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ARTICLE

Choline-phosphate cytidylyltransferase-a as a possible predictor of survival and
response to cisplatin neoadjuvant chemotherapy in urothelial cancer of the
bladder

Tammer Hemdan, Polat Turker, Per-Uno Malmstr€om and Ulrika Segersten

Department of Surgical Sciences, Uppsala University, Uppsala, Sweden

ABSTRACT
Objectives: The aim of this study was to test choline-phosphate cytidylyltransferase-a (CCT-a) protein
as a biomarker for neoadjuvant cisplatin chemotherapy response in a bladder tumor setting.
Materials and methods: A total of 238 patients with T2–T4 bladder cancer enrolled into two prior
randomized trials comparing neoadjuvant cisplatin-based chemotherapy (NAC) plus cystectomy with
cystectomy only (no-NAC) were used as discovery and validation cohorts. Protein expression was deter-
mined with immunohistochemistry and assessed with Histo (H)-scoring.
Results: In the discovery cohort, comprising 61 patients, the survival ratio after NAC treatment for
CCT-a-negative patients was significantly increased (p¼ 0.001) while there was no survival advantage
in the CCT-a-positive patient group. Similarly, in the validation cohort with 177 patients, NAC treatment
improved survival only in the CCT-a-negative group (p¼ 0.006). Although there was a tendency for a
good NAC response with negative CCT-a status, the interaction variable between biomarker and treat-
ment was not significant (p¼ 0.24). In the cystectomy-only group, patients with positive CCT-a expres-
sion had a better survival than CCT-a-negative patients. This prognostic effect of CCT-a expression
remained significant after adjusting for well-known prognostic factors in a multivariate analysis. In a
pooled database of both patient data sets, multivariate analyses showed CCT-a status as an independ-
ent factor for overall survival (p¼ 0.018; hazard ratio¼ 1.80, 95% confidence interval 1.11–2.93).
Conclusion: CCT-a status was not predictive of outcome of NAC response; however, in the control
group with cystectomy only it was found to have prognostic value.
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Introduction

The current standard of care for muscle-invasive bladder
cancer is radical cystectomy preceded by cisplatin-based neo-
adjuvant chemotherapy (NAC) [1,2]. NAC should be recom-
mended to all eligible patients undergoing cystectomy. The
expected overall survival benefit after NAC is approximately
5–8% [2,3], leaving the majority of patients with a potential
risk of experiencing toxic side-effects of chemotherapy and
delayed cystectomy unnecessarily. It is thus vital to use pre-
treatment predictive biomarkers to identify appropriate
patients who should receive NAC.

The main mechanism of action of cisplatin and its deriva-
tives is cancer cell death caused by DNA damage represented
by cross-links and DNA adducts. The pathophysiological
structures and the proteins involved in DNA damage repair
can affect the action of cisplatin and are thus rational bio-
marker candidates [4]. The nucleotide excision repair path-
way with the excision repair cross-complementation group 1
enzyme (ERCC1) is the primary DNA repair mechanism, recov-
ering platinum–DNA adducts from genomic DNA [5].

Previously, ERCC1 expression in bladder tumor cells has
been associated with improved prognosis in bladder cancer
[6]. In addition, previous results by the present group sug-
gested that ERCC1-negative tumors respond to neoadjuvant
cisplatin-based chemotherapy, whereas patients with ERCC1-
positive tumors receive only a minimal benefit [7]. The most
documented antibody for recognizing ERCC1 protein is 8F1
antibody. There is evidence showing ERCC1 is not the princi-
pal antigen recognized by 8F1 antibody in human tissue [8].
In fact, 8F1 antibody also targets an unrelated nuclear pro-
tein, choline-phosphate cytidylyltransferase-a (CCT-a) [9], an
important enzyme involved in phosphatidylcholine biosyn-
thesis, nuclear membrane expansion, cellular proliferation
and RAS signaling activation in response to growth factor-
induced mitogen signaling [10]. In lung cancer, the prognos-
tic and predictive properties identified by 8F1 antibody were
claimed to be related also to CCT-a protein expression and
not only to ERCC1 [11].

