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Background: Incidence of biochemical recurrence (BCR) after radical prostatectomy is 
relatively high and overall survival can be poor. Debate exists whether tumour volume 
predicts BCR and when treatments should be administered. In this study, we aimed to i) 
assess the impact of tumour volume percentage (TVP) as a predictor for BCR, ii) determine 
TVP cut-off point for BCR and iii) evaluate single and composite predictors of BCR.
Methods: From March 2000 to December 2013, 1777 patients underwent laparoscopic radical 
prostatectomy for localized prostate cancer. None received neoadjuvant or adjuvant therapy. One 
hundred and forty-six patients experienced BCR (range 3 months-10 years). Using D’Amico 
classification, 146 matched controls without BCR were compared. Liu cut-point analysis was 
used to identify TVP with optimal sensitivity and specificity. Single and composite BCR risk 
predictors were analyzed using Cox hazards regression in cases and controls.
Results: Median TVP was 10% (range 1–90%). Most of BCR peaked after 3 years of follow- 
up. TVP ≥8% was an independent predictor of BCR with HR 1.6 (p= 0.001, 95% CI= 1.11– 
2.48). TVP of 8% was associated with the highest accuracy: sensitivity 74% and specificity 
53% (ROC curve= 0.7). At TVP ≥8%, pathological stage pT3 was associated with 1.7-fold 
higher risk of BCR compared to T2. Lymph node invasion was associated with 1.4-fold higher 
risk of BCR compared to no invasion. Combining TVP ≥8%, pT3 and lymph node invasion, 
HR jumped to 3.73 (p< 0.001, 95% CI= 2.27–6.14), whereas combining TVP ≥8%, positive 
surgical margin and lymph node invasion, HR was 2.68 (p= 001, 95% CI= 1.50–4.77).
Conclusion: TVP can be used as an independent predictor of BCR after radical prostatect-
omy for prostate cancer. TVP cut-point of ≥8% allows the best discrimination. TVP should 
be considered in combination with other clinico-pathological factors to improve prediction of 
long-term oncological outcomes and to stratify BCR risk.
Keywords: prostate cancer, predict biochemical recurrence, radical prostatectomy, tumour 
volume percentage

Introduction
Radical prostatectomy (RP) has been recognized as the standard management of 
localized prostate cancer. Estimation of recurrence risk is paramount for specific 
management and investigating new trials. Incidence of biochemical recurrence 
(BCR) is relatively high (approximately 30% of patients) and overall survival can 
be poor. Debate exists whether tumour volume is predictor of BCR and when 
treatments should be started after BCR.1 In spite of the highly sensitive screening 
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test by serum prostate-specific antigen (PSA) and recent 
advances in surgical techniques, post-surgery recurrence 
has been recorded in at least 20% of all patients.2,3 

Observation of an elevated PSA after a RP is considered 
the first sign of biochemical recurrence (BCR). Natural 
history of cancer progression includes either local recur-
rence or distant metastasis, the PSA doubling time being 
correlated with the development of metastatic disease.4

Along with post-operative PSA, several independent 
factors were developed in order to estimate the risk of 
BCR, such as the type of surgical operation, Gleason 
score, tumour stage and surgical margin (SM) status.5 In 
addition, there has been a debate on whether tumor 
volume can be considered an additional parameter for 
evaluation of tumor behavior.6 In 2006, Nelson et al 
concluded that tumour volume correlated directly with 
the pathological stage of RP specimens, and also with 
the post-operative PSA increase.7 Although this study 
was limited by small sample size and short follow-up, 
the authors hypothesized that tumor volume could be 
a possible prognostic tool together with the standard 
prediction values.7 Another recent study revealed that 
either the total tumour volume or maximum tumour 
diameter could add a significant value in prediction of 
tumor recurrence.8 Tumour volume percentage (TVP), 
also known as tumour percent cancer, that is the per-
centage of prostate volume involved with tumour 
(tumour volume/prostate volume), has been firstly pro-
posed as a predictor of recurrence-free survival after RP 
together with preoperative PSA and Gleason score.9 

More recently, TVP was shown to be a predictor of 
both extra-prostatic extension and BCR after RP.10 

