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Abstract. The incidence of liver cirrhosis is increasing worldwide. Patients with cirrhosis are generally at a higher risk of
harbouring hepatic and non-hepatic malignancies, including bladder cancer, likely due to the presence of related risk factors
such as smoking. Cirrhosis can complicate both the operative and non-surgical management of bladder cancer. For example,
cirrhotic patients undergoing abdominal surgery generally demonstrate worse postoperative outcomes, and chemotherapy
in patients with cirrhosis often requires dose reduction due to its direct hepatotoxic effects and reduced hepatic clearance.
Multiple other considerations in the peri-operative management for cirrhosis patients with muscle-invasive bladder cancer
must be taken into account to optimize outcomes in these patients. Unfortunately, the current literature specifically related to
the treatment of cirrhotic bladder cancer patients remains sparse. We aim to review the literature on treatment considerations
for this patient population with respect to perioperative, surgical, and adjuvant management.
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BACKGROUND

Liver cirrhosis is a pathological process in which
chronic inflammation of the liver leads to progres-
sive hepatic fibrosis and subsequent loss of liver
function [1, 2]. There is evidence to suggest that
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cirrhosis increases the risk of developing non-hepatic
malignancies, including genitourinary, gastrointesti-
nal, hematological, and pulmonary malignancies,
though it remains unclear the degree to which this
association can be attributed to shared risk factors
such as alcohol consumption, smoking, and obesity
[3–7]. In cirrhotic patients with non-hepatic cancer,
the sequelae of hepatic dysfunction can significantly
complicate both surgical and non-surgical treatment
[8, 9]. Cirrhosis is known to be associated with poorer
outcomes following abdominal surgery, including a
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higher risk for perioperative complications and a
decrease in overall survival [10]. In addition, sys-
temic therapy can have hepatotoxic effects, resulting
in greater morbidity and mortality in this patient pop-
ulation [11].

Population-based studies have shown a significant
risk of bladder cancer diagnosis amongst liver cirrho-
sis patients, though the exact nature of this association
has yet to be elucidated [5]. Knowing that this popu-
lation not only harbours a higher incidence of bladder
malignancy, but also tends to suffer poorer clini-
cal outcomes, we aim to synthesize the literature
surrounding considerations for management of cir-
rhotic patients with muscle-invasive bladder cancer
(MIBC), including those undergoing radical cystec-
tomy for extirpative treatment.

MALIGNANCY IN CIRRHOSIS PATIENTS

Liver cirrhosis is associated with an increased risk
of both hepatic and non-hepatic malignancies. By
far the most common amongst these is hepatocel-
lular carcinoma (HCC), which is the most common
primary liver cancer and sixth most common malig-
nancy worldwide [1, 12, 13]. Cirrhosis also confers
a two-fold increase in the likelihood of developing
a non-hepatic malignancy, though the precise nature
of the association between hepatic dysfunction and
extrahepatic carcinogenesis remains poorly under-
stood [6, 7, 14]. Patients with alcoholic cirrhosis are
at the highest risk of developing a non-hepatic can-
cer, suggesting that alcohol consumption may serve
as an underlying shared risk factor [7, 14]. However,
autoimmune causes of cirrhosis, including primary
biliary cholangitis (PBC) and autoimmune hepati-
tis, have also been shown to be associated with an
increased risk of non-hepatic cancers, indicating that
liver dysfunction itself may be an independent risk
factor in the development of extrahepatic malignan-
cies [15–18]. The mechanisms by which cirrhosis
directly promotes carcinogenesis remain unclear but
may be related to detrimental changes in hormone
metabolism, carcinogen clearance, and immune func-
tion [6, 19].

Urologic malignancies, including bladder [5,
20–22], prostate [6], and renal cancers [5], are asso-
ciated with liver disease, though it remains unclear
if there exists a causative relationship between hep-
atic dysfunction and carcinogenesis in these organs.
Smoking is the greatest risk factor for bladder can-
cer, accounting for up to 50% of cases, and serves

as a major risk factor for other malignancies as well
[23]. While it is unclear if smoking itself is a direct
contributor to the pathogenesis of liver cirrhosis, a
significant association has been observed between
excessive alcohol consumption and smoking, sup-
porting that smoking may be significantly correlated
with the risk of bladder cancer and other extrahepatic
malignancies in patients with alcoholic cirrhosis [5,
7, 24]. Additionally, non-alcoholic fatty liver disease
(NAFLD) has been shown to be associated with blad-
der cancer, which may be due to the increased risk
of cancer with obesity and the metabolic syndrome,
including diabetes mellitus [20]. In contrast, PBC is
associated with a 2- to 5-fold greater risk of devel-
oping bladder cancer, the highest among any type of
cirrhosis, again indicating that hepatic dysfunction
may directly influence the risk of developing blad-
der malignancy [21, 22]. The increased prevalence of
renal and prostate cancer in cirrhotic patients is likely
due to a combination of factors including age, an
altered metabolic profile, and the association between
cirrhosis and smoking, which, similar to bladder can-
cer, is an independent risk factor for development of
renal cell carcinoma [5, 6].

