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Briganti’s 2012 nomogram is an independent
predictor of prostate cancer progression in EAU
intermediate-risk class: results from 527 patients
treated with robotic surgery
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The study aimed to test if Briganti’s 2012 nomogram could be associated with the risk of prostate cancer (PCa) progression in
European Association of Urology (EAU) intermediate-risk patients treated with robotic surgery. From January 2013 to December 2021,
527 consecutive patients belonging to the EAU intermediate-risk class were selected. Briganti’s 2012 nomogram, which predicts
the risk of pelvic lymph node invasion (PLNI), was assessed as a continuous and dichotomous variable that categorized up to
the median of 3.0%. Disease progression defined as biochemical recurrence and/or metastatic progression was evaluated by Cox
proportional hazards (univariate and multivariate analysis). After a median follow-up of 95.0 months (95% confidence interval [Cl]:
78.5-111.4), PCa progression occurred in 108 (20.5%) patients who were more likely to present with an unfavorable nomogram
risk score, independently by the occurrence of unfavorable pathology including tumor upgrading and upstaging as well as PLNI.
Accordingly, as Briganti’s 2012 risk score increased, patients were more likely to experience disease progression (hazard ratio
[HR]=1.060; 95% CI: 1.021-1.100; P = 0.002); moreover, it also remained significant when dichotomized above a risk score of
3.0% (HR = 2.052; 95% Cl: 1.298-3.243; P < 0.0001) after adjustment for clinical factors. In the studied risk population, PCa
progression was independently predicted by Briganti’s 2012 nomogram. Specifically, we found that patients were more likely to
experience disease progression as their risk score increased. Because of the significant association between risk score and tumor
behavior, the nomogram can further stratify intermediate-risk PCa patients, who represent a heterogeneous risk category for which
different treatment paradigms exist.
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INTRODUCTION

Clinical prostate cancer (PCa) is a widespread problem of such
magnitude to force both the European Association of Urology (EAU)
and the National Comprehensive Cancer Network (NCCN) to
continuously update their guidelines to give the urology community the
best recommendations to treat the disease and avoid overtreatments,
which has an important impact on patient’s quality of life."* Clinical
class risks are calculated using parameters including prostate-specific
antigen (PSA), tumor stage, and grade according to the International
Society of Urologic Pathology (ISUP)."? In both systems, the
intermediate-risk class is the most heterogeneous and controversial
one because it includes the largest group of patients that might present
with PSA levels between 10 ng ml™! and 20 ng ml™' and/or ISUP tumor

grade group 2-3 and/or clinical tumor stage cT2, which is up to cT-2b
or cT-2c according to EAU and NCCN, respectively. Furthermore, this
group is subdivided into favorable and unfavorable categories, the latter
requiring active treatment if patients’ life expectancy exceeds 10 years.
Active treatment includes surgery, which is more commonly performed
by robot-assisted radical prostatectomy (RARP) eventually associated
with extended pelvic lymph node dissection (ePLND), and radiation
therapy (RT)."* However, more clinical factors are required to further
stratify this large heterogeneous risk group. Although multiparametric
magnetic resonance imaging (mpMRI) and molecular biology seem
promising, the former is not reproducible in multicenter studies, while
the latter is far from being used in routine practice.">® When surgery
is the chosen option, there is a risk of pelvic lymph node invasion
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(PLNI), and the choice of performing a lymph node dissection might
take into account validated nomograms such as Briganti’s 2012, which
is one of the most used as it is simple to apply in clinical routine.
Nevertheless, it has not yet been tested as a prognostic factor for this
clinical risk category;">*¢ therefore, we wanted to evaluate Briganti’s
2012 nomogram as a prognostic factor of PCa progression after robotic
surgery in the EAU intermediate-risk category.

PATIENTS AND METHODS

EAU intermediate-risk cohort treated with robotic surgery

From January 2013 to December 2021, 527 patients meeting the EAU
criteria for intermediate-risk PCa with available follow-up were selected
at our institution (Integrated University Hospital, Verona, Italy). We
previously excluded patients on androgen deprivation and/or with prior
active treatments. RARP was performed by 5 experienced surgeons,
eventually associated with ePLND including external iliac, obturator,
Cloquet’s, and Marcille’s regions.” All patients signed informed consent
for the study, which was approved by the internal Institutional Review
Board (Ethical Committee of Verona) in accordance with the 1964
Helsinki Declaration and its later amendments. Data were analyzed
retrospectively. Patients were assessed for age (year), body mass index
(BMI; kg m™?), prostate-specific antigen (PSA; ng ml™'), prostate
volume (PV; ml), and biopsy-positive cores (BPC; %). Physical status
was evaluated through the American Association of Anesthesiologists
(ASA) system.” Assessment of surgical specimens was conducted
according to guidelines."” Patients were followed up according to
guidelines in a multidisciplinary setting where further treatments were
eventually addressed.'?

