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Abstract

Background A predictive model for biochemical recurrence (BCR) of prostate cancer (PCa) after neoadjuvant androgen
deprivation therapy (nADT) has not been established. This study was aimed at determining multiparameter variables that
could be used to construct a nomogram to predict the post-nADT BCR of PCa.

Methods Overall, 43 radical prostatectomy specimens from PCa patients who had undergone nADT were collected. Multipa-
rameter variables were analyzed by univariate and then multivariate logistic analyses to identify the independent prognostic
factors for predicting BCR. The predictive model was established using Lasso regression analysis.

Results Univariate logistic analysis revealed six variables, pathology stage; margins; categorization as group A, B, or C;
nucleolus grading; percentage of tumor involvement (PTI); and PTEN status were significantly associated with the BCR
of PCa (all p<0.05). Multivariate logistic regression analysis suggested that categorization as group C, severe nucleolus
grading, PTI less than or equal to 5%, and PTEN loss were positively correlated with BCR (all p <0.05). A nomogram com-
prising the four variables predicting BCR was constructed, and it exhibited good discrimination (AUC: 0.985; specificity:
86.2%:; sensitivity: 100%). Calibration plots for the probability of freedom from BCR at 1 and 2 years showed a good match
between the prediction by the nomogram.

Conclusions We constructed and validated a nomogram to predict the risk of BCR in PCa patients after nADT. This nomo-
gram is a complement to the existing risk stratification systems for PCa, which could have marked implications for clinical
decision-making for PCa patients after nADT.
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Introduction

Prostate cancer (PCa) is the second most common cancer
and the fifth leading cause of cancer-related death in men
overall [1]. The use of radical curative treatment for high-
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survival (PFS) and overall survival (OS) comparable to
those achieved with alternative treatment [4]. Recently,
James et al. showed that enhanced nADT plus chemotherapy
before RP improved the OS in patients with localized high-
risk PCa compared with that afforded by RP alone in a phase
3 clinical trial [5]. In clinical practice, nADT before RP is
an option in remote areas where surgeons might be inexpe-
rienced, in favor of potential tumor remission and improving
perioperative safety.

Multiple studies have described the histopathological
changes that occur after nADT in PCa patients, including
reduced glandular density, decreased glandular diameter,
reduction in cytoplasmic quantity, cytoplasmic vacuolization
[6-10]. Bernard Tétu et al. first described the histological
changes that occur after nADT in PCa patients [6]. Next,
Civantos, F and Bullock, M.J. and their colleges confirmed
the morphology changes and summarized as decrease in
the size and density of neoplastic glands, tumor cells were
either vacuolated or had scanty cytoplasm, and immature
squamous-cell metaplasia. These changes render the Glea-
son score of post-therapy specimens nonrepresentative of the
disease and, therefore, no longer accurate in assessing dis-
ease severity or prognosis [7, 8]. G.Ahlgren et al. found that
neuroendocrine (NE) differentiation to be increased in PCa
after 3-month nADT treatment, however, the relationship
between NE-differentiation and BCR was not mentioned
in the study [9]. Recently, Xueli Wang et al. showed that
combined pathological indicators in predicting differences
in response to nADT in PCa was better than that of model
based on individual factor alone [10].

Some studies have proposed meaningful models to assess
the prognosis after nADT for patients with PCa. Efstathiou
et al. demonstrated that categorization as group A, B, or C
based on the pathological morphology of PCa after treat-
ment correlated strongly with the risk of biochemical fail-
ure [11]. Murphy et al. proposed using a set of parameters
including maximum tumor size, tumor area/volume, cellu-
larity, volume and group A, B, or C for evaluating RPs after
neoadjuvant therapy [12]. However, there is no consensus on
the pathological evaluation of PCa after nADT for predicting
BCR. In this study, we endeavored to construct a nomogram
based on clinicopathologic features, molecular markers, and
immune microenvironment factors for predicting the BCR
of PCa after nADT.

Materials and methods
Ethics statement

The Institutional Review Board of Sun Yat-Sen University
Cancer Center approved this study.
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Patients

Overall, 43 PCa specimens exposed to nADT and for which
complete clinical, pathological, laboratory, and follow-up
information was available were collected. The inclusion and
exclusion criteria are as follows: (1) Patients who undergo
neoadjuvant endocrine therapy for three months or more
before radical prostatectomy for prostate cancer. (2) Com-
plete clinical, pathological, laboratory, and follow-up data.
(3) Patients with distant metastasis were excluded. The
patients had undergone RP and pelvic lymph node dissec-
tion after nADT. Pathologic stage and margin status were
assigned using the modified American Joint Committee
on Cancer staging system. Clinical follow-up information
was obtained from the patients’ medical records. BCR
was defined as two successive elevations of > 0.2 ng/ml
in prostate-specific antigen (PSA) level at least 2 weeks
postoperatively.

