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Abstract:
Background: BC2001 demonstrated improved local control with the addition of

chemotherapy to radiotherapy in 360 patients with muscle-invasive bladder cancer.

Objective: To establish whether such benefit remained in BC2001 patients who

received prior neoadjuvant chemotherapy.

Design, setting and participants: 117 patients (33%) received neoadjuvant
chemotherapy and were randomised to radiotherapy with (48%) or without (52%)
concomitant chemotherapy. Patients were recruited between August 2001 and April

2008 from 28 UK centres.

Intervention: Platinum-based neoadjuvant chemotherapy, followed by radiotherapy

with (cRT) or without (RT) synchronous 5-fluorouracil and mitomycin-C.

Outcome measures and statistical analysis: Toxicity, loco-regional control (LRC),

overall survival (OS) and quality of life (QoL).

Results and limitations: 74% patients received gemcitabine plus cisplatin or
carboplatin (GC). Compliance rates with full dose radiotherapy were cRT 93% and
RT 92%. An excess of grade 3 or above toxicities while on (chemo)radiation
occurred in cRT 33% vs RT 22%, although non statistically significant (p=0.16). With
110 months median follow-up for survival (IQR 96-123), cRT showed improved LRC
though not statistically significant (adjusted hazard ratio aHR = 0.64, 95CI% 0.33-
1.23, p = 0.18). No differences in OS (aHR = 0.95, 95CI% 0.57-1.57, p = 0.8) were
observed. No significant detriment in QoL was observed between cRT and RT in this

subgroup of patients.

Conclusions: Neoadjuvant chemotherapy does not compromise the delivery of

radical curative treatment. Although underpowered due to small sample size, the
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benefit of chemoradiotherapy to improve local control in this group of patients
receiving neoadjuvant chemotherapy is consistent with that observed in the main
trial. Although a non-significant excess of toxicity was observed, there was no

evidence of impaired QoL.

Patient Summary: Chemotherapy before radical chemo(radiotherapy) is feasible

and well tolerated.
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Introduction

Worldwide, approximately 550,000 people are diagnosed with bladder cancer each
year and 200,000 patients die of the disease!. Management for muscle-invasive
bladder cancer (MIBC) is either radical cystectomy and pelvic lymph node dissection
(with cisplatin-based neoadjuvant chemotherapy in fit patients) or
chemoradiotherapy; the latter providing a possibility of bladder preservation®. The
BC2001 trial (CRUK/01/004) demonstrated, in patients receiving bladder
preservation treatment, that chemoradiotherapy (with concomitant fluorouracil (5-FU)
and mitomycin C (MMC)) was superior to radiotherapy alone in achieving local

disease control?.

While these treatments may be curative, a significant proportion of patients develop
distant recurrence and will ultimately succumb to metastatic disease3. Several
studies have explored the role of initial chemotherapy with the aim of eradicating
micrometastatic disease*. Two large randomised trials and a meta-analysis have
demonstrated an improvement in survival with the addition of neoadjuvant cisplatin-
based combination chemotherapy to surgery or radiotherapy®”’. The use of
neoadjuvant chemotherapy is recommended as a standard for patients with MIBC in

national and international guidelines®1°.

Most data on the use of neoadjuvant chemotherapy derives from patients managed
by subsequent cystectomy. There is limited data on its impact in patients undergoing
bladder preservation therapy. Most available data comes from a subset of patients in
the EORTC/MRC trial® who received CMV (cisplatin, methotrexate, vinblastine), a
regimen now rarely used. The small randomised trial RTOG89-03 did not show
benefit of two CMV cycles before chemoradiation with cisplatintt. A Canadian

retrospective study recently showed encouraging results for the use of neoadjuvant
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gemcitabine and cisplatin before chemoradiotherapy? though other studies have
been less supportive®. This report documents the toxicity, disease control
outcomes, and quality of life (QoL) in the subgroup of patients randomised to a
(chemo)radiation intervention in the BC2001 trial that also received neoadjuvant

chemotherapy.

