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ABSTRACT

Purpose: To determine if there are any differences in the zonal distribution and tumor volumes of familial and
sporadic prostate cancers (PC) in men undergoing radical prostatectomy.

Material and Methods: 839 patients underwent a radical prostatectomy in the absence of prior neoadjuvant
therapy between 1987 and 1996. Telephone interviews were conducted to obtain an updated family history. A
positive family history was defined as the diagnosis of PC in at least one first degree relative. Prostatectomy
specimens were examined to determine the number of tumor foci, zonal origin of the dominant tumor focus,
tumor volume of the largest cancer focus, total tumor volume, Gleason score and stage, and the surgical margin
status. Results were stratified according to family history and ethnicity.

Results: We successfully contacted 437 patients (52%). Prostatectomy specimens from 55 patients were excluded
from review due to a history of prior transurethral resection of the prostate

(n = 26) or uncertain pathological stage (n = 29). Of the remaining 382 patients, 76 (20%) reported having a
first-degree relative with PC. Statistical analysis revealed no significant differences in the pathologic variables
between the two groups of patients with or without a family history of PC.

Conclusions: Familial and sporadic PC share similar characteristics. No histopathological differences account
for the increased positive predictive value of PC screening tests among patients with a family history of PC.
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INTRODUCTION substantially increases a man’s relative risk and ab-
solute risk of developing PC (4).

The reported rate of positive family history Whereas a number of earlier studies evaluated
among men with prostate cancer (PC) ranges from family history and radical prostatectomy (RP) pathol-
13% to 26% and approaches 40% for men diagnosed ogy to determine the significance of a positive family
with the disease before age 55 (1-3). Detection of history as a risk factor for PC, they were directed
cancer in multiple first-degree or second-degree largely at the number of tumors, the pathologic stage,
relatives coupled with early age at cancer diagnosis and outcome measures including biochemical disease-
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free survival (DFS) and overall survival (5-9). Very
little information is available on the zonal distribution
of cancers in patients with a positive family history.
Furthermore, there are no pathologic data that explain
the increased positive-predictive value reported for
abnormal digital rectal examination (DRE) and pros-
tate-specific antigen (PSA) tests in high-risk patients,
such as those with a positive family history (10,11).
We as well do not currently know if there exist dif-
ferences in terms of tumor volumes between patients
with and without a family history of PC?

We hypothesized that RP specimens from
patients with a family history of PC might reveal dif-
ferent tumor characteristics compared with specimens
from patients with sporadic PC and that the different
characteristics could account for the higher diagnostic
yield of prostate biopsies performed in patients with
risk factors for disease. To address this hypothesis, we
specifically examined the zonal distribution of cancer
foci, tumor location, and tumor volume differences of
our surgically managed patients with and without a
family history of PC. We also analyzed corresponding
clinicopathologic data, such as age, preoperative PSA
levels, pathologic stage, Gleason score, and surgical
margin status in patient groups stratified by family
history.

MATERIALS AND METHODS

A research protocol was designed and ap-
proved by our Institutional Review Board prior to
the initiation of this study. From January 1987 to
December 1996, 839 patients underwent RP at The
University of Texas M. D. Anderson Cancer Center,
with no prior neoadjuvant therapy. The patients
were followed for at least 6 years from the time of
RP. Family history data were obtained by telephone
interview to update the patient’s file and to capture
additional family members affected with PC since
the index patient’s surgical procedure. The patients
and immediate family members who were success-
fully contacted were included in the study. Positive
family history was defined as having at least 1 first-
degree relative (e.g., brother, son, father) who had a
diagnosis of PC. Only a few patients with possible
hereditary prostate cancer (HPC) were included in
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the analysis. HPC is believed to be transmitted in an
autosomal dominant fashion, and it is postulated that
HPC accounts for 5% to 10% of all cases of PC (and
possibly 30% to 45% of early onset cancers). To be
classified as having HPC, patients had to fulfill one
of the following clinical criteria: PC occurring in 3
successive generations (maternal or paternal side), 3
cases of PC diagnosed within a nuclear family, or 2
men within a single family diagnosed with PC before
age 55 (4,12).