However, more studies are recommended to build con-
clusive evidence. Moreover, it is still debated whether or 
not TVP or just tumour volume is more efficient for 
prognostication after RP.11 In a meta-analysis on 15 
studies, Meng et al found that both tumour volume 
and TVP were significantly associated with BCR after 
RP, with a combined hazard ratio of 1.04 and 1.01, 
respectively.12

Finally, an interesting novel approach for BCR predic-
tion is the volumetric quantification of tumour burden by 
calculating radiotracer avidity.13,14

In this retrospective study, we aimed to i) assess the 
impact of tumour volume percentage (TVP) as a predictor 
for BCR after RP, ii) determine TVP cut-off point accord-
ing to BCR risk, and iii) evaluate single and composite 
predictors of BCR.

Methods
We retrospectively identified 1777 patients who had under-
gone RP for localized prostate cancer from March 2000 
through December 2013. Institutional Review Board (IRB) 
was waived by Royal Surrey County Hospital because of 
its retrospective nature, clinical purpose and no procedure 
is required. Informed Consent was obtained from all par-
ticipants prior to the study. This study was conducted in 
accordance with the Declaration of Helsinki.

Patients’ records were reviewed to obtain demographic 
and clinical data. Surgical margin was considered positive 
if the tumour extended to the edges of specimens on 
histological examination. Dissected lymph nodes were 
examined histologically to look for tumor invasion. TVP 
was measured by using a ruler, graph paper and multi-
plication factor for the block thickness. All specimens 
were completely sectioned and examined histologically, 
and for each specimen, the percentage of tumour was 
estimated by visual inspection and for each slide of pros-
tate the percentage of the area occupied by tumour was 
estimated. Clinical staging and Gleason grade were 
assigned to the attending urologist. Pathological staging 
was performed by the attending pathologist through hae-
matoxylin and eosin-staining, according to standard cri-
teria. PSA at baseline was noted and its values were 
followed up to two years. According to the American 
Urological Association (AUA),35 BCR was defined as 
a PSA value ≥0.2 ng/mL followed by a subsequent con-
firmatory value ≥0.2 ng/mL. We excluded patients who 
received neo-adjuvant, adjuvant therapy, hormonal or 
radiation therapy. A control group (n= 146) matched for 
D’Amico score was created for comparison. Matching 
method was performed by propensity score matching and 
stratification for recurrence (Figure 1).

Descriptive statistics was performed to determine the 
distribution of categorical or continuous variables by cal-
culating number with frequency (%), or median with 
range, respectively. Chi-square test or the Fisher’s exact 
test and paired t-test were calculated for categorical and 
continuous variables, respectively. One-way ANOVA was 
used to assess the correlation between the tested para-
meters. In order to identify TVP value with optimal sensi-
tivity and specificity, Liu cut-point analysis was used. In 
both groups, we also used a multivariable Cox propor-
tional hazards model adjusted for age, summation of 
pathological Gleason score, preoperative PSA, positive 
surgical margin status, pathological stage and lymph 
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node invasion. Two subsequent Cox proportional hazards 
models were then created, including the linear predictor to 
represent current predictors. All analyses were performed 
using Stata version 14 (StataCorp, College Station, Texas). 
The level of significance was set at P≤0.05.

Results
Patients and Disease Characteristics 
(Table 1)
One hundred and forty-six patients who experienced BCR 
recurrence after RP were compared with 146 patients who 
did not experience disease recurrence and who were 
matched based on D’Amico classification, the latter 
being an estimate of the 5-year recurrence risk calculated 
based on three preoperative parameters: PSA level, 
biopsy Gleason score and tumour stage.15 Cases were 
significantly older than controls (median age 64 vs 62 
years). Clinical stage in the case group was mostly an 
early one, T2a (n= 40, 27.0%) and T1c in (n= 32, 21.9%), 
while in the control group the most frequent stage was 
T1c, which was found in approximately half of patients 
(n= 66, 45.2%), followed by T2c in 24%. However, 
pathological (p) stage was higher than clinical stages, 
79% of case group and 76% of control group having 
from pT2c through pT3b. Overall, cases had more 
advanced disease compared to controls expressed either 
as clinical or as pathological stage (P<0.0001 and P= 
0.0002).