ASSESSMENT OF CIRRHOSIS SEVERITY
AND NON-HEPATIC ABDOMINAL
SURGERY

Liver cirrhosis is associated with a higher risk
of perioperative complications and worse long-term
postoperative outcomes from non-hepatic abdomi-
nal surgery, with this population demonstrating up
to ten-times higher perioperative mortality compared
to their non-cirrhotic counterparts [9, 25–31]. The
increased risk of treatment comes about from sig-
nificant metabolic and physiologic derangements
that can lead to the development of extrahepatic
manifestations of impaired liver function includ-
ing thrombocytopenia, coagulopathy, nutritional
deficiencies, hepatic encephalopathy, hepatorenal
syndrome, and cirrhotic cardiomyopathy [1, 2, 9,
32–34]. Fibrosis-induced obstruction of blood flow
through the hepatic vasculature leads to portal hyper-
tension, which contributes to the development of
ascites, splenomegaly and hence thrombocytopenia,
electrolyte disturbances, portal vein thrombi, hepa-
torenal syndrome, and portopulmonary hypertension
[33, 35–38]. Another notable consequence of por-
tal hypertension is the development of varices (i.e.,
aberrant collateral circulatory pathways consisting
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Table 1
Stages of liver cirrhosis with 1-year mortality probabilities [45]

Stage Definition Symptoms Annual
Mortality

[45]

Stage 1 Compensated Asymptomatic 1%
Stage 2 Compensated Esophageal varices 3–4%
Stage 3 Decompensated Ascites ± varices 20%
Stage 4 Decompensated GI bleeding ± varices 57%

of abnormally engorged veins) which are prone to
hemorrhage [35, 39]. With respect to surgical man-
agement, this patient population carries a higher risk
of thrombosis, bleeding, surgical site infection (SSI),
acute kidney injury (AKI), hypoglycemia, acute res-
piratory distress syndrome (ARDS), and electrolyte
abnormalities in the postoperative period [9, 40]. The
presence of hepatorenal syndrome and cardiovascu-
lar disease also make cirrhotic patients poor surgical
candidates and may necessitate preoperative opti-
mization of renal and cardiac function [40, 41].

While often considered the end point of liver
disease, cirrhosis is now recognized as a dynamic pro-
cess that progresses through four stages based on the
development of associated symptoms (Table 1) [42].
While a comprehensive assessment of cirrhosis sever-
ity is beyond the purview of this review focused on the
bladder cancer population, it is pertinent for providers
caring for patients with cirrhosis to acknowledge the
sequelae of the disease process. The prognosis of
liver cirrhosis is highly dependent on its progression
from compensated (stages 1 and 2) to decompensated
(stages 3 and 4) cirrhosis, with compensated cirrho-
sis being associated with far greater survival [43, 44].
However, compensated cirrhosis is associated with an
annual rate of progression to decompensated cirrho-
sis of 11% and a 5-year rate of progression of 35%
[44–46]. Decompensated cirrhosis is diagnosed by
the presence of sequelae of liver disease, including
hyperbilirubinemia, jaundice, ascites, variceal bleed-
ing, and encephalopathy; it is associated with a 5-year
mortality of 10–88%, depending on stage and comor-
bidities [44, 46]. Overall, compensated cirrhosis is
associated with a risk of death 4.7-times higher than
the general population, compared to 9.7-times in
those with decompensated cirrhosis [47]. Several val-
idated scoring systems have been developed to predict
the prognosis of patients with liver cirrhosis, with the
Child-Turcotte-Pugh (CTP) score and the Model for
End-Stage Liver Disease (MELD) score being two of
the most popular (Table 2) [48]. In studies examining
outcomes following abdominal surgery in cirrhotic

Table 2
The Child-Turcotte-Pugh (CTP) and Model for End-Stage Liver
Disease (MELD) scores. The CTP score can also be categorized
as Class A (5–6), Class B (7–9), and Class C (10–15) [48, 49, 161]

Scoring
system

Measure Value Score

CTP Score Total
bilirubin

<34.2umol/L (<2mg/dL) +1
34.2–51.3umol/L (2–3mg/dL) +2
>51.3umol/L (>3mg/dL) +3

Albumin >35g/L (3.5g/dL) +1
28–35g/L (2.8–3.5g/dL) +2
<28g/L (<2.8g/dL) +3

INR <1.7 +1
1.7–2.2 +2
>2.2 +3

Ascites Absent +1
Slight +2
Moderate or severe +3

Encephalo-
pathy

None +1
Grade 1–2 +2
Grade 3–4 +3

MELD scorea,b = 3.78 × ln(serum bilirubin in mg/dL) + 11.2
ln(INR) + 9.57 × ln(serum creatinine in mg/dL) + 6.43. aThe final
MELD score is rounded to the nearest whole number. bPatients
who have required dialysis at least twice within the last week are
assigned a creatinine value of 4.0 mg/dL.

patients, the MELD score served as a more accurate
prognostic indicator of postoperative survival than
the CTP score [25, 49, 50].

Postoperative morbidity and mortality is corre-
lated with cirrhosis severity, as determined by the
CTP and MELD scores, with the best outcomes
being seen in patients with compensated cirrhosis [9,
26, 51, 52]. Studies have shown that the best sur-
gical candidates are patients with a CTP score < 6
(class A) and a MELD score < 10 [9, 52]. Neeff
et al. (2013) found that in cirrhotic patients under-
going non-hepatic abdominal surgery, patients with
lower CTP and MELD scores demonstrated far better
30-day and 1-year survival compared to those with
advanced cirrhosis. Specifically, patients with CTP
class A and MELD scores < 10 had a 30-day mor-
tality of approximately 6%, and a 90-day survival of
69–75%. In contrast, patients that were CTP class
C or had a MELD score > 20 had a 30-day mortal-
ity of 53-82% and 90-day survival rate of 11–22%
[53]. Similarly, del Olmo et al. (2003) found that CTP
class C patients had a 30-day mortality rate of 55%
and twice the number of complications compared to
patients that were CTP class A [31].

