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Abstract
Medically operable muscle-invasive bladder cancer(MIBC) can be curatively managed by (a)
selective trimodality therapy that can preserve the bladder, (b) partial cystectomy and lymph
node dissection or(c) radical cystectomy and lymph node dissection.For surgical approaches
there is vital role chemotherapy. In trimodality approach trans urethral resection of bladder
tumor (TURBT) is followed by chemoradiation, a continuous course may be employed, or the
course can be split, with a break to assess for response and allow for early salvage cystectomy.
Although radical cystectomy and bladder-preserving selective trimodality therapy have not
been compared in a randomized fashion they appear to have similar rates of cure in selected
populations. Recently, different molecular biomarkers have come into picture which can help in
customization treatment of bladder cancer patients. A personalized treatment plan and further
refinements of bladder preservation protocols are expected to improve treatment outcomes.This
review aims at bladder preservation approaches with curative intent and at the same time
omitting patients from radical surgical approaches thereby preventing morbidity and improving
Quality of Life (QOL) of patients.
Keywords: Muscle invasive bladder cancer (MIBC); trimodality therapy; chemoradiation;
biomarkers; quality of life

Introduction
573,278 bladder cancer case are nearly estimated in the population as per GLOBOCAN2020 placing
bladder cancer as the 10th most commonly diagnosed cancer in the world. Nearly 440,864 new cases
of bladder cancer in men worldwide (4.4% of total new cases). Bladder cancer is the 6th most commonly
diagnosed cancer in men worldwide [1] MIBC, (cT2-4aN0M0) accounts for approximately 25–30% of all
bladder cancer cases, requiring aggressive management as compared to nonmuscle invasive cancer [2],
and radical cystectomy (RC) has been widely accepted as the standard treatment [3].
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Radical cystectomy
In this surgical procedure resection of the whole bladder alongwith perivisical fat, pelvic peritoneum and
distal part of ureters is performed. In men, the prostate and seminal vesicles are also removed, wherein
women, the anterior vaginal wall, uterus, fallopian tubes, and ovaries are also removed.[4] Pelvic lymph
nodes dissection essentialy performed with removal of the obturator, internal iliac, external iliac, and
distal common iliac nodes. Infection, wound dehiscence, ileus, obstruction deep vein thrombosis, late
stricture of the ureteroenteric anastomosis, erectile/sexual dysfunction, even death is recorded as
important complications associated with the procedure. [5-8]. About 71% to 74% of patients found to
develop deranged renal function.[9] . With the surgical advancement in techniques reduced perioperative
mortality has reduced from 2.5% to < 1% alongwith other complications but no change in rate of
perioperative morbidity (27%-64%).[5-8] Complications like haemorrhage, deep vein thrombosis,
pulmonary embolism, and infection approximates upto 64% and usually found in comorbid patients.
Therefore, key for fruitful surgery lies in selecting patients beforehand.[10] Robotic surgery yield’s no
benefit in acute morbidity over open surgery.[11] Trimodality therapy is advantageous not only in
regards of preserving bladder but also maintain bowel in almost 70%cases and sexual functions in 50%.
[12]

Neoadjuvant chemotherapy followed by cystectomy
Standard of care in MIBC when not opting for bladder preservation is neoadjuvant cisplatin-based
chemotherapy followed by radical cystectomy and pelvic lymph node dissection. Table1 showing
Combined therapy showed median survival of 77months vs 46 months in surgery arm in SWOG 8710
with 317 patients over 11years [13] .Also Significantly reduced residual disease in combined therapy
group as compared to cystectomy group (38 percent vs. 15 percent, P<0.001). Increased overall survival
from 30% to 36% in cystectomy vs combined therapy group over 10yrs follow up was recorded in Medical
Research Council/European Organization for Research and Treatment of Cancer (MRC/EORTC) BA06
30894.[14] Meta-analysis performed including 11 randomized trials with approximately 3005 patients
reported neoadjuvant platinum-based combination chemotherapy significantly improved OS, with an
HR of 0.86 and a 5% 5-year OS difference.Also noted that single-agent platinum was associated with
significantly worse outcomes than combination chemotherapy.[15]So cisplatin based combination
chemotherapy is recommended.
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TABLE 1 Neoadjuvant Chemotherapy Randomized Phase III Trials

