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Abstract
Purpose: To determine if first-degree relatives treated with definitive radiation for clinically localized prostate cancers have
similar baseline characteristics and clinical outcomes.
Methods: From a prospectively assembled database, we identified a set of first-degree relatives with clinically localized prostate
adenocarcinoma. Patients were treated with brachytherapy with or without external beam radiation therapy. Biochemical failure
was the primary outcome. Toxicities were measured with the International Prostate Symptom Score (IPSS) and Mount Sinai Erectile
Function Score (MSEF).

Results: We identified 41 patients including 22 pairs of first-degree relatives. One family included 3 separately treated brothers.
The median follow up was 72 months. Eight pairs of first-degree relatives presented with the same Gleason score, representing 36%
of pairs. Eleven pairs of relatives (50%) fell in the same NCCN risk category. There were 4 total biochemical failures, representing
9.8% of the cohort. In a single pair of brothers both patients experienced a biochemical failure. Therefore, in two pairs of relatives
(9.1%) a different biochemical outcome was experienced. In the pair of brothers who both experienced biochemical failure, both
brothers developed metastatic disease. One of the brothers died due to prostate cancer. Amongst pairs of first-degree relatives, 10
pairs (52%) experienced a concordant change in IPSS relative to the average. Fifty percent of pairs experienced concordant changes
in MSEF score.
Conclusion: First-degree relatives treated with radiation therapy did not present similarly. Outcomes appeared to be concordant
amongst relatives. There was no suggestion of worse outcomes in patients with a brother or father having prostate cancer.
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Introduction
Prostate cancer is the most common cancer in men worldwide.
In 2015 there was an estimated 1,600,000 cases and 366,000 deaths
[1]. There are a number of kno¬wn risk factors for the development
of prostate cancer including age, ethnicity, and genetic factors. Two
large family studies have demonstrated the impact of family history
on the development of prostate cancer. The Prostate¬ Cancer Data
Base Sweden evaluated the risk of prostate cancer in 51,897 men

who were brothers of 32,807 men with prostate cancer [2]. They
found a significantly increased risk of prostate cancer development
at age 65 and age 75 in men whose brother had prostate cancer.
Similarly, a prospective study of 203,000 pairs of twins from
European countries found a significant concordance of prostate
cancer development in both monozygotic and dizygotic twins [3].
They estimated that approximately 57 percent of prostate cancer
risk could be explained by genetic factors.
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The heritable factors contributing to prostate cancer risk
include two categories, rare deleterious variants from mutations,
and more common variants or single nucleotide polymorphisms
(SNPs). The rare variants, such as BRCA mutations, have a high
penetrance and are often associated with more aggressive prostate
cancer [4]. When considering more common genetic variants,
genome wide association studies using SNPs have discovered
over 100 loci associated with prostate cancer [5]. These loci are
estimated to account for 33 percent of the familial prostate cancer
risk [6-15]. Unlike BRCA and deleterious mutations, few SNP foci
have been found to be associated with more aggressive prostate
cancer or worse outcomes. [16]. Despite the inability in identifying
loci associated with prostate cancer outcomes, a Swedish study
looking at family history found a significant correlation between
family history and outcomes. The study included 610 sons of
men with prostate cancer. They found a significant correlation in
prostate cancer specific death between fathers and sons [17]. We
previously evaluated the effect of family history on outcomes in
brachytherapy treated patients at our institution. We did not find
a significant effect of positive family history on biochemical failure
in our cohort [18]. Given the strong genetic component of prostate
cancer risk and possibly prognosis, we aimed to discover if brothers
and fathers with prostate cancer all treated with radiation therapy
at our institution had similar baseline characteristics, treatment
choices, outcomes, and toxicities.

