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Abstract

Background: Validation of biomarker-based prognostic models to improve risk

stratification in men with localized prostate cancer (PrCa) remains a clinical need. It has

previously been shown that the cell cycle progression (CCP) test provides significant, inde-

pendent prognostic information for men who were incidentally diagnosed with PrCa after

transurethral resection of the prostate (TURP) and were conservatively managed.

Aim: The results have been extended in a newly analyzed retrospective cohort of UK

men diagnosed through TURP biopsy (TURP1B; N = 305).

Methods and Results: The CCP score was derived from TURP biopsy tissue and com-

bined with a modified UCSF Cancer of the Prostate Risk Assessment score (CAPRA) to

generate the clinical cell-cycle risk score (CCR). The primary endpoint was PrCa-

specific mortality (PSM). Hazard ratios (HR) were calculated for a one-unit change in

score. Median follow-up was 9.6 (IQR: 5.4, 14.1) years, and 67 (22%) men died from

PrCa within 10 years of diagnosis. The median CCP score was 1.1 (IQR: 0.6, 1.7). In

univariate analyses, CCR proved a significant prognosticator of PSM (HR per unit score

change = 2.28; 95% CI: 1.89, 2.74; P = 1.0 � 10�19). In multivariate analyses, CCR

remained a significant prognosticator of PSM after adjusting for CAPRA (HR per unit

score change = 4.36; 95% CI: 2.65, 7.16; P = 1.3 � 10�8), indicating that its molecular

component, CCP, provides significant, independent prognostic information.

Conclusion: These findings validate a combined clinicopathologic and molecular

prognostic model for conservatively managed men who are diagnosed through TURP,

supporting the use of CCR to inform clinical management.
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1 | INTRODUCTION

Increasingly, clinical management of cancer patients is being

tailored to the individual's risk of having or developing aggressive

disease. This is particularly important for patients with newly diag-

nosed prostate cancer (PrCa), wherein treatment options range

from conservative management with active surveillance or watch-

ful waiting, to definitive treatment such as prostatectomy or pri-

mary radiation with or without concurrent androgen deprivation

therapy (ADT).

For patients with low-risk disease, conservative management is

becoming increasingly popular. A recent survey of clinical practice in

the United States found that approximately 40% of men with low-risk

clinical features are opting for active surveillance.1 For these patients,

deferred treatment can be more appropriate because the risk of disease

progression is low, and it offers the opportunity to avoid unnecessary

treatment-associated morbidities such as impotence and incontinence.

Conversely, when high risk can be established, definitive treatment is

appropriate. Randomized clinical trial results2,3 and clinical practice

guidelines4–7 both support the use of either surgery and adjuvant radia-

tion, or primary radiation and ADT in appropriately selected patients.

However, there are potential risks associated with any clinical man-

agement decision. The opportunity to cure localized disease may be lost

for patients who are inappropriately managed by AS, or, conversely,

patients who are inaccurately identified as high risk may suffer need-

lessly from treatment-associated morbidities. Therefore, accurate risk

estimates are essential. Various prognostic models have been devel-

oped and validated to help predict disease outcome. For example, the

UCSF Cancer of the Prostate Risk Assessment (CAPRA) score combines

Gleason score, prostate-specific antigen (PSA) level, clinical T Stage,

percent positive cores, and age into a validated prognostic model for

biochemical recurrence (BCR) after definitive treatment and for pros-

tate cancer-specific mortality (PSM) after conservative management.8,9

Another prognostic model, PREDICT, uses similar variables as CAPRA

to predict distal oncologic outcomes but also estimates the absolute

benefit of treatment.10 While these are important tools for helping phy-

sicians and patients make clinical management decisions, better dis-

crimination is needed, and this is especially true for men diagnosed

through TURP, since most prognostic models were developed and vali-

dated primarily for men diagnosed with needle biopsy.