Pathological analysis

All specimens were formalin-fixed and paraffin-embedded
(FFPE), processed in a routine manner, and stained with
hematoxylin and eosin (H&E). Histological slides were
reviewed by two pathologists (Q-S. and Y-J.Z.). The mor-
phological changes observed include both parenchymal and
interstitial changes, which were described previously [10].
According to the three morphologically distinct groups sug-
gested by Efstathiou et al., group A is defined as small clus-
ters, cords, and isolated TCs; group B is defined as complete,
fused small glands; and group C is defined as cribriform
growth mode or intraductal spread [11]. Nucleolus grad-
ing was performed according to the previously suggested
combination of histoarchitectural and cytological grading by
Helpap et al.: minimal =0 points, nuclei: small, round, soli-
tary, homogeneous chromatin; nucleoli: small, solitary, and
centrally located; moderate =1 point, nuclei: size slightly
increased, round, solitary, slightly heterogeneous chroma-
tin; nucleoli: slightly enlarged, still solitary, mostly centrally
located; and severe =2 points, nuclei: large, polymorph, het-
erogeneous chromatin; nucleoli: enlarged, mostly multiple,
eccentrically located) [13]. The specimens from RPs were
completely submitted and sectioned at 3- to 4-mm intervals
with the apical and bladder neck portions sectioned radially
to allow for the evaluation of the margin status parallel to the
urethra. For each pathological slide, the percentage of the
slide with tumor involvement was estimated, and percentage
of tumor involvement (PTI) was determined by averaging
the estimates from all slides as previously reported [14, 15].
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Immunohistochemistry and scoring

Assays were performed as described previously [16]. The
details of the different IHC staining processes are summa-
rized in Supplementary Table 1. The immunohistochemical
scores were evaluated by two pathologists (Q-S. and Y-J.Z.).
Proliferation (Ki67 index) was estimated semiquantitatively
and scored from 0 to 100%. Nuclear staining of any intensity
in TCs was considered positive. Androgen receptor (AR)
and PTEN expression was observed in the nuclear, and
cytoplasmic/nuclear membranes, respectively. According
to the staining intensity, the TCs were divided into two cat-
egories: positive, showing staining intensity; and negative,
showing a complete absence of staining. Neuroendocrine
marker expression (NME) was defined as either CD56- or
Syn-positive expression. CD56- or Syn-positive expression
was defined as staining intensity in the cytomembrane or
cytoplasm, respectively.

IHC was also applied to evaluate the immunophenotype
of TCs and tumor-infiltrating lymphocytes. PD-L1 expres-
sion in TCs and infiltrating immune cells (ICs) and PD1
expression in ICs were evaluated for every case. Positive
expression was defined as tumor or lymphoid cells that dem-
onstrated at least partially weak to strong expression in IHC.
The average density of TCs (cells/high-power field [HPF])
was determined based on CDS8, FoxP3, CD163, and CD68
cells, and three fields of view (magnification X 400) in tumor
tissue areas were randomly selected and counted to deter-
mine the absolute number of cells with positive staining;
subsequently, the average number of cells was determined.
To determine the percentage, a representative section for the
entire tumor area was evaluated.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tical software version 26.0 (IBM Corp., Chicago, IL, USA)
and R version 3.6.0 (http://www.R-project.org). The optimal
cut-off values of related parameters were all transformed into
categorical variables based on the cut-off values determined
using the R package “pROC” [17]. Differences in distribu-
tion between patients in the non-BCR and BCR cohorts were
analyzed using the Chi-square test. Wilcoxon rank-sum or
Fisher’s exact test was used for categorical variables, and
the t-test was used for discrete variables. Lasso regression
analysis was used to select the most useful prognostic vari-
ables in the cohort. According to the regulation weight A,
LASSO shrinks all regression coefficients toward zero and
sets the coefficients of many irrelevant features to zero. The
optimal values of the penalty parameter A were determined
by tenfold cross-validation with one standard error of the
minimum criteria (1-SE criteria), where the final value of A
yielded a minimum cross-validation error. Retained features

with nonzero coefficients were used for regression model fit-
ting [18, 19]. Next, a prognostic computing-based model was
established for each patient through a linear combination of
selected variables weighted by their respective coefficients.
The R package “glmnet” was used for Lasso regression anal-
ysis. The area under the curve (AUC) was calculated using
the “pROC” package. Model performance was assessed by
plotting a calibration curve in internal validation with boot-
strapping (1000 bootstrap resamples) [20].

