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Development and validation of a nomogram
including lymphocyte-to-monocyte ratio for initial
prostate biopsy: a double-center retrospective study

Zhong-Han Zhou"", Feng Liu"’, Wen-Jie Wang?, Xue Liu?, Li-Jiang Sun’, Yao Zhu*, Ding-Wei Ye*,
Gui-Ming Zhang'

Here, we developed a prostate cancer (PCa) risk nomogram including lymphocyte-to-monocyte ratio (LMR) for initial prostate biopsy,
and internal and external validation were further conducted. A prediction model was developed on a training set. Significant risk
factors with P < 0.10 in multivariate logistic regression models were used to generate a nomogram. Discrimination, calibration, and
clinical usefulness of the model were assessed using C-index, calibration plot, and decision curve analysis (DCA). The nomogram
was re-examined with the internal and external validation set. A nomogram predicting PCa risk in patients with prostate-specific
antigen (PSA) 4-10 ng ml-! was also developed. The model displayed good discrimination with C-index of 0.830 (95% confidence
interval [CI]: 0.812-0.852). High C-index of 0.864 (95% Cl: 0.840-0.888) and 0.871 (95% Cl: 0.861-0.881) was still reached
in the internal and external validation sets, respectively. The nomogram exhibited better performance compared to the nomogram
with PSA only (C-index: 0.763, 95% CIl: 0.746-0.780, P < 0.001) and the nomogram with LMR excluded (C-index: 0.824,
95% Cl: 0.804-0.844, P < 0.010). The calibration curve demonstrated good agreement in the internal and external validation
sets. DCA showed that the nomogram was useful at the threshold probability of >4% and <99%. The nomogram predicting PCa
risk in patients with PSA 4-10 ng ml-! also displayed good calibration and discrimination performance (C-index: 0.734, 95%
Cl: 0.708-0.760). This nomogram incorporating age, PSA, digital rectal examination, abnormal imaging signals, PSA density, and

LMR could be used to facilitate individual PCa risk prediction in initial prostate biopsy.
Asian Journal of Andrology (2021) 23, 41-46; doi: 10.4103/aja.aja_19_20; published online: 05 June 2020

Keywords: lymphocyte-to-monocyte ratio; nomogram; prostate biopsy; prostate cancer

INTRODUCTION

Prostate cancer (PCa) is the second most commonly diagnosed cancer
(13.5%) and the fifth most common cause of cancer-related death
(6.7%) in men worldwide." In China, the incidence rate of PCa is rapidly
increasing, likely caused by longer life expectancy and westernized
lifestyles.? In 2015, it was responsible for 40 300 new cases and 26 600
cancer-related deaths, making it the most lethal urological cancer in
Chinese men.’ Despite much progress in detection and treatment, PCa
is still a major health burden, especially among elderly men.

The use of prostate-specific antigen (PSA) has revolutionized
PCa diagnosis.* The need for prostate biopsy, which is still the gold
standard for PCa diagnosis, is based on PSA level and/or suspicious
digital rectal examination (DRE) and/or imaging. However, PSA, asan
organ- but not cancer-specific serum marker, lacks sufficient sensitivity
and specificity in PCa detection.” Approximately 1 out of 5 men with
PCa might be misdiagnosed at initial prostate biopsy.® Patients with
PSA between 4 ng ml™' and 10 ng ml™! (known as the diagnostic gray
zone) present a challenge to clinicians. The PCa detection rate within

this PSA range was only 16%-39%, and the rate of high-grade PCa
ranged between 4.1% and 25%.”* Although several biomarkers have
been investigated in PCa detection, for example, prostate health index
(PHI), the four kallikrein (4K) score, and prostate cancer antigen 3
(PCA3), they are still not widely accepted by clinicians.’” Thus, new
valid but simple prediction tools are needed to detect PCa and avoid
unnecessary biopsy.

