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Abstract

Objective: We aimed to evaluate the role of tumor size in predicting tumor risk for
localized prostate cancer (PCa) patients undergoing radical prostatectomy (RP).
Methods: Twenty-five thousand, one hundred twenty-seven men with PCa receiv-
ing RP from 2010 to 2015 were extracted from the Surveillance, Epidemiology, and
End Results database. Kaplan—Meier plots and multivariable Cox regression analyses
were used to illustrate overall survival (OS) according to the tumor size. The tumor
size was confirmed by postoperative pathology after RP.

Results: Among overall localized PCa, 84.6% were high-risk PCa, 9.2% were
intermediate-risk PCa, and 6.2% were low-risk PCa. Multivariate analyses demon-
strated that tumor size >21 mm was an independent risk predict factor of low-risk
PCa (odds ratio [OR]: 11.940; 95% CI, 9.404-15.161; p < 0.001) and intermediate-
risk PCa (OR: 1.887; 95% CI, 1.586-2.245; p < 0.001). Tumor sizes <5 mm signifi-
cantly correlated with high-risk PCa (p < 0.001). Tumor size <5 mm had the worst
OS in overall localized PCa and high-risk PCa (p < 0.001).

Conclusions: In localized PCa, tumor sizes >21 mm may help predict low or
intermediate-risk PCa, while tumor sizes <5 mm might help predict high-risk PCa. In
clinical practice, we should be on high alert for patients with tumors size <5 mm due

to its poor prognosis after RP.
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1 | BACKGROUND

Prostate cancer (PCa) is a serious disease that is harmful to
men's health worldwide, ranking first in cancer incidence
and second in cancer mortality for males in the United
States.! In the United States, more than 160,000 new cases
annually are diagnosed as PCa, which accounts for approx-
imately 19% of all new cancer cases, and the lifetime risk
of PCa is estimated at about one in six." Although the in-
cidence of PCa is high, the mortality of PCa is very low.
Approximately 8% of all deaths due to PCa among men in
the United States.'

An increase in survival rates has been noted in recent
years due to the extensive use of prostate-specific antigen
(PSA) testing, resulting in a more favorable stage distri-
bution.? The European Association of Urology Guidelines
2019 indicated that localized PCa can be classified into
three disease stages: low-risk, intermediate-risk, and high-
risk PCa.®> The PSA's introduction decreased PCa mor-
tality for decades while brought overdiagnosis concerns.
And new biomarkers such as multiparametric imaging
are needed to ease these concerns. Different therapy regi-
mens are available based on the clinical stage and individ-
ual patients’ circumstances, which include estimated life
expectancy, as well as personal values and preferences.4
Therefore, it was necessary to figure out the potential
factors relatively simple and effective to predict different
risks of PCa.

It is commonly considered that large tumor has a poorer
prognosis than small tumor and existing studies have
shown that tumor size larger than 10 mm might be more
aggressive.5 But the role of tumor size is still uncertain
for localized PCa. Besides, the application of multiparam-
eter magnetic resonance imaging (MRI) in the diagnosis,
staging, and treatment of PCa has attracted more and more
attention. At present, multiparameter MRI is widely used
due to its ultra-high performance in discrimination, cali-
bration, and clinical usefulness.® The latest research sug-
gested that shorter MRI provides quicker, simpler, and less
costly MRI protocols without compromising its effective-
ness.’ Moreover, the predictive role of multiparameter MRI
in intermediate-risk PCa has been reported.8 Therefore,
can we look for index lesions in MRI, such as tumor size,
and explore its relationship with disease stratification? In
this study, we could not directly obtain the index lesion of
MRI and the pathological findings of tumor size were used
instead.

Consequently, in this study, we investigated the re-
lationship between PCa risk and tumor size in local-
ized diseases to figure out if tumor size could serve as
a biomarker for aggressive PCa, thus helping clinical
decision-making.