Design and endpoint evaluation of the study in the investigated
patient population

We wanted to test the hypothesis that Briganti’s 2012 nomogram
could be associated with PCa progression in EAU intermediate-risk
patients treated with robotic surgery. The nomograph was examined
as a continuous and categorical variable that was dichotomized up
to the median, which was 3.0%. PCa progression was defined as
the occurrence of biochemical recurrence/persistence and/or local
recurrence and/or distant metastases. Biochemical recurrence was
defined as any increase in PSA from undetectable to detectable on
blood tests.

Statistical methods

Continuous variables were assessed for median with interquartile range
(IQR). Categorical factors were assessed for frequency (percentage).
Associations of the nomogram with clinical and pathological factors
were calculated using the binomial logistic regression model (univariate
and multivariate analysis). The time from surgery to disease progression
or the last follow-up was measured as time to event occurrence. The
association with the risk of PCa progression was assessed by Cox
proportional hazards (univariate and multivariate analysis). Unadjusted
Kaplan-Meier estimator curves for PCa progression were eventually
generated. The software used for the analyses was IBM-SPSS version
26 (IBM SPSS Statistics, Armonk, NY, USA). All tests were two-sided
with P < 0.05 considered to indicate statistical significance.

RESULTS

PCa progression in the EAU intermediate-risk cohort treated with
robotic surgery

Table 1 shows the demographics of the cohort including 527 patients
who were stratified by Briganti’s 2012 nomogram. The distribution
of the nomogram score is shown in Figure 1. Patients with a risk
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score >3.0% were clinically more likely to have higher percentages of
BPC, palpable tumors (cT-2b), and unfavorable tumor grades (ISUP
3); they were also more likely to harbor unfavorable cancers in the
surgical specimen (tumor upgrading and upstaging). The ASA system
resulted in score 1 in 47 (8.9%), score 2 in 427 (81.0%), and score 3 in
53 (10.1%) patients. A total of 372 patients underwent ePLND and 24
(6.5%) patients were found to have PLNI. The median number (IQR)
of counted lymph nodes was 25 (19-31).

Prognostic impact of Briganti’s 2012 nomogram in the EAU
intermediate-risk PCa population

After a median follow-up of 95.0 (95% confidence interval [CI]:
78.5-111.4) months, PCa progression occurred in 108 (20.5%) patients
who were more likely to present with an unfavorable nomogram risk
score, independently by the occurrence of unfavorable pathology
including tumor upgrading and upstaging as well as PLNI, as shown
in Table 2. Accordingly, as Briganti’s 2012 risk score increased, patients
were more likely to experience disease progression (HR = 1.060;
95% CI: 1.021-1.100; P =0.002). The independent prognostic impact of
Briganti’s 2012 risk score on PCa progression after adjusting for clinical
and pathological factors in EAU intermediate-risk patients treated with
robotic surgery is shown in Table 3. Even after adjusting for clinical
and pathological factors, Briganti’s 2012 risk score was effective as a
continuous (HR = 1.052; 95% CI: 1.025-1.079; P < 0.0001) as well as
a dichotomized variable (HR = 1.678; 95% CI: 1.506-2.675; P = 0.03).
As the nomogram risk score increased, patients were more likely to
experience disease progression, independently by the concomitance of
other clinical and pathological adverse factors. Kaplan—-Meier survival
risk curves for PCa progression stratified by Briganti’s 2012 risk score
are illustrated in Figure 2. Deaths occurred in 19 (3.6%) patients, of
whom 2 (0.4%) were related to PCa. Radiation therapy was delivered
in 87 (16.5%) patients, with salvage intent in 43 (8.2%) patients.
Eighty-seven (16.5%) patients received androgen deprivation therapy.