It has been recognized over the last decade that systemic
inflammation plays a significant role in onset and development
of cancer. This idea has led to the investigation of inflammatory
biomarkers in cancer detection and prognosis, including lymphocyte-
to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, C-reactive protein, and albumin. LMR, an
index integrating circulating lymphocytes and monocytes, has been
investigated in various malignancies, including gastric cancer, lung
cancer, bladder cancer, and renal cell carcinoma.!*'?2 Nevertheless, there
is limited evidence for the use of LMR in diagnosis and prognosis of
PCa. One study in a small cohort has investigated the utility of LMR
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as a potential biomarker for PCa detection.”” However, the diagnostic
value of LMR in addition to PSA and other indicators for PCa needs
to be validated. Therefore, we performed this double-center study in
China to develop a nomogram including LMR to predict the result of
initial prostate biopsy.

PATIENTS AND METHODS

Patients

Patients who underwent prostate needle biopsy at the Department
of Urology, the Affiliated Hospital of Qingdao University (AHQDU,
Qingdao, China), and Fudan University Shanghai Cancer Center
(FUSCC, Shanghai, China), between January 2012 and December 2018
were included in this study. Transrectal ultrasound-guided 12-core
systematic prostate needle biopsy was performed in both centers.
Another two samples were obtained from the suspicious lesions under
the transrectal ultrasound. The need for prostate biopsy was based on
PSA level and/or suspicious DRE and/or imaging. Patients with elevated
PSA >10 ng ml™, or PSA 4-10 ng ml™! with abnormal free-to-total (f/t)
PSA, or PSA 4-10 ng ml" with abnormal PSA density (PSAD) were
candidates for biopsy. We excluded patients with systemic or urinary
tract infection (including symptomatic prostatitis), hematological
diseases, autoimmune diseases, or medical history of anti-inflammatory
or systemic steroid drug use within 2 weeks before biopsy. Patients with
history of malignancy or any other disease that affected white blood cell
count and differential leukocyte count were also excluded. Moreover,
patients with atypical small acinar proliferation or high-grade
intraepithelial neoplasia were excluded because of the small number
of cases. For patients who underwent prostate biopsy twice or more,
only the initial biopsy data were analyzed.

Clinical parameters such as age, body weight and height, alcohol
or tobacco consumption, imaging record (including B-ultrasound
and magnetic resonance imaging [MRI]), and Gleason score (GS)
were recorded. Peripheral blood samples were obtained 3 days
before biopsy. Blood index and PSA value were examined. LMR was
calculated by dividing the lymphocyte count by the monocyte count.
The study protocol was approved by the Ethics Committee of AHQDU
(AYFYWZLL25772) and FUSCC (050432-4-1212B), respectively.

To develop an individualized biopsy prediction model including
LMR, patients from FUSCC were randomly split into the training
set and internal verification set according to the random number
table. Data from AHQDU were used as the external verification set
to verify the predictive capability and accuracy of the nomogram in

an independent population. Similarly, a nomogram for prediction
of clinically significant PCa (csPCa, defined as GS 27) was also
developed with training set and internal verification set from FUSCC
and external verification set from AHQDU. Patients with PSA higher
than 100 ng ml™' were excluded when developing the nomogram, since
the clinical use of nomogram with this range seems unnecessary, and
the contribution of other biomarkers might be concealed by PSA.
The definite cutoff value of LMR was set as the median level of LMR
in the training set, and accordingly, the patients were divided into
high-LMR and low-LMR groups. When the population was restricted
to patients with PSA 4-10 ng ml™, patients from FUSCC were labeled
as the training set and patients from AHQDU as the verification set.

Statistical analyses

Univariate and multivariate logistic regression analyses were performed
to determine the factors affecting PCa diagnosis. Significant risk factors
with P < 0.10 in multivariate logistic regression models were used to
generate a nomogram predicting the probability of positive pathology
in prostate biopsy. Discrimination was assessed using C-index. The
calibration was examined by the calibration curves. The nomogram was
subjected to bootstrapping validation (1000 bootstrap re-samples) to
calculate a relative corrected C-index. The nomogram was re-examined
with the internal and external validation sets. Decision curve analysis
(DCA) was performed to assess the clinical usefulness of the nomogram
by calculating the net benefits. Statistical analyses were conducted using
SPSS version 19.0 software (IBM Corporation, Armonk, NY, USA) and
R version 3.5.2 (The R Foundation, Vienna, Austria).