Regarding the optimal approach for non-hepatic
abdominal surgery in cirrhotic patients, a minimally
invasive technique has been shown to lead to bet-
ter outcomes compared to open surgery [9, 40, 52].
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While no studies to our knowledge have assessed the
efficacy of minimally invasive versus open radical
cystectomy in the setting of cirrhosis, multiple dif-
ferent types of laparoscopic abdominal surgery have
been shown to be superior to open surgery in cirrhotic
patients, including appendectomy, cholecystectomy,
radical nephrectomy, splenectomy, and colectomy
[54–56]. While this may suggest that a laparoscopic
approach would allow for the most favourable out-
comes in cirrhotic patients undergoing cystectomy,
there are no concrete guidelines regarding surgical
treatment of bladder cancer in the setting of liver
cirrhosis [57].

PERI-OPERATIVE CONSIDERATIONS IN
CIRRHOSIS PATIENTS

General contraindications to elective surgery in
cirrhotic patients include acute viral or alcoholic
hepatitis, acute renal failure, cardiomyopathy, hypox-
emia, and refractory coagulopathy [29]. Impaired
liver function can complicate intraoperative anes-
thetic management due to reduced clearance and
metabolism of hepatically metabolized anesthetic
agents, limiting the use of certain medications
[58, 59]. In addition, anesthesia is associated with
decreased blood flow to the liver, likely due to a
combination of decreased cardiac output and hepatic
arterial vasoconstriction, which may increase the risk
of hepatic hypoxia during surgery [60, 61]. Impaired
cardiovascular and pulmonary function can cause cir-
rhotic patients to exhibit poor tolerance of general
anesthesia, while electrolyte and fluid disturbances,
which can be caused by both ascites and related renal
dysfunction, can further complicate perioperative
management due to the increased risk of intraoper-
ative hypotension and hypoxemia [59, 62–65]. The
presence of ascites and hepatic hydrothorax can also
increase the risk of acute intraoperative hypoxemia
in cirrhotic patients [29]. In addition, the vitamin
K deficiency, thrombocytopenia, splenomegaly, and
coagulopathy associated with cirrhosis can contribute
to an increased risk of intraoperative bleeding and
subsequent hemodynamic instability [65, 66]. As a
result, cirrhotic patients may be at an increased risk
of requiring intraoperative transfusions. Preopera-
tive management of cirrhotic patients may involve
transfusion of platelets and fresh frozen plasma
(FFP), vitamin K replenishment, and administration
of tranexamic acid (TXA), where appropriately indi-
cated [40, 65, 67].

Another key consideration in this patient popula-
tion is that ascites can cause physical and technical
difficulties in performing the surgery and negatively
affect intraoperative management, as fluid imbal-
ance due to ascites can contribute to pulmonary and
cardiac dysfunction [40]. Intraabdominal fluid accu-
mulation should be adequately minimized prior to
surgery with salt restriction, fluid restriction, and
diuresis, though in some cases albumin infusion
and paracentesis may be required [65]. Preopera-
tive management of portal hypertension with TIPS
is controversial, with a case series by Vinet et al.
(2006) suggesting that TIPS prior to elective surgery
in patients with portal hypertension provides no
postoperative benefit in complication rate or over-
all survival [68]. In contrast, a systematic review by
Lahat et al. (2018) reported that TIPS can mitigate the
risk of short-term postoperative complications and
may be useful in facilitating planned surgical pro-
cedures that would otherwise be less feasible [69].
Due to the absence of high-level evidence and large
randomized controlled trials, TIPS is not routinely
recommended prior to abdominal surgery in cirrhotic
patients [8].

As a result of both the metabolic consequences of
impaired hepatic function as well as the decreased
absorption of fats and fat-soluble vitamins due to
reduced bile production, nutritional deficiencies are
common in cirrhosis [70–72]. Insufficient nutrient
intake and metabolism can negatively impact coagu-
lation, immune function, and tissue repair, increasing
the risk of postoperative bleeds, anastomotic leaks,
and infections [29, 40, 65]. In patients with alco-
holic cirrhosis, longstanding alcohol abuse might also
exacerbate existing nutritional deficiencies [40, 66,
73]. Cirrhotic patients undergoing surgery may ben-
efit from pre- and post-operative nutritional support
[65, 73]. This consideration may be especially impor-
tant in the cancer patient, given the predisposition
to cancer cachexia and related states of compro-
mised body composition including sarcopenia and
myosteatosis [74, 75]. Notably, poor nutritional sta-
tus and altered body composition are clinical features
which may be related to the prognostication of
patients with solid organ malignancies, as well as
response to treatments [76–78]. The additional threat
to nutritional and functional status resulting from
cirrhosis may serve to exacerbate these deleterious
effects.

Postoperatively, patients with cirrhosis require
careful monitoring of hepatic and renal function,
as well as fluid and electrolyte balances [8]. Hep-
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atic decompensation can result in encephalopathy,
ascites, coagulopathy, and hypoglycemia, while asso-
ciated renal dysfunction can lead to sequelae of AKI
[29, 40]. Fluid management is especially challenging
in cirrhotic patients, as patients can be simultaneously
intravascularly volume deplete while extravascularly
volume overloaded, owing to alterations in pressure
and flow dynamics in the setting of portal hyperten-
sion. In these cases, fluid infusion should be slow and
careful, as aggressive fluid resuscitation can lead to
pulmonary edema and ascites [29, 41]. Postoperative
ascites can increase the risk of spontaneous bacte-
rial peritonitis (SBP), wound dehiscence, surgical
site infection, and anastomotic leak. The overall risk
of infection is exacerbated by cirrhosis-associated
immune dysfunction [29, 65, 79, 80]. Careful wound
management and consideration of antibiotic prophy-
laxis may be required to prevent SBP, SSI, and
sepsis [40, 65, 79]. Options for postoperative pain
control may also be limited, as many analgesics
are metabolized by the liver. While acetaminophen
and opioids can usually be offered at reduced doses
for pain relief, nonsteroidal anti-inflammatory drugs
(NSAIDs) should be avoided due to the risk of renal
failure [8, 81].