DISCUSSION

Clinical PCa has a variable natural history including recurrence rates
of 30%-35% and cancer-specific deaths of 16.4% after primary active
treatment; nevertheless, early biochemical recurrence and adverse
pathology are unfavorable prognostic factors."?* ! In intermediate-risk
PCa, it is important to stratify patients into favorable and unfavorable
groups that will benefit from different treatment modalities.’? EAU
guidelines recommend the use of nomograms to predict lymph node
invasion and so to decide whether to perform ePLND in this class of
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Figure 1: Distribution of Briganti’'s 2012 nomogram predicting the risk of
pelvic lymph node invasion. Data are from 527 EAU intermediate-risk patients
treated with robot-assisted radical prostatectomy eventually associated with
extended pelvic lymph node dissection. The median (interquartile range)
and mean (standard deviation) were 3.0% (2.0%-7.0%) and 5.7% (6.4%),
respectively. EAU: European Association of Urology; PCa: prostate cancer.
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Table 1: Distribution of factors stratified by Briganti’s 2012 nomogram in European Association of Urology intermediate-risk prostate cancer
patients treated with robotic surgery
Variable Population Briganti’s Briganti’s Univariate analysis Multivariate analysis
(n=527) score <3.0%, score >3.0%,
n=274 (52.0%)  n=253 (48.0%) OR (95% CI) P OR (95% Ci) P

Clinical factor

Age (year), median (IQR) 65 (60-70) 65 (59-69) 65 (61-70) 1.020 (0.995-1.046) 0.121 1.023 (0.986-1.062) 0.226

BMI (kg m), median (IQR) 25.6 (23.7-27.8) 25.7 (23.9-27.7) 25.4 (23.6-28.1) 1.003 (0.952-1.058) 0.905 0.994 (0.918-1.076) 0.877

PV (ml), median (IQR) 38 (30-49) 38 (30-50) 37 (28-47) 0.995 (0.985-1.005)  0.299 0.999 (0.985-1.104) 0.899

PSA <10 ng ml-!, n (%) 421 (79.9) 221 (80.7) 200 (79.1) Reference Reference

PSA 10-20 ng mi-t, n (%) 106 (20.1) 53 (19.3) 53 (20.9) 1.105 (0.722-1.692) 0.646 1.770 (0.920-3.405) 0.087

BPC (%), median (IQR) 28.5(18.7-47.1) 21.4(14.2-31.2) 43.7 (28.5-63.6) 1.074 (1.060-1.089) <0.0001  1.105(1.084-1.127) <0.0001

cTlc, n (%) 304 (57.7) 189 (69.0) 115 (45.5) Reference Reference

cT2b, n (%) 223 (42.3) 85 (31.0) 138 (54.5) 2.688 (1.869-3.809) <0.0001 3.879(2.261-0.657) <0.0001

ISUP <3, n (%) 348 (66.0) 238 (86.9) 110 (43.5) Reference Reference

ISUP =3, n (%) 179 (34.0) 36 (13.1) 143 (56.5) 8.594 (5.592-13.208) <0.0001 27.362 (14.103-53.086) <0.0001
Pathology factor

ISUP 1-3, n (%) 447 (84.8) 248 (90.5) 199 (78.7) Reference Reference

ISUP 4-5, n (%) 80 (15.2) 26 (9.5) 54 (21.3) 2.588 (1.564-4.283) <0.0001 2.117 (1.243-3.606) 0.006

pT2, n (%) 433 (82.2) 241 (88.0) 192 (75.9) Reference Reference

pT3, n (%) 94 (17.8) 33(12.0) 61 (24.1) 2.320 (1.459-3.690) <0.0001  1.947(1.188-3.191) 0.008

RO, n (%) 401 (76.1) 211 (77.0) 190 (75.1) Reference Reference

R1, n (%) 126 (23.9) 63 (23.0) 63 (24.9) 1.111 (0.744-1.657) 0.608 0.839 (0.546-1.290) 0.424

pNx-0, n (%) 503 (95.4) 268 (97.8) 235 (92.9) Reference Reference

pN1, n (%) 24 (4.6) 6(2.2) 18 (7.1) 3.421 (1.336-8.762) 0.010 2.154 (0.805-5.768) 0.127
IQR: interquartile range; OR: odds ratio; Cl: confidence interval; EAU: European Association of Urology; ISUP: International Society of Urologic Pathology; RO: negative surgical margins;
R1: positive surgical margins; BMI: body mass index; PV: prostate volume; PSA: prostate-specific antigen; BPC: biopsy-positive cores; PNx-0: regional lymph nodes cannot be assessed,
or no regional lymph node metastasis is present at pathological examination; PN1: regional lymph node metastasis is present at pathological examination
Table 2: Risk of prostate cancer progression after robotic surgery by clinical and pathological factors including Briganti’s 2012 nomogram in 527
European Association of Urology intermediate-risk prostate cancer patients
Variable No PCa PCa progression, Univariate analysis Multivariate analysis