Patients and Methods
Study Design

BC2001 is a phase Il trial with a partial 2x2 factorial design conducted at 45 UK
centres. Patients with localised MIBC were randomised 1:1 to (i) the chemotherapy
comparison, to receive radiotherapy with (CRT) or without (RT) synchronous
chemotherapy, and could also be randomised to (ii) the radiotherapy comparison, to
receive standard whole bladder radiotherapy (stRT) or reduced high dose volume
radiotherapy (RHDVRT) with tumour boost. Recruitment to the double randomisation
was encouraged but optional according to patient eligibility and preference.
Independent randomisation via telephone used computer-generated random
permuted blocks, stratifying by treating centre, planned neoadjuvant chemotherapy
use and entry to one or both randomisations. Full details have been reported
previously?14. In this report, we describe only patients included in the chemotherapy
randomisation who received neoadjuvant chemotherapy prior to the randomised

intervention.
Patient eligibility and selection

Eligible patients were aged at least18 years with histologically confirmed stage T2-
T4aNOMO bladder cancer (adenocarcinoma, transitional or squamous cell

carcinoma). Main inclusion criteria were: WHO performance status <2, leucocytes
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>4.0x10%/L, platelets >100x10°%L, GFR >25ml/min and serum bilirubin, ALT or AST
<1.5 x upper limit of normal. Main exclusions were prior malignancy, previous pelvic
radiotherapy, bilateral hip replacements likely to interfere with protocol treatment,

pregnancy and, inflammatory bowel disease.
Treatment

Platinum-based neoadjuvant chemotherapy was permitted but not mandatory for
patients entering the trial; the treatment regime was chosen as per local practice.
Following neoadjuvant chemotherapy, two radiotherapy dose/fractionation schedules
were permitted (55Gy in 20 fractions(f) over 4 weeks or 64Gy in 32f over 6.5 weeks),
determined by centre at study outset. Patients allocated concomitant chemotherapy
also received 5-FU (500mg/m?/24hours continuous infusion during 1-5&16-20f) and

MMC (12mg/m? intravenous bolus dose on day 1).

Dose madifications for concomitant chemotherapy and radiotherapy were permitted;
the protocol recommended reducing or omitting chemotherapy prior to interrupting
radiotherapy in an effort to minimise the risk of compromising delivery of the “core”

therapy.
Trial Assessments

At baseline, all patients underwent physical examination, hematologic and
biochemical analyses, assessment of bladder capacity, computed tomography (CT)
of the abdomen and pelvis, chest radiography or CT, and examination under

anesthesia plus cystoscopic resection of tumor and biopsy.

Tumour control was assessed by physical examination, chest radiographs and
cystoscopy (rigid or flexible) at 6, 9, and 12 months post-randomisation and annually

thereafter for five years. Biopsy of the tumour bed and normal bladder was
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mandated at 6 months and repeated if clinically indicated. CT imaging of the
abdomen and pelvis was performed at 1 and 2 years post-randomisation and

subsequently based on clinical indication.

Toxicities were graded using the National Cancer Institute Common Toxicity Criteria
(NCI-CTC) version 2%° throughout study treatment. Subsequent toxicity assessment
was performed at 6, 9 and 12 months post-randomisation and annually thereafter up
to five years according to the Radiation Therapy Oncology Group (RTOG)® and Late
Effects of Normal Tissue (Subjective, Objective, Management) (LENT/SOM)*7-18
scales. QoL was assessed at 6 and 12 months post-randomisation and then
annually to 5 years using the Functional Assessment of Cancer Therapy-Bladder

cancer module (FACT-BL)*.
Endpoints

Key outcomes in this subgroup analysis included both safety and efficacy measures.
Analyses of acute (on-treatment) toxicity focused on any NCI-CTC grade 3 or higher
events and on events in the gastrointestinal (Gl) and genitourinary (GU) domains.
Late toxicity event rates are reported at 1 and 2 years and overall up to five years as
reported on RTOG and LENT/SOM scales. Efficacy endpoints were (i) loco-regional
control (LRC), defined as time to first recurrence in pelvic nodes or bladder (either

muscle or non-muscle invasive), censored at the first of metastasis (if =30 days

before loco-regional recurrence), second primary or death; (ii) invasive loco-regional
control (ILRC), defined as time to first recurrence in pelvic nodes or muscle-invasive

bladder, censored at the first of metastasis (if =30 days before loco-regional

recurrence), second primary or death; (iii) metastasis-free survival (MFS), time to
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first metastasis or bladder cancer death, censored at second primary or non-bladder

cancer death; and (iv) overall survival (OS).
Statistical Analysis

Only patients who received neoadjuvant chemotherapy and were randomised to the
chemotherapy comparison are included in this subgroup analysis. The same

statistical methods used to report the main chemotherapy comparison are followed?°.