The prostatectomy specimens were evaluated
as previously reported (13,14). Each tumor focus was
outlined on the histologic sections, and the total num-
ber of tumor foci as well as the zonal origin of each
tumor focus were recorded. Zones were categorized as
peripheral zone (PZ), transition zone (TZ), or multiple
zones (MZ). An area of carcinoma was considered a
different focus if it was separated by a low-power field
diameter (4.5 mm) from the nearest adjacent focus, as
reported previously (15). Tumor location was recorded
according to standardized guidelines (Figure-1). Each
tumor focus was graded according to the Gleason grad-
ing system (16). The Gleason score assigned to the
specimen was that of the tumor focus with the highest
Gleason score. The volume of each tumor focus was
calculated according to the three-dimensional volume
estimation method (17). The 2002 American Joint
Committee on Cancer tumor-node-metastasis staging
system was used to define organ-confined cancers (T2),
established extraprostatic extension (T3a), and cancer
involvement of the seminal vesicles (T3b). Patients
with positive margins without extraprostatic extension
were categorized as having T2 tumors regardless of
margin status.

Patients’ demographic and clinical charac-
teristics were summarized by family history status.
Fisher’s exact test was performed to assess the asso-
ciation between categorical variables. The Wilcoxon
rank sum test was performed to assess the difference
in continuous variables between patients with and
those without a family history of PC. In order to assess
the predictive effect of family history and ethnicity
simultaneously, a multinomial logistic regression
model was fit for the outcome variable of “site of
dominant tumor focus”, which can take the values of
“PZ”,“TZ”, or “MZ”. The fitted multinomial logistic
regression model can be written as follows:
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TUMOR LOCATION DESCRIPTION

Start location description with
anterior most portion of tumor

Anterior (a)
{

Posterior (p)

Separate locations by comma,

Midline (m)
LN

no space after comma

S

If tumor comes to, but does not cross
midline, do not record "m" (see Tumor A).
If tumor crosses midline. Record

"p.m.p" (see Tumor B)

Figure 1 — Guidelines to record tumor location description.

1
pr(y = 1]x) = form=1
1+ ij:2 exp(x B,)
oo X Br)
pr(y=mlx) = form>1

1+, exp(x)

where y, is the response variable for subject i, and
can take values of 1, 2, ..., m. In our case, the site
of dominant tumor focus could be “P”, “T” or “M”’;
therefore, m = 3. X. is vector of covariates for subject
i (here, are family history and ethnicity) and Bj is the
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vector of coefficient, with j ranges from 2 to J. Note:
J=m. All statistical analyses were carried outin SAS
or Splus software program.

RESULTS
Patient Characteristics
We successfully contacted 437 (52%) pa-

tients. Specimens from 55 patients were excluded
from review due to the patient’s history of prior
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Table 1 — Demographic and clinical characteristics.

Variable Negative FHx Positive FHx p Value
(N =306) (N=76)
Age 63.2 (42.3 - 74.7) 62.8 (46.7 - 72.2) 0.43
% >= 60 years 207 (67.6%) 49 (64.5%) 0.70
Total Tumor volume 1.64 (0.02 - 17.44) 1.72 (0.04 - 9.56) 0.27
Tumor volume of largest cancer focus 1.20 (0.02 - 14.40) 1.36 (0.04 - 7.68) 0.44
Prostate Weight (g) 40 (10 - 141) 40 (18 - 95) 0.90
Total tumor volume/ Prostate Weight 0.038 (0.00046 - 0.31) 0.044 (0.0005 - 0.25) 0.27
Ethnicity 0.61
Caucasian 266 (86.9%) 70 (92.1%)
African American 23 (7.5%) 4 (5.3%)
Hispanic 15 (4.9%) 2 (2.6%)
Other 2 (0.7%) 0 (0.0%)
Diagnostic PSA 7.5 (0.7 - 55.0) 7.6 (1.3 -30.1) 0.50
Pathologic Gleason Score 0.13
5,6 31 (10.1%) 14 (18.4%)
7 190 (62.1%) 42 (55.3%)
8,9 85 (27.8%) 20 (26.3%)
Pathologic Stage 0.44
T2 209 (68.3%) 46 (60.5%)
T3a 74 (24.2%) 23 (30.3%)
T3b 23 (7.5%) 7 (9.2%)
Surgical Margins 0.52
Negative 231 (75.5%) 54 (71.1%)
Positive 75 (24.5%) 22 (28.9%)

