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Abstract: Radical cystectomy with extended pelvic lymph-node dissection, associated with neo-adjuvant
chemotherapy, remains the standard of care for advanced, non-metastatic muscle-invasive bladder cancer
(MIBC). Loco-regional control is a key factor in the outcome of patients since it is related to overall survival
(OS), disease-free survival (DFS) and cause-specific survival. The risk of loco-regional recurrence (LRR)
is correlated to pathological factors as well as the extent of the lymphadenectomy. In addition, neither
pre- nor post-operative chemotherapy have shown a clear impact on LRR-free survival. Several recent
publications have led to the development of a nomogram predicting the risk of LRR, in order to identify
patients most likely to benefit from adjuvant radiotherapy. Given the high risk of LRR for selected patients
and improvements in radiation techniques that can reduce toxicity, there is a growing interest in adjuvant
radiotherapy; international cooperative groups have come together to provide the rationale in favor of
adjuvant radiotherapy. Clinical trials in order to reduce the risk of pelvic relapse are opened based on this
optimizing patient selection. The aim of this critical literature review is to provide an overview of the

rationale supporting the studies of adjuvant radiation for patients with pathologic high-risk MIBC.
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Introduction optimal management remains a significant problem in

s . . spite of advances in surgical technique and the addition of
Every year, 2.7 million patients are diagnosed or treated p & 4

for bladder cancer globally (1,2). Radical cystectomy plus chemotherapy (3). Pathologic tumor stage is a predictive

pelvic lymph node dissection (PLND), associated with
neo-adjuvant chemotherapy, is a standard of care for the
treatment of non-metastatic muscle-invasive bladder
cancer (MIBC) (3). Loco-regional recurrence (LRR) after
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factor of LRR, which itself is a harbinger of oncological
outcomes for MIBC patients (4-6). The aim of this critical
literature review is to define the rationale that supports

adjuvant radiotherapy, by identifying which patients
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could benefit from it, examining the appropriate radiation
target volumes and considering the suitable radiotherapy
techniques.

Materials and methods

In April 2016, we conducted a literature review using the
Medline database. The search identified original articles,
literature reviews and meta-analyses concerning the radical
treatment of MIBC published between 1970 and 2016.
Abstracts in any language other than English, editorials, case
series or letters to the editor were excluded from the analysis.
Key-words included bladder neoplasm, loco-regional
relapse, lymph-node dissection, chemotherapy, radiotherapy.
Titles and abstracts were analysed and those not meeting
the objective of this review were excluded. Additional
publications identified in the references of selected articles
and those from a free-text internet search were also included.

Surgery for the treatment of MIBC: what are
the overall oncologic outcomes after radical
cystectomy?

For the past 30 years, surgical series of MIBC patients
did not show any improvement in survival. At 5 years,
recurrence-free survival (RFS) varied from 53% to 74%,
disease-specific survival (DSS) from 66% to 80%, and overall
survival (OS) from 39% to 66% (3). Five-year OS results
varied considerably depending on the pathological stage,
from 60% for pT2 tumors dropping to 10-40% for > pT3
tumors (6). Pathologic pelvic lymph node involvement
(pN+) after a pelvic node dissection occurs in 20% of
patients regardless of stage, and positive surgical margin
occur in 6%. For locally advanced stages, positive surgical
margin rates ranged from 0% to 25% (7-10).

LRR: a key event
How commonly does LRR occur?

The Southwest Oncology Group (SWOG)-intergroup
8710 randomized trial comparing radical cystectomy * neo-
adjuvant chemotherapy, included 317 patients and reported
S-year LRR rates of 32%, 29% and 68% for patients
with stage > pT3 tumors, pN+ status and positive surgical
margins (R1), respectively. LRR was defined as a pelvic mass
confirmed by imaging and biopsy (4). In a retrospective
study with a median follow-up of 5 years, Pollack et al.
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reported LRR rates ranging from 29% to 44% depending
on the clinical stage ¢T3b or ¢T4b (11,12).

Local recurrence appears to occur quite rapidly after
radical cystectomy. Local recurrence is most commonly
identified within 9 and 18 months after surgery (8,13). In
recommendations, LRR rates vary from 4% to 25%; in
reality, it appears difficult to characterize LRR incidence
independently because metastatic disease is often detected
concomitantly and non-isolated. Hence, studies mostly
report disease-free survival (DFS) analyses (3). Similarly,
studies reporting on predictive factors for relapse are
heterogeneous regarding the definition of relapse, the
proposed surgical and peri-operative treatment modalities
and the follow-up conditions (14).