Numerous studies have demonstrated unequivocally that tumor-

derived molecular prognostic information improves risk stratification

for newly diagnosed PrCa patients, compared with clinicopathologic

features alone.11 In addition, the National Comprehensive Cancer Net-

work, the American Society for Clinical Oncology, and the European

Association for Urology have recognized the importance of molecular

information for improving risk stratification.4–7 Thus, molecular tests

have emerged as an important clinical tool to augment clinical variables

in guiding appropriate clinical management. The cell cycle progression

(CCP) gene expression classifier test (Prolaris) is a validated molecular

test based on measuring the expression levels of 31 genes involved in

cell proliferation. The CCP test has been evaluated in numerous clinical

settings and shown to add independent prognostic information that is

not captured by standard clinicopathologic features.12–15 The score has

been combined with clinical variables into a combined clinical cell-cycle

risk score (CCR) to calculate a 10-year predicted risk of PSM.12

The objective of this study was to validate a predefined model

(CCR) that combines molecular and clinicopathologic variables to predict

risk of aggressive disease in a retrospective cohort of men who were

incidentally diagnosed with PrCa by TURP biopsy and were conserva-

tively managed. These patients were collected as part of a TURP cohort,

part of which was used previously to evaluate the molecular CCP

score,16 but the patients used in the present analysis were not included

in the previous analysis and the CCR score which combines CCP with

CAPRA12 was not evaluated in the previous analysis. We also aimed to

expand the body of evidence showing that CCP provides significant

prognostic information that is not captured by clinicopathologic features.

2 | MATERIALS AND METHODS

2.1 | Cohort

The TURP1B cohort was part of a large, previously described cohort of

conservatively managed men, but this subgroup has not been analyzed

previously. The full TURP cohort was a population-based, retrospective,

watchful-waiting cohort identified from six cancer registries in Great

Britain. Within each region, cases from collaborating hospitals were

reviewed; full details of these cases have been reported.16 Men were

included in the study if they had clinically localized PrCa diagnosed by

TURP from 1990 through 1996, were younger than 76 years at diagno-

sis, and had a baseline PSA measurement <100 ng/mL. Patients were

excluded if they were treated with radical prostatectomy or radiation

therapy, or if they died, or showed evidence of metastatic disease within

6 months of diagnosis. Men who had hormone therapy before diagnos-

tic biopsy were also excluded due to the potential effects of hormone

treatment on Gleason score interpretation. Original histological

specimens for difficult cases were centrally reviewed by a panel of

expert urological pathologists to confirm the TURP diagnosis and, when

necessary, to reassign Gleason scores for all tumors using a contempo-

rary interpretation of the Gleason scoring system.17 Follow-up informa-

tion was obtained through the cancer registries, with the final review

conducted in January 2010. Deaths were divided into two categories,

those from PrCa and those from other causes, according to the World

Health Organization's standardized criteria.18

A sub-cohort of a large cohort of conservatively managed men

who were diagnosed by TURP biopsy has been previously reported.16

The sub-cohort analyzed here, TURP1B, is an independent subset of

the full cohort which has not been previously analyzed. This new

cohort comprised 305 men who were eligible for the study, generated

a valid CCP score, and had a complete set of clinicopathologic fea-

tures to allow calculation of a CAPRA score (Figure 1). A previous

independent TURP sub-cohort (TURP1A) was collected at the same

time as TURP1B, and has been reported previously16 and was also

used to help develop the CCR score.12 TURP1A comprised 330 men

who met the same eligibility criteria as for TURP1B.
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2.2 | CCP and CCR score

CCP testing was performed on the diagnostic TURP biopsy tissue.

Depending on tumor volume, 5–12 consecutive, 5 μm formalin-fixed,

paraffin-embedded tumor sections were used to isolate RNA. The tumor

region was macro dissected from the slide according to the pathologist's

instructions. Molecular testing was performed (blinded per author guide-

lines). Briefly, RNA extraction was performed using miRNeasy (Qiagen,

Hilden, Germany). The expression of 31 CCP genes and 15 housekeeper

genes was quantified in triplicate using TaqMan Low Density Arrays

(Applied Biosystems, Foster City, CA). The CCP score was calculated as

the average expression of the CCP genes normalized by the expression

of the housekeeper genes. After measuring RNA expression levels, the

CCP molecular score was combined with the CAPRA score to produce

the predefined CCR score [(0.39 � CAPRA) + (0.57 � CCP)].12

2.3 | Calculation of CAPRA

In addition to age, Gleason score, PSA and clinical T stage, calcula-

tion of CAPRA requires percent positive cores (i.e., the number of

needle cores containing cancer out of the number of needle cores

taken at biopsy).19,20 For patients diagnosed by TURP biopsy, we

have replaced this with percent of positive TURP tissue chips, using

the same weighting for different percentage categories as in the

original CAPRA algorithm. As per definition of clinical stage, patients

diagnosed through TURP and missing stage information were

assumed to be T1.