T2 = organ confined; T3a = established extracapsular tumor,; T3b = seminal vesicle involvement by tumor, FHx = family history.

transurethral prostatectomy (n = 26), uncertain or with complete clinical and pathologic data. Seventeen
missing pathologic data (n=29), leaving 382 patients patients (4%) were believed to have HPC on the basis
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Table 2 — Characterization of affected family members in familial prostate caner cases (includes possible hereditary

cancers).

Affected Relatives in Index Patients with 1st Degree Family History (N = 76)

One Relative (N = 59)
Father

Brother

Son

Two Relatives (N = 15)
Father, Brother
Father, Grandfather
Brother, Brother
Brother, Grandfather
Four Relatives (N =2)
Brothers (x4)

Categories of Possible Hereditary Prostate Cancer (n = 17)

At least three men within same nuclear family
Three successive generations
Age < 55 in index patient and at least 1 relative

Number of Affected Relatives
33
25
1

— B~ W W

Number of Cases
11
5

of the aforementioned clinical criteria. Table-1 lists
clinical information and demographics of the patients
with and without a family history of PC. There was no
difference in any of the clinical or pathologic features
including total tumor volume and tumor volume of the
largest tumor focus among patients with and without
a family history of PC. Table-2 characterizes the af-
fected family members in familial prostate cancer and
hereditary prostate cancer cases.

Association between Family History, Ethnicity,
and Pathologic Features

The association between family history of PC
and pathologic stage was evaluated in Caucasian and
other ethnicities (Table-3). No significant association
was detected in either Caucasian (p = 0.46) or African
American patients (p = 0.18). To further clarify the
potential association between location of the largest
cancer foci and ethnicity, we assessed the location
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of cancer foci by familial history of prostate cancer
(Table-4). We were unable to show an association
between the location of the largest cancer focus and
familial history of prostate cancer, with substratifica-
tion of the volume of the largest cancer focus (< 0.5
cc,0.5to 1.5 cc, and > 1.5 cc). Similarly, we attempted
to determine if there was an association between the
location of the second largest cancer focus and family
history of prostate cancer (Table-4), with no statisti-
cally signification association noted. Table-5 shows
the location of the dominant tumor focus according to
the patient’s reported family history and race. Positive
family history of PC did not significantly impact (p
= (.73) the dominant tumor focus. On multinomial
logistic regression analysis, the lack of association
between ethnicity and site of dominant tumor focus
was preserved (Tables 6 and 7). Furthermore, we com-
pared the number of tumor foci based on either family
history or ethnicity (Table-8). The mean and median
number of tumor foci did not show a significant dif-
ference based on family history of PC or ethnicity.
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Table 3 — Pathologic T stage stratified by family history and ethnicity.

Ethnicity Pathologic T-stage Negative Family History Positive Family History p Value
Caucasian 0.46
T2 180 (67.7%) 42 (60.0%)
T3a 65 (24.4%) 22 (31.4%)
T3b 21 (7.9%) 6 (8.6%)
African American 0.18
T2 16 (69.6%) 3 (75.0%)
T3a 6 (26.1%) 0 (0.0%)
T3b 1 (4.3%) 1 (25.0%)

T2 = organ confined,; T3a = established extracapsular tumor; T3b = seminal vesicle involvement by tumor.

COMMENTS

Most physicians recommend early screen-
ing for PC in populations at high risk for the disease.
High-risk populations include men with a positive
family history of PC and African American men (18).
The risk is even greater for men with multiple risk
factors or for those whose affected relatives were
diagnosed with cancer at younger ages (less than 55-
60 years of age) (4).

