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The accumulation of metabolic syndrome

components is associated with higher risk
of positive surgical margin among patients

with localized prostate cancer after radical
prostatectomy

This article was published in the following Dove Medical Press journal:
OncoTargets and Therapy

Xiaonan Zheng'* Objective: To evaluate the association between metabolic syndrome (MetS) and the

Shi Qiu'2* accumulation of its components with prostate cancer (PCa).

Xinyang Li ao' Patients and methods: Patients undergoing radical prostatectomy were retrospectively
Xin Han3 included. Patients were grouped by low risk and intermediate-high risk according to International
Kun J in! Society of Urological Pathology grade. Multivariable logistic regression and Cox hazard regres-
Lu Yan g| sion model were utilized to assess the association of MetS with overall survival, biochemical
Qiang Wei' recurrence, upgrading, upstaging, and positive surgical margin (PSM) after prostatectomy.

Besides, trend test was also performed to evaluate the impact of the accumulation of MetS
'Department of Urology, Institute
of Urology, West China Hospital,
Sichuan University, Chengdu, Sichuan,
People’s Republic of China; 2Center
of Biomedical Big Data, West China
Hospital, Sichuan University, Chengdu,
Sichuan, People’s Republic of China;
3*West China Medical School, Sichuan
University, Chengdu, Sichuan, People’s
Republic of China

components on postoperative pathological feature.

Results: A total of 1,083 patients were eventually enrolled. With a median follow-up of
40.45 months, 197 patients were diagnosed with MetS. No significant association between
MetS and survival outcomes and pathological features was found. However, we did notice that
the accumulation of the MetS components could lead to an elevated gradient of the PSM risk
in the entire cohort (one component: OR=1.46; two components: OR=1.89; =3 components:
OR=2.07; P for trend=0.0194) and intermediate-high risk group (one component: OR=1.4;
two components: OR=1.85; =3 components: OR=2.05; P for trend=0.0127).

*These authors contributed equall . . . . .
aElors contriby quaty Conclusion: The accumulation of MetS components could lead to increasing risk of PSM on

to this work
the entire PCa cohort and patients with intermediate-high risk PCa after prostatectomy, but not

for the low-risk patients.
Keywords: prostate cancer, PCa, metabolic syndrome, MetS, International Society of Urological
Pathology, ISUP, positive surgical margin, PSM

Introduction
Prostate cancer (PCa) is the most frequently diagnosed malignant tumor in male popula-
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tion worldwide.! Although the 5-year survival rate of PCa is approaching 100%, PCa is
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still the third leading cause of cancer-specific death in men despite its indolent course
and indiscriminate early prostate-specific antigen screening.?¢ Metabolic syndrome
(MetS), which is composed of any three of the following metabolic abnormalities:
hyperglycemia, obesity, hypertension, hypertriglyceridemia, and reduced high-density
lipoprotein, is commonly believed to be associated with elevated risk of cardiovascular
disease.® In addition, MetS has been reported to play a role in the increased incidence
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of cancers.” Citing a claim by Hursting,*’ MetS is linked
with the risk and progression of PCa at biochemical level. In
regard to the epidemiologic evidence, controversial results
have been yielded.'*!" However, prior research concerning
low-risk PCa patients treated with radical prostatectomy (RP)
and MetS is inadequate. Previously, in several low-risk PCa
cohorts, obesity and body mass index (BMI) were believed
to be risk factors of PCa progression.'>"* A recent study
reported that MetS was connected with higher probability
of upgrading and positive surgical margin (PSM) in low-risk
PCa patients treated with RP.!*

This study aims to evaluate the impact of MetS and
the number of its components on a PCa cohort undergo-
ing RP, which is subsequently classified by low-risk and
intermediate-to-high-risk groups according to International
Society of Urological Pathology (ISUP) grade.

Patients and methods

Patients undergoing RP in our institution without prior PCa
treatment or metastasis were identified (n=1,167). Fifty-nine
patients were excluded due to the lack of follow-up, and
26 patients refused to be included in the study. Nine patients
without complete records were also excluded. Ultimately, we
included 1,083 patients in this study. Demographic and clini-
copathological parameters were collected retrospectively. All
of'the patients were restricted to MetS and non-MetS in ISUP
grade 1 group (low risk, Gleason Score [GS] =6, n=74) and
ISUP grade 2—5 group (intermediate to high risk, GS =7,
n=1,009). Upstaging was defined as from cT1¢/T2a to patho-
logical T3a/N1 or higher, while upgrading was confirmed
when postoperative ISUP grade was 1 or more grade higher
than preoperative ISUP grade. This study was approved by
the ethics committee of West China Hospital and informed
consent was obtained from the patients. The patient consent
was written informed consent, and this study was conducted
in accordance with the Declaration of Helsinki.