Randomised treatment comparisons (CRT vs RT) of efficacy outcomes are based on
the intention-to-treat (ITT) population, whilst toxicity comparisons are based on the
as-treated population. For time-to-event endpoints, Kaplan-Meier survival curves are
presented and randomised groups compared by stratified log-rank tests (adjusting by
the factorial radiotherapy intervention group, stRT vs. RHDVRT). Hazard ratios (HR)
are calculated from a Cox proportional hazards model (adjusting for radiotherapy
intervention group only) and presented with 95% confidence intervals (Cl). An
adjusted model is used to account for radiotherapy intervention group, age at entry,
radiotherapy fractionation, presence of multiple tumours, pathological stage, WHO
performance status and tumour grade (as pre-specified in the BC2001 statistical
Analysis Plan). Proportional hazards assumption was tested using Schoenfeld
residuals and held for all endpoints. Median follow-up for each endpoint is

calculated by the reverse Kaplan-Meier method.

The proportion of patients experiencing a grade 3 or above (G3+) toxicity is
compared using a Mantel-Haenszel test (stratified chi-squared test), adjusted for the
radiotherapy intervention group. Median haemoglobin while on treatment is

compared by a Mann-Whitney test.
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FACT-BL scores are summarised for the total score, bladder cancer specific
subscale (BLCS) and Trial Index Outcome score (TOI, sum of BLCS plus physical
and functional sub-scales). Mean difference in change from baseline at one year
between randomised groups was estimated by analysis of covariance (ANCOVA)
regression models, adjusting for radiotherapy intervention group, radiotherapy

fractionation, and baseline score.

Exploratory non-randomised comparisons of toxicity, metastasis-free and overall-
survival between patients receiving gemcitabine -cisplatin or gemcitabine-carboplatin
(GC) to those receiving other cisplatin-based regimens were performed using

methods as described above.

A p-value of 0.05 indicated statistical significance except for QoL endpoints, where a
p-value of 0.01 and corresponding 99% CI were used to account for multiple sub-
scales and timepoints. Analyses were based on a data snapshot taken on July 11,

2016, and were performed using STATA version 1321,

Results
Study Population

Overall, 458 patients from 45 UK centres were recruited to the study between August
2001 and April 2008, with 360 patients included in the chemotherapy randomisation.
Among these, 117 patients (33%) from 28 centres received neoadjuvant
chemotherapy. Fifty-six (48%) patients were randomised to cRT. Randomisation
was stratified by planned neoadjuvant treatment, resulting in fairly well-balanced
study groups, with any difference due to chance (Table 1). Compared to the main
trial population (chemotherapy comparison, N=3602°), this subgroup of patients were

younger, with better WHO performance status (see Supplementary Table S1).
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Neoadjuvant Chemotherapy Regimens

Eighty-six (73.5%) patients received gemcitabine plus either cisplatin (n=81) or
carboplatin (n=5) (GC, Table 2). GC was received in 12/21 (57%) patients with
impaired renal function (GFR<60mI/min), and in 65/87 (76%) patients with adequate
renal function (GFR=60ml/min). In nine patients baseline GFR value was missing.
All but two of the 31 non-GC patients were treated with CMV or MVAC
(methotrexate, vinblastine, adriamycin and cisplatin). Of 16 MVAC patients, 11

received the dose-dense schedule.
Toxicity and Compliance with Definitive Treatment

In the cRT group, 53 patients (95%) received 80% or more of the target MMC; 50

(89%) and 43 patients (77%) received = 80% of the planned 5-FU dose in weeks

1&4, respectively. These were similar to the whole trial population (respectively 96%,
94% and 80% in all cRT patients?). Toxicity was the reason most reported for non-

compliance.

Compliance rates with full dose radiotherapy were cRT 93% vs RT 92% (compared

with cRT 95% and RT 95% in the whole trial population?). Significant delays (=1

day) in planned radiotherapy were reported for 11 patients (9.4%) with a median

delay of 3 days.

Although not statistically significant, an excess of G3+ acute toxicity was noted in the
cRT group, with 18 cRT (33%) vs 14 RT (22%) patients (p= 0.16, Table 3). The two
groups exhibited similar rates of G3+ Gl or GU acute toxicities. Median haemoglobin
while on treatment was cRT 11.9 g/dL (IQR 11-12.3) vs RT 12.6 g/dL (IQR 11.8-
13.6) (p<0.001). During follow-up, G3+ RTOG late toxicity was reported in 5 cRT

(14%) and 2 RT (5.1%) patients (p= 0.16). G3+LENT/SOM toxicities were reported
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in 21 cRT (60%) and 18 RT (49%) patients (p= 0.4). The reported toxicity rates in
each treatment group were comparable to those observed in the main trial

(Supplementary Table S2).

