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Abstract
Purpose Here, we re-checked the American Joint Committee on Cancer 7th edition subclassification and confirmed the 
possibility of percent tumor volume as a prognostic factor for biochemical recurrence in the 8th edition subclassification.
Methods A total of 1073 patients with pathologic T2 stage disease who underwent radical prostatectomy were included. 
Exclusion criteria were neoadjuvant therapy and pathologic T3 and N1 disease. Biochemical recurrence-free survival was 
estimated using the Kaplan–Meier method. Cox hazard regression was used to predict biochemical recurrence.
Results According to the 7th edition subclassification, 141 patients (13.1%) had T2a, 43 (4.0%) had T2b, and 889 (82.9%) 
had T2c disease. The 7th edition subclassification did not differ significantly on Kaplan–Meier analysis (p = 0.502). Mean 
percent tumor volume was 8.7 ± 8.0% (interquartile range, 5–10%). Percent tumor volume was positively correlated with 
initial prostate-specific antigen, grade group, surgical margin, and T2 subclassification (all p < 0.001). The 7th edition sub-
classification was not a significant factor, whereas percent tumor volume was (hazard ratio, 1.023; 95% confidence interval, 
1.005–1.041; p = 0.0128) on multivariate analysis. On Kaplan–Meier analysis, percent tumor volume (> 7.5% vs ≤ 7.5%) 
differed significantly for biochemical recurrence-free survival (p < 0.001).
Conclusions The 7th edition pathologic T2 subclassification had poor prognostic value for biochemical recurrence in our 
cohort. Elimination of the 8th edition subclassification was suitable. Percent tumor volume classified biochemical recurrence 
prognosis in pathologic T2 stage. Therefore, percent tumor volume can be a candidate factor for the next T2 subclassification.
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Introduction

Tumor staging is important to predicting prognosis and plan-
ning proper treatment. American Joint Committee on Cancer 
(AJCC) staging is the most commonly used system for clas-
sifying prostate cancer. The AJCC 8th subclassification was 
published in 2017 and implemented in January 2018 (Buyy-
ounouski et al. 2017). The major changes from the 7th to 8th 

edition subclassifications were elimination of the pathologic 
T2 subclassification, inclusion of grade group, and incorpo-
ration of serum prostate-specific antigen (PSA) level ≥ 20 
ng/mL and grade group 5 into stage III (Buyyounouski et al. 
2017). Among these changes, pathologic T2 subclassifica-
tion had caused controversy because of poor reproducibility 
and wide variation (Kwast et al. 2011). Therefore, the T2 
subclassification of the AJCC 7th subclassification has been 
merged into one T2 classification in the AJCC 8th subclas-
sification, which has been used to determine personalized 
staging (Amin et al. 2017). However, to obtain a more per-
sonalized staging in organ-confined prostate cancer patients, 
a newer system is needed.

One alternative method can be to classify T2 stage 
according to tumor burden. The prognostic value of tumor 
volume has been determined for other localized cancers such 
as hepatocellular carcinoma or breast cancer (Fehrenbacher 
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et al. 2014; Nault et al. 2016). In metastatic prostate cancer, 
patients with low volume had better survival than those with 
high volume (James et al. 2016). In localized prostate can-
cer, Gleason score, serum PSA, and surgical margin were 
well-known predictive factors for biochemical recurrence 
(BCR) (Zhao et al. 2008). Surgical margin can be related to 
both surgical technique and tumor characteristics including 
tumor volume (Ohori et al. 1995). Percent tumor volume 
was associated with pathologic T stage, Gleason score, and 
surgical margin (Ku et al. 2011). For the first time, Stamey 
et al reported that cancer volume was an independent factor 
for BCR after adjusting for PSA level and Gleason grade 
(Stamey et al. 1999). However, in the era of the AJCC 7th 
edition, the effect of percent tumor volume on prognosis was 
controversial (Meng et al. 2015). The T2 subclassification 
for prognosis may also be limited because of the multifocal-
ity of prostate cancer. Therefore, we sought to re-check the 
AJCC 7th edition subclassification in our cohort and confirm 
the possibility of percent tumor volume as a prognostic fac-
tor for BCR in the AJCC 8th edition subclassification.