OUTCOMES OF RADICAL
CYSTECTOMY IN LIVER CIRRHOSIS
PATIENTS

Akin to many other large abdominopelvic surg-
eries, radical cystectomy in patients with cirrhosis
may be associated with both a greater of likelihood of
complications in the immediate postoperative period,
and poorer outcomes with respect to long-term mor-
bidity and mortality [82, 83]. Data related to this
patient population specifically remains sparse, with
a paucity of high quality evidence analyzing post-
operative outcomes. Much of what is known about
surgical and oncologic outcomes in this population is
generally applicable to other patient groups with cir-
rhosis undergoing abdominopelvic procedures. For
example, a retrospective review by Djaladat et al.
(2014) found that low serum albumin, as seen in
cirrhotic patients, was associated with a higher com-
plication rate, decreased postoperative survival, and
increased cancer recurrence [82].

Specific to patients with cirrhosis undergoing extir-
pative therapy, a 2019 case series by Zachos et al.
examined three male patients undergoing radical
cystectomy and found that, of those patients, two

experienced no postoperative complications. The
third patient died 11 days after the surgery due to
a combination of sepsis, hepatic encephalopathy,
and hepatorenal syndrome, which occurred follow-
ing wound dehiscence/evisceration, as well as SBP
secondary to ascites [83]. Notably, the two surviving
patients had more favourable Child-Pugh and MELD
scores compared to the third patient who died of post-
operative complications.

URINARY DIVERSION AT THE TIME OF
RADICAL CYSTECTOMY

Patients undergoing radical cystectomy require
reconstruction to allow for urinary drainage, either by
way of incontinent or continent diversion. While the
extirpative aspect of the surgery, including extended
pelvic lymph node dissection, is cardinal to its
curative intent and should not be modified, the recon-
structive aspect deserves special attention amongst
this patient population. The majority of patients, in
general, will undergo diversion by way of an ileal
conduit. Another incontinent diversion mechanism
involves the direct attachment of the distal ureters to
the skin. A number of continent reconstruction meth-
ods have also been developed in attempts to improve
quality of life after radical cystectomy, includ-
ing orthotopic neobladders and cutaneous reservoirs
which aim to help patients preserve body image [84].

Of note, reconstruction of a continent diversion is
a more technically difficult procedure than forma-
tion of an ileal conduit or cutaneous ureterostomies,
resulting in a longer operative time. As mentioned,
anesthetic time is an important consideration in the
cirrhotic patient given decreased tolerability. Other
considerations for urinary diversion in this patient
population are many-fold. These patients, who are
already conferred a significantly increased risk of
perioperative morbidity and mortality, are also at an
increased risk of bowel and metabolic complications
with the use of bowel segments for diversion [85].
Thus, it is imperative to counsel patients with cirrho-
sis of their increased risk of complications from more
involved diversions than the average patient as a result
of their altered performance status and physiology.

It is important for the treating surgeon to under-
stand that bowel segments used for urinary diversion
provide an absorptive surface for urinary waste
products, and that metabolic sequelae from this phe-
nomenon have been shown to occur more frequently
in patients with continent diversions as a result
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of a larger surface area for absorption and a pro-
longed exposure time [86]. A number of electrolyte
and metabolic abnormalities may arise secondary
to diversion with a bowel segment, with a number
of potential downstream sequelae. In fact, because
of altered waste product clearance, liver failure is
generally considered a contraindication to continent
diversions [87].

Intuitively, one might argue that the shortest
possible length of bowel segment would be most
favourable to use in cirrhotic patients, and that an
incontinent diversion where bowel is used may mini-
mize the burden of potential complications compared
to a continent one. Similarly, these patients may ben-
efit instead from the use of cutaneous ureterostomies
so as to avoid significant metabolic shifts and miti-
gate the risk of serious acute illnesses such as hepatic
encephalopathy (HE), and to significantly shorten
operative time.

HEPATIC ENCEPHALOPATHY

Hepatic encephalopathy represents a known,
common complication in patients with hepatic
dysfunction. The condition spans a spectrum of neu-
ropsychiatric signs and symptoms which may appear
as subtle fluctuations in cognition to more severe pre-
sentations such as coma. The proposed underlying
pathophysiologic changes leading to HE are related to
a reduction in the liver’s ability to remove nitrogenous
waste compounds. The buildup of these substrates,
namely ammonia and glutamine, is related to adverse
downstream consequences, such as a intracellular
edema of astrocytes and heightened sensitization of
neural tissue to inflammatory cytokines [88]. HE is
a particularly important consideration in the postop-
erative period for the clinician caring for cirrhosis
patients. In addition to the numerous conditions pre-
disposing patients to HE in the perioperative period
(e.g., constipation, medications, infection, renal fail-
ure), patients who undergo urinary diversion along
with cystectomy are at a unique risk of severe
metabolic disturbances [82, 89]. Patients with urinary
diversion utilizing bowel segments are at significant
risk of metabolic acidosis and hyperammonemia,
the latter of which may lead to hyperammonemic
encephalopathy in cirrhosis patients [90–92].

Patients with HE should be evaluated for under-
lying risk factors such as infection, offending
pharmacotherapeutics, or metabolic disturbances. In
those with urinary diversion, the presence of urinary

tract obstruction should also be evaluated. Manage-
ment of patients with HE includes identifying and
treating any precipitants, increasing ammonia excre-
tion (i.e., gut excretion secondary to nonabsorbable
disaccharide use), nutritional optimization, and con-
sideration of antimicrobial therapy [88].