No significant differences were seen between GC or non-GC neoadjuvant regimens.
Acute G3+ toxicities were reported by 23/86 GC (27%) and 9/31 non-GC (29%)
patients (p=0.8). During follow-up, RTOG G3+ late toxicities were reported in 6/86
(11%) GC patients and 1/31 (4.8%) non-GC patients (p=0.18). LENT-SOM G3+
toxicities were equally common in both groups: GC 28/86 (55%) vs non-GC 11/31

(52%) (p=0.3).
Efficacy

With median 77 months follow up (IQR 23-109), the treatment effect in LRC between
cRT and RT in the neoadjuvant chemotherapy patient cohort was: HR 0.64, (95%ClI

0.33-1.23; p=0.18) (Figure 1A). Two-year LRC rates were cRT 65% (95%CI 49-77)
vs RT 51% (95%CI 37-63); five-year rates were cRT 62% (95%CI 46-75) and RT

46% (95%CI 32-59).

With median 61 months follow up (IQR 20-100), the chemoradiotherapy benefit
observed in ILRC (Figure 1B) was HR 0.58 (95% CI 0.22-1.54; p= 0.3). Two-year
invasive locoregional control rates were cRT 90% (95%CI 77-96) and RT 77%
(95%CI 63-86); five-year rates were cRT 86% (95%CI 72-94) and RT 74% (95%ClI

59-84).

Salvage cystectomies were performed in 27 patients (23%) (supplementary Table

S3); 24/27 of those were due to disease recurrence.
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With median 96 months follow up (IQR 71-112), five-year MFS rates were cRT 54%
(95%CI 40-67) vs RT 48% (95%CI 35-61) (Figure 1C), with HR 0.93 (95% CI 0.52-

1.65; p=0.8).

With median 110 months follow up (IQR 96-123), median overall survival (Figure 1D)
was 50.4 months for cRT patients and 46.7 months for RT (HR 0.95, 95% CI 0.57-
1.57; p= 0.8). Five-year survival rates were cRT 48% (95%CI 34-61) and RT 46%

(95%CI 33-58).

Although no statistically significant differences were found in any of the above
endpoints, the magnitude of treatment effect observed in the neoadjuvant cohort was
comparable to the main trial across all outcomes (see number of events and five-
year estimates in supplementary Table S3). Interestingly, the rates of ILRC at five
years observed in either treatment group in the neoadjuvant cohort where larger than

the respectively observed in the main trial.

No significant differences in MFS or OS were found between GC and non-GC

regimens (Figure 2).
Quality of life

FACT-BL scores were equally common at baseline in the neoadjuvant subgroup to
the scores observed in the whole population?? (Supplementary Table S4). Although
there seems to be a detrimental impact over time on the TOI subscale by the
addition of cRT vs RT alone in this subgroup of patients (Figure 3), these differences
did not reach conventional levels of statistical significance. At one year, there was no
statistically significant difference between randomised groups in change from
baseline in the BLCS (-0.35; 99% CI: -4.41 to 3.71, p=0.8), TOI (-4.73, 99% CI: -

13.31, 3.85, p=0.15) or TOTAL (-6.27; 99% CI: -18.03, 5.50, p=0.16) subscales.
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Discussion

We have described outcomes in a large prospective cohort of 117 MIBC patients
treated with neoadjuvant chemotherapy followed by organ-sparing definitive
treatment. The aim of this study was to establish whether the benefit of
chemoradiotherapy remained in patients who had received neoadjuvant
chemotherapy. As this is an exploratory subgroup analysis of a larger trial, there is
insufficient statistical power to detect significant differences between cRT and RT
groups. Nevertheless, observed effect sizes are comparable to those reported in the
main trial>23, and suggest that chemoradiotherapy adds benefit compared to
radiotherapy alone even in patients pre-treated with cisplatin based neoadjuvant
chemotherapy. In line with data from selective bladder preservation series'?, our
data show excellent invasive cancer control rate can be achieved after neoadjuvant
chemotherapy followed by concomitant (chemo)radiotherapy, with only 10% of
patients developing invasive recurrence within 2 years of diagnosis. Furthermore,
there was no significant increase in acute or late toxicity or detriment in QoL
amongst patients who received chemoradiotherapy compared to radiotherapy alone

following neoadjuvant chemotherapy.

Within the BC2001 trial, neoadjuvant chemotherapy was given at the discretion of
the clinician and was used as a stratification factor ensuring those receiving
chemoradiotherapy are comparable to those receiving radiotherapy alone. This
subgroup may not be directly comparable to the overall trial group as it is likely that
neoadjuvant chemotherapy would be considered in patients with a better
performance status with fewer comorbidities and overall better prognosis. An impact
of possible selection for organ preservation according to response to neoadjuvant

chemotherapy also cannot be excluded?*. We have not reported non-randomised
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comparisons of patients treated with or without neoadjuvant chemotherapy as such a

comparison would be impacted by inherent biases.