Spain/ CUETO,
1995

Number
of
patients
122

Experiment
Arm

Study
Arm

Cis/Cyst

CYST

[13-18]

Survival
Difference
benefit
NO

Reference
[16]

NordicCystectomy
Trial 1, 1996

325

ADM-CisRT/Cyst

RT/Cyst

No, but 15%5-yrs
OS in T3 – T4a

[15]

Abol-Enein et al
1997

194

CarboMV/Cyst

CYST

Yes ,20% 5-y OS

[18]

RTOG 89-03,1998

126

MCV/Cis-RT

CYST-RT

NO

[17]

SWOG 8710 ,2003

317

MVAC/Cyst

CYST

Yes,-5% 10-y OS

[13]

EORTC/MRC
BA06 30894 ,2011

976

MCV/RT or
Cyst

RT or
CYST

Yes,6% 10-y OS

[14]

ADM, doxocrubicin(Adriamycin); carboMV, carboplatin,methotrexate, vinblastine; Cis, Cisplatin;
Cystectomy; CUETO, Spanish Urological Club for Oncological Treatment ;EORTC, European
Orginisation for Research and treatment of cancer ; 5 fu, 5- fluorouracil; MRC , Medical Research
Council,MVAC, Methitrixate, Vinblastine, Doxorubicin and Cisplatin , MVEC,
Methotrexate,Vinblastine , epriubicin, cisplatin; NCI, National Cancer Institute; OS , overall
survival; RT , radiotherapy; RTOG, Radiation Therapy Oncology Group ; SWOG Southwestern
Oncology Group

Cystectomy plus adjuvant chemotherapy
The EORTC 30994 trial showed no difference in OS in patients of pT3,pT4 or N+M0 urothelial cancer
randomized according to immediate vs deffereed chemotherapy post cystectomy.[19]In 2005
Metaanalysis showed 25% reduction of risk of death,9% survival benefit and 11% benefit in cisplatin
based chemotherapy regimen on analysing adjuvant chemotherapy vs no chemotherapy post
cystectomy. (Table 2)
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TABLE 2: Adjuvant Chemotherapy Randomized Trials

[21-24]

Number
of
patients
91

Stage

Experiment
Arm

Study Arm

Survival
difference

References

pT3/T4 NX

Cyst + CAP
x4

Cyst

[21]

Spain/SOGUG
99/01 ,2010

142

pT3/T4 N+

Cyst +PGC
x4

Cyst

Italy/Cognetti
et al ,2012
Egypt/Zaghloul
et al ,2019

194

pT2G3-4
NO-2
pT3b/T4 or
N+

Cyst +GC
x4
Cyst + GC
x4 +adj RT

Cyst

Yes, 24%
3yrs DFS
benefit for
CAP
Yes, 29%
5yrs OS
benefit for
PGC
No

USC/Skinner
et al ,1991

153

[22]

[23]

Cyst + adj
RT

No, 10% 2- [24]
y OS
benefit for
GC
adj RT, Adjuvant radiotherapy; CAP, cisplatin, doxorubicin, cyclophosphamide; Cis, cisplatin;
CMV, cisplatin,methotrexate, vinblastine; Cyst, cystectomy; DFS, disease- free survival; GC,
gemcitabine, cisplatin;MVAC, methotrexate, vinblastine, doxorubicin and cisplatin; OS, overall
survival; PGC, paclitaxel ,gemcitabine , cisplatin

Cystectomy plus radiation
Prior chemotherapy era or 1985 it was neoadjuvant radiotherapy was usual approach to treat bladder
cancer,but with advent of effective chemotherapy drugs as well as complications associated with
radiation and surgery leads to neoadjuvant chemotherapy to cystecomy as standard of care, and
radiotherapy remain used as adjuvant in high risk cases or as salvage modality. [27-28]Locoregional
recurrence usually found to be associated with Positive surgical margins, high T stage, and positive
lymph nodes. [29,30] .Baumann et al, in an univariate analysis Detected 5yrs LRR free survival is more
in cases with Positive margins, tumor ≥ pT3, any lymph node positivity,dissected lymph nodes less than
10 in number,lymphovascular

