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LETTER TO EDITOR

A 23-Gene Classifier urine test for prostate cancer prognosis

Dear Editor,
Currently no accurate prognostic test is available to pre-

dict prostate cancer (PCa) biochemical recurrence (BCR)
after treatment or cancer metastasis.1–7 To address the
unmetmedical need,we developed a novel 23-GeneClassi-
fier urine test as the first accurate and noninvasive tool for
PCa prognosis with potential to improve cancer treatment.
We used previously identified biomarkers with differ-

ential gene expression in PCa and benign prostate as
candidates for BCR prediction and metastasis.8–10 Dis-
criminant analysis was used to assess the ability of vari-
ous combinations of mRNA expression quantities of the
biomarker candidates in prostate tissue specimens col-
lected before prostatectomy with BCR information dur-
ing follow-up as classifiers to distinguish BCR and non-
BCR patients. A 23-Gene Classifier consisting of PTEN,
PIP5K1A, CDK1, TMPRSS2, ANXA3, HIF1A, FGFR1, BIRC5,
AMACR, CRISP3, PMP22, GOLPH2, EZH2, GSTP1, PCA3,
VEGFA, CST3, CCNA1, CCND1, FN1, MYO6, KLK3, and
PSCAwas found to predict BCRwith the highest accuracy.
We followed STARD guidelines for biomarker validation.
Detailed patient cohorts and study methods are described
in Supplementary Methods.
The prostate epithelial cells are released into the urine

so urine can be used as a noninvasive liquid biopsy source
to detect prostate-specific biomarkers for PCa prognosis.
The 23-Gene Classifier was developed as a urine test for
BCR prognosis using urines collected without digital rec-
tal examination (DRE). Using BCR Urine Prediction Algo-
rithm, the mRNA levels of the 23 genes were used to
generate a classification score to predict the patients as
having BCR or Non-BCR (Supplementary Methods). A
multicenter study was designed prospectively using retro-
spectively collected urine samples without DRE from 520
patients before prostatectomy or other treatments (IND-
CHTN cohort). Forty-six patients developed BCR during
the follow-up period averaging 8 years (Table 1). A total of
105 patients from the cohort were randomly selected as a
training set to test the 23-Gene Classifier urine test for BCR
prediction and the resulting area under the receiver operat-
ing characteristic curve (AUC) was 0.94 (95% CI 0.87-1.01).
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The prognostic performance of the 23-Gene Classifier
urine test to predict BCR-free survival was validated in the
remaining patients (n = 414). The patients were divided
into two risk groups based on diagnosis by the 23-Gene
Classifier and Kaplan-Meier survival analysis showed sta-
tistically significant association of the 23-Gene Classi-
fier Negative group with shorter BCR-free survival (∼60%
BCR-free survival at 48 months) as compared with the 23-
Gene Classifier Positive group (100% BCR-free survival at
120 months) (Figure 1A) (log rank P = 0.000). In contrast,
the two groups segregated by cancer stage or Gleason score
had much smaller difference in BCR-free survival (Fig-
ures 1B and C).
Univariate andmultivariate Cox regression analysis was

performed and the 23-Gene Classifier had a hazard ratio
(HR) of 1730.90 (95% CI 4.52-6.63E+5) in the univariate
analysis (Table 2), which indicated that the patients with a
positive 23-GeneClassifier scorewas 1731 timesmore likely
to have BCR than patients with a negative 23-Gene Clas-
sifier score and the BCR prediction was statistically sig-
nificant (P = 0.014). Its predictive power remained large
and significant in multivariate regression after adjusting
for cancer stage and Gleason score with HR of 1795.01 (95%
CI 4.30-7.49E+5) (P= 0.015). In contrast, cancer stage and
Gleason score had much lower HR and were statistically
insignificant (Table 2).
In addition, univariate and multivariate logistic

regression and discriminant analysis were performed to
measure the predictive accuracy of the 23-Gene Classi-
fier. The result showed high accuracy with sensitivity
of 100% (95% CI 100-100%), specificity of 86.29% (95%
CI 82.80-89.79%), and AUC of 0.93 (95% CI 0.90-0.96)
(P < 0.0001) (Tables S1 and 3, Figure 1G). Cross-validation
of the 23-Gene Classifier showed similarly high accuracy
in BCR prediction (Table 3). In contrast, cancer stage
and Gleason score had much lower specificity and AUC
(Table 3, Figures 1H and I).
In silico validation study was conducted to test if the