How does loco-regional control impact on survival?

In their literature review, Skinner et /. demonstrated that
loco-regional control was directly associated with OS
benefit. At 5 years, patients who had undergone extensive
PLND experienced an improved loco-regional control rate
compared to those with a limited lymphadenectomy (85%
vs. 63%). The OS was also improved, even in the absence
of pelvic lymph node involvement (pNO) (15). These data
imply a curative role of the PLND. Indeed, the SWOG
in the United States has opened a phase III randomized
trial (clinical trials: NCT01224665) comparing standard
versus extended (including common iliac and pre-sacral
nodes) PLND. Many studies seem to correlate pelvic
control and metachronous distant metastases (12,16). In
their retrospective study of patients who underwent radical
cystectomy for MIBC, Ide et a/. showed that LRR was
an independent predictive factor for the development of
distant metastases. In addition, in 63% of pelvic failures,
LRR appeared isolated and separated by a free interval of
more than 3 months before the appearance of metastases.
In parallel, only 5% of LRR were detected 3 months after
the occurrence of metastatic relapse (16). Based on these
results, it has been hypothesized that metastatic spread may
arise from the LRR. Finally, a study highlighted the positive
correlation between local control and DSS in the treatment
of MIBC (17).

What are the most common sites for LRR?

In Baumann et 4l.’s series including 442 patients treated by
cystectomy and PLND, LRR sites were mapped during
radiological standardized follow-up (18). LRR was defined
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Common iliac: 6%

Pre-sacral: (1%)

Internal and external iliac: (10%)

Obturator: 10%

Figure 1 Five-year cumulative incidence rates of loco-regional failure
(in percentage) in a patient treated by radical cystectomy and pelvic
node dissection (stage pT3a, pNO < ten nodes resected, negative
surgical margins), according to Baumann’s nomogram. CTVs covered
the common iliac, the internal and external iliac and the obturator
regions (top to bottom). The central pelvic corresponds to the pre-
sacral area (above). The cystectomy bed was not included in the CTV
due to the RO status. CTV, clinical target volume.

as a soft-tissue lesion located below the aortic bifurcation. A
relapse located above the aortic bifurcation, in the inguinal
region or in the pelvic bones was considered distant, and
therefore a metastasis. As established by Pollack et al. (12),
a 3-month period between the LRR and the occurrence of
metastatic lesions had to be respected in order to validate
the purely loco-regional nature of the relapse. In the
series from Baumann ez al., 29% of patients had received
chemotherapy. In the 5 years following surgery, 80 patients
(18%) presented with a LRR (18).

Baumann ez al. classified LRR into eight sub-regions of
the pelvis: common iliac, internal or external iliac, obturator,
pre-sacral and pelvic side-wall nodes, the peri-rectal/
rectosigmoid area, the cystectomy bed and ‘other’ (psoas
muscle, iliacus muscle, vaginal apex). Approximately, half
of failures presented as single lesions. The 5-year overall
cumulative incidence was higher for stage > pT3 than for
stage < p12 patients (28% and 8% respectively, P<0.0001).
In cases of > pT3 disease, relapses were more frequent in
the common iliac (10.1% vs. 3.1%), internal or external iliac
(10.8% vs. 4.3%), obturator (10.7% vs. 4.7%), pre-sacral
(1.9% wvs. 0.0%), and pelvic side-wall (2.4% vs. 0.0%) nodes,
as well as in the cystectomy bed (5% vs. 1.3%). Multivariate
analysis revealed that pathologic T stage was statistically
associated with these sites, but no association was found for
relapses in the recto-sigmoid (2% vs. 1.2%) or ‘other’ (1% ws.
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0.0%) sub-regions. Stage > pT3 and positive margins were
predictive factors for relapse in the cystectomy bed (HR =4.8;
P<0.05) as well as in the pre-sacral nodes (HR =7.7;
P=0.07). Neither lymph node status (pNO or pN+) nor the
extent of dissection (<10 or >10 resected lymph nodes) were
predictive of preferential sites for LRR (18). An example on
the LRR pattern of a patient treated by radical cystectomy
is shown in Figure 1.