1
—

FIGURE 1 The flow chart describes the steps taken to identify
24,127 localised prostate cancer patients in the Surveillance,
Epidemiology, and End Results (SEER) database

2 | METHODS

2.1 | Patient selection

Prostate cancer patients from 2010 to 2015 were selected from
the Surveillance, Epidemiology, and End Results (SEER)
database using the SEER*Stat software program (version
8.3.7). Twenty-four thousand, one hundred twenty-seven pa-
tients were extracted in this study from the SEER database.
All patients were operated with radical prostatectomy (RP).
Besides, all of them were diagnosed as clinical T1-2, NO, and
MO. We deleted patients with unknown or meaningless CS
tumor size (codes 990-995, 999), age at diagnosis <18, or
unknown PSA (codes 988,998,999) (Figure 1).

2.2 | Definition of variables for analyses
Patients were stratified according to the tumor size. The
tumor size was confirmed by postoperative pathology.
If PCa is multifocal, the database recorded the size of the
largest tumor. Covariates consisted of years of diagnosis,
age at diagnosis, race, grade, laterality, PSA, and derived
AJCC TNM stage (7th edition, 2010-2015). Low-risk PCa
is defined as PSA<10 ng/ml, and Gleason score (GS)<7, and
cT1-2a, intermediate-risk PCa is defined as PSA 10-20 ng/
ml, or GS 7, or ¢cT2b, and high-risk localized PCa is defined
as PSA>20 ng/ml, or GS>7, or cT2c.

2.3 | Statistical analysis

We utilized SPSS v25.0 (SPSS Inc.). The ;(2 test was used
to compare clinical characteristics between different groups.
Logistic regression analysis was used to analyze the effects
of different tumor sizes on the prediction of low-risk PCa,
intermediate-risk PCa, and high-risk PCa. The p value was
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set at 0.05. We used multivariate Cox regression analysis those with poorly differentiated tumors (51.3%), and tumor
to determine the association with overall survival (OS) rate. size 11-15 mm (28.1%) made up the majority of localized PCa.
For data values that were statistically significant, the hazards Moreover, most patients suffered high-risk PCa (20,450), while
ratio (HR), odds ratio (OR), and the 95% confidence interval few were low-risk PCa (1491). The low-risk patients' character-
(95% CI) were also generated. istics were similar to the overall population, except for the high-

est incidence of tumor grade (moderately differentiated, grade

11, 72.0%) and tumor size (<5 mm, 42.1%). In intermediate-risk

3 | RESULTS and high-risk PCa, those patient characteristics were identical

to overall localized PCa, but there was no intergroup differ-
3.1 | Identification of tumor size selection to ence for marital status groups (p = 0.530) and laterality groups
predict the localized PCa stage (p = 0.238) in intermediate-risk PCa, as well as no intergroup