HEPATORENAL SYNDROME

Acute kidney injury (AKI) is recognized as a
severe complication of advanced cirrhosis, and is
similarly known to be a common complication
amongst patients undergoing major abdominal sur-
gery, including radical cystectomy [93–95]. Hepa-
torenal syndrome (HRS) in particular, which falls
under the larger umbrella of etiologies contribut-
ing to AKI, results from decreased renal blood flow
in patients with advanced cirrhosis. In brief, inade-
quate renal perfusion resulting from altered systemic
hemodynamics in combination with renal arterial
vasoconstriction, inflammation, and microvascular
changes contribute to acute, and sometimes chronic
renal failure. Even with current established manage-
ment options for HRS (e.g., vasoconstrictive agents
combined with albumin administration), the condi-
tion is associated with a high 90-day mortality in the
absence of liver transplantation [93, 96].

The clinical importance of HRS is apparent when
evaluating the overall risk of AKI from additional
causes in patients undergoing cystectomy (e.g., mul-
tifactorial acute tubular necrosis, post-renal etiology
related to urinary diversion) and the increased risk of
morbidity and mortality conferred by renal failure.
One large series identified an early postoperative AKI
rate of 11% amongst a consecutive cohort of patients
undergoing radical cystectomy and urinary diver-
sion, with intraoperative crystalloid administration
and positive fluid balance identified as indepen-
dent predictors of renal failure (possibly by way of
a renal compartment syndrome and decreased tis-
sue oxygenation) [97]. These concerns are further
exacerbated in the setting of altered splanchnic circu-
lation and renal hemodynamics, as seen in those with
decompensated cirrhosis at risk of HRS. Careful fluid
status and electrolyte monitoring is important in the
perioperative care of cirrhosis patients, and nephro-
toxic medications should be avoided to mitigate the
risk of AKI. Additionally, albumin should be consid-
ered for volume repletion in this patient population
[92].
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STOMAL VARICES IN CIRRHOSIS
PATIENTS

One complication of portal hypertension is varices
(i.e., abnormally dilated and friable blood vessels in
the gastrointestinal mucosa prone to hemorrhage),
especially in the setting of cirrhosis-associated coag-
ulopathy [35, 39]. While the most common site of
variceal formation is the gastroesophageal junction,
ectopic varices can form anywhere along the gas-
trointestinal tract; in patients with stomas, ectopic
varices can also form at the stoma site [35, 98,
99]. Unlike bleeding from gastroesophageal varices,
ectopic variceal bleeding is rather uncommon, only
accounting for up to 5% of all variceal bleeding
[100]. A 1991 case series by Fucini et al. found that
up to 17 of 62 patients (27%) with both cirrhosis
and a permanent stoma developed stomal variceal
bleeding [99]. However, the mortality rate of stomal
variceal hemorrhage remains low at 3–4% compared
to that of gastroesophageal variceal hemorrhage,
which can be up to 35% [100, 101]. Management of
bleeding stomal varices can involve local hemostatic
control, pharmacotherapeutic prophylaxis, and surgi-
cal treatment [100]. Variceal ligation, embolization,
and sclerotherapy can be utilized to obtain localized
hemostasis and obliterate bleeding stomal varices
[102–104]. Pharmacologic options for initial control
of stomal variceal bleeding and prophylaxis include
beta blockers, octreotide, and other vasodilators [100,
102]. Other options for the management of stomal
variceal hemorrhage include reconstruction of the
stoma and treatment of the underlying portal hyper-
tension with TIPS to prevent recurrence of bleeding
[100, 105, 106].

In our review of the literature, we identified 21
English-language case reports describing bleeding
stomal varices as a complication of cystectomy with
urinary diversion in patients with cirrhosis; the details
of these case reports are summarized in Table 3
[107–127]. In every case, the initial presentation
of stomal variceal bleeding in these patients was
frank hematuria from the site of the urinary diver-
sion. The time between the cystectomy and the first
episode of stomal variceal bleeding ranged from
immediately following the surgery to 15-16 years,
averaging 63 ± 12 (mean ± SE) months. Only one
case report described a patient being treated with
pharmacotherapy alone without any recurrence of
bleeding or need for additional therapies [112]. Eight
case reports described treatment consisting solely of
local control of variceal bleeding with suture ligation,

sclerotherapy, or embolization of varices [108, 110,
113, 117, 119, 121, 123, 125]. Of these cases,
embolization and sclerotherapy were sufficient to pre-
vent recurrence of variceal bleeding, while ligation
alone was associated with recurrence of bleeding
[108, 110]. Six case reports described the use of TIPS
to reduce portal hypertension and did not report any
recurrence of bleeding, though follow up was lim-
ited [114, 116, 120, 122, 124, 127]. Finally, four case
reports described variceal bleeding being treated with
revision of the ileal conduit, with only two of these
cases reporting no recurrence of variceal bleeding
[107, 109, 111, 115].

Overall, 16 cases reports (76%) demonstrated no
recurrence of variceal bleeding following treatment
of the varices. The relative paucity of information
on stomal variceal hemorrhage in patients with cir-
rhosis and urinary diversion following cystectomy
indicates that this complication may be relatively
rare, especially compared to variceal bleeding from
colostomies or ileostomies [99, 128].