What are the predictive factors of LRR?

A comprehensive analysis of large (more than 150 subjects)
surgical series including patients with heterogeneous
characteristics revealed that age, surgical technique, volume
of the hospital treating the patient, initial tumor stage,
pelvic involvement or pathologic stage, extent of lymph
node dissection, percentage of nodes resected (lymph node
density), as well as surgical margin status could be correlated
to LRR. Nevertheless, the predictive nature of these factors
often disappears in multivariate analysis and seems to be
partially confusing. It is important to note that these series
sometimes incorporate peri-operative chemotherapy as part
of the treatment plan (4-6,19-26).

In the recent study by Baumann er 4/., univariate
analysis revealed that locally advanced pathological stage
of the tumor (> pT3), lymph node involvement (pN+),
limited node dissection (< ten nodes resected), presence
of uretero-hydronephrosis or lymphovascular embolisms,
a mixed histology and positive surgical margins are
negative predictive factors of 5-year LRR-free survival.
On the other hand, age, sex, smoking status, body mass
index, chemotherapy administration, extent of node
involvement and the type of urinary diversion showed no
significant impact. 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. Consequently, three
patient subgroups with different LRR risks were defined:
low-risk patients (< pT2), intermediate-risk patients (> p13
and > ten nodes resected) and high-risk patients (> pT3
and < ten nodes resected) with 5-year LRRs of 8%, 23%
and 42%, respectively (P<0.01) (5). This stratification was
further improved by introducing surgical margin status in
the predictive model. High-risk patients were defined as
stage > p13 and < ten nodes resected or positive surgical
margins (6). The robustness of this predictive model has
been successfully validated in several cohorts, achieving
an accuracy higher than 80% (27,28). This nomogram
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Table 1 Five-year cumulative incidence rates of loco-regional failure from published series according to the risk group

LRR according to the published series (%)

Group Characteristics

Philadelphia SWOG Seoul Europe
Low-risk pT0-2 8 8 8 6
Intermediate-risk pT3-4 with > ten nodes and RO 19 20 21 18
High-risk pT3-4 with < ten nodes or R1 41 41 46 45

RO, negative margins; R1, positive margins. LRR, loco-regional recurrence; SWOG, Southwest Oncology Group.

has nevertheless been built in potentially biased surgical
cohorts. The same group analyzed the bias inherent to the
evolution of surgical techniques over time, to the statistical
methods used to estimate LRR risk and to the definition
of subgroups with risk of recurrence. The predictive
nomogram appears to be valid and could constitute the
basis to develop prospective trials to assess the benefit of
adjuvant radiotherapy for loco-regional control (14). Table 1
shows the estimated cumulative incidences for 5-year LRR
according to the proposed risk stratification in four diverse
radical cystectomy cohorts.

What is the impact of peri-operative chemotherapy
on LRR?

The neo-adjuvant chemotherapy approach

Cis-platin based neo-adjuvant poly-chemotherapy is a
standard of care (level of evidence 1a) in the treatment of
MIBC (3). The aim of this approach is to eliminate micro-
metastases, to reduce the size of the tumor in order to
facilitate surgery and to prolong patient survival. In the
SWOG-Intergroup phase 3 trial, patients were randomly
assigned three cycles of methotrexate, vinblastine,
doxorubicin and cisplatin (MVAC) or no neo-adjuvant
chemotherapy. After a median follow-up of 9 years,
OS increased (77 vs. 46 months) in the neo-adjuvant
chemotherapy arm. However, these results were at the
limit of statistical significance (P=0.06) (29). Importantly,
the use of neo-adjuvant MVAC did not detectably decrease
the risk of LRR (4). The European Organization for
Research and Treatment of Cancer (EORTC) also carried
out a randomized phase 3 trial assessing the impact of a
neo-adjuvant chemotherapy approach (30). Nine hundred
and seventy six patients were randomized to receive either
no chemotherapy or a triplet regimen in three cycles of
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cis-platin, methotrexate and vinblastine (CMV) preceding
local treatment by cystectomy or radiotherapy. Kaplan-Meier
analysis revealed no significant benefit in OS after 3 years
of follow-up (P=0.075). A recent update (31), however, has
found improvement in OS at 10 years with neo-adjuvant
treatment (30% vs. 36%, P=0.037). Similarly, DFS increased
23% (HR =0.77; 95% CI, 0.66-0.90; P=0.001), but no
significant benefit was found concerning RFS (P=0.067).
"Two meta-analyses highlighted that the treatment of MIBC
patients with neo-adjuvant poly-chemotherapy based
on cis-platin was associated with increased OS (32,33).
Nevertheless, a retrospective institutional study from the
United States also failed to detect an association between
the use of neo-adjuvant chemotherapy and LRR (5).