difference for marital status (p = 0.067) in high-risk PCa.
As shown in Figure 2A, the tumor size tended to be con-
centrated between 5 and 20 mm, which can be seen in both
Figure 2C and D. According to Figure 2B, however, the 3.3 | Influence of different tumor size on
frequency decreased with increasing tumor size in low-risk  different localized PCa stages
PCa. Therefore, patients with localized PCa were categorized
into subgroups in accordance with tumor size <5, 6-10, 11— As we can see in Table 2, univariate logistic regression anal-
15, 16-20, and >21 mm. ysis of six variables was used between groups based on yes
or no to a certain risk stage PCa. Final multivariate logis-
tic regression analysis model would analyze variables with
3.2 | General characteristics p < 0.05 in univariate analysis (Table 3).
When predicting low-risk PCa, univariate and multivari-
Table 1 depicts the characteristics of 24,127 patients. Among ate logistic regression analyses indicated that age, race, mari-
the overall localized PCa patients, 15,376 (63.5%) patients were tal status, laterality, grade, and tumor sizes were independent
younger than 65 years old. In addition, the white race (80.5%), predictors (Tables 2 and 3). When comparing to tumor size
married patients (76.4%), non-paired site patients (99.7%), <5 mm, there was a higher probability of low-risk PCa in
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FIGURE 2 The frequency of tumor size in overall localised/low-/intermediate-/high-risk prostate cancer (PCa) (A/B/C/D)
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TABLE 2 Univariate logistic regression analysis evaluating the influence of tumor size on different localized prostate cancers
Low-risk PCa Intermediate-risk PCa High-risk PCa
Variables OR (95% CI) p OR (95% CI) p OR (95% CI) p
Age <0.001 0.314 0.004
<65 Reference Reference Reference
>65 1.381 (1.232-1.549) <0.001 0.955 (0.872-1.045) 0.314 0.897 (0.834-0.956) 0.004
Race <0.001 <0.001 <0.001
White Reference Reference Reference
Black® 1.681 (1.377-2.053) <0.001 1.495 (1.275-1.752) <0.001 0.618 (0.544-0.703)  <0.001
Other® 0.999 (0.815-1.224) 0.994 0.732 (0.628-0.854) <0.001 1.234 (1.085-1.403) 0.001
Unknown 0.804 (0.488-1.323) 0.390 1.067 (0.665-1.713) 0.787 1.069 (0.746-1.533) 0.715
Marital status 0.002 0.530 0.068
Married Reference Reference Reference
Non-married* 1.313 (1.129-1.527) <0.001 0.978 (0.872-1.097) 0.708 0.905 (0.823-0.995) 0.040
Unknown 1.085 (0.869-1.355) 0.470 1.103 (0.913-1.332) 0.311 0.906 (0.780-1.052) 0.196
Laterality 0.007 0.258 0.001
Non-paired site* Reference Reference Reference
Left 0.427 (0.096-1.894) 0.263 0.407 (0.115-1.444) 0.164 2.746 (0.938-8.038) 0.065
Right 0.244 (0.106-0.563) 0.001 0.570 (0.220-1.478) 0.247 3.138 (1.543-6.384) 0.002
Paired site /° 0.998 1.883 (0.454-7.818) 0.384 0.297 (0.072-1.232) 0.094
Grade <0.001 <0.001 <0.001
Well, 1 Reference Reference Reference
Moderately, II 1.979 (1.712-2.288) <0.001 0.499 (0.383-0.649) <0.001 0.763 (0.670-0.870)  <0.001
Poorly, 11 21.169 (17.028-26.315)  <0.001 0.353-0.272-0.459) <0.001 0.464 (0.406-0.530)  <0.001
Undifferentiated, [V / 0.780 (0.103-5.940) 0.811 0.189 (0.025-1.421) 0.105
Unknown 3.648 (2.007-6.631) <0.001 0.341 (0.206-0.564) <0.001 0.704 (0.480-1.034) 0.073
Tumor size <0.001 <0.001
<5 mm Reference Reference Reference <0.001
6-10 mm 2.938 (2.572-3.356) <0.001 0.842 (0.720-0.986) 0.033 0.528 (0.474-0.588)  <0.001
11-15 mm 8.142 (6.960-9.524) <0.001 0.947 (0.814-1.101) 0.477 0.323 (0.290-0.359)  <0.001
16-20 mm 13.982 (11.309-17.286)  <0.001 1.066 (0.908-1.252) 0.437 0.257 (0.228-0.289)  <0.001
>21 mm 18.578 (14.693-23.489)  <0.001 1.546 (1.305-1.833) <0.001 0.178 (0.157-0.202)  <0.001

Abbreviations: CI, confidence interval; OR, odds ratio; PCa, prostate cancer.
“Black or African American.

®Includes American Indian/Alaska Native, Asian, and Asian/Pacific Islander.

“Includes widowed, never married, divorced, separated, unmarried, and domestic partner.

dUnilaterally, but no information concerning specific laterality.