MetS was assessed before 1) RP according to BMI
(=28 kg m™); 2) elevated serum triglycerides (=150 mg dL™!
or 1.7 mmol L™), or treatment for this abnormality; 3) reduced
serum high-density lipoprotein cholesterol (HDL-C)
(<40 mg dL" or 1.03 mmol L"), or treatment for this abnor-
mality; 4) elevated blood pressure (=130/85 mmHg), or use
of antihypertensive medications; 5) elevated fasting glucose
(=100 mg dL" or 5.6 mmol L), or use of medications
for hyperglycemia, or physician-diagnosed type 2 diabetes
mellitus.® Note that we used BMI rather than waist circum-
stance, which is in contrast to the previous study.'” The evi-
dence supporting us to use BMI and waist circumstance in this

study was these two anthropometric measures work similarly
regarding overall biological association, given the correlation
is fairly strong between them (Pearson correlation: 0.88—-0.94
in men).'®* We defined BMI over 28 kg m™ as obesity based
on the statement of Working Group on Obesity in China."”

Chi-squared test or Fisher’s test and Kruskal-Wallis rank-
sum test were used to compare categorical and continuous
variables. The association between MetS and the number of
its components with pathological parameters was evaluated
using a test for linear trend with covariables adjusted, for
which we entered the median value of each category of the
number of MetS components as a continuous variable in
the models. Then we performed competing risk analysis to
compare the association of the number of MetS components
with PSM. Overall survival (OS) and biochemical recurrence
(BCR)-free survival were also assessed by Kaplan—Meier
curve and Cox hazard regression model with covariables
adjusted.

P-value <0.05 was considered to be statistically signifi-
cant. Statistical analyses were conducted by Empowerstats
(X&Y Solutions Inc., Boston, MA, USA).

Results

Baseline characteristics of the patients included in our study
are presented in Table 1. A total of 1,083 patients were
included, 190 (17.5%) of which were MetS patients while
other 893 (82.5%) were not. In the entire cohort, MetS
patients had a higher amount of 1-3 and 7-9 positive cores
than non-MetS patients (31.75% vs 29.68% and 26.19% vs
14.93%, P=0.007). On the contrary, non-MetS patients had
a higher frequency of 4-6 and 10-12 positive cores than
MetS patients (29.68% vs 25.4% and 25.7% vs 16.67%,
P=0.007). Similar outcome was observed in ISUP grade
2-5 group (P=0.011) but not in ISUP grade 1 group. MetS
patients were reported to have higher BMI than non-MetS
patients in all three groups (entire cohort: 25.66 vs 23.47,
P<0.001; ISUP 1: 25.96 vs 23.32, P=0.003; ISUP 2-5: 25.64
vs 23.47, P<<0.001). No significant difference was reported
with regard to other factors.

Table 2 displays the adjusted multivariate logistic regres-
sion result for MetS for pathological outcomes. Upgrading
and upstaging were more common among MetS patients than
non-MetS in all groups, except upgrading in ISUP 1 group
showed decreased odds. Increased adjusted OR for PSM
was observed in ISUP 1 group. However, none of them were
statistically significant.

BCR-free survival rate of the entire cohort was investi-
gated by Kaplan—Meier curves and is shown in Figure 1. For
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Table 2 Adjusted OR/HR and 95% Cl for the pathological outcomes of metabolic syndrome, BCR, and death
Entire cohort P-value | ISUP I P-value | ISUP 2-5 P-value
Upstaging, OR (95% Cl) .16 (0.65, 2.07) 06245 | 1.55(0.30,7.99) | 0.5983 | 1.22 (0.64, 2.33) 0.5416
Upgrading, OR (95% CI) 1.04 (0.73, 1.47) 0.8456 | 0.88 (0.40, 1.94) | 0.7475 1.10 (0.72, 1.66) 0.6674
Positive surgical margin, OR (95% CI) | 0.97 (0.63, 1.49) 08948 | 1.07(0.32,3.63) | 09126 | 0.96 (0.60, 1.52) 0.8588
BCR, HR (95% ClI) 0.99 (0.63, 1.58) 0.9775 / / I.11 (0.68, 1.79) 0.6785
Death, HR (95% Cl) 1.95 (0.44, 8.54) 0.3761 / / 3.56 (0.77, 16.47) 0.1036

Notes: “/”= a small sample size to perform this analysis. Adjusted for BMI, age, PSA, clinical stage, pathological P stage, pathological N stage, surgical approach, and number

of positive cores.