It is notable that among patients in this cohort who received radical radiotherapy
only, the 5-year overall survival rate was 46% whilst that reported for radiotherapy
alone in the main trial (including patients treated with or without neoadjuvant
chemotherapy) was only 37%, a numerical difference that was not seen for
chemoradiotherapy (48% neoadjuvant cohort; 49% main trial). These data are
comparable to those from the neoadjuvant chemotherapy arm of the BAOG trial
where there was a 5-year overall survival rate of 49% with either definitive
radiotherapy or surgery®. This would suggest a probable survival benefit from the
addition of neoadjuvant chemotherapy to organ-preservation. However, the absence
of benefit reported in one recent retrospective study,'® together with our data,
suggests that confirmation of benefit in chemoradiotherapy patients would require

formal testing in a sufficiently-powered randomised clinical trial.

Despite the administration of neoadjuvant chemotherapy, the delivery of radical
curative treatment with either chemoradiotherapy or radiotherapy was possible even
if the compliance rates were marginally lower than the overall population. This is
important in the context of previous evidence that demonstrated a clear benefit (20%
reduction in the risk of death) with the addition of neoadjuvant CMV chemotherapy to

radical radiotherapy?.

The majority of BC2001 patients treated with neoadjuvant chemotherapy received
GC based on evidence of comparable efficacy and less toxicity than MVAC?®, and
our results showed no difference in survival based on the neoadjuvant chemotherapy
regimen used. Our results are supported by a retrospective study that found that

MVAC and GC were associated with comparable pCR rates when given prior to
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surgery?®._ Comparison between cisplatin-based and non-cisplatin-based

combination neoadjuvant chemotherapy was not possible as only 6/117 received

non-cisplatin-based therapy.

There are inherent limitations in this study. Use of neoadjuvant chemotherapy was
determined by the treating physician before entry into the trial so, as noted before,
there are likely biases in terms of patient characteristics between those receiving or
not receiving neoadjuvant chemotherapy. We collected limited information on the
neoadjuvant regimes, so are unable to provide any insight into the compliance with
neoadjuvant treatment. This subgroup analysis has limited power to show treatment
effects of chemoradiation. Furthermore, as a subgroup of the original trial population,
unaccounted for selection biases and confounding factors may be present. Another
limitation was the large percentage (81%) of patients in our study with T2 disease.
Despite these limitations, we believe the current analysis further strengthens the role
of neoadjuvant chemotherapy in standard clinical care of patients with MIBC though
it is clear there remains scope to improve therapy through e.g. better case selection
through biomarker prediction, addition of targeted therapies or immune checkpoint

inhibitors27-29,

Conclusions

Overall, this study confirms that neoadjuvant chemotherapy prior to organ-preserving
radical radiotherapy with or without concurrent chemotherapy is feasible and does
not confer significant additional treatment-related toxicity nor negatively impact
patient reported quality of life. Neoadjuvant chemotherapy canbe considered in any

organ-preserving radical treatment strategy in appropriate patients with muscle-
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chemoradiotherapy warrants further research in randomised controlled trials.

17



327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

18

Acknowledgements

Grateful thanks to all the patients who participated in this study; all involved staff at
the participating centres; and trials unit staff at ICR-CTSU and Birmingham CRUK-
CTU. We would also like to thank the BC2001 Trial Management Group members
past and present and the Independent Data Monitoring Committee and Trial Steering
Committee for overseeing the trial. BC2001 was supported by Cancer Research UK
(CRUK/01/004) with programme grants to support the work of the CR UK Cancer
Trials Unit, Birmingham (C547/A2606; C547/A6845; C9764/A9904) and ICR-CTSU
(C1491/A9895; C1491/A15955; C1491/A25351). Trial recruitment was facilitated at
participating sites by the National Institute for Health Research (NIHR)-funded
National Cancer Research Network. This paper represents independent research
supported by the National Institute for Health Research (NIHR) Biomedical Research
Centre at The Royal Marsden NHS Foundation Trust and the Institute of Cancer
Research, London. The views expressed are those of the author(s) and not

necessarily those of the NIHR or the Department of Health and Social Care.



342
343
344

345
346

347
348
349

350
351

352
353
354

355
356
357
358

359
360
361
362

363
364

365
366

367

368
369
370
371

372
373
374

375
376
377

378
379
380
381

382

19

References

10.