RESULTS

Patient characteristics

We included 1170 patients from FUSCC (820 in the training set and
350 in the internal verification set) and 1339 patients from AHQDU
(external verification set). Among the patients in the training set, the
median LMR was 4.800, and accordingly, the patients were divided
into the high-LMR and low-LMR groups. The patient characteristics
are shown in Table 1. PCa was diagnosed by initial biopsy in 550
(53.4%) patients in FUSCC and 590 (44.1%) patients in AHQDU.
Patients with positive biopsy exhibited older age, higher PSA level,
higher rates of abnormal DRE findings and imaging signals, higher
PSAD, and lower LMR in both centers. History of alcohol consumption
reached statistical significance only in FUSCC (P = 0.030). However,
f/t PSA level (FUSCC: P = 0.409; AHQDU: P = 0.194), history of
tobacco consumption (FUSCC: P = 0.276; AHQDU: P = 0.439), and

Tahle 1: Baseline characteristics in the Fudan University Shanghai Cancer Center (Shanghai, China), and Affiliated Hospital of Qingdao University

(Qiangdao, China)

Variables FUSCC (n=1170) AHQDU (n=1339)
BPH PCa P BPH PCa P

Patients, n (%) 620 (46.6) 550 (53.4) 749 (56.0) 590 (44.1)

Age (year), meanzs.d. 64.38+9.69 69.17+8.29 0.000 67.24+7.85 71.14+8.25 0.000
PSA (ng mI), median (IQR) 8.56 (5.87-12.59) 31.08 (12.10-100.00) 0.000 11.99 (7.25-18.99) 63.60 (20.04-100.00) 0.000
DRE (n), —/+ 563/57 306/244 0.000 637/112 260/330 0.000
Abnormal imaging (n), —/+ 484/136 331/219 0.000 576/173 344/246 0.000
PSAD (n), low/high 133/220 26/286 0.000 169/226 28/244 0.000
LMR (n), low/high 268/352 317/233 0.000 516/233 436/154 0.045
f/t PSA (n), low/high 330/290 306/244 0.409 384/223 270/185 0.194
Tobacco (n), —/+ 197/156 246/166 0.276 438/307 355/228 0.439
Alcohol (n), —/+ 297/57 241/71 0.030 557/181 449/131 0.411
BMI (kg m~), meanzs.d. 23.80+2.97 23.75+2.89 0.804 24.29+3.21 23.95+3.59 0.071

FUSCC: Fudan University Shanghai Cancer Center; AHQDU: the Affiliated Hospital of Qingdao University; PSA: prostate-specific antigen; IQR: interquartile range; DRE: digital rectal
examination; PSAD: prostate-specific antigen density; LMR: lymphocyte-to-monocyte ratio; f/t PSA: free-to-total prostate-specific antigen; BMI: body mass index; PCa: prostate cancer
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body mass index (FUSCC: P = 0.804; AHQDU: P = 0.071) showed
no difference between PCa and benign prostatic hyperplasia (BPH).
Moreover, depending on the cutoff value, we assessed clinical usefulness
of LMR. The result revealed that LMR got an accuracy rate of 53.3%
(1338/2509) with a sensitivity of 66.1% (753/1140), a specificity of
42.7% (585/1369), a positive predictive value 0of 49.0% (753/1537), and
a negative predictive value of 60.2% (585/972).

LMR value stratified by PSA level and GS

Compared with BPH patients, PCa patients exhibited decreased
LMR in FUSCC (P < 0.001) and AHQDU (P = 0.045). Reduced LMR
(mean + standard deviation [s.d.]) was observed among patients
with PSA >20 ng ml™' compared with 4-10 ng ml™* (FUSCC: 4.74 +
1.98 ng ml™ vs 5.31 + 1.93 ng ml™, P < 0.001; AHQDU: 3.88 + 1.73
ng ml™! vs 4.24 + 1.46 ng ml™, P = 0.003; Supplementary Figure 1).
Similarly, LMR (mean * s.d.) was significantly lower in men with PSA
>20 ng ml™' than in those with PSA 10-20 ng ml™' (FUSCC: 4.74 + 1.98
ng ml? vs5.31 £ 2.0 ng ml™, P <0.001; AHQDU: 3.88 + 1.73 ng ml ™ vs
431 + 1.79 ng ml™, P < 0.001). LMR value (mean * s.d.) in the high-
GS group was 4.27 + 1.82, which was significantly lower than in the
biopsy-negative group (mean + s.d.: 4.66 + 1.94, P < 0.001) and low-GS
group (mean + s.d.: 4.62 + 1.96, P = 0.033). Given that LMR had a close
relationship with PCa, we tried to develop an individualized biopsy
prediction model including LMR.

