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Abstract

Purpose: The COXEN gene expression model with chemotherapy-specific scores (for DD-

MVAC and GC) was developed to identify responders to NAC. We investigated RNA-based 
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molecular subtypes as additional predictive biomarkers for NAC response, PFS, and OS in patients 

treated in S1314.

Experimental design: 237 patients were randomized between 4 cycles of ddMVAC (51%) 

and GC (49%). Based on Affymetrix transcriptomic data, we determined subtypes using 3 

classifiers: TCGA (k=5), Consensus (k=6), and MD Anderson (MDA; k=3) and assessed subtype 

association with path response to NAC and determined associations with COXEN. We also tested 

whether each classifier contributed additional predictive power when added to a model based on 

pre-defined stratification factors (PS 0 vs. 1; T2 vs. T3, T4a).

Results: 155 patients had gene expression results, received at least 3 of 4 cycles of NAC and 

had pT-N response based on RC. TCGA 3 group classifier BS/Neuronal, Lum, Lum infiltrated 

and GC COXEN score yielded the largest AUCs for pT0 (0.59 p=0.28; 0.60 p=0.18, respectively). 

For downstaging (<pT2), the 3 category Consensus classifier (BS/NE-like, Lum, Stroma-rich) 

increased the AUC from 0.57 (strat factors alone) to 0.61 (p=0.10). The MDA classifier AUC 

was 0.63 (p=0.18) and the GC COXEN score AUC was 0.62 (p=0.23), but neither significantly 

improved the AUC. There was no statistically significant association of stratification factors and 

subtypes with PFS or OS.

Conclusion: The Consensus classifier, based in part on the TCGA and MDA classifiers, 

modestly improved prediction for pathologic downstaging but subtypes were not associated with 

PFS or OS.

INTRODUCTION

Cisplatin-based neoadjuvant chemotherapy (NAC) is recommended for patients with MIBC 

before radical cystectomy (RC) and is considered the standard of care for cisplatin-eligible 

patients by all the major specialty societies and NCCN guidelines. SWOG 8710 established 

an expected pathologic complete response rate of 38% with the three cycles of MVAC 

(Methotrexate, Vinblastine, Adriamycin, Cisplatin)(1) and downstaging to < pT2 in 44%(2), 

but a significant proportion will not have a pathologic complete response and are presumed 

resistant to chemotherapy and at high risk recurrent and progressive disease. Coexpression 

extrapolation (COXEN) is a predictive biomarker approach for treatment response developed 

by Theodorescu and colleagues(3,4). We sought to validate the COXEN gene expression 

model with chemotherapy-specific scores (for DD-MVAC and GC) in a prospective rPII 

clinical trial (SWOG S1314) and reported that the GC score was associated with pathologic 

downstaging in the pooled arms(5).

mRNA-based expression molecular subtypes are associated with prognosis in non-muscle 

invasive and muscle invasive bladder cancer (NMIBC and MIBC). In MIBC patients, all 

subtyping schemes consistently stratify patients by luminal and basal(6). In the Cancer 

Genome Atlas (TCGA) 5 cluster solution, Luminal papillary is associated with FGFR3 

alterations, low expression of miR 99a and 100, luminal markers including cytokeratin 20, 

have a good prognosis and are less frequently upstaged from clinical T1 or T2(7),(8). The 

basal squamous subtype is enriched in the female gender, primitive cytokeratins including 

KRT5, and associated with a worse prognosis. They are often infiltrated with lymphocytes 
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and may prime tumors to respond to cisplatin-based chemotherapy and immunotherapy with 

checkpoint inhibition.

In the present study, we investigated RNA-based molecular subtypes from the TCGA(7), 

MD Anderson(9), and the Consensus group(10), which developed a classifier based on data 

from 6 classification schemes as additional predictive biomarkers for response to NAC in 

patients treated in S1314. We aimed to determine if one or more subtyping schemes was 

associated with pathologic response to NAC and overall survival and to test the interaction 

with the COXEN score.

Methods

The SWOG S1314 clinical trial (NCT02177695) was reviewed and approved by the NCI 

Central Institutional Review Board (CIRB), and patients provided written, informed consent; 

it was conducted according to the Declaration of Helsinki guidelines. Eligible subjects 18 

years or older had histologically proven urothelial carcinoma of the bladder, stage cT2-T4a 

N0 M0 disease, and a Zubrod performance status of 0 or 1. In addition, those with mixed 

histology which included a component of urothelial carcinoma, were eligible. This was 

a randomized Phase II trial, and 237 patients received neoadjuvant chemotherapy with 

either four cycles of gemcitabine/cisplatin (GC) or four cycles of dose-dense methotrexate, 

vinblastine, doxorubicin, and cisplatin (MVAC) at standard doses. All patients were intended 

to undergo radical cystectomy and bilateral pelvic lymphadenectomy within 100 days 

following the completion of chemotherapy.