progression, n=108 (20.5%)
12419 (79.5%) HR (95% Cl) P HR (95% CI) P
Age (year), median (IQR) 65 (60-70) 64 (60-68) 0.993 (0.966-1.022) 0.641 0.989 (0.960-1.020) 0.498
BMI (kg m=2), median (IQR) 25.7 (23.8-27.8) 25.1(23.4-27.6) 0.972(0.912-1.037) 0.391 0.958 (0.899-1.022) 0.198
PV (ml), median (IQR) 38 (30-49) 36 (28.2-47.7) 1.001 (0.990-1.013) 0.825 1.002 (0.990-1.015) 0.711
PSA 10-20 ng mi-t, n (%) 76 (18.1) 30 (27.8) 1.348 (0.880-2.065) 0.17 1.210 (0.782-1.873) 0.392
BPC (%), median (IQR) 28.5(18.1-44.4) 39.2 (20-59.2) 1.017 (1.010-1.024) <0.0001 1.004 (0.993-1.015) 0.484
cT2b, n (%) 183 (43.7) 40 (37.0) 1.430 (0.962-2.124) 0.077 1.101 (0.723-1.676) 0.655
ISUP =3 (biopsy), n (%) 136 (32.5) 43 (39.8) 1.590 (1.077-2.349) 0.02 1.087 (0.677-1.746) 0.731
ISUP >3 (pathology), n (%) 47 (11.2) 33 (30.6) 2.791 (1.843-4.227) <0.0001 1.976 (1.234-3.163) 0.005
pT3, n (%) 59 (14.1) 35(32.4) 1.954 (1.298-2.940) 0.001 1.082 (0.663-1.766) 0.752
R1, n (%) 88 (21.0) 38 (35.2) 1.870(1.251-2.794) 0.002 1.491 (0.960-2.314) 0.075
pN1, n (%) 5(1.2) 19 (17.6) 4.832(2.908-8.028) <0.0001 3.217(1.843-5.613) <0.0001
Briganti’s 2012 nomogram (%), median (IQR) 3.0 (2.0-6.0) 4.0 (2.0-10.7) 1.070 (1.050-1.091) <0.0001 1.060 (1.021-1.100) 0.002
IQR: interquartile range; PCa: prostate cancer; BMI: body mass index; PV: prostate volume; PSA: prostate-specific antigen; BPC: biopsy-positive cores; R1: positive surgical margins;
HR: hazard ratio; Cl: confidence interval; ISUP: International Society of Urological Pathology; PN1: regional lymph node metastasis is present at pathological examination
patients.' Many nomograms have been developed, based on systematic ~ harbored unfavorable pathology, indicating that clinical factors were
biopsies, such as the well-established Briganti’s 2012 nomogram.®  not sufficient to identify a favorable subset even in this risk category.”®
Remarkably, new nomograms have been recently developed following ~ Favorable intermediate-risk patients treated with brachytherapy have
increasing usage of targeted biopsy of suspected lesions seen at mpMRI  low estimates of cancer-specific mortality during a follow-up of 10
of the prostate. These new nomograms are intended to fit new clinical ~ years.'* While it is important to classify intermediate-risk patients into
practices and to allow the prediction of node involvement in cases  favorable and unfavorable risk categories, it is also critical to identify
when a targeted biopsy is performed without concomitant systematic  additional clinical factors that allow for further prognostic stratification.
biopsies."* Adverse pathology is still an issue in the subgroup presenting  In our study, we showed that Briganti’s 2012 nomogram was able to
with favorable prognostic features, as shown by one study reporting  predict PCa progression after robotic surgery, independently by the
a threefold rate of adverse pathology in favorable intermediate-risk ~ occurrence of unfavorable pathology. As the nomogram risk score
patients compared to low-risk cases.' Another study showed thatnearly  increased, patients were more likely to progress; conversely, patients
25% of intermediate-risk patients presenting with favorable features  presenting with a risk score of up to 3.0% were less likely to experience
@ Asian Journal of Andrology
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Figure 2: Kaplan—-Meyer survival risk curves of prostate cancer (PCa)
progression in 527 EAU intermediate-risk patients treated with robot-assisted
radical prostatectomy eventually associated with extended pelvic lymph node
dissection. The median survival time of PCa progression was longer for a risk
score of up to 3.0% (87.5 months; 95% Cl: 82.8-92.2 months) than that for a
risk score >3.0% (72.6 months; 95% Cl: 67.6-77.6 months) with significant
difference (Mantel-Cox log-rank test: P< 0.0001). EAU: European Association
of Urology; PCa: prostate cancer; PLNI: pelvic lymph node dissection; Cl:
confidence interval.

disease progression. Moreover, patients having unfavorable pathology
reports, but presenting with a favorable risk score, were also less likely
to recur compared with those associating with a risk score >3.0%. To
date, the EAU intermediate-risk PCa population can be classified into
favorable and unfavorable risk groups, which can be further stratified
into prognostic risk groups according to a favorable or unfavorable
nomogram risk score at clinical presentation.