2.4 | Statistical analysis

For the primary endpoint, time to PrCa specific mortality, patients with

events or last follow-up after 10 years were censored at 10 years. Haz-

ard ratios (HR) with 95% profile likelihood-based confidence intervals

and two-sided P-values from partial likelihood ratio tests were reported

for all Cox proportional hazards models. Confidence intervals for risk

estimates were based on the log–log transformation. After examining

the Schoenfeld residuals, time dependence of predictors in Cox propor-

tional hazards models was accounted for using untransformed time. The

distribution of continuous variables was compared using the Wilcoxon

rank-sum test, and the distribution of ordered categorical variables was

compared using the Goodman–Kruskal test. Calibration was tested

using the Greenwood-Nam-D'Agostino test. P-values were considered

significant at the two-sided 0.05 level. All analyses were carried out

using R software, version 3.5.0 or higher (R Core Team, Vienna, Austria).

3 | RESULTS

Median follow-up for TURP1B was 9.6 years (IQR 5.4, 14.1), and

67 (22%) men died from PrCa within 10 years of diagnosis. The median

CCP score was 1.1 (IQR: 0.6, 1.7). Compared with other clinicopathologic

features, the CCP score correlated most strongly with Gleason score

(Pearson r = 0.55). Median follow-up for TURP1A was 9.8 years (IQR:

4.9, 11.6), and 67 (20%) men died from PrCa within 10-years of disease

diagnosis. The demographic features of TURP1A and TURP1B were simi-

lar except for a shift to higher clinical stage in TURP1B (Table 1).

F IGURE 1 Patient flow for TURP1B
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In univariate analyses, the CCP score was a significant prognostic

variable for PSM in the TURP1B cohort, with an HR per unit score

change of 3.23 (95% CI: 2.50, 4.17, P = 1.9 � 10�16; Table 2). The

CCR score was also a significant univariate prognosticator of PSM in

the TURP1B cohort, with an HR per unit score change of 2.28 (95%CI:

1.89, 2.74, P = 1.0 � 10�19; Table 2). There was no evidence for time

dependence within this model indicating that the prognostic value of CCR

was similar across all time points (test using Schoenfeld residuals

P = 0.13). The 10-year Kaplan–Meier estimate of the probability of pro-

gression to PSM separated by CCR quartile groups in the TURP1B cohort

is illustrated in Figure 2. The CCR score was used to generate a risk curve

for progression to PSM within 10 years (Figure 3) and compared with the

CCR-based risk curve generated from TURP1A (Figure 3(A)). Although the

curves were similar, there was evidence of overfitting in TURP1A, which

had been used in part to train the CCR score.12 Risk predicted from the

TURP1A model was also not significantly different from the observed risk

in TURP1B, indicating good calibration (P = 0.28, Supplementary Figure).

We also compared the CCR risk curve from TURP1B to that generated

and validated for a separate cohort of patients diagnosed with needle

biopsy (Figure 3(B)).9 Interestingly, men diagnosed with TURP had a higher

TABLE 2 Univariate and bivariate analysis of the TURP 1B cohort

Univariate CAPRA + CCR

HR per unit change
(95% CI) HR per SD (95% CI) χ2 P

HR per unit changea

(95% CI) HR per SDb (95% CI) Δχ2 P

CCP 3.23 (2.50, 4.17) 2.70 (2.17, 3.35) 67.7 1.9 � 10�16 – – – –

CAPRA 1.38 (1.26, 1.51) 2.57 (1.99, 3.32) 57.7 3.1 � 10�14 0.71 (0.55, 0.91) 0.36 (0.17, 0.75) 7.5 0.0063

CCR 2.28 (1.89, 2.74) 3.26 (2.50, 4.25) 82.6 1.0 � 10�19 4.36 (2.65, 7.16) 8.27 (4.06, 16.84) 32.4 1.3 � 10�8

Note: The χ2 values for the bivariate model are for the added information by the given variable when the other is already included.