The hypothesis in this study was that CCT-a expression
may demonstrate a correlation with NAC response and be
valuable as a predictive marker.
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Materials and methods

Study design and participants

A Nordic collaborative group assessed the effectiveness of
chemotherapy prior to cystectomy in two consecutive trials
[3]. The studies included patients diagnosed with T1G3,
T2–T4aNXM0 urothelial bladder cancer between 1985 and
1997. All patients were randomized to cystectomy with or
without NAC. Today, NAC is not routinely used for T1G3
tumor disease going into radical cystectomy. To prevent the
possible influence on survival analyses, T1G3 patients (n¼ 3)
were removed from these data sets. As this was a new bio-
marker in bladder cancer research, the material was subse-
quently subdivided into a validation and a discovery data set
according to trial inclusion.

The intended chemotherapy for patients included in the
first trial was two cycles of cisplatin 70mg/m2 i.v. and doxo-
rubicin 30mg/m2 i.v. All patients in the experimental arm
and in the control arm would receive preoperative irradiation
consisting of 4Gy daily for five consecutive days. The tumor
tissues of these patients from the first Nordic trial were used
for the discovery set.

In the second Nordic trial, three cycles of cisplatin
100mg/m2 i.v. and methotrexate 250mg/m2 i.v. were

planned for the neoadjuvant arm. Tumor tissues of patients
from the second trial formed the validation data set for the
present study.

Cystectomy included a lymph-node dissection of the
obturator fossa. In both trials, randomization was stratified
by country. Adjuvant chemotherapy has seldom been used
for the patients in this data set.

Clinical staging was determined by transurethral resection
(TUR) and imaging studies, whereas pathological staging was
determined by cystectomy pathology. Downstaging was
defined as downstaging from clinical T2 or higher to patho-
logical Ta, Tis or T0 stages.

For the present study, tissue specimens from TUR were
obtained from the Swedish patients after ethics committee
approval (reference number 2008:136). The selection process
is shown in Figure 1. The survival analyses were conducted
on an intention-to-treat basis.

Procedures

Representative tissue areas from formalin-fixed and paraffin-
embedded materials were identified by a pathologist (CB) and
two cores (1mm) were obtained from these areas. The tissue
microarrays were constructed with an automated instrument,

Nordic cystectomy trials I&II randomized; n=642 

Swedish patients without tissue 
samples; n=83 

Eligible patients; n=324 

Discovery set; n=61 (Nordic 
cystectomy trial I) 

Validation set; n=177 (Nordic 
cystectomy trial II) 

Non Swedish patients; n=318 

Eligible patients; n=238 

T1 patients; n=3 

Figure 1. Flowchart showing inclusion of patients from the Nordic randomized combined trials.
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ATA-27 (Beecher Instruments, Sun Prairie, WI, USA). Automated
immunohistochemistry was performed, as previously reported
[12], with an Autostainer 480VR instrument (Lab Vision, Fremont,
CA, USA). In brief, the tissue slides were incubated for 30min
with the rabbit polyclonal antibody CCT-a, HPA035428 1/75
(Sigma-Aldrich, St Louis, MO, USA) before detection of the pro-
tein expression with a dextran polymer visualization system
(UltraVision LP HRP polymerVR ; Lab Vision).

Outcomes

Staining was evaluated by a pathologist (MA) blinded to clin-
ical and outcome data. The extent of nuclear staining in the
tumor was scored as the number of cells stained: 0 to <20%
(score 1), 20–50% (score 2), > 50–75% (score 3) or >75%
(score 4). Intensity was scored as negative (score 0), weak
(score 1), medium (score 2) or high (score 3). The product of
the intensity score and the extent score was calculated to
obtain a semi-quantitative Histo-score (H-score). Negative
controls were produced with Universal Negative Control
Serum (A. Menarini Diagnostics, Wokingham, UK) instead of
the primary antibody.

Statistical analyses

Statistical analyses were performed with IBM SPSS Statistics
version 24.0 (IBM Corp., Armonk, NY, USA) software and SAS
version 9.4 (SAS Institute, Cary, NC, USA). When comparing
qualitative and quantitative data between groups, chi-
squared and unpaired t tests were used. The discovery
cohort was used to search for an optimal cut-off for H-score
regarding the response to NAC. One model was estimated
for each potential cut-off value, choosing the one associated
with the minimum p value (for the interaction) as the optimal
cut-off value. The optimal cut-off value, found in the discov-
ery data set, was validated in the second Nordic study (valid-
ation data set). Finally, models were estimated based on
both studies (pooled data set). Results from the pooled data
set were always adjusted for study. A value of p< 0.05 was
considered statistically significant. Five-year overall survival
(OS) and 5-year cancer-specific survival (CSS) curves were
constructed according to Kaplan–Meier, and differences
between groups were determined by the log-rank test. The
number needed to treat was calculated with GraphPad Prism
version 6 (GraphPad Software, La Jolla, CA, USA).