CHEMOTHERAPY IN PATIENTS WITH
CIRRHOSIS

Chemotherapy can be difficult to manage in
patients with cirrhosis, due to both the direct hep-
atotoxic effects of chemotherapeutic agents and
the non-hepatic toxicity related to impaired hepatic
metabolism and clearance of drugs. A wide variety
of cytotoxic chemotherapeutic agents have hepato-
toxic properties and are associated with a num-
ber of liver pathologies that tend to develop in
a dose-independent idiosyncratic manner, including
sinusoidal obstructive syndrome, pseudocirrhosis,
ductal fibrosis, peliosis hepatitis, steatosis, acute
hepatitis, hepatic necrosis, and fulminant hepatic fail-
ure [129–131]. The presence of hepatic metastases
can further exacerbate management, with secondary
tumours accelerating the rate of liver failure and neg-
atively impacting prognosis [132, 133].

In patients with liver disease undergoing chemo-
therapy, metabolism and elimination of chemother-
apeutic drugs tends to remain relatively preserved
until cirrhosis progresses to a decompensated state,
at which point the inability of the liver to effec-
tively eliminate these cytotoxic agents can result
in extrahepatic accumulation and systemic toxicity
[134]. Pinter et al. (2016) have suggested that cir-
rhotic patients with non-hepatic malignancies should
be treated with chemotherapy if their life expectancy,
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Table 3
Overview of case reports of patients with cirrhosis presenting with stomal varices after radical cystectomy. IC: ileal conduit; HCC: hepatocellular carcinoma; TIPS: transjugular intrahepatic portal

shunt

Case report Age Sex Procedure Time of cirrhosis diagnosis
relative to procedure

Etiology of
cirrhosis

Time of presentation
with variceal
bleeding after
procedure

Treatment Bleeding
recurrence

Foulkes et al. (1975)
[107]

72 M Cystectomy with IC Prior to presentation Unspecified 2 years Revision of IC No

Firlit et al. (1978) [108] 59 M Cystectomy with IC 21 months after cystectomy Alcohol 35 months Ligation Yes
Hollands (1982) [109] 59 M Cystectomy with IC At time of presentation Alcohol 55 months Ligation; revision of IC Yes
Thomas et al. (1992)

[110]
70 M Cystoprostatectomy with IC Prior to presentation Alcohol 6 years Ligation Yes

Zimmerman et al. (1994)
[111]

74 M Cystoprostatectomy with IC,
radiation therapy

12 years after
cystoprostatectomy

Cryptogenic 4 years Ligation; revision of IC; TIPS Yes

Sundaram et al. (1997)
[112]

76 M Cystoprostatectomy with IC Prior to presentation Alcohol 15–16 years Propranolol No

Lashley et al. (1997)
[113]

52 M Cystoprostatectomy with IC Never formally diagnosed Alcohol 7 years Embolization No

Carrafiello et al. (2007)
[114]

71 M Cystoprostatectomy with IC Prior to presentation Alcohol, HCC 13 years Ligation; TIPS No

Tu et al. (2008) [115] 76 M Cystoprostatectomy with IC 26 months after cystectomy Hepatitis B 4 years Revision of IC; ligation No
Kang et al. (2009) [116] 63 M Cystectomy with IC 6 months after cystectomy Alcohol 22 months TIPS; embolization No
Naidu et al. (2009) [117] 68 M Cystectomy with IC 2 years after cystectomy Unspecified 2 years Embolization No
Yao et al. (2013) [118] 70 F Cystectomy with IC Prior to presentation Drug-induced 2 years Octreotide; ligation;

embolization
No

Tan (2014) [119] 68 M Cystectomy with IC At time of presentation Alcohol 2 months Sclerotherapy No
Dal Moro (2014) [120] 60 M Cystoprostatectomy with IC 2 years after

cystoprostatectomy
Alcohol, HCC 16 years Beta blockers; TIPS No

Staubli et al. (2015) [121] 72 M Cystoprostatectomy with IC At time of presentation Unspecified 3 years Embolization No
Trasancos-Escura et al.

(2015) [122]
54 M Cystoprostatectomy with IC 2 years after

cystoprostatectomy
Alcohol Immediately Ligation; propranolol; TIPS No

Lee et al. (2016) [123] 74 M Cystectomy with IC At time of presentation Unspecified 2 years Ligation Unspecified
Atwal et al. (2016) [124] 61 M Cystoprostatectomy with

ileocolic neobladder
Prior to presentation Cryptogenic 10 years Octreotide; TIPS;

embolization
No

Onishi et al. (2018) [125] 77 F Cystectomy with IC Prior to presentation Hepatitis B 2 years Embolization No
Chittajallu et al. (2019)

[126]
45 M Cystoprostatectomy with IC,

sigmoidectomy
Prior to presentation Hepatitis C,

alcohol
Unspecified TIPS No

Gowda et al. (2020) [127] 76 M Cystoprostatectomy with IC At time of presentation Hepatitis C,
alcohol

7 years Octreotide; TIPS No
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Table 4
Recommended dose reduction for chemotherapeutic agents used in the treatment of bladder cancer. AST: aspartate aminotransferase; ULN:

upper limit of normal. Recommendations adapted from Hendrayana et al. [147]

Agent Criteria Adjustment

Gemcitabine Elevated total bilirubin 80% of dose, increase if tolerated
Cisplatin No dose adjustment required N/A
Methotrexate Total bilirubin 3.1–5.0mg/dL OR AST > 180U/L 75% of full dose

Total bilirubin > 5.0mg/dL Contraindicated
Vinblastine Total bilirubin 1.5–3.0mg/dL OR AST 60–180U/L 50% of full dose

Total bilirubin > 3.1mg/dL OR AST > 180U/L Contraindicated
Doxorubicin Total bilirubin 1.5–3.0mg/dL OR AST 60–180U/L 50% of full dose