The adjuvant chemotherapy approach

Results from randomized trials are controversial and prevent
the use of adjuvant chemotherapy as standard of care in
patients presenting with MIBC (3). Results from Leow et al.’s
meta-analysis (34) showed an OS advantage in favor of
cis-platin-based adjuvant chemotherapy (HR =0.77; 95%
CI, 0.59-0.99; P=0.049). DFS also improved (HR =0.66;
95% CI, 0.45-0.91; P=0.014), especially in patients with
lymph node involvement (P=0.01). Nevertheless, the recent
30994 EORTC study did not show any benefit of cis-
platin-based immediate adjuvant chemotherapy compared
to chemotherapy at the time of recurrence for patients
presenting with locally advanced tumor (pT3-T14) and/or
lymph node involvement (pN+) at radical cystectomy. A
LRR rate of 29% for the immediate chemotherapy arm
compared to 43% for the delayed chemotherapy arm was
reported, but with no mention of statistical significance (35).
Regarding these studies on the use of adjuvant or neo-adjuvant
chemotherapy, no significant benefit on loco-regional
control is clearly established.
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The efficacy and tolerance of perioperative
radiotherapy

Perioperative radiotherapy study results

Historically, the retrospective studies of pre-operative
radiotherapy [40-50 gray (Gy)] have shown a benefit in
LRR-free survival (16-19%) and in OS (12-42%) (36).
This benefit appeared specially for stage ¢T3a-b MIBC
patients, but the low tolerance to irradiation seemed to
be a limiting factor (36). Six randomized studies have
evaluated the contribution of pre-operative radiotherapy
(32-54 Gy) and did not find any significant improvement
in OS and LRR-free survival. Some of the studies included
less common histologies in the epidemiological context of
schistosomiasis (37-42). A recent meta-analysis including the
latter randomized studies revealed no survival benefit (43).
Consequently, pre-operative radiotherapy is no longer
indicated in the treatment of patients with MIBC treated by
radical surgery.

Post-operative radiotherapy study results

In a notable prospective randomized trial form the
National Cancer Institute (NCI) in Egypt, Zaghloul et 4/.
demonstrated the interest of post-operative radiotherapy
compared to observation for patients with MIBC (44,45).
In the post-operative radiotherapy arm, DFS at 5 years was
44% with conventionally fractionated radiotherapy (CFR)
(50 Gy in 25 daily fractions of 2 Gy over 5 weeks) and 49%
with hyper-fractionated radiotherapy (HF) (37.5 Gy in
3 daily fractions of 1.25 Gy, with 3-hour inter-fraction
intervals over 12 days). This rate dropped to 25% in the
observation arm. Loco-regional control at 5 years improved
with post-operative radiotherapy: 93% in the CFR arm, 87%
in the HF arm and 50% in the cystectomy-only arm (P<0.05).
Nevertheless, the population studied by Zaghloul et a/. only
included 20% of histologies corresponding to urothelial
carcinomas more frequently observed in country outside of
the Middle East. Another randomized prospective study from
the NCI in Egypt compared the use of pre-operative and
post-operative radiotherapy, with the same dose scheme in
both arms (50 Gy in 25 fractions) (46). OS (53.4% vs. 51.8%,
P=0.689) and LRR-free survival (89.3% vs. 80.6%, P=0.410)
at 3 years were similar in the pre- and post-operative
arms (46). The heterogeneity and small size of the studies
above make it difficult to draw definitive conclusions
concerning the impact of adjuvant radiotherapy on survival,
but a potential trend towards the benefit in terms of LRR is

© Translational Andrology and Urology. All rights reserved.
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a consistent observation.