limited node dissection (< ten nodes resected), presence of uretero-

hydronephrosis or lymphovascular and, a mixed histology. But in the multivariate model , only the
stage of the disease (≥ pT3) (HR =3.17; P<0.01) and a limited PLND (< ten nodes resected) (HR =2.37;
P<0.01) were negative predictive factors. Also three subgroups of patients according to above-mentioned
risk factors with 5yrs LRR 8% in <=pT2 cases,23% in <=pT3 >10 dissected lymph nodes,42%in >=pT3
and <10 lymph nodes dissected subsequently named as low to high risk group respectively (P<0.01)(5).
For stage ≤ pT2 patients, there is no indication for adjuvant radiotherapy. Finally, for patients with stage
≥ pT3 and positive margins, irradiation of common iliac, internal and external iliac, and obturator
regions, of the cystectomy bed and of the pre-sacral region would encompass 79% and 91% of LRR sites
(18)[30] Using these features, patients can be stratified with respect to locoregional failure as follows:
low risk, unchanged (pT2 or lower); intermediate risk, at least pT3, at least 10 nodes removed, and
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negative margins; or high risk, at least pT3 and either positive margins or fewer than 10 nodes
removed[31-32].

Bladder-Preserving Selective Trimodality Therapy
Radiotherapy was the only modality used prior to 2002 for bladder preservation.Duncan et al reported
46% of local tumor regression post radiotherapy assessed by cystoscopy alongwith 5 years survival of
40, 26 and 12 in stage T2, T3, T4 respectively in Edinburgh among 963patients between 1971 and
1982.[33]Preop EBRT Pelvis with cystectomy and iliac node dissection followed by iridium implantation
was done in a study Mazeron et al from 1971 to1984 with 85patients recorded DFS 5years of 72% inT1
cases and 55% for T2 with 16% mortality.[34] The addition of interstitial brachytherapy to EBRT
appeared to improve OS and bladder-intact survival in selected patients. Not surprisingly, bladderpreserving surgery alone—partial Cystectomy or TURBT monotherapy—yielded unacceptably high
recurrence rates, even with the addition of chemotherapy or radiation, a common paradigm in the 1970s
through early 1990s.
Selective trimodality therapy (Table 3) requires a maximal safe TURBT followed by definitive concurrent
chemoradiation. While this is the definitive management approach with the highest cure rate for
medically inoperable patients, selected operable patients are also candidates for bladder preservation,
offering comparable OS to radical cystectomy.[35]Superficial recurrence is managed with TURBT and
intravesical treatment,[36] while salvage cystectomy is reserved for invasive recurrence.[37]

Selection criteria for selective trimodality therapy in medically operable patients
1. Clinical T2-3a bladder cancer
2. Unifocal disease
3. Less than 5 cm in maximum diameter
4. No extensive carcinoma in situ
5. Visibly complete TURBT
6. No ureteral obstruction
7. No hydronephrosis
8. Good bladder function
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Hydronephrosis can be present in 15–20% of patients with bladder cancer at diagnosis [38,39].
Hydronephrosis has been shown to be an independent prognostic factor for recurrence free survival even
in surgical series [40]. Patients with hydronephrosis tend to have more advanced disease with higher
risk of extra vesicular disease and pelvic nodal involvement. Therefore hydronephrosis is probably not
a predictive factor for poor outcomes from definitive bladder radiotherapy but rather a prognostic factor
for bladder cancer. The current standard of care for bladder preservation involves TURBT followed by
concurrent chemoradiation. Patients are given either radical doses and post TURBT has found CR rates
of 60% to 80%, with 5-year OS of 40% to 60%. Other way is split regimen where patient is assessed by
cystoscopy after 40 Gy by cystoscopy and biopsy. Patients who achieve CR are continued for radical
doses and those who achieve less than CR are planned for radical cystectomy. Following bladder
preservation, non-muscle-invasive recurrence is managed with TURBT and intravesicular treatment,
while patients with muscle-invasive recurrence undergo salvage cystectomy.
In a phase III trial RTOG 89-03, 123 patients of T2-T4a bladder cancer were randomized with or without
2 cycles of neoadjuvant chemotherapy with methotrexate, cisplatin, and vinblastine (MCV) followed by
concurrent chemoradiation with 39.6Gy and inj cisplatin 100mg/m2.[41]. Cytology or biopsy proven CR
patients, received a boost to 64.8 Gy with 1 cycle of cisplatin, whereas cystectomy was performed for
patients with less than a CR. The CR rate was 60%. At 5-year follow-up, 5-year OS was 48% versus
49%, bladder-functioning survival was 36% versus 40%, and DM rates were 33% versus 39%, all not
statistically significant. Another key study was the British BC2001 multicenter Phase III trial.[42]
Patients with T2-T4a bladder cancer were randomized to definitive radiotherapy alone versus with
concurrent 500 mg/m2 5-FU on days 1 to 5 and 16 to 20, and 12 mg/m2 MMC on day 1. Centers
prospectively elected to give 55 Gy in 20 fractions or 64 Gy in 32 fractions. At 70-month follow-up, 2year