Abbreviations: 95% CI, 95% confidence interval; CAPRA, UCSF Cancer of the Prostate Risk Assessment score; CCP, cell cycle progression score; CCR,

clinical cell-cycle risk score; df, degrees of freedom; HR, hazard ratio; SD, standard deviation.
aTaken from bivariate model.
b2 df χ2 for CCR + CAPRA = 90.1.

TABLE 1 Comparison of the characteristics of the TURP1B cohort compared with those from the TURP1A cohort

TURP1A (N = 330) TURP1B (N = 305)

P ValueMedian (IQR) Median (IQR)

Age 71 (67, 73) 71 (67, 74) .52

PSA 8.2 (2.7, 21.0) 9.6 (2.9, 25.3) .15

CCR 1.57 (0.73, 3.02) 2.18 (1.07, 3.47) 3.5 � 10�4

CCP 0.7 (0.1, 1.3) 1.1 (0.6, 1.7) 7.6 � 10�10

CAPRA 3 (1, 6) 4 (1, 7) .093

CAPRA risk category N (%) N (%) –

Low risk (0–2) 141 (42.7%) 121 (39.7%) .12

Intermediate risk (3–5) 97 (29.4%) 75 (24.6%)

High risk (6–10) 92 (27.9%) 109 (35.7%)

Clinical T stage N(%) N(%) –

T1 239 (72.4%) 188 (61.6%) .002

T2 63 (19.0%) 73 (23.9%)

T3 28 (8.5%) 44 (14.4%)

Extent of cancer (PPC surrogate) 15.0% (5.0%, 57.8%) 20.5% (6.1%, 52.8%) .29

Gleason score N (%) N (%) –

<7 169 (51.2%) 145 (47.5%) .92

7 72 (21.8%) 92 (30.2%)

>7 89 (27.0%) 68 (22.3%)

Note: The distribution of continuous variables was compared using the Wilcoxon rank-sum test, and the distribution of ordered categorical variables was

compared using the Goodman–Kruskal test.
Abbreviations: CAPRA, UCSF Cancer of the Prostate Risk Assessment score; CCP, cell cycle progression score; CCR, clinical cell-cycle risk score; IQR,

interquartile ratio; PPC, percent of positive TURP chips; PSA, prostate-specific antigen.
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risk of harboring aggressive disease compared with that among men who

were diagnosed with needle biopsy, but had otherwise similar clinicopath-

ologic and molecular prognostic features.

In multivariate analyses (Table 2), the CCR score remained a signifi-

cant prognostic factor of PSM after adjusting for CAPRA (HR per unit

score = 4.36 (95% CI: 2.65, 7.16, P = 1.3 � 10�8), indicating that the

molecular component of CCR provides significant and independent prog-

nostic information. CAPRA was also significant in this analysis

(P = 0.0063), but the HR was less than 1. This suggests that CAPRA is

over-weighted within the CCR score when evaluated by the TURP1B

cohort. The amount of new prognostic information provided by the CCR

score can be illustrated by comparing the difference in predicted risk

between CCR-only and CAPRA-only prognostic models (Figure 4). In addi-

tion, the c-index for the CAPRA-only model was 0.76 and improved to

0.80 for CCR.

4 | DISCUSSION

With increasing frequency, men with low-risk PrCa are choosing conserva-

tive clinical management regimens such as active surveillance. Validated

biomarkers that add independent risk discrimination are useful adjuncts

for identifying suitable candidates for such management. They can also be

used to help guide the intensity of invention if immediate treatment is

deemed necessary. Here, we have provided additional evidence that the

F IGURE 3 Clinical cell-cycle risk score-based risk curve for TURP1B compared with (A) TURP1A and (B) previously published risk data for
men diagnosed using needle biopsy

F IGURE 2 Kaplan–Meier risk curves for prostate cancer-specific
mortality, by clinical cell-cycle risk score quartiles
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CCP score provides a significant and substantial amount of independent

prognostic information in men who were incidentally diagnosed with PrCa

after TURP and conservatively managed. We have also validated a

predefined prognostic model (the CCR score) that combines molecular

and clinicopathologic data to predict the 10-year risk of PSM.