Development of a nomogram for PCa prediction

Logistic regression analyses were performed in the training set to
determine the factors affecting PCa diagnosis. Age (P < 0.001), PSA
(P < 0.001), DRE (P < 0.001), abnormal imaging signals (P < 0.001),
PSAD (P < 0.001), and LMR (P < 0.001) were associated with positive
biopsy in univariate logistic regression model, and multivariate analysis
revealed that age (P=0.001), PSA (P=0.001), DRE (P < 0.001), abnormal
imaging signals (P=0.019), PSAD (P <0.001), and LMR (P = 0.009) were
independent predictors of positive biopsy (Table 2). Based on this six-
risk factor logistic regression model, the nomogram for positive biopsy
prediction in initial prostate biopsy patients was developed (Figure 1).

Calibration and discrimination of the nomogram for PCa detection
in the training set

The calibration curve of the nomogram for prediction of positive
biopsy demonstrated good agreement between prediction and
observation in the training set (Supplementary Figure 2a). The
C-index of the training set was 0.830 (95% confidence interval [CI]:
0.812-0.852) and confirmed to be 0.820 through bootstrapping

Tahle 2: Logistic regression analysis of predictors for positive biopsy
in the training cohort

Variables Univariate regression Multivariate regression
OR 95% Cl P OR 95% ClI P
Age 1.063 1.045-1.081 0.000 1.046 1.018-1.076 0.001
PSA 1.040 1.031-1.048 0.000 1.014 1.006-1.022 0.001
DRE 9.223 6.169-13.788 0.000 5.544 3.136-9.801 0.000
Abnormal imaging 2.498 1.842-3.388 0.000 1.839 1.105-3.060 0.019
PSAD 5.265 3.201-8.662 0.000 3.273 1.790-5.986 0.000
LMR 0.532 0.403-0.702 0.000 0.533 0.332-0.856 0.009
Tobacco 0.725 0.514-1.023 0.067 1.070 0.656-1.745 0.787
Alcohol 1.561 0.982-2.482 0.060 1.384 0.748-2.563 0.301
BMI 0.988 0.960-1.017 0.423 0.997 0.977-1.017 0.789

PSA: prostate-specific antigen; DRE: digital rectal examination; PSAD: prostate-specific
antigen density; LMR: lymphocyte-to-monocyte ratio; BMI: body mass index; OR: odds
ratio; Cl: confidence interval

A nomogram including LMR for prostate hiopsy
Z/H Zhou et al

validation. When LMR was excluded from the model, the C-index
decreased to 0.824 (95% CI: 0.804-0.844, P < 0.010). When only
PSA was included in this nomogram, the C-index was 0.763 (95% CI:
0.746-0.780, P < 0.001).

Internal and external validation of the nomogram for PCa detection
Using 30% of the Fudan cohort as the internal validation data set,
acceptable calibration was also observed (Supplementary Figure 2b),
and the C-index of the nomogram was 0.864 (95% CI: 0.840-0.888). The
calibration curve demonstrated good agreement in the independent
external validation set (Supplementary Figure 2c), and the C-index
for the prediction of positive biopsy was 0.871 (95% CI: 0.861-0.881).

Clinical use of the nomogram for PCa detection

DCA for the nomogram is presented in Supplementary Figure 3. The
decision curve showed that if the threshold probability of a patient and
doctor was >4% and <99%, respectively, which is a wide range, using
this nomogram to predict positive biopsy would add more benefit than
the intervention-all-patients scheme or the intervention-none scheme.
Within this range, net benefit was comparable with several overlaps,
on the basis of the nomogram.