Several studies have sought the patterns of
RP pathology that could be unique to patients with
a family history of PC. Studies have focused on the
number of tumors, Gleason score, pathologic stage,
and biochemical DFS and cancer-specific survival
rates (1,5-9). However, there is very little informa-
tion about the zonal distribution of prostate cancer
in patients with a positive family history. Similarly,
tumor volume has been shown to be an independent
predictor of biochemical failure yet there is little to
no information on the association between either
tumor volume (either total or of the dominant focus
of prostate cancer) among patients with or without a
family history of PC (13,19).

Prostate cancer is characterized as a multifo-
cal disease, and the majority of cancers are located
in the PZ area most commonly targeted and sampled
during prostate biopsies. Catalona et al. (10) reported
that there is a higher positive predictive value of PC
screening tests (PSA and DRE) for detecting PC in
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patients with established risk factors such as family
history and African American ethnicity while con-
trolling for both age and PSA. It seems intuitive that
prostatectomy specimens from patients with risk fac-
tors for disease might contain more dominant tumor
foci located peripherally in targeted biopsy zones, a
greater number of tumor foci, or a greater percent-
age of cancer per prostate specimen to account for
the significantly higher yield of prostate biopsies.
However, our pathology results do not support the
hypothesis that differences in the zonal origin of the
dominant tumor focus or differences in the number of
tumor foci could account for higher cancer detection
rates in patients with PC risk factors. There were no
significant differences in the mean number of tumor
foci based on family history or on ethnicity. Most
dominant tumor foci were located peripherally and
family history did not alter the distribution of the
dominant tumor foci between the PZ, TZ, or MZ.
Contrary to family history status, when the locations
of the dominant tumor foci were stratified according
to ethnicity, non-Caucasians were demonstrated to
have more dominant tumor foci originating within
the transition zone compared to Caucasian patients.
In an attempt to clarify if the location of the
largest and second largest tumor foci were different
based on family history of PC, we were unable to iden-
tify an association between site of these predominant
tumor foci and familial history of PC. This may have
had important clinical implications in terms of the
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Table 4 — The association between location of tumor foci and family history within patients having largest tumor and
second largest tumor less than 0.5 cc, between 0.5 cc and 1.5 cc, and greater than 1.5 cc.

Location Family History
Negative Positive
Largest Tumor p Value
<0.5cc.
L,PL,P 10 (16.7) 1(8.3)
PL 23 (38.3) 5417 078
PL,P 16 (26.7) 5(41.7)
L,PL 10 (16.7) 1(8.3)
L 1(1.7) 0(0)
0.5-1.5cc.
L,PL,P 42 (52.5) 15 (50)
PL 4(5) 2(6.7) 071
PL,P 13 (16.2) 4(13.3)
L,PL 13 (16.2) 4(13.3)
AL,L,PL,P 8 (10) 4(13.3)
L 0 (0) 1(3.3)
> 1.5 cc.
L,PL,P 21 (48.8) 4 (50)
PL,P 4(9.3) 1(12,5) 1.00
L,PL 1(2.3) 0(0)
AL,L,PL,P 17 (39.5) 3(37.5)
Second largest tumor
<0.5 cc.
L,PL,P 56 (38.6) 17 (41.5)
PL 21 (14.5) 7(17.1) 045
PL,P 27 (18.6) 8 (19.5)
L,PL 21 (14.5) 4(9.8)
AL,L,PL,P 20 (13.8) 4(9.8)
L 0(0) 1(2.4)
0.5-1.5cc.
L,PL,P 21 (48.8) 4 (50)
PL,P 4(9.3) 1(12,5) 04
L,PL 1(2.3) 0(0)
AL,L,PL,P 17 (39.5) 3(37.5)
> 1.5 cc.
L,PL,P 2 0
0.4

A = Anterior; AL: anterolateral; L = lateral; P: posterior; PL = posterolateral. P values determined using Fisher s exact test.
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Table 5 — Site of dominant tumor focus stratified by family history and ethnicity.