RNA was isolated from 10-micron slides, and the samples were analyzed in 2 batches, with 

six patients having their samples run in both batches as a quality control measure. The whole 

transcriptome gene expression data used for the COXEN determination were generated 

using the Affymetrix direct hybridization platform and U133A GeneChip (ALMAC 

laboratory (Durham, North Carolina). The methodological details of data processing, the 

COXEN score derivations, and associations with pathologic response have been previously 

reported(5).

Based on Affymetrix transcriptomic data used to assign COXEN scores, we determined 

subtypes using three single patient classifiers: TCGA (k=5)(11), Consensus (k=6)(10), and 

MD Anderson (MDA; k=3)(9). Single patient classifiers were previously developed for 

TCGA and Consensus classification schemes by the respective research groups. MDA 

classification was performed based on the previously reported method (9). The primary 

objectives were to assess subtype association with pathologic response to NAC in the pooled 

arms and to determine any association with COXEN. The response to NAC was defined 

as complete (pT0N0) or downstaging to less than pT2N0. Now with longer follow-ups, 

we determined the association with the secondary endpoints of the trial for progression-

free and overall survival. Across the subtyping schemes, there was alignment for luminal 

subtypes based on the expression of luminal markers, including KRT20, GATA3, and 

PPARG, with luminal papillary tumors expressing FGFR3, miRNAs associated with FGFR3 

expression and papillary morphology. There was also a strong alignment of basal/squamous 

tumors with loss of luminal markers and expression of KRT5,6, squamous histology, and 
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enrichment in females. Neuroendocrine or neuronal tumors are more closely aligned with 

Basal/Squamous but, in most subtyping schemes, consistently segregate to a unique subtype. 

Based on these observations and small numbers in several of the subtypes, the TCGA and 

Consensus classifiers were collapsed into three groups for ROC analyses. We performed a 

sensitivity analysis leaving out the least common subtype (NE) from TCGA and Consensus 

classifiers and measured changes in estimates of clinical outcomes or the association of 

subtype level with outcomes. We tested whether each classifier contributed additional 

predictive accuracy for pathologic response when added to a logistic regression model and 

compared it to COXEN. The AUC from the model with only the trial’s two stratification 

factors (Performance Status [PS] 0 vs. 1; clinical tumor stage T2 vs. T3, T4a) predicting 

path response was compared to the AUC from the model with the added classifier. The null 

hypothesis was that the change in AUC=0 was tested between the two models. For PFS and 

OS endpoints, Cox regression models were evaluated with the two stratification factors and 

each classifier. Hazard ratios, 95% confidence intervals, and p-values are reported for each 

classifier. Five-year estimates are derived from the Kaplan-Meier curves.

Data Availability

Processed gene expression matrix and data that support the findings of this study are 

available from GEO Accession number GSE87304; ID 200087304. Platform GPL22995; 

305 samples; Download data: CEL.

Results

One hundred fifty-five patients had adequate tissue, and gene expression results received 

at least 3 of 4 cycles of NAC and had pathologic staging of primary tumor stage and 

lymph nodes based on the radical cystectomy. For the pre-planned stratification factors, 

78% were PS=0 and 89% were clinical T2. Additional covariates were 84% male, median 

age 65, 51% randomized to ddMVAC, and 49% GC. Of all patients, 33% had a complete 

pathologic response to NAC and were pT0N,0, and 52% were downstaged (pTa,T1,TisN0). 

Table 1 describes the response to NAC based on the three subtyping schemes. Basal 

TCGA, Consensus and MDA luminal had highest pT0 rates, while Luminal across all three 

classifiers had the highest overall downstaging rate to < pT2N0. The sensitivity analysis 

removing NE tumors (3 from TCGA and 2 from Consensus) resulted in very small changes 

in pT0 and downstaging rates that were within the 95% CI originally reported combining 

these with BS (data not shown).