locoregional

disease-free

survival

was

54%

for

radiotherapy

alone

versus

67%

for

chemoradiotherapy, with a statistically significant unadjusted hazard ratio of 0.68. Even after adjusting
for neoadjuvant chemotherapy (as well as age, performance status, stage, grade, and radiation dose),
the benefit of concurrent chemoradiotherapy remained significant (HR, 0.66; 95% CI, 0.46–0.95).
Locoregional DFS was likewise unaffected by neoadjuvant chemotherapy. There was a trend toward 2year bladder preservation, with salvage cystectomy rates of 11% versus 17%. OS at 5 years was 35%
versus 48% and DM rates were 11% versus 9%. Neoadjuvant chemotherapy was quite toxic, particularly
with regard to sepsis and neutropenia, leading to early closure of this trial. [41]Ultimately, the authors
concluded that there was no advantage to neoadjuvant MCV. However, subsequent work suggests that
neoadjuvant chemotherapy may confer some benefit.[43]
In a pooled analysis of 468 largely T2-T3 patients enrolled in RTOG 88-02, 89-03, 95-06, 97-06, 99-06,
and 02-33 trials, 5- and 10-year muscle invasive local failure rates were 13% and 14%, non-muscleinvasive local failure 31% and 36%, and distant failure 31% and 35%. OS rates were 57% and 36%,
comparable to radical cystectomy [44]. Notably, 5- and 10-year disease-specific survival rates were 71%
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and 65%, illustrating the competing risk of medical comorbidities in the bladder-preservation patient
population.[45]For medically inoperable patients, management options include:
(a) chemoradiation-based trimodality therapy;
(b) TURBT followed by radiotherapy, with or without concurrent chemotherapy
(c) TURBT alone.
When radiation is used for medically inoperable patients, radiation should not be delivered in a splitcourse fashion, as cystectomy for subcomplete response is not an option for these patients.Definitive
chemoradiation offers elderly patients a safer curative option.[46]

TABLE 3. Trimodality Chemoradiation- Based Selective Bladder Preservation Cooperative
Group Trials and Cystectomy Series. [41,45,47-51]
Number
patients
RTOG 85-12 ,
1993
RTOG 88-02,
1996
RTOG 89-03,
1998
Erlangen
,2002

42

RTOG 99-06
,2009
BC 2001
,2012
MGH ,2012

80

91
123
415

182
348

of

Treatment
After
TURBT
Cis-EBRT

5yrs OS

Reference

82

5yrs bladder
intact
survival
42

MCV/CisEBRT
+MCV/CisEBRT
EBRT and Cis
or Carbo or
Cis- 5 FU
PaclitaxelBID EBRT
5 Fu/MMCEBRT
+MCV/CisEBRT
cT2-T4a

(4y)51

4y 44

[ 47]

49

38

[41]

51

42

[48]

56

47

[49]

48
52

[47]

[50]
46

[51]