11.

12.

13.

14.

15.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2018;68(6):394-424.

James ND, Hussain SA, Hall E, et al. Radiotherapy with or without chemotherapy in muscle-
invasive bladder cancer. N Engl J Med. 2012;366(16):1477-1488.

International Bladder Cancer Nomogram C, Bochner BH, Kattan MW, Vora KC. Postoperative
nomogram predicting risk of recurrence after radical cystectomy for bladder cancer. J Clin
Oncol. 2006;24(24):3967-3972.

Galsky MD, Herr HW, Bajorin DE. The integration of chemotherapy and surgery for bladder
cancer. J Natl Compr Canc Netw. 2005;3(1):45-51.

Grossman HB, Natale RB, Tangen CM, et al. Neoadjuvant chemotherapy plus cystectomy
compared with cystectomy alone for locally advanced bladder cancer. N Engl J Med.
2003;349(9):859-866.

International Collaboration of T, Medical Research Council Advanced Bladder Cancer Working
P, European Organisation for R, et al. International phase Il trial assessing neoadjuvant
cisplatin, methotrexate, and vinblastine chemotherapy for muscle-invasive bladder cancer:
long-term results of the BA06 30894 trial. J Clin Oncol. 2011;29(16):2171-2177.

Advanced Bladder Cancer Meta-analysis C. Neoadjuvant chemotherapy in invasive bladder
cancer: update of a systematic review and meta-analysis of individual patient data advanced
bladder cancer (ABC) meta-analysis collaboration. Eur Urol. 2005;48(2):202-205; discussion
205-206.

Alfred Witjes J, Lebret T, Comperat EM, et al. Updated 2016 EAU Guidelines on Muscle-
invasive and Metastatic Bladder Cancer. Eur Urol. 2017;71(3):462-475.

Bellmunt J, Orsola A, Leow JJ, et al. Bladder cancer: ESMO Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2014;25 Suppl 3:iii40-48.

Cancer NCCf. Bladder cancer: diagnosis and management. In. 2 ed2015.

Shipley WU, Winter KA, Kaufman DS, et al. Phase Il trial of neoadjuvant chemotherapy in
patients with invasive bladder cancer treated with selective bladder preservation by combined
radiation therapy and chemotherapy: initial results of Radiation Therapy Oncology Group 89-
03. J Clin Oncol. 1998;16(11):3576-3583.

Jiang DM, Jiang H, Chung PWM, et al. Neoadjuvant Chemotherapy Before Bladder-Sparing
Chemoradiotherapy in Patients With Nonmetastatic Muscle-Invasive Bladder Cancer. Clinical
genitourinary cancer. 2019;17(1):38-45.

Giacalone NJ, Shipley WU, Clayman RH, et al. Long-term Outcomes After Bladder-preserving
Tri-modality Therapy for Patients with Muscle-invasive Bladder Cancer: An Updated Analysis
of the Massachusetts General Hospital Experience. European Urology. 2017;71(6):952-960.

Huddart RA, Hall E, Hussain SA, et al. Randomized Noninferiority Trial of Reduced High-Dose
Volume Versus Standard Volume Radiation Therapy for Muscle-Invasive Bladder Cancer:
Results of the BC2001 Trial (CRUK/01/004). International Journal of Radiation
Oncology*Biology*Physics. 2013;87(2):261-269.

Program CTE. Common Toxicity Criteria, Version 2.0. In. DCTD, NCI, NIH, DHHS1998.



383
384
385

386
387
388

389
390

391
392

393
394

395
396

397
398
399

400
401
402
403

404
405
406

407
408
409
410

411
412
413

414
415
416

417
418
419

420
421
422

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

20

Cox JD, Stetz J, Pajak TF. Toxicity criteria of the Radiation Therapy Oncology Group (RTOG)
and the European Organization for Research and Treatment of Cancer (EORTC). Int J Radiat
Oncol Biol Phys. 1995;31(5):1341-1346.

Rubin P, Constine LS, Fajardo LF, Phillips TL, Wasserman TH. RTOG Late Effects Working
Group. Overview. Late Effects of Normal Tissues (LENT) scoring system. Int J Radiat Oncol
Biol Phys. 1995;31(5):1041-1042.

Pavy JJ, Denekamp J, Letschert J, et al. EORTC Late Effects Working Group. Late effects
toxicity scoring: the SOMA scale. Radiother Oncol. 1995;35(1):11-15.

Cella DF, Tulsky DS, Gray G, et al. The Functional Assessment of Cancer Therapy scale:
development and validation of the general measure. J Clin Oncol. 1993;11(3):570-579.