Median preoperative PSA was higher in case group 
than control group [9.9 ng/mL (1–253) vs 8.0 (1–31), P= 

0.003]. The majority of patients in both groups demon-
strated a Gleason score of 7 [n= 86 (58.9%) patients in the 
case group and 78 (53.4%) in the control group] and a high 
D’Amico score, ie Gleason score >8 or PSA >20 ng/mL or 
clinical stage ≥T2c [n= 68 patients (48.6%) in both 
groups]. Median follow-up duration was longer for con-
trols compared to cases (48 vs 30 months, P< 0.0001).

In the case group, median prostate weight was 51.5 
grams (20–153) and median TVP was 15% (range: 0– 
80%). In the control group, the corresponding values 
were 55 grams (range: 23–450) and 7.5% (range: 1–90), 
respectively. Of note, statistical significant difference was 
found only regarding TVP (P < 0.001).

Positive surgical margin in the case group was reported 
in 64 patients (43.8%) vs 29 patients (19.9%) in the con-
trol group. Lymph node involvement was found at histol-
ogy in 34 cases (23.3%), but only in 5 controls (3.4%) (P< 
0.0001).

To assess the effect of pathological staging in relation 
to TVP, statistical significant difference among different 
pathological staging was found in case group (P= 0.0005) 
in contrast to the control group (P= 0.10).

The Univariable and Multivariable 
Analyses
At univariate analysis, to assess whether some independent 
factors could increase or decrease the risk of BCR, TVP, 
age, pathological Gleason score, positive surgical margin 
and pT3 were strongly correlated with the probability of 
progression Table 2. Composites, predictors and covariates 

Figure 1 Propensity score matching and stratification for recurrence.
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Table 1 Summary of Patients and Disease Characteristics

Parameter Control Group (N 
=146)

Case Group 
(N=146)

Chi- 
Square

Degrees of 
Freedom

P values

Age (years) 62 (41–75) 64 (46–76) - - 0.019

Clinical stage (%) 35.73 6 < 0.0001
T1c 66 (45.2%) 32 (21.9%)

T2a 28 (19.2%) 40 (27.3%)

T2b 6 (4.1%) 20 (13.7%)
T2c 35 (24.0%) 28 (19.1%)

T3a 7 (4.8%) 16 (10.95%)
T3b 3 (2%) 8 (5.5%)

Missing 1 (0.7%) 2 (1.4%)

Pathological stage (%) 21.61 6 0.0002

T1c 1 (0.7%) 0

T2a 16 (10.95%) 10 (6.8%)
T2b 13 (8.9%) 17 (11.6%)

T2c 73 (50%) 43 (29.4%)

T3a 24 (16.4%) 28 (19.1%)
T3b 14 (9.6%) 44 (30.1%)

Missing 5 (3.4%) 4 (2.7%)

Preoperative PSA (ng/mL) 8.0 (1–31) 9.9 (1–253) - - 0.003

Gleason score (%) 30.73 6 < 0.0001
5 1 (0.7%) 0

6 57 (39%) 25 (17.1%)

7 78 (53.4%) 86 (58.9%)
8 4 (2.7%) 13 (8.9%)

9 3 (2%) 17 (11.6%)

10 1 (0.7%) 0
Missing 2 (1.4%) 5 (3.4%)

D’Amico classification (%)
Low 23 (15.7%) 23 (15.7%) 0 2 1

Intermediate 55 (37.7%) 55 (37.7%)

High 68 (46.6%) 68 (46.6%)
Mean follow up (months) 48 (36–120) 30 (3–120) - - < 0.0001

Prostate weight (g) 55.0 (23–450) 51.5 (20–153) - - 0.1875

Tumour volume percent 7.5 (1–90) 15.0 (0–80) - - < 0.0001

Surgical Margin (%) 19.33 1 < 0.0001

Positive 29 (19.9%) 64 (43.8%)

Negative 117 (80.1%) 82 (56.2%)

Lymph Node Dissection 48 (32.9%) 69 (47.3%) 6.289 1 0.0121*

- - < 0.0001**
Invaded with cancer 5 (3.4%) 34 (23.3%)

Not invaded with cancer 43 (29.4%) 35 (24.0%)

Lymph Node Dissection not 
performed

98 (67.1%) 77 (52.7%)

Notes: *Lymph node dissection vs lymph node dissection not performed. **Lymph node invaded with cancer vs Lymph node not invaded with cancer (by the Fisher’s exact 
test).
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for BCR from Cox proportional hazards regression models 
analysis are provided in Table 2.