Toxicity of peri-operative radiotherapy

Whether adjuvant radiation is tolerable is a matter of
controversy. In a series of patients receiving both pre- and
post-operative radiotherapy, Reisinger et /. observed a
37% rate of late bowel toxicity of which 22.5% were grade
4 and 7.5% grade 5 (47). On the contrary, in their series of
patients treated by adjuvant radiotherapy, Zaghloul ez al. (44)
reported 18% of late digestive toxicity with CFR and 5%
with HF radiotherapy. The study by El-Monim ez 4/. that
compared pre- and post-operative radiation (46), reported a
6.5% rate of grade 3 late bowel toxicity. No grade 4 toxicity
was observed.

Historically, studies of adjuvant radiation have used 2D
radiotherapy and a four-field (opposed anterior-posterior
beams and opposed lateral fields) technique. Cranio-caudal
limits extended from the L5-S1 intervertebral disc to the
lower part of obturators. Lateral limits extended 1-2 c¢cm
on both sides of the median basin. At the anteroposterior
level, fields extended 2 ¢cm forward of the anterior wall
of bladder and up to the anterior edge of the third sacral
vertebra. This technique allowed covering the whole outer
circumference of the bladder as well as a potential extra-
bladder and/or microscopic extension (36). Nevertheless,
the doses received by the organs at risk such as the rectum,
the femur heads, but particularly the small bowel induced
acute and late grade >2 toxicities limited the attractiveness
of this approach, especially in western countries. More
recently though, investigators have shown in a dosimetric
study that modern radiation techniques such as intensity
modulated radiation therapy and pencil beam proton
therapy can meaningfully reduce dose to GI structures in
the post-cystectomy pelvis, likely improving the risk-benefit
profile of adjuvant radiation (48).

Why does adjuvant radiotherapy need to be
re-evaluated?

Given the recent data on LRR sites after radical cystectomy
and PLND for patients with MIBC, it is now possible to
rationalize clinical target volumes (CTVs) in the context of
adjuvant radiotherapy (18). The CTVs could be adapted
depending on the different at-risk sub-groups previously
described and a patient stratification could be applied
(6,14). Recently, an international collaboration of radiation
oncologists and urologists recommended consensus CTVs
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Figure 2 Example of a patient treated by adjuvant pelvic IMRT (50 Gy, 2 Gy per fraction) for MIBC, with pT3a, pNO (0 lymph-nodes
invaded for 6 removed) and RO resection. IMRT allowed sparing the digestive structure after 40 Gy (V40 <200 cc) and the neobladder (without

any dose constraint expected as low as possible). IMRT, intensity-modulated radiation therapy; MIBC, muscle-invasive bladder cancer.

that varied depending on surgical margin status of patients (49).
For stage < pT2 patients, given the small number of LRR,
there is no indication for adjuvant radiotherapy. For stage
> pT3 patients and negative margins, the irradiation of
common iliac, internal and external iliac, and obturator
nodes would allow the inclusion of 76% of potential sites
for LRR. Widening the fields at the cystectomy bed as well
as the pre-sacral regions increase coverage to 85% and
88% of LRR sites. 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). The rise of conformal radiation
therapy and the progress of tomography have allowed to
precisely define CTV and to spare neighboring organs
at risk, reducing digestive toxicity. The development of
intensity-modulated radiation therapy (IMRT) and of
image-guided radiation therapy (IGRT) have notably
improved treatment accuracy and allowed to decrease the
dose in adjacent tissues. Hence, several studies of pelvic
radiotherapy reported a decrease of bowel volume irradiated
with current techniques, particularly in cases of post-
operatory irradiation, making the post-cystectomy adjuvant
approach probably safer (50,51). An example of these

© Translational Andrology and Urology. All rights reserved.

technical possibilities is presented in Figure 2.

Conclusions

Radical cystectomy associated to PLND remains a standard
of care in the management of localized MIBC. Surgical
series report high recurrence rates, especially in patients
with locally advanced disease. Early LRR could represent
the ground for metastatic spreading and diminish patients’
survival considerably.

Based on this reasoning related to loco-regional control,
the role of adjuvant radiotherapy comes to focus. We know
to whom, what and how to propose radiotherapy, and
French (GETUG-AFU), North-American (NRG), British
(NCRI) and Indian (Tata Memorial Hospital) cooperative
groups have shown great interest in this approach. We
expect future prospective studies to improve the grim
prognosis by reducing the risk of relapse and to forge new
pathways in the treatment of this disease.
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