Total bilirubin 3.1–5.0mg/dL OR AST > 180U/L 25% of full dose
Total bilirubin > 5.0mg/dL Contraindicated

as determined by their cancer-specific tumour-related
prognosis, is 3 months or greater [11]. A decision-
making algorithm developed by Cabibbo et al. (2012)
for patients with non-hepatic cancer and liver cir-
rhosis proposed that chemotherapy should only be
considered in patients with compensated cirrhosis
with a CTP score of ≤ 7 points. The authors sug-
gest individuals with decompensated cirrhosis should
instead receive supportive treatment, but that cytore-
ductive surgery can be considered for intracranial
and mediastinal lesions [135]. In many cases, dose
reduction and close monitoring of liver function may
be necessary in patients with concomitant liver fail-
ure [11]. Recommendations for dose modification in
the setting of liver failure exist for a wide variety of
anticancer agents, either outlined by the developers
of the drug or described in various studies [30, 31,
40, 136]. However, due to the lack of clear guide-
lines, most physicians are left to manage cirrhotic
patients’ chemotherapeutic regimens based on their
own clinical judgement and expertise [11, 137].

In addition to its direct negative impact on
liver function, chemotherapy can also exacerbate
the severity of sequelae of cirrhosis and portal
hypertension. For example, chemotherapy-induced
myelosuppression can worsen cytopenias caused by
splenic sequestration of blood cells, contributing
further to known complications of cirrhosis includ-
ing coagulopathy, anemia, and immune compromise
[138, 139]. Additionally, the hypercoagulable state
associated with both cancer and chemotherapy can
increase the risk of portal vein thrombosis due to
slowed blood flow in the portal vein [140, 141].
Management of portal hypertension prior to initiating
chemotherapy may help prevent these complications
[11].

Current guidelines for chemotherapeutic treat-
ment of both non-metastatic MIBC and metastatic
bladder cancer are focused on cisplatin-based

chemotherapy, though they vary slightly between
organizations. The American Urological Association
(AUA), Canadian Urological Association (CUA),
and European Association of Urology (EAU)
recommend neoadjuvant chemotherapy (NAC) prior
to radical cystectomy, with a regimen consisting
of gemcitabine and cisplatin (GC) or methotrexate,
vinblastine, doxorubicin, and cisplatin (MVAC)
[142–144]. Patients with pT3/4 or pN + disease who
have not received NAC may benefit from adjuvant
platinum-based chemotherapy, though the evidence
for adjuvant chemotherapy in non-metastatic MIBC
remains unclear. Chemotherapy with MVAC or
GC is considered first-line systemic therapy for
metastatic bladder cancer, based on guidelines
from the CUA, EAU, American Society of Clinical
Oncology (ASCO), and National Comprehensive
Cancer Network (NCCN) [142–146]. Gemcitabine,
methotrexate, vinblastine, and doxorubicin are all
hepatically cleared and may require dose reduction
in cirrhotic patients; in contrast, cisplatin has low
hepatotoxicity, being primarily excreted via the
kidneys, and can be administered in standard doses
in the setting of liver failure [131, 147]. Criteria
for dose reduction in chemotherapy adopted from
Hendraya et al. are outlined in Table 4 [147].

The liver is a common site of metastasis for blad-
der cancer and hepatic metastases may independently
serve as a poor prognostic indicator for survival
in patients with bladder cancer [148, 149]. Ulti-
mately, due to the fact that cirrhotic patients are often
excluded from randomized controlled trials (RCTs),
the data is sparse on outcomes of chemotherapy in
patients with cirrhosis to inform the development of
clinical protocols for chemotherapy [150]. The lack
of guidelines regarding systemic anticancer therapies
for cirrhotic patients makes it evident that further
studies are required to fully explore systemic therapy
options in the setting of cirrhosis.
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Fig. 1. Flow chart of suggested considerations for patients with muscle-invasive bladder cancer and cirrhosis. Developed at McMaster
University. CTP: Child-Pugh-Turcotte; MELD: Model for End-Stage Liver Disease; TMT: Trimodal therapy; TURBT: Transurethral resection
of bladder tumour.

IMMUNE CHECKPOINT INHIBITORS
AND LIVER DYSFUNCTION

The recent approval of immune checkpoint in-
hibitors (ICIs) in the treatment of patients with
advanced or metastatic urothelial carcinoma of the
bladder represents a breakthrough in this popula-
tion’s care. Notably, these medications, including
Pembrolizumab, Nivolumab, Atezolizumab, Durval-
umab, and Avelumab, are being studied in both
the first- and second-line setting. Contemporary lit-
erature has demonstrated that Pembrolizumab, for
example, confers a clinically important response
rate and survival benefit in the first-line setting for
patients who are ineligible for cisplatin chemotherapy
[151–153]. To the best of our knowledge, no studies to
date describe the safety and application of these novel
agents in patients with advanced and/or metastatic
urothelial carcinoma and cirrhosis. However, what

is known is that hepatotoxicity is a possible impor-
tant immune-related adverse reaction of checkpoint
inhibitors (“immune-mediated hepatitis”) [154, 155].
Additionally, the body of literature on the use of
ICIs in patients with cirrhosis requires further study
to identify those patients at highest risk of adverse
events, as many clinical trials examining safety and
efficacy of ICIs for malignancy exclude patients with
chronic liver disease resulting from hepatitis B and C
[156].

RADIATION THERAPY IN PATIENTS
WITH CIRRHOSIS

Like chemotherapy, radiation therapy is associated
with adverse effects on the liver [132]. Hepatic radi-
ation exposure can result in radiation-induced liver
disease (RILD), also known as radiation hepatitis,
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which tends to occur following radiation therapy
for hepatobiliary or upper gastrointestinal malignan-
cies [157, 158]. RILD is characterized by fibrotic
histopathological liver abnormalities similar to that
of sinusoidal obstructive syndrome, a type of hep-
atic veno-occlusive disease that can occur following
chemotherapy [132, 159]. RILD typically develops
1-3 months after the termination of radiation ther-
apy and usually occurs after whole liver irradiation
of up to 30–35 Gy, which is lower than the 50–70
Gy of radiation that is typically used to treat most
solid-organ neoplasms [157].