Multivariate analyses showed that the median TVP was 
10% (1–90%) and TVP ≥ 8% (optimal cut-point) was 
a significant independent predictor of BCR with hazard 
ratio (HR) = 1.6 [95% confidence interval (CI) = 1.11– 

2.48, P< 0.001]. A receiver-operating characteristic (ROC) 
curve for this cut off value (8%) yielded sensitivity and 
a specificity of 74% and 53%, respectively (Figure 2).

Patients with TVP < 8% were more frequently recur-
rence-free at 5 years compared to patients with TVP ≥8% 
(Figure 3).

Figure 2 A receiver operating characteristic (ROC) curve for sensitivity and specificity of tumour volume percentage values.

Figure 3 Proportion of recurrence-free patients according to tumor volume percentage.
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Pathological Gleason score and positive surgical mar-
gin were associated with increased risk of BCR (HR= 1.18 
and 1.28, respectively). pT3 was also associated with 
a 1.7-fold higher risk (95% CI = 1.33–2.26) of BCR 
compared to pT2. Regarding lymph node dissection, 
lymph node invasion was associated with 1.4. Fold higher 
risk (95% CI= 1.02–1.99, P= 0.039) of BCR compared to 
no invasion. No age or PSA value raised the risk of BCR. 
Combining these three risk factors, namely TVP ≥8%, pT3 
and lymph node invasion, HR jumped to 3.73 (p< 0.001, 
95% CI = 2.27–6.14), whereas combining TVP ≥8%, 
positive surgical margin and lymph node invasion HR 
was 2.68 (p = 001, 95% CI = 1.50–4.77) (Table 2).

Of note, the highest risk of BCR was found approximately 
at the third year of follow-up and then subsequently dropped, 
with another slight increase after the seventh year (Figure 4).

Discussion
In patients who have undergone RP for prostate cancer, 
prediction of disease recurrence or BCR is an essential 
step to determine if adjuvant therapy is required.2 In our 
study, we retrospectively reviewed records of patients who 
experienced BCR and compared their clinicopathological 
parameters with those of a control group that did not 
experience BCR in order to identify predictive factors of 
BCR. In this regard, the role of TVP is still controversial.1 

Currently, in the UK, the Royal College of Pathologists 
does not support routine TVP estimation in prostatectomy 
specimens and only broad ranges of percentage of 

involvement of the specimen is reported. TVP measure-
ment presently is performed upon a specific request.

Our results showed that TVP ≥8% along with patholo-
gical Gleason score, positive surgical margin, pT3 and 
lymph node invasion are independent predictors of BCR. 
Most importantly, our composite analysis showed that 
combining TVP with the other prognostic factors signifi-
cantly increased the prediction of BCR.

To date, management of patients with positive surgical 
margins and/or lymph node invasion is still debated, as accord-
ing to physician’s preference or institutional practice patterns, 
watchful observation or adjuvant hormonal therapy can be 
chosen. Timing and duration of adjuvant therapy is still 
debated. In the present study, we excluded patients who 
received neo-adjuvant, adjuvant therapy, hormonal or radiation 
therapy, and observed the remaining patients over time 
after RP.1

Prostatic epithelial cells produce PSA, which has a 3-day 
half-life in serum; therefore, 3–4 weeks after RP, its levels 
should be undetectable. In this regard, ultrasensitive assays 
could detect residual cancer or disease recurrence by several 
months.16–18 Overall, a PSA cut-off >0.4 ng/mL has been 
proposed as the most appropriate cut-off to diagnose BCR 
after RP,19,20 whereas PSA >0.2 ng/mL was associated with 
a 1 and 3-year risk of PSA progression of 86% and 100%, 
respectively.20 Ellis et al showed that an ultrasensitive che-
miluminescent PSA assay with a cut-off of 0.1 ng/mL can 
detect recurrent prostate cancer with significant lead time 
compared to conventional assays.21