The CCR score was trained in more than 1000 men,12 including a

previous cohort of men diagnosed with TURP biopsy.16 It was subse-

quently validated in numerous clinical settings, including both conservative

management and immediate treatment,12–15,21 but had not been validated

in men diagnosed through TURP. In this study, we evaluated CCR in an

independent cohort of men who were incidentally diagnosed with PrCa

after TURP biopsy. There is evidence that the combined CCR score is not

optimal for TURP1B patients. In a bivariable model that included CAPRA

and CCR, CAPRA remained significant but with an HR of 0.71 (Table 2).

This suggests that CCR over-weights the clinical variables, at least when

applied to the TURP1B cohort. However, in the bivariable model, the

increase in χ2 value for adding CCR to CAPRA (χ2 = 32.4) is substantially

larger than that for adding CAPRA to CCR (χ2 = 7.5). Therefore, the rele-

vant amount of over-weighting is small compared with the amount of

prognostic information captured by CCR, and it would have a minor

impact on estimated risk. It is also true that univariate analysis indicates

that the CCR score provides substantially more prognostic information

than is captured by the CAPRA-only model, indicating that there is signifi-

cant information to be gained from the molecular portion of the CCR

score. Finally, it should be noted that TURP1B is a relatively small cohort,

and therefore spurious cohort specific results on prognostic models that

are not valid or reproducible are possible.

Men who are incidentally diagnosed with PrCa will have T1a or

T1b clinical stage cancer. As a result, those with Gleason grade 6 and

PSA <10 ng/mL will by definition have NCCN low-risk disease and be

considered candidates for AS. However, here we have shown that

men diagnosed with TURP have a higher risk of harboring aggressive

disease compared with men who were diagnosed with needle biopsy,

but have otherwise similar clinicopathologic and molecular prognostic

features. This is not the first study to provide evidence that PrCa diag-

nosis by TURP is a poor prognostic indicator; Meachem et al. con-

cluded that tumors causing obstructive voiding symptoms—a common

reason for TURP—have poor prognosis.22 Another possibility is that

the clinical stage, when applied to incidentally diagnosed tumors from

TURP specimens (T1a or T1b), is poorly calibrated in risk models that

are based primary on needle biopsies and, as a result, underestimate

progression risk. Finally, the TURP procedure typically removes ade-

nomatous tissue mostly from the transitional zone of the gland,

whereas most prostate cancers arise from the posterior zone. While

some tumors will arise from the transitional zone, an accurate deter-

mination of the total cancer volume and prostatic involvement by

tumor from TURP is difficult to assess.

This study was retrospective, which can lead to unknown biases

in patient selection. The TURP samples are from an archival cohort,

so the treatment of these patients does not necessarily reflect

modern practice. However, older cases are needed to obtain the

extended follow-up necessary to evaluate the association between

molecular phenotypes and fatal outcomes. As a result of their age, a

valid CCP score could not be generated in just over 10% of these

F IGURE 4 Comparison of 10-year
clinical cell-cycle risk score across CAPRA
(UCSF Cancer of the Prostate Risk
Assessment) groups prostate cancer-
specific mortality risk estimates
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samples. This is not expected for contemporary samples. Finally,

many of these men had intermediate- or high-risk disease and would

not be considered candidates for conservative management based

upon current guidelines.

The CCR score is prognostic and provides substantially more

information about PCM than does a prognostic model based on clini-

copathologic features alone. As such, CCR provides useful information

and guidance for improving clinical management among men who are

diagnosed with PrCa through TURP.