Abbreviations: BCR, biochemical recurrence; BMI, body mass index; ISUP, International Society of Urological Pathology; PSA, prostate-specific antigen.
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Figure | Kaplan-Meier curve for BCR-free survival by metabolic syndrome in the (A) entire cohort, (B) ISUP | group, and (C) ISUP 2-5 group.
Abbreviations: BCR, biochemical recurrence; ISUP, International Society of Urological Pathology; MetS, metabolic syndrome.
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Table 3 Adjusted OR and 95% CI for number of metabolic syndrome components for pathological outcomes

Pathologic Outcomes

| Entire cohort

| ISUP | | ISUP 2-5

Upstaging, OR (95% ClI)

0 components | I |
| component 0.80 (0.43, 1.45) 0.77 (0.27, 2.18) 0.98 (0.62, 1.54)
2 components 0.67 (0.36, 1.25) 0.80 (0.27, 2.36) 0.76 (0.48, 1.22)
=3 components 0.81 (0.38, 1.70) 1.41 (0.33, 6.09) 0.74 (0.44, 1.24)
P for trend 0.5194 / 0.7540
Upgrading, OR (95% ClI)
0 components | | |
| component 1.23 (0.84, 1.82) 0.82 (0.34, 2.02) 1.37 (0.85, 2.19)
2 components 0.98 (0.65, 1.47) 0.83 (0.32, 2.11) 1.00 (0.60, 1.65)
=3 components 1.10 (0.69, 1.73) 0.67 (0.21, 2.14) 1.38 (0.81, 2.36)
P for trend 0.7717 / 0.5697
Positive surgical margin, OR (95% Cl)
0 components | | |
| component 1.46 (0.81, 2.63) 3.92 (0.27, 57.06) 1.40 (0.75, 2.60)
2 components 1.89 (1.04, 3.46) 3.32 (0.18, 62.74) 1.85 (0.98, 3.48)
=3 components 2.07 (1.04, 4.15) 2.99 (0.09, 101.76) 2.05 (0.99, 4.23)
P for trend 0.0194 0.2324 0.0127

Notes: “/” = a small sample size to perform this analysis. Adjusted for body mass index (BMI), age, prostate-specific antigen (PSA), clinical stage, pathological P stage,
pathological N stage, surgical approach, and number of positive cores. Values in bold indicate significance threshold P<<0.05.
Abbreviations: BMI, body mass index; ISUP, International Society of Urological Pathology; PSA, prostate-specific antigen.

PSM risk and accumulation of MetS components, we utilized
the methodology reported by Park and Lee,?* who found
the same trends between the consumption of coffee with
cause-specific mortality and physical activity with weight
gain prevention. It implied the necessity to keep a healthy
lifestyle and controlling MetS risk factors might reduce the
chance of PSM. With regard to the ISUP 1 group, the risk of
PSM interestingly declined as the number of MetS compo-
nents increased from 1 to 3, but the outcome failed to reach
statistical significance. More efforts and studies are required
to confirm the trend in ISUP 1 group.

Regarding the increasing risk of PSM with the increase in
the number of MetS single components, the possible expla-
nation is that patients diagnosed with MetS and/or its single
components (eg, hypertriglyceridemia or hyperglycemia)
have a higher risk of extracapsular extension and/or T3—4
pathological stage and/or lymph node involvement, which
may subsequently lead to a higher rate of occurrence of
PSM among these patients. First, Kheterpal et al found that
patients diagnosed with MetS had significantly higher per-
centage of extracapsular extension (34% vs 26%, P=0.003)
than those without MetS.»® Second, with similarity, Zhang
et al found patients diagnosed MetS had significantly higher
proportion of T3—4 pathological stage (48.3% vs 34.1%,
P<0.001) and lymph node involvement (14.6% vs 8%,