Development of a nomogram for prediction of significant prostate
cancer

To investigate the predictive value of LMR in high-risk PCa, a
nomogram for prediction of csPCa was developed. Similarly, logistic
regression analyses revealed that age (P = 0.002), PSA (P < 0.001),
DRE (P < 0.001), abnormal imaging signals (P = 0.001), PSAD
(P < 0.001), and LMR (P = 0.015) were independent predictors of
csPCa (Supplementary Table 1), and the nomogram is displayed
in Figure 2.

Performance of the nomogram for prediction of csPCa

Good calibration was also observed for the probability of csPCa
in the training set, as well as internal and external validation set
(Supplementary Figure 4). The C-index of the training set was
0.848 (95% CI: 0.829-0.867) and confirmed to be 0.840 through
bootstrapping validation. In the internal and external validation set,
the C-index was 0.882 (95% CI: 0.858-0.906) and 0.882 (95% CI:
0.869-0.895), respectively. DCA revealed that threshold probability
was >5% and <100%, respectively (Supplementary Figure 5).
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Figure 1: Nomogram for predicting PCa based on the training cohort. The
prostate biopsy nomogram was developed in the training cohort, with
age, PSA, abnormal DRE, PSAD, abnormal imaging findings, and LMR
incorporated. PSA: prostate-specific antigen; DRE: digital rectal examination;
PSAD: prostate-specific antigen density; LMR: lymphocyte-to-monocyte ratio.
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Development of a nomogram for positive biopsy prediction with PSA
4-10 ng ml™*

To investigate further the predictive value of LMR accompanied with
other factors in patients with PSA 4-10 ng ml™', logistic regression
analyses were performed in the training set. Univariate logistic
regression showed that age (P < 0.001), abnormal DRE findings
(P <0.001) and imaging signals (P < 0.001), f/t PSA (P < 0.001), and
LMR (P = 0.045) were associated with high probability of diagnosis of
PCa, and PSA lost its predictive value (Supplementary Table 2). On
multivariate analysis, DRE findings (P < 0.001), f/t PSA (P < 0.001),
and LMR (P = 0.010) were still significant predictors, and age reached
marginal significance (P = 0.060). Thus, age, DRE, f/t PSA, and LMR
were finally included in the nomogram (Figure 3).

Performance of the nomogram for patients with PSA 4-10 ng ml™’
Good calibration was observed for the probability of positive biopsy
in the training set and validation set (Supplementary Figure 6).
The C-index of the training set was 0.734 (95% CI: 0.708-0.760)
and confirmed to be 0.725 through bootstrapping validation. In the
validation set, the C-index was 0.711 (95% CI: 0.670-0.752). DCA
revealed that threshold probability was >2% and <81%, respectively
(Supplementary Figure 7).

DISCUSSION

PCa screening with PSA has allowed for early detection of PCa at the
cost of diagnosing large numbers of men with false-positive results.
As abaseline test, PSA screening with a cutoff value of 4.0 ng ml™" has
a specificity of approximately 60% and sensitivity of 56%.'* In order to
avoid unnecessary biopsy and overtreatment, several biomarkers have
been studied to increase the accuracy of PCa diagnosis, including the
PHI test (integrating the value of total and free PSA and the [-2]pro
PSA isoform in a formula) and the 4K score (combining free, intact,
and total PSA and kallikrein-like peptidase 2)."* These two PSA-based
serum tests are intended to distinguish PCa from benign diseases
and might be considered as secondary tests with potential utility to
determine the need for biopsy.'*'” PCA3, a long noncoding mRNA
in urine, exhibited better performance than total and f/t PSA, and
increased the area under the receiver operating characteristic curve for
positive biopsy.'*" The use of multiparametric MRI (mpMRI) for the
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Figure 2: Nomogram for predicting csPCa based on the training cohort.
The prostate biopsy nomogram was developed in the training cohort, with
age, PSA, abnormal DRE, PSAD, abnormal imaging findings, and LMR
incorporated. PSA: prostate-specific antigen; DRE: digital rectal examination;
PSAD: prostate-specific antigen density; LMR: lymphocyte-to-monocyte ratio;
csPCa: clinically significant prostate cancer.
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detection of PCa has been steadily increasing over the past few years.
Plenty of studies have revealed its great role in detecting PCa, as well
as in predicting tumor aggressiveness.**?' Multiparametric MRI fusion-
guided biopsy for the diagnosis of PCa has also been explored recently,
revealing its improved accuracy in PCa detection.?>”® However, these
technologies were not universally performed due to lack of availability
or high cost. Thus, there is interest in developing a new biomarker that
is cheap, effective, and widely accessible to avoid overdiagnosis of PCa.