ACKNOWLEDGMENTS

The authors thank Jennifer Logan, PhD, an employee of Myriad

Genetics, Inc., for editorial assistance with the manuscript. This study

was supported in part by Cancer Research UK (Grant No. C569/

A16891) to J.M.C., and by Myriad Genetics, Inc.

CONFLICT OF INTEREST

S.S., L.L., D.D.F., S.R., and T.C. were employees of Myriad Genetics,

Inc. at the time of this work and received salary and stock options as

compensation. J.M.C. is a consultant for Myriad Genetics, Inc. H.M.,

D.M.B., and P.T.S. have nothing to disclose.

AUTHOR CONTRIBUTIONS

All authors had full access to the data in the study and take responsi-

bility for the integrity of the data and the accuracy of the data analy-

sis. Conceptualization, J.M.C., S.S., H.M., D.M.B., P.T.S.; Methodology,

F.M.L.; Investigation, J.M.C., S.S.; Formal Analysis, J.M.C., L.L., D.D.F.,

S.R.; Resources, H.M., D.M.B.; Writing—Original Draft, J.M.C., S.S.,

L.L., D.D.F., S.R., T.C.; Writing—Review & Editing, J.M.C., S.S., L.L.,

D.D.F., S.R.; Visualization, F.M.L.; Supervision, S.S., T.C., P.T.S.;

Funding Acquisition, F.M.L.; Data Curation, J.M.C., L.L., D.D.F., S.R.;

Validation, J.M.C.

ETHICAL STATEMENT

National ethics approval was obtained from the Northern Multicenter

Research Ethics Committee, followed by local ethics committee

approval at each of the collaborating hospitals for the TURP cohort.

DATA AVAILABILITY STATEMENT

Requests to go to a review group for the study using the application

for data form on the below link: https://www.qmul.ac.uk/wolfson/

about-us/centres/ccp/data-sharing/.

ORCID

Jack M. Cuzick https://orcid.org/0000-0001-7420-7512

REFERENCES

1. National Cancer Institute Surveillance EaERSP. Prostate with Watch-

ful Waiting Database (2010–2016): U.S. Department of Health and

Human Services, National Institutes of Health, National Cancer Insti-

tute: Surveillance, Epidemiology and End Results (SEER) Program;

2020.

2. Hamdy FC, Donovan JL, Lane JA, et al. 10-year outcomes after moni-

toring, surgery, or radiotherapy for localized prostate cancer. N Engl J

Med. 2016;375:1415-1424.

3. Wilt TJ, Jones KM, Barry MJ, et al. Follow-up of prostatectomy versus

observation for early prostate cancer. N Engl J Med. 2017;377:

132-142.

4. Bekelman JE, Rumble RB, Chen RC, et al. Clinically localized pros-

tate cancer: ASCO clinical practice guideline endorsement of an

American Urological Association/American Society for Radiation

Oncology/Society of Urologic Oncology Guideline. J Clin Oncol.

2018;36(32):3251-3258.

5. Carroll PR, Parsons JK, Andriole G, et al. NCCN Clinical Practice

Guidelines in Oncology: Prostate Cancer Early Detection (Version

2.2019) NCCN Clinical Practice Guidelines in Oncology; 2019.

6. Schaeffer E, Srinivas S, Antonarakis ES, et al. NCCN Clinical Practice

Guidelines in Oncology: Prostate Cancer (Version 2.2020) NCCN

Clinical Practice Guidelines in Oncology: National Comprehensive

Cancer Network; 2020.

7. Mottet N, Cornford P, Bergh RCN, et al. Prostate Cancer Guidelines,

vol. 2020: European Association of Urology; 2020.

8. Brajtbord JS, Leapman MS, Cooperberg MR. The CAPRA score at

10 years: contemporary perspectives and analysis of supporting stud-

ies. Eur Urol. 2017;71:705-709.

9. Cuzick J, Stone S, Fisher G, et al. Validation of an RNA cell cycle pro-

gression score for predicting death from prostate cancer in a conser-

vatively managed needle biopsy cohort. Br J Cancer. 2015;113:

382-389.