Materials and methods

This study protocol was approved by our institution’s ethical 
review board. We retrospectively reviewed the data of 1073 
patients who underwent radical prostatectomy for prostate 
cancer between May 2012 and June 2017. Patients who 
were treated with neoadjuvant therapy and had pathologic 
T3 and N1 disease were excluded. Clinical data for age at 
diagnosis, initial PSA levels, operation type, biopsy grade 
group, clinical T stage, and pathological variables were col-
lected. Patients were followed using serum PSA every 3–6 
months for the first 2 years and annually thereafter. BCR 
was defined as a consecutively increasing PSA > 0.2 ng/mL 
twice. The follow-up period was 31.6 months (interquartile 
range 19.1–48.8 months).

The radical prostatectomy specimen was covered by India 
ink and fixed in 10% formalin. The specimen was cut at 3- to 
5-mm intervals. After paraffin embedding and hematoxy-
lin–eosin staining, the tissue was examined microscopically. 
The tumor’s contour was marked with a pen on the slide. The 
slide was overlaid with transparent paper, upon which pros-
tate shape and tumor lesion were sketched. Percent tumor 
volume was calculated as the division of the sum of tumor 
lesions by the sum of prostate sections. Positive surgical 
margin was defined as cancer cells within the inked margin 
of the prostate. Patients were classified according to AJCC 
7th edition T staging system subclassification (American 
College of Surgeons 2010).

The baseline clinicopathological characteristics of the 
patients and tumors are expressed as mean ± standard devia-
tion or number and percentage. Continuous variables were 

compared using Student’s t test. Linear regression analysis 
was used to assess the relationships between initial PSA and 
percent tumor volume. Grade group was correlated with 
percent tumor volume by Spearman correlation analysis. 
Cox proportional hazard regression was used to analyze the 
prognostic factors for predicting BCR. Harrell’s concord-
ance index (c-index) was used to evaluate model accuracy. 
A c-index of 1.0 means perfect predictive accuracy, while a 
c-index of 0.5 represents chance agreement. BCR-free sur-
vival was estimated using the Kaplan–Meier method with 
the log-rank test according to percent tumor volume strati-
fied by given cutoff value. The cutoff value was estimated 
by the “maxstat” package for maximal separation of the 
Kaplan–Meier curve (Lausen and Schumacher 1992). All 
statistical analyses were performed with R (version 3.4.1; R 
Project for Statistical Computing, Vienna, Austria). P values 
< 0.05 were considered statistically significant.

Results

The clinicopathological characteristics of the 1073 patients 
are presented in Table 1. The mean age and initial PSA were 
67.5 ± 7.0 years and 7.2 ± 9.8 ng/mL, respectively. Patients 
underwent radical prostatectomy using open (23.3%) or 
robotic (76.7%) techniques. Regarding clinical T stage, 141 
(131%) were T3a and 21 (2.0%) were T3b, but in pathology, 
all were T2. According to the AJCC 7th edition subclassifi-
cation, 141 (13.1%) were T2a, 43 (4.0%) were T2b, and 889 
(82.9%) were T2c. Biopsy grade groups 4 and 5 comprised 
13.5% and grade group 1 comprised 43.0%. Pathologic 
grade groups 4 and 5 comprised 5.6% and grade group 1 
comprised 24.4%. The surgical margin was positive in 305 
(28.4%). Mean prostate volume was 32.9 ± 15.9 cc. The 
percent tumor volume was 8.7 ± 8.0% (interquartile range 
5–10%).