The ISUP system is closely associated with the natural history of
PCaas it has a prognostic impact on disease recurrence after a primary
active treatment including surgery or radiotherapy. The probability
of biochemical recurrence-free progression decreases as the ISUP
system increases from grade group 1 to 5.”'® However, although
tumor grade ranking is associated with unfavorable pathology and
early biochemical recurrence, the natural history of tumor behavior
in EAU intermediate-risk patients remains largely unknown. In
our study, unfavorable pathology was an adverse prognostic factor
for PCa progression in the EAU intermediate-risk cohort treated
with robotic surgery; nevertheless, Briganti’s 2012 nomogram was
independently associated with the risk of disease progression after
predicting unfavorable cancers, which were harbored in the surgical
specimens. Consequently, patients presenting with an unfavorable
risk nomogram >3.0% were more likely not only to have unfavorable
pathology, including upgrading and upstaging issues, but also to
experience disease progression; conversely, patients presenting with a
favorable risk score of up to 3.0% were less likely to have unfavorable
pathology and PCa progression. Briganti’s 2012 nomogram was an
effective tool for predicting disease progression after assessing the risk
of unfavorable pathology, thus demonstrating a strong association with
tumor behavior in the natural history of PCa. Our results have a clinical
impact on the management of EAU intermediate-risk patients, who
can be further stratified at clinical presentation according to Briganti’s
2012 risk score beyond the standard classification into favorable and
unfavorable groups; accordingly, patients presenting with adverse
and non-adverse nomogram risk score will benefit from different
treatment paradigms.

Our results showed that Briganti’s 2012 risk score was associated
with tumor behavior for predicting unfavorable adverse pathology
and disease progression. As the risk score of the nomogram increased,
patients were more likely to experience PCa progression, independently
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Table 3: Multivariate analysis of the prognostic impact of Briganti’s
2012 nomogram on prostate cancer progression in 527 European
Association of Urology intermediate-risk prostate cancer patients
treated with robotic surgery

Briganti’s 2012 nomogram risk score HR (95% Cl) P

After adjusting for clinical factors

Continuous variable 1.071 (1.046-1.096) <0.0001

<3.0% 1

>3.0% 2.052 (1.298-3.243) 0.002
After adjusting for pathological factors

Continuous variable 1.051 (1.027-1.074) <0.0001

<3.0% 1

>3.0% 1.791 (1.186-2.706) 0.006
After adjusting for all factors

Continuous variable 1.052 (1.025-1.079) <0.0001

<3.0% 1

>3.0% 1.678 (1.506-2.675) 0.03

HR: hazard ratio; Cl: confidence interval

by the occurrence of unfavorable disease in the surgical specimen.
Theoretically, these results might be explained by assuming that the
nomogram associates with tumor behavior along multidimensional
patterns determined by complex interactions and integrations between
the set of factors composing the nomogram model. Increasing adverse
risk scores are more likely to be associated with adverse cancer
phenotypes, which are genetically unstable and thus more likely to
progress along the cancer’s natural history. Still, controlled studies are
needed to test this hypothesis.

Our study has limitations for being retrospective, RARP being
performed by multiple surgeons, not evaluating cancer extension in
each biopsy core, and not evaluating mpMRI findings, which were not
available in all cases; however, it also has several strengths for specimens
being evaluated by a single dedicated pathologist and for the primary
endpoint, which was stronger than just biochemical recurrence.

Soon, with the growing usage of artificial intelligence in the field of
urology, it is possible that machine learning will facilitate the prediction
of outcomes of prostate cancer and replace existing tools. The use of
artificial intelligence can accurately identify prostate cancer and aid in
predicting patient outcomes. This can lead to a greater possibility of
enhanced patient care. Anyway, several limitations, last but not least
concerns about the ethical implications, still limit its usage today.”
Until the day that those powerful tools become available, practical
tools such as Briganti’s 2012 nomogram remain irreplaceable allies for
better management of patients with prostate cancer.

CONCLUSIONS

In the EAU intermediate-risk prostate cancer population treated with
robotic surgery, PCa progression was predicted by Briganti’s 2012
nomogram risk score, independently by the occurrence of unfavorable
pathology in the surgical specimen. Specifically, as the nomogram
risk score increased, patients were more likely to experience disease
progression. Accordingly, the intermediate-risk category of EAU,
beyond favorable and unfavorable categories, can be further stratified
according to Briganti’s 2012 nomogram, which is associated with
tumor behavior.
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