Results
Descriptive clinical characteristics of the cohort

In all, 43 cases of PCa after nADT were included, of
which 14 (32.6%) cases showed evidence of postopera-
tive BCR. The median follow-up period, BCR time, and
patient age were 23.6 months (range 1.5-67.7 months),
24.9 months (range 1.5-50.7 months), and 68 years (range
50-82 years), respectively. The median pretreatment PSA
level, preoperative serum PSA level, and preoperative fPSA/
tPSA were 49.89 (range 1.63-400 ng/mL), 0.226 (range
0.003-24.51 ng/mL), and 0.14 (range 0.01-1.43), respec-
tively. No significant association was identified between
these clinical characteristics and BCR (Supplementary
Table 2).

Pathological characteristics of the cohort

The histologic evaluation of the RP specimens showed that
the morphological changes after nADT described before also
occurred in our cases, including reduced glandular density,
decreased glandular diameter, reduced cytoplasmic quantity,
cytoplasmic vacuolation, nuclear pyknosis, apoptosis, squa-
mous cell metaplasia, interstitial changes in stromal mucin,
calcification, foamy cell infiltration, and stromal increase
(Fig. 1A). Regarding the three morphologically distinct
groups, BCR was more frequently associated with group
C than with groups A (2/14) and B (3/14) (groups A, B,
and C=14.3%, 21.4%, and 64.3%, respectively; p=0.003)
(Fig. 1B). Regarding nucleolus grading, the severe group
(10/14) was more commonly associated with BCR than
the minimal (0/14) and moderate groups (4/14) (minimal,
moderate, and severe =0%, 28.6%, and 71.4%,respectively;
p=0.002) (Fig. 1C). Additionally, greater than pT2 was
more frequently observed in the BCR group (10/14) than
non BCR group (11/29) (71.4% vs 37.9%, p=0.039). 64.3%
(9/14) BCR patients showed margin positive, but only 27.6%
(8/29) cases had margin negative (p=0.021). We identified
85.7% (12/14) BCR cases with PTI greater than 5%, whereas
31.1% (9/29) non-BCR case with PTT less than or equal to
5% (p=0.001) (Fig. 1D). However, there is no significant
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association between seminal invasion, lymph node invasion,
vascular invasion, perineural invasion, tumor diameter, and
BCR (Supplementary Table 2).

Molecular marker parameters of the cohort

Immunophenotypically, 88.4% (38/43) cases showed AR
positive expression and 20.9% (9/43) cases showed PTEN

Fig.2 The correlation of molecular marker parameters with bio-
chemical recurrence. A PTEN loss was significantly correlated with
biochemical recurrence (BCR) (p=0.014). (B/C/D) Ki67 index, neu-

loss. 51.2% (22/43) cases showed Ki67 index greater than
1% and 46.5% (20/43) cases showed NME positive (Sup-
plementary Table 3). The results demonstrated PTEN
loss was significantly correlated with BCR (p=0.014,
odds ratio [OR]=0.154, 95% confidence interval [CI]
0.031-0.759), while AR, Ki67 index and NME were all
not correlated with BCR (Fig. 2).
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Immune microenvironment parameters
of the cohort

PD-L1 was expressed in> 1% of TCs in 74.4% (32/43) of
the patients and in> 1% ICs in 4.7% (2/43) of the patients.
PD-1 was expressed in> 1% of ICs in 53.5% (23/43) of the
patients (Fig. 3A). No significant differences were identified
between PD-L1, PD-1 and BCR (Fig. 3B and Supplemen-
tary Table 5). Other immunoenvironment parameters such as
FOXP3, CD8, CD68, and CD163 has no correlate with BCR
after nADT in PCa patients (Fig. 3C and Supplementary
Table 4). According to the previous definition [21], tumor
microenvironment immune types (TMIT) were as follows:
TMIT I (PD-L1 +/CD8€" =12 samples (27.9%); TMIT II
(PD-L1 —/CD8") =10 samples (23.3%); TMIT III (PD-
L1+/CD8%") =20 samples (46.5%), and TMIT IV (PD-
L1—/CD8Highy =1 sample (2.3%) (Fig. 3D and Suplemen-
tary Table 5).