Dominant Tumor Focus

PZ TZ MZ p Value
Family History 0.73
Negative 242 (79.1%) 59 (19.3%) 5(1.6%)
Positive 64 (84.2%) 11 (14.5%) 1(1.3%)
Ethnicity 0.06
Caucasian 275 (81.8%) 56 (16.7%) 5(1.5%)
All Others 31 (67.4%) 14 (30.4%) 1(2.2%)
African American 17 (63.0%) 9 (33.3%) 1 (3.7%) 0.04
All Others 289 (81.4%) 61 (17.2%) 5(1.4%)

PZ = peripheral zone; TZ =transition zone; MZ = multiple zones.

transrectal ultrasound guided prostatic biopsy schemes
to apply to patients based on familial history of PC.
However, due to the lack of an association between
the site of the largest and second largest tumor focus
and family history of PC, an extensive biopsy scheme
consisting of 10 to 12 biopsy cores should be obtained
in all patients in whom prostatic biopsies are clinically
indicated.

Racial variation in the location of dominant
tumor foci has been reported previously. Pettaway
and colleagues found that 35% of all tumor foci in
African American men were of TZ origin compared
with 21% of the tumor foci in a group of Caucasian
patients matched according to pathologic stage. In
this same study, the median number of tumor foci

and the overall prostatic tumor volumes (stratified by
pathologic stage and zone of origin of the cancers)
were not statistically different (20). Pettaway et al.
hypothesized that the TZ epithelium in African Ameri-
can patients might be more susceptible to malignant
transformation compared with the TZ epithelium of
Caucasian men (20).

A smaller study failed to reveal significant
differences in tumor multifocality and the zonal
distribution of tumor foci in patients with a positive
family history. Bastacky et al. (21) examined the mor-
phologic characteristics of 81 radical prostatectomy
specimens from selected small groups of patients with
sporadic PC, familial PC, and HPC. In this study, pa-
tients with sporadic PC had a mean 7.3 tumor foci per

Table 6 — Fitted multinomial logistic regression model for zone distribution.

Parameter Zone Estimate Standard Probability > Chi Sq  Point Estimate 95% CI
Error

Intercept TZ -1.4944 0.1536 <0.0001

Intercept MZ -4.0096 0.4906 <0.0001

FH (pos vs. neg) TZ -0.3282 0.3590 0.36 0.72 0.356-1456

FH (pos. vs.neg) MZ -0.2464 1.1066 0.82 0.78 0.089-6.838

Black vs. Others TZ 0.9050 0.4364 0.04 247 1.051-5.815

Black vs. Others MZ 1.2126 1.1246 0.28 3.36 0.371-30.468

FH = family history; MZ = multiple zones; TZ = transition zone.
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Table 7 — Fitted multinomial logistic regression model for zone distribution.

Parameter Zone Estimate Standard Probability > Chi Sq Point Estimate 95% CI
Error

Intercept TZ -1.5327 0.1598 <.0001

Intercept MZ -3.9581 0.4924 <.0001

FH (pos vs. neg) TZ -0.3054 0.3595 0.40 0.737 0.364-1.491

FH (pos. vs. neg) MZ -0.2503 1.1069 0.82 0.779 0.089-6.815

Non-White vs. White TZ 0.7756 0.3548 0.03 2.172 1.083-4.354

Non-White vs. White MZ 0.5559 1.1140 0.62 1.743 0.196-15.477

FH = family history; MZ = multiple zones; TZ = transition zone.

gland compared with a mean 5.2 tumor foci per gland
in the familial PC group. On the contrary, patients
with familial PC had a larger volume of cancer per
gland compared with the sporadic PC group (3.3 cm?
vs. 2.4 cm?®). However, these results failed to reach
statistical significance likely due to the small number
of patients in each of the three groups.

Although patients with a positive family
history of PC are at higher risk of developing the
disease, most studies suggest that these patients have
either equivalent (12) or more favorable disease char-
acteristics, such as lower Gleason scores (1,7,21) or
less extracapsular tumor extension (9). Furthermore,
there is no convincing evidence that survival is better
or worse for patients with a positive family history
of PC undergoing RP (5,8,9) or primary radiation
therapy (22) compared to patients with sporadic PC.