23-Gene Classifier can also be used in prostate tissue spec-
imens for BCR prognosis using a tissue cohort MSKCC
(Table 1). Its similarly high prognostic performance
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F IGURE 1 Kaplan-Meier survival curves and receiver operating characteristic (ROC) curves of the 23-Gene Classifier, Gleason score and
cancer stage for prediction of BCR-free survival in the IND-CHTN urine study cohort and the MSKCC tissue cohort. Kaplan-Meier survival
curve of the 23-Gene Classifier (A) (log rank P = 0.000), Gleason score (B) (log rank P = 0.137), and cancer stage (C) (log rank P = 0.013) in
the IND-CHTN cohort. Kaplan-Meier survival curve of the 23-Gene Classifier (D) (log rank P = 0.000), Gleason score (E) (log rank P = 0.001),
and cancer stage (F) (log rank P = 0.000) in the MSKCC cohort. ROC curve of the 23-Gene Classifier (G), cancer stage (H), Gleason score (I),
and combination of the 23-Gene Classifier, cancer stage and Gleason score (J) for BCR prediction in the IND-CHTN cohort. ROC curve of the
23-Gene Classifier (K), cancer stage (L), Gleason score (M), and combination of the 23-Gene Classifier, cancer stage and Gleason score (N) for
BCR prediction in the MSKCC cohort
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TABLE 1 Patient characteristics

MSKCC cohort
IND-CHTN
cohort

7-HOSPITALS
cohort

No. of patients 150 520 207
Mean age (year range) 58 (37-79) 63 (43-78) 69 (39-88)
No. of Gleason score (%)
Group 1: ≤6 (≤3+3) 41 (27.33%) 122 (23.46%) 42 (20.29%)
Group 2: 7 (3+4) 53 (35.33%) 220 (42.31%) 57 (27.54%)
Group 3: 7 (4+3) 24 (16.00%) 138 (26.54%) 42 (20.29%)
Group 4: 8 (4+4, 3+5,
5+3)

11 (7.33%) 14 (2.69%) 35 (16.91%)

Group 5: 9 or 10 (4+5,
5+4, or 5+5)

10 (6.70%) 25 (4.80%) 31 (14.98%)

Unknown 11 (7.30%) 1 (0.20%) 0
No. of PSA (ng/dL)
PSA < 10 ng/dL (%) 115 (76.67%) 0 65 (31.40%)
PSA 10-20 ng/dL (%) 18 (12.00%) 0 49 (23.67%)
PSA > 20 ng/dL (%) 14 (9.33%) 0 91 (43.96%)
PSA unknown (%) 3 (2.00%) 520 (100%) 2 (0.97%)
Distant metastasis (%) 19 (12.67%) 8 (1.54%) 51 (24.64%)
Bone Met (%) 2 (1.33%) 6 (1.15%) 32 (15.46%)
Other sites Met (%) 17 (11.33%) 2 (0.38%) 26 (12.56%)
Biochemical
recurrence (%)

36 (24.00%) 46 (8.85%) 0

PSA: prostate specific antigen; Met: cancer metastasis.

TABLE 2 Cox regression analysis of BCR-free survival using the 23-Gene Classifier, cancer stage, and Gleason score in IND-CHTN urine
study cohort and MSKCC tissue cohort

Variable

Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

IND-CHTN cohort (n = 414)
Cancer stage 22.19 (0.09-5.34E+3) 0.268 10.11 (0.05-2.21E+3) 0.400
Gleason score 20.76 (0.00-2.17E+5) 0.521 106.03 (0.00-2.74E+7) 0.463
23G classifier 1730.90 (4.52-6.63E+5) 0.014 1795.01 (4.30-7.49E+5) 0.015
MSKCC cohort (n = 140)
Cancer stage 5.21 (2.14-12.68) 0.000 0.52 (0.20-1.37) 0.186
Gleason score 11.59 (5.84-23.01) 0.000 2.864 (1.30-6.30) 0.009
23G classifier 54.23 (20.67-142.24) 0.000 44.01 (15.91-121.75) 0.000

HR: hazard ratio; CI: confidence interval; 23G Classifier: 23-Gene Classifier.