Construction of the multiparametric model

To select the parameters predicting BCR after nADT in PCa
patients, the parameters that were associated with BCR in
the univariate analysis, such as categorization as group A, B,
or C; nucleolus grading; PTI; PTEN; margin; and pathologic
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Fig.3 The correlation of immune microenvironment parameters with
biochemical recurrence. A PD-L1+TCs, PD-L1+ICs, and PD1+ICs
in 43 prostate cancer patients based on IHC staining. B Representa-
tive morphology of the PD-L1 and PD1 expression in non-biochem-
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stage, were subjected to Lasso regression analysis. Figure 4A
shows the change in trajectory for each factor analyzed. The
optimal value of A was 0.05949808 in the Lasso regression
analysis (Fig. 4B). Thus, this value was selected for the final
model, including four predictors from the six parameters
that were significantly weighted prognostic factors: catego-
rization as group A, B, or C; nucleolus grading; PTI; and
PTEN. The coefficients of the 4 predictors are presented in
Fig. 4C. Next, a predicted model risk score was calculated
based on the personalized levels of the four predictors, by
using the following formula: prediction of BCR risk score
= —10.096 + (2.662 x group A, B, or C)+(3.514 X nucleo-
lus grading) + (4.447 X PTI) — (4.785 X PTEN). In this for-
mula, each variable level was valued as O or 1. A value of
0 was assigned when the marker was less than or equal to
the corresponding cut-off value; otherwise, a value of 1 was
assigned [22].

Construction and verification of the nomogram
model

A multivariable analysis based on logistic regression was
performed to construct a prediction model to estimate the
probability of BCR. The significant parameters associated
with BCR in this model included categorization as group
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CD68
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]
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ical recurrence (BCR) and BCR, respectively. C Representative
morphology of CD8, FOXP3, CD68, CD163 in 43 prostate cancer
patients based on IHC staining. D Tumor microenvironment immune
types (TMIT) in 43 prostate cancer patients based on IHC staining
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the coefficient of the independent predictor. B Tenfold cross-valida-
tion was used for model establishment, and the confidence interval

A, B,or C (p=0.044, OR=14.331,95% CI 1.918-59.881);
nucleolus grading (p=0.009, OR =33.595, 95% CI
4.138-118.945); PTI (p=0.049, OR =85.408, 95% CI
2.795-545.443); and PTEN (p=0.048, OR =0.008, 95%
CI 0.006-0.292). The nomogram was graphically depicted
based on these results (Fig. SA). Calibration plots for the
probability of freedom from BCR at 1 and 2 years showed
a good match between the prediction by the nomogram
(Fig. 5B). The area under the ROC curves (AUCs) of the
predicted model was 0.985 (95% CI: 0.9478-1), indicating
a good ability to predict BCR (Fig. 5C).

Discussion

In this study, we constructed a nomogram based on clin-
icopathologic features, molecular markers, and immune
microenvironment parameters to provide a theoretical
basis for clinical decisions. The key parameters included
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under each A value. C Histogram shows the role of each predictor
that contribute to the developed prognostic model. The predictors
that contribute to the prognostic model are plotted on the x-axis, with
their coefficients in the Lasso regression analysis plotted on the y-axis

categorization as group A, B, or C; nucleolus grading; PTI,
and PTEN status.

The Gleason grading system remains one of the most
useful prognostic predictors in PCa [23]. However, most
pathologists now recommend not using the Gleason score
following nADT because of the lack of adapted criteria to
grade these tumors, poor reproducibility, and the lack of
biological and clinical relevance of the grading after hor-
mone manipulation. Neil et al. categorized pretreated PCa
into three morphologically distinct groups based on hierar-
chical clustering analysis [11]. We found that categoriza-
tion as group A, B, or C was an independent predictor of
BCR and was therefore considered in the construction of the
nomogram. Additionally, we found that group C was more
commonly associated with BCR compared with groups A
and B. This result is consistent with those of previous studies
[11, 24, 25]. Thus, categorization as group A, B, or C is a
potential prognostic risk stratification criterion.

Interestingly, nucleolus grading had a better predictive
effect than did other prognostic factors. After neoadjuvant
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Fig.5 The nomogram and evaluation of the model’s performance.
A The nomogram: A nomogram comprised group A, B, or C; PTEN
status, percentage of tumor involvement (PTI), and nucleolus grading
to predict the 12- and 24-month BCR-free probability. B The calibra-

therapy, TCs may exhibit nuclear pyknosis; however, some
TCs would still show enlargement, multiple nucleoli, and
heterogeneity of chromatin, which are associated with
poor prognoses. We flexibly applied a nucleolus grading
system, which was confirmed to correlate with the progno-
sis of PCa patients by Helpap et al. [13], to be used in the
assessment of PCa cells after nADT. Our results showed
that BCR was more common in the severe group compared
with that in the minimal and moderate groups. The result
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Specificity

tion: Calibration of the nomogram at the 12- and 24-month endpoints.
C The ROC curve of the nomogram: Receiver operating characteris-
tic (ROC) curve and area under the curve (AUC) for evaluating the
predictive accuracy of the nomogram

highlighted the post-treatment tumor growth state in terms
of cell morphology.