Lastly, to evaluate the H-scores’ ability to indicate the like-
lihood of benefit from NAC treatment, the patients were clas-
sified as CCT-a positive or CCT-a-negative and a Cox
proportional hazard model including age, gender, T-categor-
ization, CCT-a group, treatment, and the interaction between
treatment and CCT-a group was estimated. A significant
interaction indicates that the treatment effect is different for
CCT-a-positive compared to CCT-a-negative patients [13].

Results

The total number of the patient samples included in the
study was 238. Clinicopathological data of the discovery

and validation cohorts are presented in Table 1. The optimal
cut-off point for H-score positivity was calculated as 8.
CCT-a-negative staining was accepted as an H-score of 0–8
and positive as 9–12. Illustrations of the different nuclear
staining patterns are depicted in Figure 2.

Discovery cohort

The numbers of CCT-a-negative and CCT-a-positive patients
were 46 and 15, respectively. With NAC treatment, the sur-
vival ratio for CCT-a-negative patients was significantly

Table 1. Clinicopathological characteristics of all 238 eligible patients.

Discovery (n¼ 61) Validation (n¼ 177)

CCT-a negative CCT-a positive CCT-a negative CCT-a positive

Total 46 (100) 15 (100) 134 (100) 43 (100)
T2 16 (35) 3 (20) 57 (43) 25 (58)
T3–4 30 (65) 12 (80) 77 (57) 18 (42)
Male 38 (83) 13 (87) 109 (81) 35 (81)
Female 8 (17) 2 (13) 25 (19) 8 (19)
NAC 24 (52) 5 (13) 66 (49) 25 (58)
no-NAC 22 (48) 10 (67) 68 (51) 18 (42)
Age (years) 62 ± 7 60 ± 8 64 ± 9 64 ± 7

Data are shown as n (%) or mean ± SD.
No significant differences were detected between choline-phosphate cytidylyl-
transferase-a (CCT-a)-negative and CCT-a-positive groups.

Figure 2. Sample of immunohistochemical images of (a) choline-phosphate
cytidylyltransferase-a (CCT-a)-negative and (b) CCT-a-positive expression (20�
magnification).

202 T. HEMDAN ET AL.



increased (mean OS: 30 months vs 53 months, p¼ 0.001)
(Figure 3(a)), while there was no survival advantage in the
CCT-a-positive patient group (mean OS: 41 months vs 55
months, p¼ 0.05) (Figure 3(b)). However, CCT-a-positive
patients had better survival ratios than CCT-a-negative
patients when treated with only cystectomy (mean OS: 55
months vs 30 months, p¼ 0.005).

Validation cohort

The numbers of CCT-a-negative and CCT-a-positive patients
were 134 and 43, respectively. As in the discovery set, the OS
was significantly better in the NAC-treated patients compared
to no-NAC patients in the CCT-a-negative group (mean OS:
42 months vs 32 months, p¼ 0.006). No difference was found
in the CCT-a-positive group (mean OS: 46 months vs 47
months, p¼ 0.9) (Figure 4(a,b)). However, evaluation of a pre-
dictive value of CCT-a status for response to NAC treatment
in an adjusted analysis demonstrated that the interaction
between CCT-a status and NAC administration was not sig-
nificant (p¼ 0.24).

In the cystectomy-only patients, CCT-a positivity was asso-
ciated with a longer survival [adjusted hazard ratio (HR) 0.45,
95% confidence interval (CI) 0.20–1.00, p¼ 0.049], but this
difference was not significant between CCT-a-positive and
CCT-a-negative patients in the NAC-treated group (adjusted
HR 0.87, 95% CI 0.40–1.87, p¼ 0.72).

Downstaging

Respective downstaging ratios after NAC for CCT-a-negative
and CCT-a-positive patients were 57% and 25% (p¼ 0.3) in

the discovery cohort and 42% and 39% (p¼ 0.9) in the valid-
ation cohort.

In the pooled data set of all 238 patients, no significant
difference was noted in biomarker distribution between
T-categories (T2/T3–4: p¼ 0.3). CCT-a was associated with
survival when adjusting for other factors (adjusted HR 1.80,
95% CI 1.11–2.93, p¼ 0.018) (Table 2). Similar results were
recorded with CSS calculations (data not shown).

The median H-score for CCT-a staining was 6. All of the
survival calculations were also performed using the H-score
cut-off point as 6, which gave similar survival results (data
not shown).