The interaction between tumors and inflammation has been
studied in various cancers, including PCa.**** Chronic inflammation
can promote PCa onset and progression through disruption of the
immune response and regulation of the tumor microenvironment.
Inflammatory cells are involved in stimulating DNA mutation,
promoting resistance to apoptosis, regulating the cell cycle, and
inducing angiogenesis, cancer invasion, and metastasis through various
molecules.” In particular, anti-inflammatory drugs, such as aspirin, can
reduce PCarisk.?®* For example, lymphocytes play a significant role in
antitumor immunity. CD8" T cells can induce tumor cell apoptosis and
reduce tumor growth by cytotoxic activity, with the help of CD4* T cells.
Meanwhile, monocytes can product reactive oxygen species, reactive
nitrogen species, and other cytokines, leading to DNA mutation and
tumor progression.* Therefore, decreased lymphocytes and increased
monocytes, that is, lower LMR is associated with elevated cancer risk.
LMR has also been studied regarding the diagnosis and prognosis of
PCa in several clinical studies. A meta-analysis revealed that elevated
LMR was associated with favorable overall survival and progression-
free survival in PCa.*”! Caglayan ef al."” examined the prognostic value of
LMR in PCa and found that it was significantly decreased in PCa in the
entire cohort and in patients with PSA 4-10 ng ml™". In the diagnostic
gray zone, the combination of f/t PSA ratio and LMR improves the
diagnostic accuracy more than that of f/t PSA ratio alone. However,
the prognostic value of LMR in prostate biopsy needs to be validated.
In the current study, we chose LMR, together with age, PSA, DRE,
abnormal imaging signals, and PSAD, to develop a new nomogram
to predict PCa risk.

Two independent cohorts from FUSCC and AHQDU were enrolled
in the current study and formed the training set and validation set. The
cutoff for LMR was 4.800, while in Caglayan et al’s study", the cutoft
was 3.05. We attributed this difference to different study populations.
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Figure 3: Nomogram for predicting PCa in patients with PSA 4-10 ng ml-!
based on the training cohort. The biopsy nomogram was developed in the
training cohort, with age, abnormal DRE, f/t PSA, and LMR incorporated.
DRE: digital rectal examination; f/t PSA: free-to-total prostate-specific antigen;
LMR: lymphocyte-to-monocyte ratio.



We found that PCa patients exhibited older age, higher PSA level,
higher rates of abnormal DRE findings and imaging signals, higher
PSAD, and lower LMR. When stratified by pathological features,
LMR differed by PSA value and GS, suggesting the close relationship
between LMR and PCa. Therefore, developing a nomogram including
LMR value seemed to be reasonable.

In the entire cohort, our nomogram included six variables:
age, PSA, DRE, abnormal imaging signals, PSAD, and LMR. All
of these predictors were easy to measure clinically before surgery.
Our nomogram demonstrated good discrimination and calibration
power, and it was confirmed by the internal and independent external
validation. The C-index of the nomogram was high, exhibiting
moderate accuracy in predicting PCa in the biopsy cohort. Compared
with PSA alone and without LMR, the nomogram demonstrated more
accuracy in biopsy prediction. The C-index increased only a little
in the entire cohort when LMR was added with basic factors to the
nomogram (0.824-0.830, P < 0.010). However, in individual patients
who presented with suspicion of PCa, LMR still added 30 points to
the total score, that is, an increase of approximately 20% to the PCa
risk. DCA showed that the threshold probability was 4% and 99%,
which demonstrated a high net benefit across a wide range of threshold
probabilities. In the nomogram for csPCa detection, age, PSA, DRE,
abnormal imaging signals, PSAD, and LMR were included. Similar
result was obtained in this nomogram with even better discrimination
performance. Moreover, we investigated the prognostic value of LMR
when PSA level was located in the gray zone. Age, DRE, f/t PSA, and
LMR were included in the nomogram. The nomogram also exhibited
good performance, with a C-index of 0.734 and a threshold probability
between 2% and 81%, providing an efficient tool for PCa prediction in
patients within the gray zone.