The identification of surrogates for survival end points
in high-risk PCa is of utmost importance [26]. There is still
considerable controversy regarding the evaluation of mini-
mum residual disease (MRD) after nADT because it is dif-
ficult to measure the greatest dimension of a tumor, owing to
it being distributed unevenly within the residual tumor bed
as scattered islands of residual disease. Some studies defined
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MRD as a tumor of size < 0.5 cm in the RP specimen; oth-
ers defined MRD as a residual cancer burden of <0.25 cm?
[27-30]. The PTI, which was determined by averaging the
percentage tumor involvement in the whole prostate, solved
the problem of the controversy of MRD and is an independ-
ent prognostic factor of BCR.

PTEN is a key tumor suppressor gene in PCa [31]. Dele-
tion of PTEN occurs in 20-70% of PCa patients and has
been linked to rapid tumor progression and early recurrence.
PTEN loss after nADT was observed in 20.9% of PCa cases;
moreover, it is associated with a worse prognosis [32-35].
PTEN status could potentially improve current risk strati-
fication protocols when the Gleason score is inaccurate. In
this study, PTEN status had a high positive predictive value
(67%) and negative predictive value (77%) in predicting
BCR.

We constructed a multiparametric nomogram to predict
the risk of BCR after nADT in PCa patients. This nomogram
is a complement to the existing risk stratification systems for
PCa, which could have significant implications for clinical
decision-making after nADT in PCa patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11255-023-03658-2.

Author contributions QS: Conceptualization, Methodology Devel-
opment, Data Collection, Statistical Analysis, Manuscript Writing,
Review. YZY: Data Analysis, Manuscript Writing. DC: Conceptual-
ization, Methodology Development. PY: Data Collection, Data Analy-
sis. YJZ: Conceptualization, Methodology Development, Manuscript
Writing, Statistical Analysis, Supervision, Review. YC and YHL:
Supervision.

Funding This work was supported by the National Natural Science
Foundation of China (grant number 82002668) and the Natural Sci-
ence Foundation of Guangdong Province, China (grant number
2021A1515010579).

Availability of data and materials The datasets analyzed in the current
study are not publicly available due to patient privacy concerns but are
available from the corresponding author on reasonable request.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, Bray F (2021) Global cancer statistics 2020: GLOBO-
CAN estimates of incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 71:209-249. https://doi.
org/10.3322/caac.21660

2. Ashrafi AN, Yip W, Aron M (2020) Neoadjuvant therapy in high-
risk prostate cancer. Indian J Urol 36:251-261. https://doi.org/10.
4103/iju.lJU_115_20

3. Tosco L, Laenen A, Briganti A, Gontero P, Karnes RJ, Albersen
M, Bastian PJ, Chlosta P, Claessens F, Chun FK et al (2017) The
survival impact of neoadjuvant hormonal therapy before radical
prostatectomy for treatment of high-risk prostate cancer. Prostate
Cancer Prostatic Dis 20:407-412. https://doi.org/10.1038/pcan.
2017.29

4. Berglund RK, Tangen CM, Powell 1J, Lowe BA, Haas GP, Carroll
PR, Canby-Hagino ED, deVere White R, Hemstreet GP III, Craw-
ford ED et al (2012) Ten-year follow-up of neoadjuvant therapy
with goserelin acetate and flutamide before radical prostatec-
tomy for clinical T3 and T4 prostate cancer: update on Southwest
Oncology Group Study 9109. Urology 79:633-637. https://doi.
org/10.1016/j.urology.2011.11.019

5. Eastham JA, Heller G, Halabi S, Monk JP III, Beltran H, Gleave
M, Evans CP, Clinton SK, Szmulewitz RZ, Coleman J et al (2020)
Cancer and leukemia group B 90203 (alliance): radical prosta-
tectomy with or without neoadjuvant chemohormonal therapy in
localized, high-risk prostate cancer. J Clin Oncol 38:3042-3050.
https://doi.org/10.1200/jc0.20.00315

6. Bullock MJ, Srigley JR, Klotz LH, Goldenberg SL (2002) Patho-
logic effects of neoadjuvant cyproterone acetate on nonneoplastic
prostate, prostatic intraepithelial neoplasia, and adenocarcinoma:
a detailed analysis of radical prostatectomy specimens from a ran-
domized trial. Am J Surg Pathol 26:1400-1413. https://doi.org/
10.1097/00000478-200211000-00002