“Invalid value.

patients who had tumor size 6-10, 11-15, 16-20, and >21 mm
(All p < 0.001, Table 3). For intermediate-risk PCa, the re-
sults of univariate and multivariate logistic regression analysis
indicated that race, grade, and tumor sizes were independent
predict factor (Tables 2 and 3). When comparing to tumor size
<5 mm, patients with tumor sizes 16-20 and >21 mm had a
higher probability of intermediate-risk PCa (Table 3). In high-
risk PCa, the results of univariate and multivariate logistic re-
gression analyses determined that age, race, laterality, grade,
and tumor sizes were independent predict factors (Tables 2 and

3). According to patients that had tumors <5 mm, patients with
tumor sizes 610, 11-15, 1620, and >21 mm had a lower risk
of high-risk PCa (All p < 0.001, Table 3).

3.4 | Survival analyses according to
tumor size

As is shown in Figure 3A, patients with tumor size <5 mm
had the worst OS than others in overall patients and patients
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TABLE 3 Multivariate logistic regression analysis evaluating the influence of tumor size on different localized prostate cancers
Low-risk PCa Intermediate-risk PCa High-risk PCa
Variables OR (95% CI) p OR (95% CI) p OR (95% CI) p
Age <0.001 NI 0.001
<65 Reference Reference
>65 1.357 (1.201-1.534) <0.001 0.883 (0.819-0.953) 0.001
Race <0.001 <0.001 <0.001
White Reference Reference Reference
Black® 1.551 (1.257-1.913) <0.001 1.487 (1.267-1.744) <0.001 0.631 (0.554-0.719) <0.001
Other® 0.912 (0.733-1.136) 0.413 0.723 (0.619-0.843) <0.001 1.310 (1.148-1.496) <0.001
Unknown 0.845 (0.491-1.453) 0.542 0.988 (0.620-1.606) 0.992 1.077 (0.743-1.560) 0.696
Marital status 0.008 NI NI
Married Reference
Non-married® 0.991 (0.781-1.256) 0.991
Unknown 1.276 (0.971-1.675) 0.080
Laterality 0.003 NI 0.002
Non-paired site* Reference Reference
Left 0.249 (0.050-1.227) 0.263 2.835 (0.939-8.556) 0.064
Right 0.196 (0.074-0.515) 0.001 3.068 (1.468-6.413) 0.003
Paired site /¢ 0.997 0.301 (0.071-1.279) 0.104
Grade <0.001 <0.001 <0.001
Well, 1 Reference Reference Reference
Moderately, 11 1.480 (1.269-1.726) <0.001 0.465 (0.357-0.607) <0.001 0.940 (0.821-1.076) 0.370
Poorly, 11T 11.721 (9.353-14.689) <0.001 0.314 (0.241-0.409) <0.001 0.685 (0.596-0.788) <0.001
Undifferentiated, IV / 0.998 0.692 (0.091-5.281) 0.722 0.292 (0.038-2.223) 0.234
Unknown 2.927 (1.582-5.417) <0.001 <0.001 0.854 (0.576-1.265) 0.431
Tumor size <0.001 <0.001 <0.001
<5 mm Reference Reference Reference
6-10 mm 2.284 (1.988-2.623) <0.001 0.946 (0.806-1.109) 0.493 0.564 (0.506-0.629) <0.001
11-15 mm 5.481 (4.662—6.443) <0.001 1.120 (0.960-1.308) 0.150 0.357 (0.320-0.398) <0.001
1620 mm 8.686 (6.992-10.791) <0.001 1.297 (1.099-1.529) 0.002 0.288 (0.255-0.325) <0.001
>21 mm 11.940 (9.404-15.161) <0.001 1.887 (1.586-2.245) <0.001 0.197 (0.173-0.225) <0.001

Abbreviations: CL, confidence interval; NI, not included in the multivariate survival analysis; OR, odds ratio; PCa, prostate cancer.

“Black or African American.

“Includes American Indian/Alaska Native, Asian, and Asian/Pacific Islander.

“Includes widowed, never married, divorced, separated, unmarried, and domestic partner.

dUnilaterally, but no information concerning specific laterality.