In the total cohort, BCR occurred in 108 patients (10.1%) 
after a median duration of 21.7 months. The 3-year BCR-
free survival rate was 88.6%. According to AJCC 7th edi-
tion subclassification, there was no significant difference 
among T2 stage subclassifications (p = 0.502; Fig. 1). The 
estimated mean BCR-free survivals were 66.6 months [95% 
confidence interval (CI) 63.4–69.9] for T2a, 61.5 months 
(95% CI, 54.7–68.4) for T2b, and 68.7 months (95% CI, 
67.1–70.4) for T2c. The 3-year BCR-free survival rates were 
92.7% for T2a, 83.1% for T2b, and 88.3% for T2c.

Percent tumor volume was positively related to serum 
PSA level (p < 0.001; Fig. 2a) and grade group (p < 0.001; 
Fig. 2b). The mean percent tumor volume of T2a was 
lower than that of T2b (4.3% vs 6.6%, p < 0.001), while 
that of T2b was lower than that of T2c (6.6% vs 9.4%, p 
< 0.001; Fig. 2c). Positive surgical margin showed higher 
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mean percent tumor volume than negative surgical margin 
(11.4% vs 7.5%, p < 0.001; Fig. 2d).

In the multivariate Cox analysis (Table 2), pathologic 
grade group [2 vs 1: hazard ratio (HR), 2.384; 95% CI 
1.055–5.387; p = 0.0367; 3 vs 1: HR, 4.474; 95% CI 
1.958–10.225; p = 0.0004; 4 vs 1: HR, 11.816; 95% CI 
4.716–29.602; p < 0.0001; 5 vs 1: HR 5.283; 95% CI 
1.706–16.359; p = 0.0039] and positive surgical mar-
gin (HR 4.348; 95% CI 2.896–6.528; p < 0.0001) were 
significant factors for BCR. Although pathologic T stage 
(AJCC 7th edition subclassification) was not a significant 
factor, percent tumor volume was a significant factor (HR 
1.023; 95% CI 1.005–1.041; p = 0.0128). The multivari-
ate model that included percent tumor volume, pathologic 

grade group, and surgical margin had a c-index of 0.8012 
(standard error, 0.0295).

The cutoff value for maximal separation of Kaplan–Meier 
curves was 7.5%. As shown in Fig. 3, percent tumor vol-
ume (> 7.5% vs ≤ 7.5%) showed a significant difference in 
BCR-free survival (p < 0.001). The estimated mean dura-
tions to BCR were 72.0 months (95% CI 70.5–73.5) for ≤ 
7.5% tumor volume and 60.7 months (95% CI 58.2–63.1) 
for > 7.5% tumor volume. The 3-year BCR-free survival 
rates were 92.5% for the ≤ 7.5% group and 82.7% for the 
>7.5% group.

Discussion

We reconfirmed the poor ability of the AJCC 7th edition 
subclassification for predicting prognosis in our cohort. 
Elimination of the 8th edition subclassification was suitable. 
Multiple studies reported that the subclassification had little 
prognostic significance (DeCastro et al. 2008; Ettel et al. 
2016; Kordan et al. 2009). Before the AJCC 7th edition was 
published in 2010, the AJCC adopted the T2 subclassifica-
tion (T2a, half of a lobe or less; T2b, more than half of a 
lobe; T2c, both lobes) of the AJCC 4th edition in 1992. In 
1997, the AJCC 5th edition made the change of unilateral 
lobe as T2a and bilateral lobes as T2b. The AJCC 6th edi-
tion in 2002 and 7th edition in 2010 used the 4th edition 
subclassification. During these changes, the subclassification 
of T2 was controversial; finally, the 8th edition removed the 
subclassification. The poor discrimination of the subclassifi-
cation may result from the multifocal heterogeneity of pros-
tate cancer (Andreoiu and Cheng 2010). More than 80% of 
prostate cancer cases had specimen multifocality (Andreoiu 

Table 1  Patients’ clinicopathological characteristics

SD standard deviation, PSA prostate-specific antigen

N = 1073 Mean ± SD 
or number 
(%)

Age, years 67.5 ± 7.0
Initial PSA, ng/mL 7.2 ± 9.8
Operation type
 Open 250 (23.3%)
 Robotic 823 (76.7%)