Figure 4 Risk of disease recurrence peaks obtained by smoothed hazard function.
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Increased tumour volume was found to be associated 
with pathological grading and staging parameters. 
A number of studies have elucidated the role of tumour 
volume for BCR prediction5–7,22 especially in pT2 
tumours23 and in those with Gleason score ≥ 7.22 A meta- 
analysis by Meng et al found that both tumour volume and 
TVP significantly associated with BCR after RP.12 

According to this line of evidence, very recently TVP 
was found to be an independent prognostic factor in the 
post-operative BCR in a cohort of 2394 patients who had 
undergone RP for localised prostate cancer.24 Finally, Kir 
has proposed to use TVP as one parameter to be taken into 
account when considering adjuvant therapy for localized 
prostate cancer.25

However, some other studies concluded that tumour 
volume does not provide any additional information for 
BCR prediction.26,27 For instance, it has been noted that 
tumour volume does not add any important predictive 
accuracy at univariate analysis, at least when it used 
alone.22,26,27 Accordingly, in men with pT228 or pT3-T4 
prostate cancer,29 the combination of TVP and other clin-
icopthological variables, such as surgical Gleason 
score,28,29 PSA, surgical margin status and lymphovascu-
lar invasion29 permitted to improve recurrence risk strati-
fication. In line with these studies, we found that Gleason 
score and pathological stage are independent factors for 
predicting disease progression or recurrence after RP.5,28 

Recently, Ito demonstrated that tumor quantitation metrics, 
namely the total tumour volume and the maximum tumour 
diameter are not useful to predict BCR of pT2 prostate 
cancer.8 More generally, by analysing 12,261 patients who 
underwent RP, the same group showed also that neither 6 
prostate metrics including three volumes (prostate volume, 
total tumour volume, high-grade total tumour volume) and 
3 ratios (the ratio of high-grade total tumour volume to 
total tumour volume, the ratio of total tumour volume to 
prostate volume and the ratio of high-grade total tumour 
volume to prostate volume) added discrimination to the 
standard clinicopathological variables for BCR prediction 
nor they provided benefit to clinical decision-making.30 

Therefore, these authors did not recommend reporting 
these parameters routinely.30

Further, there is another controversy regarding stan-
dard tumour quantification in RP specimens, as some 
authors measured tumour volume by streamlined 
3-dimensional (length, width, and height) estimation 
volume formula, which is the current most accepted 
method,31 whereas other authors used visual estimation 

of the percentage of microscopic invasion of carcinoma 
in the specimens or 2-dimensional measurement.32 In 
addition, another report revealed that the RP specimens 
can be stratified by tumour size according to simple 
assessment of maximum tumour area by using single or 
multiple slides, as in the routine clinical practice.33 

Marks et al reported that the ratio of tumor-positive 
tissue blocks to the total number of blocks could be an 
independent prognostic indicator for BCR.32 Müller et -
al34 added the maximum tumour diameters of all 
tumours instead of using only the largest tumour dia-
meter. The authors found that a value >19.5 mm was an 
independent predictor of BCR.34 Finally, a recent study 
comparing two approaches for tumour measurement, 
namely total tumour volume by planimetry and 2-dimen-
sional maximum tumour diameter by digital ruler, found 
that they were not useful for prediction of BCR in pT2 
prostate cancer.8

Limitations
Similarly to any retrospective single institution analysis, 
our study has some limitations about the selection of 
participants with available data. Indeed, even though 
some data were missing, all reported data were examined. 
Concerning control matching, the major limitation is the 
significantly different age between cases and controls.

Conclusion
TVP can be used as an independent predictor of BCR. 
TVP cut-point of ≥8% allows the best discrimination for 
an accurate BCR prediction. TVP should be considered in 
combination with other clinicopathological prognostic fac-
tors to improve prediction of long-term oncological out-
comes and to stratify BCR risk. A close follow-up during 
the first 3 years, in which the peak of BCR is expected, is 
also recommended. Subsequent reports on large-scale to 
assess the validation of our results are needed.
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