“Invalid value.

who had tumors 16-20 mm had the best OS (p < 0.001).
However, the difference was not significant in low-risk
PCa and intermediate-risk PCa (p = 0.308, Figure 3B;
p = 0.411, Figure 3C). In high-risk PCa, patients with tumor
size <5 mm had the worst OS than other groups (p < 0.001,
Figure 3D), while the groups with tumor size >10 mm had
no significant difference (Figure 3D). Univariate and mul-
tivariate Cox regression analyses showed that age was an
independent risk factor across all diseases (all p < 0.001,

Tables 4 and 5). Besides, in overall localized PCa and high-
risk PCa, the pathological grade was an independent risk fac-
tor (all p < 0.001, Tables 4 and 5). In overall localized PCa
patients with tumor size 6-10, 11-15, 16-20, and >21 mm
(All p < 0.001; Table 5) had a better OS compared to those
with tumor size <5 mm. In high-risk PCa, patients with
tumor sizes 6-10, 11-15, 16-20, and >21 mm All p < 0.001;
Table 5) had a better OS compared to patients with tumor
size <5 mm.
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FIGURE 3 Kaplan-Meier survival curves of overall survival to different tumor size group in overall localised/ low-/intermediate-/high-risk
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4 | DISCUSSION

In this study, the first time we tried to figure out the role of
tumor size in predicting high-risk diseases in localized PCa.
We found that tumor size <5 mm was significantly associ-
ated with high-risk PCa and patients with tumor size <5 mm
had a poorer prognosis.

Localized PCa is defined as a stage cT1-2c tumor in most
guidelines.4’9 But the NCCN guideline described that PCa at any
T-stage could be defined as localized PCa, as long as there is no
lymph node involvement (NO) or metastases (MO).IO The guide-
lines of Cancer Control Alberta and the SIU define cT1-cT3
as localized PCa with the exception of cT4.2" n this study,
we considered that most guidelines agree on the role of risk-
stratification protocol for localized PCa as a tool to speculate
prognosis and to provide adjunctive information for choosing
the appropriate treatment modalities.*>!? Different thresholds
were used to identify the different risk groups. Low-, intermedi-
ate-, and high-risk groups are commonly used, usually in com-
bination with TNM stage, PSA level, and Gleason score, !>

Tumor size, as the most direct manifestation of cancer, has
always been the focus of disease stratification and prognosis.
The study showed that tumor size was positively correlated
with low-, intermediate-risk PCa. Among the low-risk PCa,
most cases had tumor size <5 mm and only 5.6% of patients
had tumor size >21 mm. It seems to mean that tumor size
<5 mm was more likely to develop low-risk PCa. However,
logistic regression analysis showed that tumor sizes >21 mm
was significantly predictive of low-risk PCa and patients with
tumor size >21 mm were 11.9 times than patients with tumor
size <5 mm. Similarly, when comparing to those with tumor
size <5 mm, patients with tumor size >21 mm were 1.9
times to suffer intermediate-risk PCa. Because there are few
studies on the value of tumor size in the diagnosis, stratifica-
tion, and prognosis of PCa, we do not have many findings of
other studies as a control reference. For patients with tumor
size >21 mm and without the invasion of prostate capsule,
lymph node involvement (NO) or metastases (MO), serial dig-
ital rectal examination (at least once yearly), PSA (at least
once, every 6 months), and repeated biopsy (at a minimum
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TABLE 5 Multivariate cox regression analysis evaluating the influence of tumor size on different localized prostate cancers