Biopsy grade group
 Missing 7 (0.7%)
 1 461 (43.0%)
 2 298 (27.8%)
 3 162 (15.1%)
 4 116 (10.8%)
 5 29 (2.7%)

Clinical T stage
 Unknown 5 (0.5%)
 ≤ T2 906 (84.4%)
 T3a 141 (13.1%)
 T3b 21 (2.0%)

Pathologic grade group
 1 262 (24.4%)
 2 494 (46.0%)
 3 256 (23.9%)
 4 38 (3.5%)
 5 23 (2.1%)

Pathologic T stage, 7th edition
 T2a 141 (13.1%)
 T2b 43 (4.0%)
 T2c 889 (82.9%)

Positive surgical margin 305 (28.4%)
Prostate volume, cc 32.9 ± 15.9
Percent tumor volume, % 8.7 ± 8.0

Fig. 1  Kaplan–Meier curve of biochemical recurrence-free survival 
by American Joint Committee on Cancer (AJCC) 7th edition subclas-
sification
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Fig. 2  Percent tumor volume according to prostate-specific antigen 
(PSA), grade group, pathologic T stage subclassification, and surgical 
margin. a Percent tumor volume was positively correlated with initial 
PSA (p < 0.001). b Percent tumor volume was positively correlated 

with grade group (p < 0.001). c Percent tumor volume was signifi-
cantly increased in T2b and T2c than T2a (each p < 0.001). d Percent 
tumor volume was significantly increased in positive surgical margins 
(p < 0.001)

Table 2  Univariate and multivariate analyses using Cox proportional hazard models to predict factors for biochemical recurrence

HR hazard ratio, CI confidence interval, PSA prostate-specific antigen
Bold values indicate significance (p < 0.05)

Univariate Multivariate

HR 95% CI p HR 95% CI p

Age (continuous) 0.990 0.960 1.020 0.4540 0.977 0.950 1.006 0.1164
Initial PSA (continuous) 1.000 0.990 1.010 0.3760 0.991 0.965 1.017 0.5020
Pathologic grade group
 2 vs. 1 3.390 1.520 7.550 0.0030 2.384 1.055 5.387 0.0367
 3 vs. 1 6.360 2.850 14.200 < 0.0001 4.474 1.958 10.225 0.0004
 4 vs. 1 15.640 6.310 38.770 < 0.0001 11.816 4.716 29.602 < 0.0001
 5 vs. 1 9.760 3.280 29.070 < 0.0001 5.283 1.706 16.359 0.0039

Pathologic T stage, 7th edition
 T2b vs. T2a 1.750 0.650 4.750 0.2680 1.113 0.407 3.040 0.8348
 T2c vs. T2a 1.350 0.720 2.520 0.3520 0.830 0.434 1.588 0.5745

Positive surgical margin (yes vs no) 5.130 3.470 7.580 < 0.0001 4.348 2.896 6.528 < 0.0001
Percent tumor volume (continuous) 1.030 1.020 1.050 < 0.0001 1.023 1.005 1.041 0.0128
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and Cheng 2010). In our study, T2c cases comprised 82.9%. 
By comparison, another reason can be the small proportion 
of T2b, only 4.0% of our cohort. The proportion of T2b was 
also low in other studies (DeCastro et al. 2008; Ettel et al. 
2016; Kordan et al. 2009).

We suggest percent tumor volume as a criterion of T2 
subclassification. In our study, percent tumor volume was 
related to the well-known prognostic factors of PSA, Glea-
son score, and surgical margin. In the multivariate analysis, 
percent tumor volume was an independent factor for BCR.