RILD is unlikely to develop when there is min-
imal delivery of radiation to the liver, such as in
patients receiving pelvic radiation for bladder can-
cer. However, the risk of radiation-related adverse
events is increased in patients receiving concurrent
chemotherapy [160].

TREATMENT CONSIDERATIONS FOR
MUSCLE-INVASIVE BLADDER CANCER
IN PATIENTS WITH CIRRHOSIS

To our knowledge, there are no high quality ran-
domized studies examining management of MIBC in
patients with liver cirrhosis, though cirrhotic patients
are known to have poorer outcomes following sur-
gical or systemic therapy [8, 9, 29]. In addition,
due to the absence of guidelines regarding decision-
making for therapeutic strategies, recommendations
regarding the perioperative management of these
patients also remain sparse. Based on our compre-
hensive review of the literature, we present here
imperative considerations for cirrhosis patients with
MIBC:

• Radical cystectomy is the standard therapy
for MIBC and should be considered in cir-
rhotic patients with a CTP score < 6 (class
A) or MELD score < 10. Patients with more
severe cirrhosis suffer from higher rates of
perioperative morbidity and mortality, and
may not be suitable candidates for surgery.
Decreased serum albumin may also be associ-
ated with worse postoperative outcomes [82].
Contraindications to elective surgery in cirrhotic
patients include acute viral hepatitis, alcoholic
hepatitis, acute renal failure, cardiomyopa-
thy, hypoxemia, and coagulopathy. Immediate
postoperative complications associated with
cirrhosis include SBP, wound dehiscence,

bleeding, hepatic decompensation, and renal
dysfunction [29].

• In general, a minimally invasive approach to
abdominopelvic surgery tends to offer improved
post-operative outcomes for cirrhotic patients,
but this is less established with radical cystec-
tomy specifically [51].

• The role of preoperative management of ascites
with TIPS is controversial and while it may
decrease the chance of postoperative complica-
tions, its use should be carefully considered on
an individual basis in centers where specialist
expertise is available.

• Patients with urinary diversion using bowel
segments are at risk of developing stomal
varices months to years after surgery. Stomal
variceal hemorrhage most often presents as frank
hematuria but rarely leads to death. In most
cases, variceal bleeding can be managed with
embolization or sclerotherapy, both of which
are associated with low recurrence of bleeding
varices.

• Patients with urinary diversion with bowel seg-
ments are at high risk of significant metabolic
derangements. Hepatic encephalopathy is an
important concern in these patients, and the
shortest non-retaining urinary diversion, or even
cutaneous ureterostomies, should be considered.
The use of cutaneous ureterostomies should be
especially considered where there is a concern
about tolerability of anesthetic (i.e., to minimize
operative time). Patients should be counselled
on the higher risk of electrolyte and metabolic
derangements with a continent diversion.

• Patients undergoing radical cystectomy are at
risk of multifactorial AKI in the postoperative
period, including a risk of HRS for those with
advanced cirrhosis. Careful fluid and electrolyte
monitoring is important in avoiding inappro-
priate fluid balances. Albumin can be con-
sidered in the intravascularly deplete cirrhotic
patient.

• Platinum-based chemotherapy can be used to
treat metastatic bladder cancer with compen-
sated cirrhosis. Recommended chemotherapy
regimens include GC and MVAC. Dose reduc-
tion is recommended for gemcitabine, metho-
trexate, vinblastine, and doxorubicin in patients
with reduced hepatic function, while cisplatin
requires no dose modification in the setting
of liver failure. Criteria for dose reduction in
chemotherapy are outlined in Table 4.
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• Trimodal therapy (TMT) with radical tran-
surethral resection of bladder tumors (TURBT),
external beam radiation therapy (EBRT), and
chemotherapy, can serve as a bladder-sparing
alternative to radical cystectomy for treatment of
MIBC. In principle, radiation therapy should not
be offered as monotherapy unless radical cys-
tectomy and chemotherapy are contraindicated.
In patients with cirrhosis undergoing EBRT for
bladder cancer, pelvic radiation is unlikely to
cause RILD but may be associated with radiation
proctitis, enteritis, or cystitis. The latter may be
further complicated by severe hemorrhagic cys-
titis given concomitant coagulopathies resulting
from cirrhosis. Radiation therapy may be a
second-line option for palliative management of
liver metastases, after chemotherapy or localized
ablation.

CONCLUSION

Patients with liver cirrhosis are at higher risk of
developing non-hepatic cancers, including bladder
cancer, likely due to shared risk factors, such as smok-
ing and obesity. Surgical and non-surgical treatment
of bladder cancer in cirrhotic patients is associated
with increased morbidity and mortality. Perioper-
ative and operative complications associated with
abdominal surgery in patients with cirrhosis include
wound dehiscence, SBP, hepatic encephalopathy,
hepatorenal syndrome, and bleeding stomal varices.
Additionally, typical chemotherapy regimens for
bladder cancer may require dose modification in
patients with cirrhosis. This review synthesizes data
from studies focusing on the prevalence and treat-
ment of bladder cancers in the setting of cirrhosis to
create recommendations for clinicians. However, fur-
ther higher quality evidence is required to establish
formal guidelines for the surgical and non-surgical
management for muscle-invasive bladder cancer in
cirrhotic patients.
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