7. Ahlgren G, Pedersen K, Lundberg S, Aus G, Hugosson J, Abra-
hamsson PA (2000) Regressive changes and neuroendocrine
differentiation in prostate cancer after neoadjuvant hormonal
treatment. Prostate 42:274-279. https://doi.org/10.1002/(sici)
1097-0045(20000301)42:4%3c274::aid-pros4%3e3.0.co;2-r

8. Civantos F, Marcial MA, Banks ER, Ho CK, Speights VO, Drew
PA, Murphy WM, Soloway MS (1995) Pathology of androgen
deprivation therapy in prostate carcinoma. A comparative study
of 173 patients. Cancer 75:1634—1641. https://doi.org/10.1002/
1097-0142(19950401)75:7%3¢1634::aid-cncr2820750713%3¢3.0.
co;2-#

9. Tétu B, Srigley JR, Boivin JC, Dupont A, Monfette G, Pinault S,
Labrie F (1991) Effect of combination endocrine therapy (LHRH
agonist and flutamide) on normal prostate and prostatic adenocar-
cinoma. A histopathologic and immunohistochemical study. Am J
Surg Pathol 15:111-120. https://doi.org/10.1097/00000478-19910
2000-00002

10. Wang X, Qi M, Zhang J, Sun X, Guo H, Pang Y, Zhang Q, Chen
X, Zhang R, Liu Z et al (2019) Differential response to neoad-
juvant hormonal therapy in prostate cancer: predictive morpho-
logical parameters and molecular markers. Prostate 79:709-719.
https://doi.org/10.1002/pros.23777

11. Efstathiou E, Abrahams NA, Tibbs RF, Wang X, Pettaway CA,
Pisters LL, Mathew PF, Do KA, Logothetis CJ, Troncoso P (2010)
Morphologic characterization of preoperatively treated prostate
cancer: toward a post-therapy histologic classification. Eur Urol
57:1030-1038. https://doi.org/10.1016/j.eururo.2009.10.020

12. Murphy C, True L, Vakar-Lopez F, Xia J, Gulati R, Montgomery
B, Tretiakova M (2016) A novel system for estimating residual
disease and pathologic response to neoadjuvant treatment of

@ Springer


https://doi.org/10.1007/s11255-023-03658-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.4103/iju.IJU_115_20
https://doi.org/10.4103/iju.IJU_115_20
https://doi.org/10.1038/pcan.2017.29
https://doi.org/10.1038/pcan.2017.29
https://doi.org/10.1016/j.urology.2011.11.019
https://doi.org/10.1016/j.urology.2011.11.019
https://doi.org/10.1200/jco.20.00315
https://doi.org/10.1097/00000478-200211000-00002
https://doi.org/10.1097/00000478-200211000-00002
https://doi.org/10.1002/(sici)1097-0045(20000301)42:4%3c274::aid-pros4%3e3.0.co;2-r
https://doi.org/10.1002/(sici)1097-0045(20000301)42:4%3c274::aid-pros4%3e3.0.co;2-r
https://doi.org/10.1002/1097-0142(19950401)75:7%3c1634::aid-cncr2820750713%3e3.0.co;2-#
https://doi.org/10.1002/1097-0142(19950401)75:7%3c1634::aid-cncr2820750713%3e3.0.co;2-#
https://doi.org/10.1002/1097-0142(19950401)75:7%3c1634::aid-cncr2820750713%3e3.0.co;2-#
https://doi.org/10.1097/00000478-199102000-00002
https://doi.org/10.1097/00000478-199102000-00002
https://doi.org/10.1002/pros.23777
https://doi.org/10.1016/j.eururo.2009.10.020

2224

International Urology and Nephrology (2023) 55:2215-2224

14.

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

prostate cancer. Prostate 76:1285-1292. https://doi.org/10.1002/
pros.23215

. Helpap B, Kollermann J (2012) Combined histoarchitectural and

cytological biopsy grading improves grading accuracy in low-
grade prostate cancer. Int J Urol 19:126-133. https://doi.org/10.
1111/5.1442-2042.2011.02902.x

Ramos CG, Roehl KA, Antenor JA, Humphrey PA, Catalona WJ
(2004) Percent carcinoma in prostatectomy specimen is associated
with risk of recurrence after radical prostatectomy in patients with
pathologically organ confined prostate cancer. J Urol 172:137—
140. https://doi.org/10.1097/01.ju.0000132139.40964.75
Rampersaud EN, Sun L, Moul JW, Madden J, Freedland SJ (2008)
Percent tumor involvement and risk of biochemical progression
after radical prostatectomy. J Urol 180:571-576. https://doi.org/
10.1016/j.juro.2008.04.017