Materials and Methods

We identified 41 first-degree relatives with clinically localized
prostate adenocarcinoma treated with brachytherapy with or
without external beam radiation therapy between January 1998 and
January 2016 at a single institution. Patients with node positive or
distant metastatic disease were excluded. We received institutional
review board approval, and all consenting patients were enrolled
in a dedicated prospective database. Prostate brachytherapy
was performed using a real-time transrectal ultrasound-guided
technique as described previously [19]. Patient’s treatments were
based on their National Comprehensive Cancer Network (NCCN)
risk group [20]. They were treated with: 125 I or 103 Pd implant
alone (NCCN low risk); androgen deprivation therapy (ADT) and a
full dose implant or a partial 103 Pd implant followed by external
beam radiation therapy (EBRT) to 45 Gy (NCCN intermediate risk);
trimodal therapy including ADT, partial 103 Pd implant, and 45
Gy of EBRT (NCCN high risk). Iodine-125 implants were generally
prescribed to 160 Gy, full 103 Pd implants to 124 Gy, and partial 103
Pd implant to 100 Gy. EBRT was delivered with three-dimensional
conformal radiation prior to 2003 and intensity-modulated RT
thereafter. Dose per fraction was 180 cGy. Median EBRT dose was
4500 cGy.
Biochemical recurrence (BCR) was defined by the Phoenix
criteria as a rise of 2 ng/mL or more above the prostate-specific
antigen (PSA) nadir. Distant metastases were documented by cross
sectional imaging (chest/abdomen or pelvis) and/or radionuclide
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bone scans. Prostate cancer death was defined as death in the
presence of metastatic disease. The International Prostate
Symptom Score (IPSS) was used to follow urinary toxicities. The
Mount Sinai Erectile Function Score (MSEF) was used to follow
sexual function. A MSEF score change from 2 or 3 to 0 or 1 was
considered a significant change, representing a decline from
erections at least adequate for penetration to erections inadequate
for penetration. Descriptive statistics were used to analyze the
baseline characteristics, biochemical outcomes, and toxicities
among first-degree relatives in the cohort. Variables included pretreatment Gleason, PSA, T-stage, NCCN risk group, and treatment
modality. Percentage of first-degree relatives having the same or
different treatment outcome was calculated. For urinary toxicity
the mean IPSS score for the entire cohort was calculated, and the
percentage of relatives having a concordant change relevant to the
mean was recorded. For sexual dysfunction the number of patients
with a significant score change, as described above, was recorded,
and the percentage of relatives with a concordant change was
calculated.

Results

Table 1: Baseline Characteristics.
Characteristics

N (%)

Median age (y)
Gleason

65

≤6

26 (63)

≥8

2 (4.9)

Median PSA (ng/mL)
Clinical Stage

6.49

≤T2

40 (98)

7

Median Gleason

≥T3

NCCN risk

13 (32)
6

1 (2)

Low

20 (49)

High

4 (10)

Intermediate

17 (41)

NCCN= National Comprehensive Cancer Network

There were 41 patients identified, including 22 pairs of firstdegree relatives. We found two father-son pairs and twenty pairs
of brothers. One family included 3 separately treated brothers.
The median age was 65 years old, ranging from 50 to 83 years
old. The median follow up for the entire cohort was 72 months.
Baseline characteristics are demonstrated in Table 1. The median
Gleason score was 6 and median PSA was 6.49. Twenty patients
(49%) had low-risk disease, 17 patients (41%) intermediate-risk,
and 11 patients (10%) had high-risk prostate adenocarcinoma.
Baseline characteristics and treatment similarities amongst first-
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degree relative pairs are seen in Table 2. Twelve pairs of firstdegree relatives (55%) received the exact treatment compromising
EBRT+/- brachytherapy +/-ADT. In three pairs of relatives (13.6%)
both relatives received trimodal therapy. In four pairs of relatives
(18.1%) both patients received a combination of EBRT with
brachytherapy with or without the addition of ADT. All but one
patient received brachytherapy in his treatment.
Table 2: First-Degree Relatives Presentation and Treatment
Characteristics.
Characteristics

N (%)

Mean age difference (y)

7.45

Same Gleason

8 (36)

Same risk category
Treatment

4 (9.8)

Same treatment

12 (55)

Both Brachytherapy + EBRT +ADT

3 (13.6)

Both Brachytherapy + EBRT +/ADT

4 (18)

Both Brachytherapy +/- ADT

11 (50)

EBRT= External beam radiation therapy ADT= Androgen
deprivation therapy.
The average difference in age at diagnosis between first-degree
relatives was 7.45 years ranging from 0 to 16 years. Eight pairs of
first-degree relatives (36%) presented with the same Gleason score
representing. Eleven pairs of relatives (50%) fell in the same NCCN
risk category. Presentation comparisons amongst first-degree
relatives are shown in Table 2. There were 4 total biochemical
failures, comprising 9.8% of the cohort. In a single pair of brothers,
both patients experienced a biochemical failure. Therefore, in
two pairs of relatives (9.1%) a different biochemical outcome
was experienced. While one relative experienced a biochemical
recurrence, the other relative remained biochemically free of
disease. In 20 pairs of relatives (90.9%) both relatives experienced
the same biochemical outcome. In the pair of brothers who
both experienced biochemical failure, both brothers developed
metastatic disease. One of the brothers died due to prostate
cancer. The brother who died presented with T3a, Gleason 6, and
pre-treatment PSA 12.0 prostate adenocarcinoma. The surviving
brother presented with T2b, Gleason 7, and pre-treatment PSA 3.77
prostate adenocarcinoma. Both brothers received trimodal therapy.
No other patients developed metastatic prostate cancer or died
from their disease. Disease control outcomes are shown in Table
3. The average change in IPSS score from baseline for all patients
was 3.15. Four patients did not have an initial IPSS score recorded
and were excluded from this analysis. Amongst pairs of first-degree
relatives, 10 pairs (52%) experienced a concordant change in IPSS
relative to the average. In 4 pairs (21%) both relatives experienced
a change in IPSS score less than the average. In 6 pairs (32%) both
relatives experienced an increase in score relative to the average
change.