(Tables 2 and 3, Figures 1D-F, K-N) validated the results
from the urine study and confirmed the 23-Gene Classifier
as a more accurate prognostic tool for BCR prediction
than cancer stage and Gleason score.
Accurate prediction of cancer metastasis at diagnosis is

important for patients to be treated early with effective
therapies to prevent development of castration-resistant
metastatic cancer and reduce mortality. We tested if the
23-Gene Classifier urine test could be used for metastatic

cancer prediction. We tested its performance in the multi-
center, retrospective IND-CHTN Cohort (n = 520), a mul-
ticenter, prospective 7-HOSPITALS Cohort (n = 207), and
a combination cohort combining the patients (n = 727)
(Table 1). mRNA expression quantities of the 23 genes
were used to classifier each sample as metastatic or non-
metastatic cancer using MET Urine Prediction Algorithm
and such classification was compared with the metastatic
cancer diagnosis by the imaging measurements to calcu-
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TABLE 3 Prognostic performance of the 23-Gene Classifier, cancer stage, Gleason score, and their combination for BCR prediction in
IND-CHTN urine study and MSKCC prostate tissue cohorts

Sensitivity
(95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) AUC (95% CI)

IND-CHTN
cohort
(n = 414)

Cancer stage 100%(100-
100%)

7.28%(4.63-9.92%) 10.88%(7.77-13.99%) 100%(100-100%) 0.68 (0.60-0.76)

Gleason score 100%(100-
100%)

2.43%(0.86-3.99%) 10.40%(7.42-13.37%) 100%(100-100%) 0.60 (0.52-0.69)

23G classifier 100%(100-
100%)

86.29%(82.80-89.79%) 45.16%(35.05-
55.28%)

100%(100-100%) 0.93 (0.90-0.96)

23G
classifierCross-
validation

100%(100-
100%)

86.17%(82.14-90.20%) 45.07%(33.50-
56.64%)

100%(100-100%) 0.93 (0.90-0.96)

Combination 100%(100-
100%)

88.11%(84.81-91.41%) 48.84%(38.27-
59.40%)

100%(100-100%) 0.94 (0.91-0.96)

MSKCC Cohort
(n = 140)

Cancer stage 16.67%(4.49-
28.84%)

99.04%(97.16-100.91%) 85.71%(59.79-
111.64%)

77.44%(70.34-
84.55%)

0.66 (0.56-0.76)

Gleason Score 48.57%(32.01-
65.13%)

96.12%(92.39-99.85%) 80.95%(64.16-
97.75%)

84.62%(78.08-
91.15%)

0.79 (0.71-0.86)

23G classifier 86.11%(74.81-
97.41%)

100%(100-100%) 100%(100-100%) 95.41%(91.49-
99.34%)

0.90 (0.85-0.95)

23G
classifierCross-
validation

87.50%(64.58-
110.42%)

100%(100-100%) 100%(100-100%) 96.97%(91.12-
102.82%)

0.88 (0.78-0.99)

Combination 85.71%(74.12-
97.31%)

100%(100-100%) 100%(100-100%) 95.37%(91.41-
99.33%)

0.96 (0.93-0.99)

AUC: area under the ROC curve; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value; 23G Classifier: 23-Gene Classifier; Com-
bination: combining cancer stage, Gleason score, and 23-Gene Classifier.

late the predictive performance (SupplementaryMethods).
The result showed that the 23-Gene Classifier urine test
had similarly high accuracy in predictingmetastatic cancer
in the retrospective, prospective and combination cohorts
(AUCof 0.92 [95%CI 0.79-1.05] for the retrospective cohort,
0.89 [95% CI 0.83-0.95] for the prospective cohort, and 0.98
[95%CI 0.96-1.01] for the combination cohort) (P< 0.0001).
In contrast, Gleason score had much lower specificity and
AUC (Table S2 and Figure 2).
Development of accurate and actionable prognostic tests

is important and urgently needed for PCa treatment.
None of the clinicopathological parameters, nomograms,
or biomarker panels used in clinic or reported in publica-
tions was capable of accurately predicting BCR or cancer
metastasis with HR above 20 or AUC above 0.9.1–7 The 23-
Gene Classifier had HR above 40 and AUC above 0.9 in all
cohorts assessed, suggesting its higher accuracy and more
robust performance for PCa prognosis. In addition, the 23-
GeneClassifier can be usedwith prostate tissue specimens.

In this study, we developed and validated a novel 23-
Gene Classifier that can be used as a highly accurate and
noninvasive urine test for prediction of BCR and cancer
metastasis with great potential to improve PCa treatment
and reduce mortality in clinical practice.
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F IGURE 2 Receiver operating characteristic (ROC) curves of the 23-Gene Classifier for prediction of metastatic cancer in the urine
cohorts. ROC curve of the 23-Gene Classifier (A), Gleason score (B), and combination of the 23-Gene Classifier and Gleason score (C) in the
retrospective urine cohort. ROC curve of the 23-Gene Classifier (D), Gleason score (E), and combination of the 23-Gene Classifier and Gleason
score (F) in the prospective urine cohort. ROC curve of the 23-Gene Classifier (G), Gleason score (H), and combination of the 23-Gene Classifier
and Gleason score (I) in the combination urine cohort
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