Chen Y, FuJ, Li Z, Chen Q, Zhang J, Yang Y, Yang P, Wang J,
Liu Z, Cao Y et al (2022) Cutoff values of PD-L1 expression
in urinary cytology samples for predicting response to immune
checkpoint inhibitor therapy in upper urinary tract urothelial car-
cinoma. Cancer Cytopathol. https://doi.org/10.1002/cncy.22661
Diboun I, Wernisch L, Orengo CA, Koltzenburg M (2006) Micro-
array analysis after RNA amplification can detect pronounced dif-
ferences in gene expression using limma. BMC Genomics 7:252.
https://doi.org/10.1186/1471-2164-7-252

Tibshirani R (1997) The lasso method for variable selection in the
Cox model. Stat Med 16:385-395. https://doi.org/10.1002/(sici)
1097-0258(19970228)16:4%3¢385::aid-sim380%3e3.0.c0;2-3
Goeman JJ (2010) L1 penalized estimation in the Cox proportional
hazards model. Biom J 52:70-84. https://doi.org/10.1002/bimj.
200900028

Feng LH, Sun HC, Zhu XD, Liu XF, Zhang SZ, Li XL, Li Y,
Tang ZY (2021) Prognostic nomograms and risk classifications
of outcomes in very early-stage hepatocellular carcinoma patients
after hepatectomy. Eur J Surg Oncol 47:681-689. https://doi.org/
10.1016/j.ej50.2020.10.039

Teng MW, Ngiow SF, Ribas A, Smyth MJ (2015) Classitying can-
cers based on T-cell infiltration and PD-L1. Cancer Res 75:2139-
2145. https://doi.org/10.1158/0008-5472.CAN-15-0255

Qu Y, Emoto K, Eguchi T, Aly RG, Zheng H, Chaft JE, Tan KS,
Jones DR, Kris MG, Adusumilli PS et al (2019) Pathologic assess-
ment after neoadjuvant chemotherapy for NSCLC: importance
and implications of distinguishing adenocarcinoma from squa-
mous cell carcinoma. J Thorac Oncol 14:482-493. https://doi.org/
10.1016/j.jtho.2018.11.017

Tolonen TT, Kujala PM, Tammela TL, Tuominen VJ, Isola JJ,
Visakorpi T (2011) Overall and worst gleason scores are equally
good predictors of prostate cancer progression. BMC Urol 11:21.
https://doi.org/10.1186/1471-2490-11-21

O’Brien C, True LD, Higano CS, Rademacher BL, Garzotto M,
Beer TM (2010) Histologic changes associated with neoadjuvant
chemotherapy are predictive of nodal metastases in patients with
high-risk prostate cancer. Am J Clin Pathol 133:654-661. https://
doi.org/10.1309/ajcp8el5ftzsobih

@ Springer

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Kato M, Hirakawa A, Kobayashi Y, Yamamoto A, Ishida R, Kami-
hira O, Sano T, Majima T, Ishida S, Funahashi Y et al (2020)
Response of intraductal carcinoma of the prostate to androgen
deprivation therapy predicts prostate cancer prognosis in radical
prostatectomy patients. Prostate 80:284-290. https://doi.org/10.
1002/pros.23942

Devos G, Devlies W, De Meerleer G, Baldewijns M, Gevaert T,
Moris L, Milonas D, Van Poppel H, Berghen C, Everaerts W
et al (2021) Neoadjuvant hormonal therapy before radical prosta-
tectomy in high-risk prostate cancer. Nat Rev Urol 18:739-762.
https://doi.org/10.1038/s41585-021-00514-9

Neoadjuvant Therapy of Abiraterone Plus ADT for High Risk
Prostate Cancer. https://www.clinicaltrials.gov/ct2/show/study/
NCT04356430. Accessed 12 Dec 2022

Multi-arm Multi-modality Therapy for Very High Risk Localized
and Low Volume Metastatic Prostatic Adenocarcinoma. https://
clinicaltrials.gov/ct2/show/NCT03436654. Accessed 12 Dec 2022
Neoadjuvant Androgen Deprivation Therapy Plus Abiraterone
With or Without Apalutamide for High-Risk Prostate Cancer.
https://clinicaltrials.gov/ct2/show/NCT02789878. Accessed 12
Dec 2022

Chen ME, Johnston D, Reyes AO, Soto CP, Babaian RJ, Tron-
coso P (2003) A streamlined three-dimensional volume estimation
method accurately classifies prostate tumors by volume. Am J
Surg Pathol 27:1291-1301. https://doi.org/10.1097/00000478-
200310000-00001