Table 3: Disease Control.
All patients

N (%)

Biochemical failures

4 (9.8)

Prostate cancer deaths

1 (2.4)

Distant metastases

First-degree relatives

Concordant biochemical outcome
Discordant biochemical outcome

1 (2.4)

20 (90.9)
2 (9.1)

Twenty-six patients had a pre-treatment MSEF score >1.
Twenty of these patients (77%) experienced a significant change in
score. Twelve patients had an initial score of 0 or 1 and 3 patients
did not have follow up MSEF data recorded. There were eight
pairs of first-degree relatives in which both relatives had a pretreatment MSEF score of >1. Four of these pairs (50%) experienced
concordant outcomes with both relatives either remaining potent
or losing their potency. In the other 4 pairs one relative maintained
a score >1 while the other relative experienced a significant decline
in sexual function. Toxicity data is displayed in Table 4.
Table 4: Toxicity.

IPSS

N (%)

Mean Change

3.15

Concordant change

10 (52)

Concordant < Average

4 (21)

First-degree relatives
Concordant > Average
MSEF

Pre-treatment >1

Significant change

First-degree relatives
Pre-treatment >1

Concordant post-treatment potency

IPSS= International prostate symptom score
Sinai erectile function.

6 (32)

26 (63)
22 (77)
8 (36)
4 (50)

MSEF= Mount

Discussion
This is the first study to our knowledge to look at a cohort of
first-degree relatives treated with radiation therapy at a single
institution. Overall, there weren’t any obvious similarities between
the initial presentation amongst the first-degree relatives since
only 36% presented with the same Gleason score and 50%
presented with the same NCCN risk category. Families with known
genetic deleterious mutations, such as the BRCA mutation, have
been known to present with more aggressive prostate cancer.
These patients are at increased risk of cancer development as well
as an earlier age at diagnosis, higher Gleason score, higher rates
of lymph node involvement, increased distant metastatic disease at
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diagnosis, and increased prostate cancer specific mortality [4,2126].

Additionally patients with BRCA2 mutations have been found
to have worst outcomes following initial treatment. A study looked
at a cohort of patients with localized prostate cancer treated with
surgery or radiation with or without a BRCA2 mutation. This
study found worsened metastases free survival and cancer specific
survival in the BRCA2 mutated population [26]. However, the large
majority of patients with genetically influenced prostate cancer are
not found to have deleterious mutations such as BRCA2. Given the
rarity of these mutations and the less aggressive presentation of our
cohort (median Gleason 6 and median PSA 6.49) it is more likely the
genetic influence amongst patients in this cohort is caused by SNPs.

It remains an open question whether prostate cancer patients
with positive family history without a known genetic mutation have
worse treatment outcomes. In our study, which included patients
with low, intermediate, and high risk prostate cancer, patients did
well in terms of biochemical failure. Ninety percent of the cohort
remained free from biochemical failure. There is no suggestion
from our study of a positive first-degree relative family history
having a negative impact on treatment outcomes. This finding is
similar to our prior study, in which patients with a positive family
history had similar outcomes to those patients without a positive
family history [18] In the Swedish study by Hemminiki there was a
suggestion of a concordance of outcomes between treated fathers
and sons with prostate cancer [17] Similar to Hemminiki’s findings
the pairs of relatives tended to have similar outcomes in terms of
disease control with only two pairs of relatives, 9.1% experiencing
an outcome different from their relative.
It has been suggested that variation to radiation sensitivity is
an inherited genetic trait [27] It has been estimated that as much
as 80% of the variation in normal tissue reactions between patients
is genetic. [28] Therefore, it was possible that first-degree relatives
may have had similar radiation sensitivities and toxicity outcomes.
However, we did not see a clear correlation between relatives’
response to treatment in terms of toxicity. Fifty-two percent of
pairs experienced a concordant change in IPSS relative to the mean
and 48% experienced a discordant change. A majority of patients,
77%, experienced a significant decline in MSEF score. This study
is limited by its small sample size as well as retrospective study
design. With a larger cohort it is possible different correlations
and treatment outcomes may have been detected. Unfortunately,
a larger cohort of first-degree relatives all treated with the same
modality would be difficult to obtain.

Conclusion

This is a unique study of first-degree relatives with prostate
adenocarcinoma; all patients were treated with radiation therapy
at the same institution. In our study, first-degree relatives did not
present similarly. Outcomes appeared to be concordant amongst
relatives. Patients tended to do well, but it remains an open question
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whether patients with genetically influenced prostate cancer
not caused by a known mutation actually have worse treatment
outcomes. Larger clinical studies, as well as a better understanding
of the heritable basis for prostate cancer are needed.
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