Table 2 describes the analysis of the contribution of each classifier’s association with pT0 

and downstaging. Although the TCGA 3 group classifier (Basal-Squamous (BS)/Neuronal, 

Luminal, Luminal infiltrated) and GC COXEN score yielded modest in magnitude AUCs 

(0.59 and 0.60, respectively) for pT0 response, neither reached statistical significance 

(p=0.28, p=0.18, respectively). For downstaging (<pT2N0), the three-category Consensus 

classifier (BS/NE-like, Luminal, Stroma-rich) increased the AUC from 0.57 (strat factors 

alone) to 0.61 (p=0.10). For downstaging, the MDA classifier AUC was 0.63 (p=0.18), and 

the GC COXEN score AUC was 0.62 (P=0.23), but neither was statistically significant. 

The MVAC COXEN score did not improve the AUC beyond the stratification factors 
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(AUC=0.56, p=0.68). This is graphically shown in the ROC curves for stratification factors 

alone and then combined with each classifier separately for the pT0 outcome (Figure 1A) 

and downstaging outcome (Figure 1B).

There was a good correlation among the subtyping classifiers (Supplementary Table 1). 

There was very good agreement on the diagonal between the Consensus and TCGA 

classifiers, and the kappa statistic that evaluates the level of agreement between the two 

classifiers was: 0.80 (95% CI 0.71, 0.88) (Table 3A). Even though there was strong 

agreement in subtype assignment, the Consensus classifier predicted downstaging better 

than the TCGA classifier (Table 2). Comparing the Consensus and MD Anderson classifiers, 

cross-classification showed a good correlation between basal/squamous/neuroendocrine-like 

and basal and between stroma-rich and p-53-like in Consensus and MDA, respectively. 

However, the Consensus luminal was divided 2:1 between MDA luminal and p-53, and the 

overall kappa statistic was 0.63 (95% CI 0.53, 0.73)(Table 3B). Comparing the TCGA and 

MD Anderson classifiers, cross-classification similarly showed a good correlation between 

basal/squamous/neuroendocrine-like and basal between luminal infiltrated and p-53-like in 

Consensus and MDA, respectively. Similar to the Consensus classifier, TCGA luminal was 

divided between MDA luminal and p-53-like, and the overall kappa statistic was 0.56 (95% 

CI 0.46, 0.66).(Table 3C)

We did not find any statistically significant association between each subtype classification 

and PFS and OS (Table 4; Figure 2 A,B,C)

Discussion

Current guidelines recommendations for patients with non-metastatic curable MIBC are 

for cisplatin-based neoadjuvant chemotherapy when considering radical cystectomy for 

definitive locoregional control. Prospective randomized phase III trials established a 

benchmark for expected pathologic tumor response and suggested that at least one-half 

of patients may not benefit from NAC. The COXEN trial was designed to validate an 

RNA-based predictive biomarker for NAC response. Locked-down COXEN scores for GC 

and ddMVAC were tested for their association with pCR and downstaging and did not 

predict response to their respective chemotherapy regimen, but the GC score was statistically 

significantly associated with pathologic downstaging in the pooled arms (GC and ddMVAC) 

with an OR of 2.33 (P = 0.02; 95% CI, 1.11–4.89). RNA-based expression subtypes reflect 

the biologic heterogeneity of MIBC and are associated with prognosis in muscle invasive 

bladder cancer, risk of upstaging of T stage, and response to cisplatin-based chemotherapy 

in multiple retrospective analyses(9,12,13). Therefore, we sought to determine subtype 

association with pT0 response, downstaging, and overall survival in the SWOG S1314 

prospective randomized phase II trial designed to validate unique COXEN locked-down 

signatures for response to ddMVAC or GC.

We found only modest improvement in predicting pathologic complete response or 

downstaging following neoadjuvant chemotherapy when accounting for clinical tumor 

stage and performance status. In prior studies, the MDACC and Decipher (derived from 

TCGA) basal subtype was associated with longer disease-specific and overall survival in 
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patients treated with NAC(13). Sjodahl and colleagues, though, recently reported differential 

responses to NAC based on the Lund Taxonomy such that genomically unstable (GU) 

and urothelial-like (Uro) cancers were associated with the better pathologic response rates 

compared to basal/squamous cancers(14). A total of 58% of patients were clinical stage 

T3 or worse. In a multivariable analysis, this had an odds ratio of 0.19 (p=0.00011) for 

pCR following NAC. Similarly, a majority of the patients included in the original MD 

Anderson study had high-risk tumors (9). In the COXEN trial, a minority of patients (11%) 

were cT3–4. The challenges in accuracy of clinical staging of MIBC suggest that we are 

not ready to parse out cT2–4a disease for enriching a target population for further study. 