Jamaspishvili T, Berman DM, Ross AE, Scher HI, De Marzo AM,
Squire JA, Lotan TL (2018) Clinical implications of PTEN loss
in prostate cancer. Nat Rev Urol 15:222-234. https://doi.org/10.
1038/nrurol.2018.9

Di Cristofano A, Pandolfi PP (2000) The multiple roles of PTEN
in tumor suppression. Cell 100:387-390. https://doi.org/10.1016/
$0092-8674(00)80674-1

McCall P, Witton CJ, Grimsley S, Nielsen KV, Edwards J (2008)
Is PTEN loss associated with clinical outcome measures in human
prostate cancer? Br J Cancer 99:1296-1301. https://doi.org/10.
1038/sj.bjc.6604680

Mithal P, Allott E, Gerber L, Reid J, Welbourn W, Tikishvili E,
Park J, Younus A, Sangale Z, Lanchbury JS et al (2014) PTEN
loss in biopsy tissue predicts poor clinical outcomes in prostate
cancer. Int J Urol 21:1209-1214. https://doi.org/10.1111/iju.12571
Ferraldeschi R, Nava Rodrigues D, Riisnaes R, Miranda S, Figue-
iredo I, Rescigno P, Ravi P, Pezaro C, Omlin A, Lorente D et al
(2015) PTEN protein loss and clinical outcome from castration-
resistant prostate cancer treated with abiraterone acetate. Eur Urol
67:795-802. https://doi.org/10.1016/j.eururo.2014.10.027

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/pros.23215
https://doi.org/10.1002/pros.23215
https://doi.org/10.1111/j.1442-2042.2011.02902.x
https://doi.org/10.1111/j.1442-2042.2011.02902.x
https://doi.org/10.1097/01.ju.0000132139.40964.75
https://doi.org/10.1016/j.juro.2008.04.017
https://doi.org/10.1016/j.juro.2008.04.017
https://doi.org/10.1002/cncy.22661
https://doi.org/10.1186/1471-2164-7-252
https://doi.org/10.1002/(sici)1097-0258(19970228)16:4%3c385::aid-sim380%3e3.0.co;2-3
https://doi.org/10.1002/(sici)1097-0258(19970228)16:4%3c385::aid-sim380%3e3.0.co;2-3
https://doi.org/10.1002/bimj.200900028
https://doi.org/10.1002/bimj.200900028
https://doi.org/10.1016/j.ejso.2020.10.039
https://doi.org/10.1016/j.ejso.2020.10.039
https://doi.org/10.1158/0008-5472.CAN-15-0255
https://doi.org/10.1016/j.jtho.2018.11.017
https://doi.org/10.1016/j.jtho.2018.11.017
https://doi.org/10.1186/1471-2490-11-21
https://doi.org/10.1309/ajcp8el5ftzsobih
https://doi.org/10.1309/ajcp8el5ftzsobih
https://doi.org/10.1002/pros.23942
https://doi.org/10.1002/pros.23942
https://doi.org/10.1038/s41585-021-00514-9
https://www.clinicaltrials.gov/ct2/show/study/NCT04356430
https://www.clinicaltrials.gov/ct2/show/study/NCT04356430
https://clinicaltrials.gov/ct2/show/NCT03436654
https://clinicaltrials.gov/ct2/show/NCT03436654
https://clinicaltrials.gov/ct2/show/NCT02789878
https://doi.org/10.1097/00000478-200310000-00001
https://doi.org/10.1097/00000478-200310000-00001
https://doi.org/10.1038/nrurol.2018.9
https://doi.org/10.1038/nrurol.2018.9
https://doi.org/10.1016/s0092-8674(00)80674-1
https://doi.org/10.1016/s0092-8674(00)80674-1
https://doi.org/10.1038/sj.bjc.6604680
https://doi.org/10.1038/sj.bjc.6604680
https://doi.org/10.1111/iju.12571
https://doi.org/10.1016/j.eururo.2014.10.027

	Nomogram for predicting the biochemical recurrence of prostate cancer after neoadjuvant androgen deprivation therapy
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Ethics statement
	Patients
	Pathological analysis
	Immunohistochemistry and scoring
	Statistical analysis

	Results
	Descriptive clinical characteristics of the cohort
	Pathological characteristics of the cohort
	Molecular marker parameters of the cohort
	Immune microenvironment parameters of the cohort
	Construction of the multiparametric model
	Construction and verification of the nomogram model

	Discussion
	Anchor 22
	References