The current study had several strengths. First, to our knowledge,
this is the first nomogram including a systemic inflammatory marker
for prostate biopsy, offering an opportunity to increase diagnostic
accuracy without additional cost in clinical practice. Second, the
nomogram was based on two independent cohorts from FUSCC and
AHQDU with a large number of patients, exhibiting a high degree of
stability and flexibility. Third, the cutoff of LMR might vary in different
populations. In the current study, we set the definite cutoff value of LMR
as 4.800, and the rationality was verified with the independent cohort.
This cutoff value might be applied and examined in further studies.

However, our research had several limitations. First, our study was
derived from a retrospective cohort, which might have introduced recall
bias. Second, a wide variety of exogenous factors were associated with
PCa risk, such as metabolic syndrome, dietary factors, family history,
and hormonally active medication. These known or unknown factors
were not taken into consideration, which might have resulted in some
bias in multivariate regression analyses. Third, the two centers were in
China. The different ethnicities may have contributed to the difference
in PCa diagnosis between different geographical areas. The nomogram
should be tested for its applicability in other races and ethnicities.

CONCLUSIONS

We performed a large double-center retrospective study to construct
anomogram for predicting the probability of PCa and csPCa in initial
prostate biopsy based on age, PSA, DRE, abnormal imaging signals,
PSAD, and LMR. Moreover, a nomogram including age, DRE, f/t PSA,
and LMR for PCa detection when PSA level was located in the gray
zone was developed. This is the first nomogram to include a systemic
inflammatory marker. This model may help clinicians to make clinical
decisions when patients present with suspicion of PCa.
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Supplementary Figure 1: LMR stratified by pathological results. (a) LMR in
the 4 groups with different PSA range in FUSCC. (b) LMR in the 4 groups
with different PSA range in AHQDU. (c) LMR in the 3 groups with different
pathological features: BPH, PCa with GS lower than 3 + 4 and higher than
4 +3."P<0.05; "P<0.01; ™P < 0.001. LMR: lymphocyte-to-monocyte
ratio; BPH: benign prostatic hypertrophy; PSA: prostate-specific antigen;
PCa: prostate cancer; GS: Gleason score; FUSCC: Fudan University Shanghai

Cancer Center.
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Supplementary Figure 2: Calibration curves of the nomogram for PCa detection in the training, and internal and external validation cohorts. (a) Calibration
curves of the nomogram in the training cohort. (b) Calibration curves of the nomogram in the internal validation cohort. (¢) Calibration curves of the nomogram
in the external validation cohort. The observed rate of positive biopsy is represented on the Y axis, and nomogram predicted probability is plotted on the X
axis. Perfect prediction would correspond to a slope of 1 (diagonal 45° dashed line). The histogram on the top side of the figure shows the frequency counts
of predicated probability. In the training cohort, the dotted line represents the apparent accuracy of this nomogram without correction for overfit. The solid
line indictates bootstrap-corrected nomogram performance. In the validation cohort, the solid line represents the logistic calibration of the model, and the
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dotted line shows the result of the validation cohort, of which a closer fit to the solid line represents a better prediction. PCa: prostate cancer.
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Supplementary Figure 3: Decision curve analysis of the nomogram for PCa
detection. The Y axis measures the net benefit. The blue line represents the
prostate positive biopsy prediction nomogram. The thin solid line represents
the assumption that all patients have positive biopsy. The thick solid line
represents the assumption that all patients have negative biopsy. The decision
curve showed that if the threshold probability of a patient and a doctor were
4% and 99%, respectively, using this nomogram in the current study to predict
biopsy result would add more benefit than the intervention-all-patients scheme
or the intervention-none scheme. PCa: prostate cancer.
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Supplementary Figure 4: Calibration curves of the nomogram for csPCa detection in the training, internal and external validation cohort. (a) Calibration curves
of the nomogram in the training cohort. (b) Calibration curves of the nomogram in the internal validation cohort. (¢) Calibration curves of the nomogram in
the external validation cohort. csPCa: clinically significant prostate cancer.
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Supplementary Figure 5: Decision curve analysis of the nomogram for csPCa
detection. The decision curve showed that if the threshold probability of a
patient and a doctor were 5% and 100%, respectively, using this nomogram
to predict biopsy result would add more benefit than the intervention-all-
patients scheme or the intervention-none scheme. csPCa: clinically significant
prostate cancer.
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Supplementary Figure 6: Calibration curves of the nomogram for PCa detection in patients with PSA 4-10 ng mlI-! in the training and validation cohorts.
(a) Calibration curves of the nomogram in the training cohort. (h) Calibration curves of the nomogram in the validation cohort. PSA: prostate-specific antigen;
PCa: prostate cancer.
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Supplementary Figure 7: Decision curve analysis of the nomogram for PCa
detection in patients with PSA 4-10 ng ml-!. The decision curve showed
that if the threshold probability of a patient and a doctor were 2% and 81%,
respectively, using this nomogram to predict biopsy result would add more
benefit than the intervention-all-patients scheme or the intervention-none
scheme. PSA: prostate-specific antigen; PCa: prostate cancer.