Discussion

To the authors’ knowledge, this is the first study to evaluate
the predictive effect of CCT-a expression in bladder cancer
patients. The hypothesis was that CCT-a status might be pre-
dictive for NAC response in bladder cancer. Although survival
analyses demonstrated an advantage for NAC treatment in
CCT-a-negative patients, the interaction between CCT-a
expression and NAC treatment was not significant. However,
patients with positive CCT-a expression had a better survival
compared to negative patients in the cystectomy-only group.
This prognostic effect of CCT-a expression remained signifi-
cant after adjusting for well-known prognostic factors in a
multivariate analysis. Overall, the results suggest that CCT-a
is prognostic rather than predictive.

A known challenge in identifying biomarkers resides in
the inherent design of clinical trials. Human studies are
expensive and require expertise in a wide range of areas,
and almost all exploratory biomarkers to date have emerged
from single-arm trials [14]. It is, therefore, difficult to ascertain

Figure 3. Overall survival in months from randomization in (a) choline-phosphate cytidylyltransferase-a (CCT-a)-negative patients (n¼ 46) and (b) CCT-a-positive
patients (n¼ 15) enrolled in the discovery data set.
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whether the biomarker is prognostic or predictive. Even
markers identified from randomized trials have emerged
from secondary analyses, and require independent validation.
In this type of study, specimens that are collected, processed
and archived during the course of a prospective trial are ana-
lyzed retrospectively to test the clinical utility of a tumor
marker. Our biobank has this design and is thus suitable for
the validation of candidate biomarkers. Another advantage
compared to other studies is that the tumor specimens were
obtained from the diagnostic resection.

There have been several suggestions regarding the func-
tion of CCT-a [10,11]. However, not all functions have been
fully explored or validated, and therefore the link to prognos-
tic effects of CCT-a is currently difficult to explain based on
its suggested functions. Further studies must be performed
to demonstrate the relation between the function and prog-
nostic impact of CCT-a.

Several limitations of this investigation should be noted.
Concerning the material, the trials used different chemother-
apy combinations that are not considered standard today.

However, both trials were included in the meta-analysis that
is the basis for recommendations in the current guidelines,
and none of the newer combinations has been proven to
be more effective than those used earlier. Furthermore, in
the first trial, preoperative radiotherapy was given to all
patients, as was routine at that time. In the multivariate
analysis the trial is included to control for these discrepan-
cies. Other limitations are the limited lymph-node dissection
stipulated at the time and the exclusion of the non-
Swedish specimens owing to ethical policy issues, but as
the trials were stratified by country the risk of confounding
in this respect is minimal. The survival benefit was greater
in the biobank material than in the original combined trials.
When comparing stages (T2/3–4) between the original
material and the biobank subset, more advanced tumors
were found in the latter. The reason for this is probably
that with smaller tumors it was often the case that no
histological allocation material was left for immunohisto-
chemical analyses, and thus they were also excluded when
the tissue microarray was constructed (Figure 1). This
increased the risk that smaller tumors, possibly with better
prognosis, were left out, whereas larger tumors were
included for evaluation in this study.

Another limitation is that the power of the current study
was insufficient to rule out the predictive value of CCT-a sta-
tus. Therefore, these results need to be validated in a larger
cohort before the final conclusion of CCT-a as a factor lack-
ing predictive information can be made.

The results demonstrate novel findings that CCT-a expres-
sion in urinary bladder cancer has prognostic impact but pos-
sibly no predictive value for cisplatin-based chemotherapy

Figure 4. Overall survival in months from randomization in (a) choline-phosphate cytidylyltransferase-a (CCT-a)-negative patients (n¼ 132) and (b) CCT-a-positive
patients (n¼ 43) enrolled in the validation data set.

Table 2. Multivariate analysis of overall survival in the pooled data set of all
238 patients.

p HR 95% CI for HR

Gender (female/male) 0.24 1.32 0.83–2.12
Age 0.19 1.01 0-99–1.04
T3–4/T2 0.09 1.4 0.94–2.06
no-NAC/NAC 0.001 1.87 1.27–2.75
Nordic Study II/I 0.27 1.29 0.82–2.02
CCT-a negative/positive 0.018 1.80 1.11–2.93

HR: hazard ratio; CI: confidence interval; no-NAC: cystectomy only; NAC: neo-
adjuvant cisplatin chemotherapy plus cystectomy; CCT-a: choline-phosphate
cytidylyltransferase-a.
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response. Further studies are needed to confirm these
results.
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