Localized PCa
Overall Low-risk Intermediate-risk High-risk
Variables HR 95% CI) p HR 95% CI) p HR (95% CI) P HR (95% CI) p
Age <0.001 <0.001 <0.001 <0.001
<65 Reference Reference Reference Reference
>65 3.344 <0.001  3.263 <0.001  3.467 <0.001  3.336 <0.001
(2.923-3.827) (2.853-3.732) (2.069-5.810) (2.885-3.858)
Race NI NI NI NI
White
Black®
Other®
Unknown
Marital status NI NI NI NI
Married
Non-married*
Unknown
Laterality NI NI NI NI
Non-paired site®
Left
Right
Paired site
Grade <0.001 NI NI <0.001
Well, 1 Reference Reference
Moderately, II 0.521 <0.001 0.524 <0.001
(0.405-0.671) (0.398-0.689)
Poorly, 11 0.441 <0.001 0.412 <0.001
(0.340-0.570) (0.311-0.545)
Undifferentiated,IV ~ 0.554 0.558 0.589 0.600
(0.077-3.992) (0.082-4.260)
Unknown 0.504 0.053 0.556 0.120
(0.252-1.009) (0.266-1.165)
Tumor size <0.001 NI NI <0.001
<5 mm Reference Reference
6-10 mm 0.580 <0.001 0.494 <0.001
(0.479-0.701) (0.401-0.610)
11-15 mm 0.422 <0.001 0.352 <0.001
(0.347-0.512) (0.285-0.434)
16-20 mm 0.343 <0.001 0.295 <0.001
(0.273-0.430) (0.232-0.376)
>21 mm 0.412 <0.001 0.348 <0.001

(0.334-0.510)

(0.278-0.436)

Abbreviations: CI, confidence interval; HR, hazard ratio; NI, not included in the multivariate survival analysis; PCa, prostate cancer.
“Black or African American.

®Includes American Indian/Alaska Native, Asian, and Asian/Pacific Islander.

“Includes widowed, never married, divorced, separated, unmarried, and domestic partner.

dUnilaterally, but no information concerning specific laterality.
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interval of 3-5 years) of joint inspection is very necessary.15
Once tumor is found to progressively increase in diameter, its
potential for progression should be considered and treatment
strategies, such as RP, should be operated.

In our study, tumor size <5 mm was significantly associ-
ated with high-risk PCa. Subsequently, we found that patients
with tumor size <5 mm had the worst OS. The result was
consistent with our prediction that we got from OR, however,
seems to run counter to common sense. We suspected that
this might result from that tumor size <5 mm may not benefit
as much from surgery as others. Besides, short PSA doubling
time of those patients may play an important role in poor
prognosis.16 Some scholars believe that 10 mm is the criti-
cal value for the selection of treatment, and when less than
10 mm, active surveillance can be adopted.”’18 Due to the
limitations of modern imaging, small tumors are sometimes
difficult to detect. Besides, as more and more people realized
the seriousness of overdiagnosis and overtreatment, high-risk
PCa with tumor size <5 mm is more difficult to diagnose. The
latest research suggested that MRI-targeted biopsies (MRI-
TBx) can maximize the identification of tumors smaller
than 6 mm.'® Once the diagnosis is made, RP is a reasonable
choice for selected patients with low tumor volume. Besides,
enlarged pelvic lymph node dissection is recommended for
all high-risk PCa.” Moreover, using external-beam radiation
therapy (EBRT) with 76-78 Gy in combination with long-
term androgen deprivation therapy (2-3 years) is effective
for high-risk PCa patients.”! In conclusion, for tumors size
<5 mm, RP in combination with other therapeutic measures
may improve the prognosis than RP alone.

There are several limitations. First, tumor size <5 mm had
the worst prognosis, but in Cox regression analysis, we found
that HR value began to rebound after reaching the minimum in
the 16-20 mm tumor size group. Therefore, there might exist
a critical value of tumor size influencing the prognosis. Due
to the characteristics of the selected samples, this stratification
has not been made yet, but it can be predicted that the prog-
nosis will worsen when the tumor size reaches a certain value,
which needs to be confirmed by subsequent studies. Moreover,
since the tumor size in this study was obtained by postopera-
tive pathology, all the samples were selected after RP surgery.
The results would become more convincing if validated by the
imaging data. It has been reported that contrast-enhanced tran-
srectal ultrasonography is valuable in the measurement of the
size of PCa, especially for those with a diameter >10 mm.*
This provides us with a prospective research idea in clinical
practice, which means predicted by imaging examination and
then confirmed by pathological examination.

In conclusion, this study showed that tumor sizes >21 mm
were an independent predictor for low-, intermediate-risk
PCa. However, we should be on high alert for tumor size
<5 mm or even negative on imaging tests due to its signifi-
cant association with high-risk PCa.
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