

are attributable to the fact that they are mostly associated with

systemic dissemination and multiorgan involvement, although

single metastasis to the urinary bladder has been described (46).

The main limitations of this review are the low number of

cases reported in the literature, clinical and pathological

differences between the individual cases described, and absence

of the control group. Nevertheless, we believe that physicians

should be quite attentive when managing metastatic breast

cancer, particularly the lobular histotype, because bladder

metastases could pass unobserved due to their metastatic

appearance. Furthermore, they could cause hematuria-related

anemization, unpleasant LUTS, abdominal and flank pain, and,

more importantly, a decrease in renal function that could

prevent patients having their therapy administration. Given

the bladder metastases prevalence in these patients, patients

too should be informed of this possibility in order to report to

their physician any change in micturition as soon as possible,

and consequently undergo appropriate imaging and renal

function evaluation. The treatment of bladder metastases is
Frontiers in Oncology 08
usually surgical and only palliative. It generally consists in

transurethral bladder resection, ureteral stent positioning or

percutaneous drainage of the kidneys, if necessary. The overall

survival should be taken in consideration when treating patients

in this manner. We should bear in mind the decrease in the

quality of life and increase of infection-related risk when, for

example, a nephrostomy tube is placed. Generally, bladder

metastases are managed quite easily and successfully if there is

no delay in their diagnosis, although they are associated with

poor prognosis.

This study was not funded.
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