P=0.006) than patients without MetS.?® Moreover, MetS
is the independent risk factor of T3—4 pathological stage
(OR 1.583,95% CI 1.106-2.266, P=0.012) and lymph node
involvement (OR 1.751, 95% CI 1.038-2.955, P=0.036).
Third and most importantly, Zhang et al also claimed that
patients diagnosed with diabetes, hypertriglyceridemia, or
low HDL-C had higher proportion of T3—4 pathological
stage and lymph node involvement. In detail, their findings
are as follows: for patients diagnosed with diabetes: pT3—4 vs
pT2=21.8% vs 12.1%, P<<0.001; lymph node involvement:
Yes vs No =24.7% vs 14.7%, P=0.011; for patients diagnosed
with hypertriglyceridemia: pT3—4 vs pT2=28.8% vs 22.7%,
P=0.031; lymph node involvement: Yes vs No =61.3% vs
21.2%, P<<0.001; for patients confirmed with low HDL-C:
pT3—4 vs pT2=14.5% vs 10.1%, P=0.035. Last but not the
least, in the study of Zhang et al, an ascending trend of the
risk of lymph node involvement appeared as the number of
MetS components accumulated.? Taken together, our results
seem reasonable.

Strengths and limitations

The present study has several strengths and innovations.
First, previous studies were mainly focused on the associa-
tion between MetS and general any-risk PCa patients,?*?!
and few studies addressed low-risk patients.'* Our study
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performed comprehensive analysis of patients at any risk,
who were further divided into low-risk and intermediate-
high risk subgroup. In this case, we were able to have a
general understanding of the impact of MetS on patients at
different risks. Second, we examined not only MetS, but
also the number of MetS components among patients at
any risk, which allowed us to explore MetS more deeply.
In addition, we employed trend test to confirm our positive
findings. Third, we used the most appropriate definition of
obesity for Chinese population to include MetS patients in
the present study. There are multiple definitions for MetS
worldwide, and several Chinese population-based cohorts
took BMI over 30 kg m as cut-off value for obesity.
However, in this study, we utilized the mostly practiced
definition of MetS from the American Heart Association
(AHA) and the National Heart, Lung, and Blood Institute
(NHLBI), which suggests the definition of obesity should
be country-specific. Consequently, the definition of obesity
from Working Group on Obesity in China, which declared
28 kg m™ as the optimal cut-off point of BMI to define
obesity among Chinese population, was employed.

Our findings should be interpreted with following limi-
tations. Retrospective design is the primary limitation, and
consequent potential selection bias is a bothering concern
for this study. The second limitation is we used BMI rather
than waist circumstance to define obesity, which could cause
misclassification. Basically, this is a common limitation for
urological research. However, as Bhindi et al mentioned
in their study, the major discrepancy between these two
anthropometric measures occurs in men when they have
elevated muscle mass, resulting in elevated BMI but low
waist circumference.?”’ This would be an unlikely occurrence
given our cohort’s age distribution. The last limitation is the
number of oncological outcomes (death and BCR) was poor
so we could not perform deeper analysis. Given that the
5-year survival rate of localized PCa is approaching 100%,?
our follow-up duration is another limitation.

It is noted that surgical approach is one of our concerns that
may affect the analytical outcomes even though we adjusted it in
multivariate analysis. A recent study by Cochetti demonstrated
that nerve sparing technique in RP could lead to increased
risk of PSM.% However, our institution began RP with nerve
sparing from 2018 and all the patients included in the current
cohort were operated without nerve sparing. Hence, future
study should probably include this parameter in their analysis
and further investigate the impact of nerve sparing technique on
oncological and pathological outcomes among MetS patients.

Take home message

Our study revealed that the accumulation of metabolic syn-
drome components could lead to a significantly increasing
gradient of positive surgical margin risk on the entire PCa
cohort and patients with intermediate-high risk PCa after
prostatectomy but not for the low-risk patients.

Conclusion

In this study, we performed analysis on PCa patients under-
going RP at any risk, low risk, and intermediate-high risk.
We found the accumulation of a number of MetS components
can lead to an increasing gradient of PSM risk on the entire
cohort and patients with intermediate-high risk (ISUP 2-5).
No association was found between MetS and the overall
survival, upstaging, upgrading, or BCR.
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