Surprisingly, only one group reported differences in
biochemical DFS following RP or primary radiation
therapy favoring patients with sporadic PC. Even
in this study, there were no clinical or pathologic
differences to account for the inferior biochemical
outcome for patients with a positive family history (6).
Regardless of the disease outcome, no study to date
(including our report) has been able to demonstrate
different pathologic or morphologic characteristics
in prostate specimens from patients with a positive
family history compared with patients without a
family history of PC that would account for an ap-
proximately 10% increase in the positive predictive
value of current diagnostic screening tests (PSA and
DRE) on PC detection (10,11,23). Consistent with
previous reports, our study revealed no significant
differences between patients with a family history of

Table 8 — Mean number of tumor foci stratified by family history and ethnicity.

Number of Tumor Foci

Mean Median (range) p Value
Family History
Negative 3.31 3(1-10) 0.55
Positive 3.18 3(1-8)
Ethnicity
Caucasian 3.27 3(1-10) 0.32
All others 341 3(-7)
African American 3.52 3(1-7) 0.29
All others 3.27 3(1-10)
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PC compared to patients without a family history of
PC in terms of age, preoperative PSA, Gleason score,
pathologic stage, and surgical margin status. We did
not examine disease-specific or biochemical DFS.
Based on the pathologic results from both patient
groups, it is unlikely that there would be meaningful
differences in these outcome measures.

Several potential biases with this study de-
serve mention. Although our data were stratified ac-
cording to ethnicity, few non-Caucasian patients were
included in the overall analysis. Patients included in
this study all underwent RP. Thus, our population may
not represent the full spectrum of familial and spo-
radic PC. Other potential risk factors, such as obesity
and diet, may significantly affect cancer initiation,
promotion, and progression, and were not accounted
for in this analysis (24,25). Regarding family history,
we did not confirm reported positive family histories
with pathology reports of affected relatives. Neither
were we able to accurately determine the exact age
of most of the affected family members at the time
of their own diagnosis. However, recognizing some
of these potential biases at study onset, we did not
rely on medical record family history data for study
inclusion, thus excluding nearly half of the patients
undergoing RP during the study period. We attempted
to clarify and update family history data via telephone
interviews with the patients or with their immediate
family members. However, an accurate assessment of
the significance of family history related to the devel-
opment of PC will be limited as long as the definition
of'a positive family history is based on clinical criteria
and not on molecular fingerprints or biomarkers that
might establish a true familial link to PC among af-
fected individuals.

CONCLUSIONS

Patients with familial and sporadic PC have
pathologically and morphologically similar tumors. In
our study group, there were no clinically significant
differences in the zonal origin and location of the
dominant tumor foci, tumor volume, or number of
tumor foci to account for the reported increased posi-
tive predictive value of diagnostic screening tests in
patients with a family history of PC.
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EDITORIAL COMMENT

This study revealed no significant differences
between patients with familial histories compared
with the patients without familial histories of pros-
tate cancer in relation their age, preoperative PSA,
Gleason score, pathological stage, and surgical status
of the margin. However, important data that could be
answered is related to the disease-specific survival and
biochemical disease-free survival. Otherwise, patients
with familial PC had a larger volume of cancer per
gland compared with the sporadic prostate cancer
group - 3.3 cm® vs. 2.4 cm®. This tumoral volume data
justifies more attention for men with a familial history
of prostate cancer, since the larger the tumoral volume,

REPLY BY THE AUTHORS

We agree with the editorial comments by Dr.
Dall’Oglio that it would be interesting to analyze
any differences in the survival characteristics (bio-
chemical-free survival and disease specific survival)
of patients with sporadic prostate cancer compared
to patients with a family history of prostate cancer.
As discussed in the manuscript however, there is no
convincing evidence to date that a positive family
history impacts survival in those who have received
therapy for clinically localized prostate cancer. Fur-
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the larger the chances of biochemical recurrence. In
cases of smaller tumoral volume (2.6 cc) normally the
PSA is lower than 4.
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thermore, we found no difference in tumor volume
(p=0.27) in patients with a positive family history of
prostate cancer (1.72 cm3) vs. patients with sporadic
prostate cancer (1.64 cm3) as demonstrated in Table
1. Bastacky and colleagues (reference #21 in the
manuscript) found a non-statistically significant dif-
ference in the tumor volume of patients with familial
prostate cancer compared to patients with sporadic
prostate cancer (3.3 cm3 vs. 2.4 cm3).
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