Supplementary Table 1: Logistic regression analysis of predictors for
clinically significant prostate cancer in the training cohort

Variables Univariate regression Multivariate regression
OR 95% Cl P OR 95% ClI P
Age 1.063 1.045-1.082 0.000 1.047 1.017-1.078 0.002
PSA 1.042 1.033-1.051 0.000 1.017 1.009-1.026 0.000
DRE 7.779 5.338-11.337 0.000 4.360 2.480-7.667 0.000
Abnormal imaging 2.625 1.937-3.557 0.000 2.335 1.388-3.929 0.001
PSAD 7.482 4.236-13.214 0.000 4.581 2.331-9.000 0.000
LMR 0.640 0.454-0.902 0.000 0.546 0.334-0.891 0.015
Tobacco 0.725 0.514-1.023 0.011 0.932 0.561-1.546 0.784
Alcohol 1.470 0.928-2.328 0.101 1.243 0.658-2.350 0.503
BMI 0.994 0.940-1.051 0.821 1.051 0.971-1.139 0.216

PSA: prostate-specific antigen; DRE: digital rectal examination; PSAD: prostate-specific
antigen density; LMR: lymphocyte-to-monocyte ratio; BMI: body mass index; OR: odds
ratio; Cl: confidence interval

Supplementary Table 2: Logistic regression analysis of predictors for
positive biopsy in patients with prostate-specific antigen 4-10 ng ml-'
in the training cohort

Variables Univariate regression Multivariate regression
OR 95% Cl P OR 95% ClI P
Age 1.057 1.029-1.086 0.000 1.039 0.998-1.082 0.060
PSA 1.076 0.946-1.223 0.265 1.155 0.924-1.443 0.205
DRE 5.819 3.355-10.092 0.000 4.936 2.217-10.99 0.000
Abnormal Imaging 2.486 1.541-4.010 0.000 1.154 0.513-2.597 0.729
PSAD 1.634 0.917-2.914 0.096 1.283 0.621-2.65 0.501
fAPSA 0.400 0.248-0.645 0.000 0.099 0.035-0.278 0.000
LMR 0.644 0.419-0.991 0.045 0.390 0.19-0.798 0.010
Tobacco 0.758 0.457-1.258 0.284 1.399 0.673-2.910 0.369
Alcohol 1.142 0.535-2.438 0.731 1.225 0.464-3.238 0.682
BMI 0.981 0.910-1.058 0.619 0.995 0.968-1.022 0.690

PSA: prostate-specific antigen; DRE: digital rectal examination; PSAD: prostate-specific
antigen density; f/t PSA: free-to-total prostate-specific antigen; LMR: lymphocyte-to-monocyte
ratio; BMI: body mass index