10. Thurtle DR, Greenberg DC, Lee LS, Huang HH, Pharoah PD,

Gnanapragasam VJ. Individual prognosis at diagnosis in non-

metastatic prostate cancer: development and external validation of

the PREDICT prostate multivariable model. PLoS Med. 2019;16:

e1002758.

11. Hu JC, Tosoian JJ, Qi J, et al. Clinical utility of gene expression classi-

fiers in men with newly diagnosed prostate cancer. JCO Precis Oncol.

2018;2:1-15.

12. Lin DW, Crawford ED, Keane T, et al. Identification of men with low-

risk biopsy-confirmed prostate cancer as candidates for active surveil-

lance. Urologic Oncology. 2018;36:310.e7-e13.

13. Tosoian JJ, Chappidi MR, Bishoff JT, et al. Prognostic utility of

biopsy-derived cell cycle progression score in patients with National

Comprehensive Cancer Network low-risk prostate cancer undergoing

radical prostatectomy: implications for treatment guidance. BJU Int.

2017;120:808-814.

14. Sommariva S, Tarricone R, Lazzeri M, Ricciardi W, Montorsi F. Prog-

nostic value of the cell cycle progression score in patients with pros-

tate cancer: a systematic review and meta-analysis. Eur Urol. 2016;69:

107-115.

15. Canter DJ, Freedland S, Rajamani S, et al. Analysis of the prognostic

utility of the cell cycle progression (CCP) score generated from needle

biopsy in men treated with definitive therapy. Prostate Cancer Pros-

tatic Dis. 2020;23:102-107.

16. Cuzick J, Swanson GP, Fisher G, et al. Prognostic value of an RNA

expression signature derived from cell cycle proliferation genes in

patients with prostate cancer: a retrospective study. Lancet Oncol.

2011;12:245-255.

17. Berney DM, Fisher G, Kattan MW, et al. Major shifts in the treatment

and prognosis of prostate cancer due to changes in pathological diag-

nosis and grading. BJU Int. 2007;100:1240-1244.

18. Bray F, Colombet M, Mery L, et al. Cancer incidence in five conti-

nents, Vol. XI (IARC scientific publication no. 166) Lyon: International

Agency for Research on Cancer; 2017.

19. Cooperberg MR, Pasta DJ, Elkin EP, et al. The University of California,

San Francisco cancer of the prostate risk assessment score: a

CUZICK ET AL. 7 of 8

https://www.qmul.ac.uk/wolfson/about-us/centres/ccp/data-sharing/
https://www.qmul.ac.uk/wolfson/about-us/centres/ccp/data-sharing/
https://orcid.org/0000-0001-7420-7512
https://orcid.org/0000-0001-7420-7512


straightforward and reliable preoperative predictor of disease recur-

rence after radical prostatectomy. J Urol. 2005;173:1938-1942.

20. Cooperberg MR, Freedland SJ, Pasta DJ, et al. Multiinstitutional valida-

tion of the UCSF cancer of the prostate risk assessment for prediction

of recurrence after radical prostatectomy. Cancer. 2006;107:2384-2391.

21. Canter DJ, Reid J, Latsis M, et al. Comparison of the prognostic utility

of the cell cycle progression score for predicting clinical outcomes in

African American and non-African American men with localized pros-

tate cancer. Eur Urol. 2019;75:515-522.

22. Meacham RB, Scardino PT, Hoffman GS, Easley JD, Wilbanks JH,

Carlton CE Jr. The risk of distant metastases after transurethral re-

section of the prostate versus needle biopsy in patients with localized

prostate cancer. J Urol. 1989;142:320-325.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Cuzick JM, Stone S, Lenz L, et al.

Validation of the cell cycle progression score to differentiate

indolent from aggressive prostate cancer in men diagnosed

through transurethral resection of the prostate biopsy. Cancer

Reports. 2022;5(8):e1535. doi:10.1002/cnr2.1535

8 of 8 CUZICK ET AL.

info:doi/10.1002/cnr2.1535

	Validation of the cell cycle progression score to differentiate indolent from aggressive prostate cancer in men diagnosed t...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Cohort
	2.2  CCP and CCR score
	2.3  Calculation of CAPRA
	2.4  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	ETHICAL STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