James ND, Hussain SA, Hall E, et al. Radiotherapy with or without chemotherapy in muscle-
invasive bladder cancer. N Engl J Med. 2012;366(16):1477-1488.

Stata Statistical Software: Release 13 [computer program]. College Station, TX: StataCorp LP;
2013.

Huddart RA, Hall E, Lewis R, et al. Patient-reported Quality of Life Outcomes in Patients
Treated for Muscle-invasive Bladder Cancer with Radiotherapy +/- Chemotherapy in the
BC2001 Phase Il Randomised Controlled Trial. Eur Urol. 2020;77(2):260-268.

Hall E, Hussain SA, Porta N, et al. BC2001 long-term outcomes: A phase Ill randomized trial
of chemoradiotherapy versus radiotherapy (RT) alone and standard RT versus reduced high-
dose volume RT in muscle-invasive bladder cancer. Journal of Clinical Oncology.
2017;35(6_suppl):280-280.

Hafeez S, Horwich A, Omar O, et al. Selective organ preservation with neo-adjuvant
chemotherapy for the treatment of muscle invasive transitional cell carcinoma of the bladder.
British Journal of Cancer. 2015;112(10):1626-1635.

von der Maase H, Hansen SW, Roberts JT, et al. Gemcitabine and cisplatin versus
methotrexate, vinblastine, doxorubicin, and cisplatin in advanced or metastatic bladder cancer:
results of a large, randomized, multinational, multicenter, phase Il study. J Clin Oncol.
2000;18(17):3068-3077.

Galsky MD, Pal SK, Chowdhury S, et al. Comparative effectiveness of gemcitabine plus
cisplatin versus methotrexate, vinblastine, doxorubicin, plus cisplatin as neoadjuvant therapy
for muscle-invasive bladder cancer. Cancer. 2015;121(15):2586-2593.

Hussain SA, Lester JF, Jackson R, et al. Phase Il randomized placebo-controlled neoadjuvant
trial of nintedanib or placebo with gemcitabine and cisplatin in locally advanced muscle invasive
bladder cancer (NEO-BLADE). Journal of Clinical Oncology. 2020;38(6_suppl):438-438.

Powles T, Kockx M, Rodriguez-Vida A, et al. Clinical efficacy and biomarker analysis of
neoadjuvant atezolizumab in operable urothelial carcinoma in the ABACUS trial. Nat Med.
2019;25(11):1706-1714.

Necchi A, Anichini A, Raggi D, et al. Pembrolizumab as Neoadjuvant Therapy Before Radical
Cystectomy in Patients With Muscle-Invasive Urothelial Bladder Carcinoma (PURE-01): An
Open-Label, Single-Arm, Phase Il Study. J Clin Oncol. 2018;36(34):3353-3360.



Tables

21

Table 1. Baseline patient characteristics for the BC2001 neoadjuvant patient cohort

Chemo-
radiotherapy
56 (100.0%)

Radiotherapy
alone
61 (100.0%)

Sex Male 50 (89.3%) 50 (82.0%)
Age (years) N 56 61
Median (Q25-
Q75) 66.8 (62.1-72.5) 64 (59.3-72.9)
Min-Max 52.3-83.9 50.5-82.1
WHO Performance Status 0 39 (69.6%) 46 (75.4%)
1 16 (28.6%) 15 (24.6%)
2 1 (1.8%) 0 (0.0%)
Pathological stage - primary 5 48 (85.7%) 47 (77.0%)
tumour
3a 2 (3.6%) 4 (6.6%)
3b 5 (8.9%) 6 (9.8%)
4a 1 (1.8%) 4 (6.6%)
Grade primary tumour 2 2 (3.6%) 13 (21.3%)
3 54 (96.4%) 48 (78.7%)
TCC histology 54 (96.4%) 60 (98.4%)
Multiple tumours Yes 8 (14.3%) 14 (23.0%)
Extent of tumour resection Not . 11 (19.6%) 5 (8.2%)
resected/Biopsy
EZ?;::IS:; 32 (57.1%) 32 (52.5%)
'F?ggng:]e 13 (23.2%) 23 (37.7%)
5:;?35; (extent 0 (0.0%) 1 (1.6%)
Tumour size group <30mm 15 (26.8%) 11 (18.0%)
230mm 21 (37.5%) 27 (44.3%)
Unknown 20 (35.7%) 23 (37.7%)
Residual mass post Yes 11 (19.6%) 17 (27.9%)
resection
Radiotherapy randomisation  stRT 6 (10.7%) 12 (19.7%)
RHDVRT 7 (12.5%) 8 (13.1%)
Elective stRT 43 (76.8%) 41 (67.2%)
Radiotherapy schedule 55Gy/20F 30 (53.6%) 29 (47.5%)
64Gy/32F 26 (46.4%) 32 (52.5%)