We should continue to stratify patients by clinical stage and test MRI as this may provide 

additional information to improve precision of clinical staging. In an editorial, Jong and 

Gibb suggest that the lack of response attributed to Lund basal/squamous cancers may be 

due to a preponderance of claudin-low tumors, which have a higher proportion of immune 

infiltration(15).

Taber and colleagues reported an integrated multi-omics analysis of patients with MIBC 

treated with either NAC or chemotherapy for locally advanced or metastatic disease(16). 

They reported that the basal squamous subtype using the consensus classifier was associated 

with a lower response to NAC. However, the response rate reported was just under 50%, and 

overall, there were no significant differences in response rates among subtypes. The overall 

response rate is higher than previously reported in prospective trials, and they used fresh 

frozen tumors for this analysis on 120 patients.

The Vesper trial randomized patients to ddMVAC and GC perioperative chemotherapy and 

did not meet the pre-specified hazard ratio for 3-year progression-free survival though there 

did appear to be improved PFS with ddMVAC in patients treated in the neoadjuvant setting 

(17). Groeneveld and colleagues assigned subtypes in 296 patients from the Vesper trial 

using the Consensus classifier and found that while mixed subtypes were associated with 

lower pathologic complete response rates, there was no significant association between 

subtypes and pCR (18). They found that patients with basal/squamous or mixed subtypes 

had worse PFS than other subtypes. In the COXEN trial, the individual GC or MVAC scores 

were not predictive for PFS or OS, but the GC score was prognostic for OS in the combined 

treatment arms. Subtypes determined with the three classification schemes in the present 

study were also not associated with PFS or OS. The COXEN trial is likely limited in power 

due to smaller numbers in a phase II trial design and fewer deaths.

We collapsed subtypes into three categories for each of the Consensus and TCGA classifiers 

based on small numbers in some of the respective subtypes. Cross-comparison of the three 

subtyping schemes used in this analysis suggested a good correlation between TCGA and 

Consensus classifiers. However, the luminal subtype for each was divided 2:1 between 

luminal and p-53-like MDA subtypes. This is consistent with what Kamoun et al. showed, 

that Consensus luminal subtypes were comprised in part of MDA p53-like subtypes with 

good correlation for basal/squamous between all three subtyping schemes(10).
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Conclusion

The Consensus classifier, based partly on the TCGA and MDA classifiers, modestly 

improved prediction for pathologic downstaging when adjusted for clinical stage and 

performance status but was not associated with PFS or survival. A low number of events 

likely impacted the power to detect associations with progression-free and overall survival. 

These observations are not practice changing and prospective clinical trials are warranted to 

test the association of subtypes with outcomes, and in particular, whether subtype directed 

therapy can improve response to neoadjuvant therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TRANSLATIONAL RELEVANCE

The COXEN trial was designed as a validation study of predictive biomarkers for 

response to the two most commonly used standard of care cisplatin-based neoadjuvant 

chemotherapy regimens prior to radical cystectomy. The GC score was associated with 

pathologic downstaging but not PFS or OS. RNA-based molecular subtypes parse out the 

complex heterogeneity of urothelial bladder cancer and may offer a precision medicine 

approach to selecting appropriate therapy for patients in the neoadjuvant space. We 

describe the association of three published classifiers with pathologic downstaging, 

PFS and OS in order to determine the added value to COXEN and known co-variates 

associated with outcomes including clinical tumor stage and performance status. These 

data set the stage for testing a subtype directed approach to neoadjuvant therapy selecting 

patients for chemotherapy, immune- or targeted therapy.
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Figure 1: 
A) ROC curve for pT0 response: stratification factors alone and then combined with each 

classifier B) ROC curve for downstaging response: stratification factors alone and then 

combined with each classifier
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Figure 2 : 
Subtype association with overall survival (OS) for A) Consensus classifier, B) MD Anderson 

classifier, C) TCGA classifier
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Table 1:

Collapsed classifier groups and pathologic response outcomes, pooled treatment arms

Classifier # patients Complete response, pT0N0 n (%; 95% CI) Downstaging* (<pT2N0) n (%; 95% CI)

Total 155 51 (33%; 26%, 41%) 81 (52%; 44%, 60%)

TCGA 
Basal/Sq + 
Neuronal

55 21 (38%; 25%, 52%) 26 (47%; 34%, 61%)