There are two main hypotheses to explain the multifo-
cal heterogeneity of prostate cancer (Andreoiu and Cheng 
2010). One is that initial tumor spread to other regions with 
allele loss (Cheng et al. 1998), and the other is that multiple 
precursor lesions form various tumors (Ruijter et al. 1996). 
Because Gleason pattern 3 may progress to Gleason pattern 
4 with PTEN allelic loss (Sowalsky et al. 2013), Gleason 
score can be associated with the first hypothesis of multi-
focal heterogeneity. By comparison, percent tumor volume 
may support the second hypothesis. The carcinogenesis that 
occurs in various lesions can be merged or grow in place; 
consequentially, the progression of each tumor can be related 
to increasing tumor volume. Therefore, in the situation of 
early localized prostate cancer, tumor volume and Gleason 
score may act on the prognosis independently of each other. 
However, in cases of advanced prostate cancer, percent 
tumor volume may not be significant. You et al reported 
that percent tumor volume was not a significant factor for 
BCR in cases of pathologic stage T3 or T4 (You et al. 2014).

PSA is a very important biomarker for screening, risk 
classification, and follow-up in prostate cancer despite a 
lack of specificity (Rodriguez and Eggener 2018). Various 

risk classifications in localized prostate cancer have the 
criteria of PSA as 10 ng/mL for intermediate risk and 20 
ng/mL for high risk (Faisal et al. 2014). In our cohort, 
patients with PSA > 10 ng/mL comprised only 14.2%, and 
the ratio of PSA could conceal the significance in the Cox 
analysis. However, the ratio of patients with a PSA > 10 
ng/mL was similar with the data (13.3%) of the surveil-
lance, epidemiology, and end results with T2 stage cohort 
(24,479 patients) (Izard et al. 2013). Another explana-
tion may be that preoperative PSA of the gray zone had a 
limited relationship with cancer morphology because of 
relatively large individual variations (Stamey et al. 2002). 
Positive surgical margins can be affected by tumor vol-
ume and location, surgeon’s experience, and neurovascular 
bundle-sparing techniques (Izard et al. 2013). Therefore, 
we suggest the inclusion of percent tumor volume as the 
independent factor for BCR.

Some reports have claimed non-significance of percent 
tumor volume. Hansen et al reported that percent tumor 
volume did not predict early BCR within 2 years in high-
risk prostate cancer patients (n = 595) (Hansen et  al. 
2014). However, their cohort included only 10% of speci-
men-confined prostate cancer. Wolters et al also reported 
that percent tumor volume was not a significant factor in 
multivariate analysis for BCR or cancer-specific survival 
in pathologic stage T2 (Wolters et al. 2010). However, 
the sub-cohort of pathologic stage T2 consisted of only 
262 patients, and all data were collected by screening; 
thus, they would have lead time bias. In addition, over the 
last decade, multiparametric magnetic resonance imaging 
(mpMRI) has become an essential part of prostate cancer 
management. The index tumor volume calculated from 
mpMRI was associated with adverse pathology (Sugano 
et al. 2019).

Our study has some limitations. Percent tumor volume 
was assessed visually. Visual estimation could be subjec-
tive and show different interobserver agreements. There-
fore, the cutoff value that we suggested could not be exact, 
and we showed the tendency of percent tumor volume for 
BCR. The planimetry method performed using a computer 
could be more exact for small tumor volume with poor 
visibility (Thompson et  al. 2011). However, the tech-
nique requires additional software and more effort. Visual 
estimation showed a strong positive correlation with the 
computer-assisted method (Humphrey and Vollmer 1997). 
Therefore, a uniform method for reproducibility should be 
agreed in the field of pathology. In addition, BCR and sur-
vival data can be a good outcome to validate stage. There 
were few cases of mortality during our observation, so we 
just used BCR, which occurred at a frequency of 10.1% 
after radical prostatectomy. Further follow-up will give us 
additional data regarding survival.

Fig. 3  Kaplan–Meier curve of biochemical recurrence-free survival 
by percent tumor volume subgroup
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Conclusions

We confirmed that the pathologic T2 subclassification of 
the AJCC 7th edition had poor prognostic value for BCR in 
our cohort. Thus, elimination of the subclassification in the 
AJCC 8th edition was deemed suitable. Additionally, to offer 
more personalized information for localized prostate cancer 
patients, a new subclassification is necessary. Percent tumor 
volume classified the prognosis of BCR in pathologic stage 
T2. Therefore, percent tumor volume can be a candidate for 
the next T2 subclassification.
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