TSCC: Transitional cell carcinoma; stRT: standard whole bladder radiotherapy; RHDVRT: reduced

high dose volume radiotherapy; Q25: 15t quartile (25" percentile), Q3: 3 quartile (75% percentile);

Gy: gray, F: fractions
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Table 2: Neoadjuvant chemotherapy regimens reported in BC2001

Chemo- Radiotherapy
radiotherapy alone p-value*
56 (100.0%) 61 (100.0%)

GC 39 (69.6) 47 (77.1) 0.36
Gemcitabine+cisplatin 38 (67.9) 43 (70.5)
Gemcitabine+carboplatin 1(1.8) 4 (6.6)

Non-GC 17 (30.4) 14 (22.9)
MVAC/Acc.MVAC 7 (12.5) 9 (14.8)

CMV 8 (14.3) 5 (8.2)
ACE 1(1.8) 0 (0)
MOP q10 1(0.9) 0(0)

* Chi-square p-value type of NAC (GC/ Non GC) with randomised treatment
GC: gemcitabine + cisplatin or gemcitabine+carboplatin; MVAC: methotrexate, vinblastine,
doxorubicin and cisplatin; Acc: accelerated; CMV: cisplatin, methotrexate, vinblastine; ACE:

doxorubicin, cyclophosphamide, etoposide ; MOPq10: methotrexate, cisplatin, vincristine

423
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Table 3: Grade 3 or greater toxicity rates by randomised treatment group observed

in the BCCO01 neoadjuvant chemotherapy cohort

Chemoradiotherapy

Radiotherapy alone

Worst = p-
grade 3 n/N % n/N % value*
Acute toxicity (NCI-CTC grade)

On treatment (overall) 18/54 33.3% 14/63 22.2% 0.16
Genito-urinary 8/54 14.2% 8/63 13.6% 0.9
Gastro-intestinal 4/54 6.2% 3/63 5.1% 0.6
Late toxicity (RTOG)

At 1 year 1/30 3.3% 0/30 0 0.4
At 2 years 1/19 5.3% 0/21 0 0.4
Up to 5 years 5/35 14.3% 2/39 5.1% 0.16
Late toxicity (LENT/SOM)

At 1 year 9/27 33.3% 10/28 35.7% 0.7
At 2 years 5/17 29.4% 6/19 31.6% 0.7
Up to 5 years 21/35 60.0% 18/37 48.6% 0.4

Stratified Mantel-Haenzel test p-value.

NCI-CTC: National Cancer Institute Common Toxicity Criteria version 2; RTOG: Radiation Therapy
Oncology Group; LENT/SOM: Late Effects of Normal Tissue (Subjective, Objective, Management)

N=total number of patients with available toxicity assessment; n=number of patients with grade 3+

toxicity
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Figure 1: Time to event outcomes in the BC2001 neoadjuvant cohort



Shown are the patients’ rates of loco-regional control (Panel A), invasive loco-regional control (Panel B), metastasis free survival (Panel C) and overall
survival (Panel D) during 110 months of follow-up. P-values comparing chemoradiotherapy (cRT) and radiotherapy alone (RT) were calculated by log-rank

test stratified by radiotherapy treatment group.

HR: hazard ratio, Adj. HR: adjusted hazard ratio; Cl: confidence interval.
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Patients are grouped according to chemotherapy regime: gemcitabine + cisplatin or

gemcitabine+carboplatin (GC) vs Other regimes (Non GC). Shown are the patients’ rates of
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metastases free survival (Panel A) and overall survival (Panel B). P-values to compare neoadjuvant

chemotherapy type were calculated by log-rank test stratified by randomised treatment groups.

HR: hazard ratio, Cl: confidence interval
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Figure 3. Patient reported outcomes in the subgroup of patients who received

neoadjuvant chemotherapy

FACT-BL Mean change from baseline (with 99% confidence intervals) in FACT-BL bladder cancer

specific subscale (BLCS), Trial Outcome Index (TOI= BLCS plus physical and functional subscales)

and TOTAL scores in patients who received neoadjuvant chemotherapy prior to BC2001

randomisation to chemoradiotherapy (cRT) vs radiotherapy alone (RT).

B/L=Baseline, EOT: end of treatment