 Luminal 77 25 (33%; 22%, 44%) 43 (56%; 44%, 67%)

 Luminal infiltrated 23 5 (22%; 7%, 44%) 12 (52%; 31%, 73%)

Consensus
Ba, Sq, NE 51 17 (33%; 21%, 48%) 24 (47%; 33%, 62%)

 Luminal 80 27 (34%; 24%, 45%) 46 (58%; 46%, 68%)

 Stroma-rich 24 7 (29%; 13%, 51%) 11 (46%; 26%, 67%)

MDA
Basal 49 14 (29%; 17%, 43%) 23 (47%; 33%, 62%)

 Luminal 56 22 (39%; 27%, 53%) 36 (64%; 50%, 77%)

 p53-like 50 15 (30%; 18%, 45%) 22 (44%; 30%, 59%)

*
Downstaging category includes complete responders

TCGA – The Cancer Genome Atlas, Ba – Basal, Sq – Squamous, NE – neuroendocrine, MDA – MD Anderson

Clin Cancer Res. Author manuscript; available in PMC 2024 July 17.
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Table 2:

Evaluating AUC in logistic models predicting pathologic response with stratification (strat) factors and 

molecular subtype classifiers in 155 evaluable patients

(n=155) # of Categories pT0N0 outcome Downstaging (< pT2N0)

Incremental P-value * AUC Incremental P-value* AUC

2 Strat Factors Only (PS, stage) NA 0.55 NA 0.57

Classifier plus two strat factors 

TCGA 3 0.28 0.59 0.44 0.59

Consensus 3 0.98 0.54 0.10 0.61

MD Anderson 3 0.51 0.57 0.18 0.63

Dichotomous Coxen Scores plus two strat factors

ddMVAC Coxen 2 0.93 0.55 0.68 0.56

GC Coxen 2 0.18 0.60 0.23 0.62

*
2-sided p-value tests if classifier increases the AUC beyond the two stratification factors: clinical stage and PS (performance status)
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Table 3:

Agreement between Pairs of Classifiers for 155 evaluable patients

A

Consensus Classifier TCGA Ba Sq Ne TCGA Luminal TCGA Luminal infiltrated

Ba Sq Ne 49 1 1

Luminal 3 71 6

Stroma-rich 3 5 16

Kappa statistic: 0.80 (95% CI 0.71, 0.88)

B

Consensus Classifier MDA Basal MDA Luminal MDA p53-like

Ba Sq Ne 45 1 5

Luminal 1 53 26

Stroma-rich 3 2 19

Kappa statistic: 0.63 (95% CI 0.53, 0.73)

C

TCGA Classifier MDA Basal MDA Luminal MDA p53-like

Ba Sq Ne 43 5 7

Luminal 3 49 25

Luminal infiltrated 3 2 18

Kappa statistic: 0.56 (95% CI 0.46, 0.66)
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Table 4:

Association of Classifiers with Progression-Free and Overall Survival (n=155)

Classifier N/# deaths/# 
PFS events

5-yr PFS 
estimate

PFS HR (95% CI), p-
value*

5-yr OS 
estimate

OS HR (95% CI), p-value*

TCGA

 Basal/Sq/Neuronal 55/17/24 57% 1.0 (reference) 72% 1.0 (reference)

 Luminal 77/19/28 63% 0.68(0.40, 1.18), P=0.17 75% 0.67 (0.35, 1.29), p=0.23

 Luminal inf. 23/6/7 67% 0.58 (0.25, 1.36), P=0.21 72% 0.84 (0.33, 2.13) p=0.71

Consensus

 Ba/Sq/NE 51/15/21 60% 1.0 (reference) 74% 1.0(reference)

 Luminal 80/20/29 63% 0.75 (0.43, 1.31), P=0.31 75% 0.73 (0.37, 1.43) p=0.36

 Stroma-rich 24/7/9 61% 0.84 (0.38, 1.85), P=0.67 69% 1.03 (0.42, 2.55) p=0.95

MDA

 Basal 49/14/19 62% 1.0 (reference) 75% 1.0 (reference)

 Luminal 56/14/20 65% 0.81 (0.43, 1.52), P=0.51 75% 0.73 (0.35, 1.55) p=0.41

 p53-like 50/14/20 57% 0.99 (0.53, 1.86), P=0.98 70% 0.97 (0.46, 2.03) p=0.93

*
adjusted for two stratification factors, 2-sided p value
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