RTOG(pooled) 468
57
36
[45]
,2014
BC 2001
182
cT2-T4a
48
[50]
,2012
BC, Bladder Cancer; Chemo, Chemotherapy; CIs, Cisplatin; EBRT, External Beam Radiotherapy;
5 fu, 5- fluorouracil;MGH,Massachusetts General Hospital MCV,methotrexate ,cisplatin,
vinblastine; MMC, Mitoycin-C; MSKCC, Memorial Sloan Kettering Cancer Center; OS , Overall
Survival; RT, Radiotherapy; RTOG, Radiation Therapy Oncology Group; SWOG, Southwestern
Oncology Group;TURBT, Transurethral Research of Bladder Tumor
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Quality of Life
Quality of life differs among patients undergoing cystectomy [52,53]versus radiation-based bladder
preservation [54,55]and the two modalities have been compared using cross-sectional questionnaires.
[56,57] As outlined later, radical cystectomy is a major surgery, one that carries major consequences
related to urinary, sexual, and bowel function. In contrast to patients’ concerns prior to surgery,
cystectomy (and its associated creation of a stoma) does not appear to impact social life and recreation,
although it may impact patient-reported sexual activity and overall physical condition.[55]It would stand
to reason that continent diversion would improve quality of life, but it is unclear whether this is actually
the case.[58]
Long term results of bladder function and quality of life in patients who received bladder preservation
after 6.3 years of follow up showed 75% of patients maintained normal bladder function and 59%
maintained satisfactory sexual function [58]. In a case control study which reported quality of life, 74%
of the patients in the radiotherapy group had little or no distress from urinary symptoms [54]. In another
cross-sectional multi-institutional study of 173 patients which compared long-term QOL in MIBC
patients treated with bladder preservation and radical cystectomy, bladder preservation was associated
with better general quality of life and bowel function compared to cystectomy while urinary quality of
life was equivalent between the groups [49,59]. It is rare that palliative cystectomy is required for
symptoms related to bladder preservation, with reported rates of 0% to 2% [48]with or without
perioperative chemotherapy.

Radiotherapy
Radiotherapy plays vital role in preserving bladder in MIBC sustaining similar DFS & OS as of Surgery.
But uncertainties still exists regarding radiotherapy like whether to irradiate whole bladder or partial
bladder, elective pelvic lymph node irradiation in node negative cases ,CT simulation should be done
full bladder or empty bladder, which advanced technique should be beneficial. So here are some
conclusions.

Whole bladder or Partial bladder?
There was no toxicity improvement found on treating partial bladder as compared to full bladder hence
whole bladder should be considered target volume [60].
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Elective Pelvic LN irradiation in node negative cases ?
Pelvic Lymph node Positivity ranges from 20% to 60% in MIBC underwent cystectomy [61] .which makes
elective pelvic nodal irradiation mandatory however Leissner et al reported recurrence rates as low as of
4 to 14% in radiotherapy cases without prophylactic PLN irradiation [62]. Significant incidental doses
received by concerned nodes found to be the rationale behind decrease recurrence rates [63]. Therefore
pelvic LN irradiation is not recommended in node negative cases.

2D/ 3DCRT/IGRT/IMRT?
Usually higher technologies recommended to improve tissue toxicity profile with similary efficacy,but
during bladder preservation therapy using

3DCRT technique over IMRT,

IGRT can be chosen as

incidental doses to pelvic lymph nodes can decrease in view of reduced margins to CTV.[64]

Simulation full or empty bladder?
Bladder motion found to be real issue to be addressed during simulation. Bladder volume of 320ml to
450ml leading to decrease of bladder motion drastically.so when treating whole bladder,CT simulation
should be done in full bladder [65]. Apropriate full bladder can be achieved by drinking 500ml of water
after emptying bladder, 45min prior to CT simulation[63]. Empty bladder CT simulation is required for
boost phase planning.

Target Volumes?
GTV,CTV(whole Bladder ),PTV (CTV+1.5cm with extavesical extension of tumor +2cm ), in case of bladder
neck tumors Prostatic urethra+1.5cm in & female urethra+1cm contouring should be done,OAR should
be rectum ,bowel and bilateral femur head.

Dose and fractionation?
Conventional fractional and Hypofractionation found to have similar in DFS,OS as well as toxicity. So
Hypofractionation should be used as standard of care[66].Most commonly used fractionation is
Conventional fractionation to total dose ranges 60 to 64Gy.Split course radiotherapy showed no
advantage over above two along with risk of tumor regrowth.[67]
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Conclusion
In case of MIBC,bladder preservation can be achieved in medically operable as well as inoperable cases
by carefully selecting patient for various modalities of treatment to further improve to survival benefit
as well as quality of life.
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