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ABSTRACT

Purpose: This study compares incidence and mortality of penile cancer in Puerto Rico
(PR) with other racial/ethnic groups in the United States (US) and evaluates the extent
in which socioeconomic position index (SEP) or its components influence incidence and
mortality in PR.

Materials and Methods: Age-standardized rates were calculated for incidence and mor-
tality based on data from the PR Cancer Registry and the US National Cancer Institute’s
Surveillance, Epidemiology and End Results program, using the direct method.

Results: PR men had approximately 3-fold higher incidence of penile cancer as compared
to non-Hispanic white (Standardized rate ratio [SRR]: 3.33; 95%CI=2.80-3.95). A higher
incidence of penile cancer was also reported in PR men as compared to non-Hispanic
blacks and Hispanics men. Mortality from penile cancer was also higher for PR men as
compared to all other ethnic/racial groups. PR men in the lowest SEP index had 70% hi-
gher incidence of penile cancer as compared with those PR men in the highest SEP index.
However, the association was marginally significant (SRR: 1.70; 95%CI=0.97, 2.87). Only
low educational attainment was statistically associated with higher penile cancer inciden-
ce (SRR: 2.18; 95%CI=1.42-3.29).

Conclusions: Although penile cancer is relatively uncommon, our results support signifi-
cant disparities in the incidence and mortality rates among men in PR. Low educational
attainment might influence the high incidence of penile cancer among PR men. Further
studies are strongly recommended to explore these disparities.
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INTRODUCTION cated that several risk factors such as phimosis
with chronic inflammation, lack of circumcision,
human papillomavirus (HPV) infection, poor hy-

giene and smoking history are associated with pe-

Increased insight has been gained into the
pathogenesis of penile cancer, since reports indi-
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nile cancer (1). Some of these risk factors, including
HPV infection, circumcision, smoking and hygiene,
have been previously identified as modifiable risk
factors that might lead to a reduction of penile can-
cer incidence and mortality (2).

The incidence of penile cancer varies
enormously among different populations, being
highest in developing countries (3). An evalua-
tion of cancer registries around the world shows
that although penile cancer is a rare disease with
lowest rates in Israel (4), Western Europe and the
United States (US) (<1 per 100,000) (5), incidence
rates of 4.0 and 3.7 per 100,000 have been repor-
ted in Uganda and Brazil, respectively (6). In the
US, although penile cancer represents less than
1% of new cancers in men, rates among Hispanics
(USH) are 72% higher compared to Non-Hispanics
(7). These higher estimates of penile cancer among
Hispanic men correlate with the high incidence
of cervical cancer among USH women in the US
compared with non-Hispanic whites (NHW) (8).
Penile incidence rates from a limited time period
(1995-1999) also shows a high incidence rate in
PR men (2.6 per 100,000) (9).

Despite the low burden of penile cancer
incidence and mortality in the US, it is important
to assess the recent distribution of this malignancy
within specific racial/ethnic groups, particularly
those of Hispanic origin. This will be important in
order to identify vulnerable groups and evaluate
the impact that HPV-related cancers in men mi-
ght have on cervical cancer. Within the Hispanic/
Latino population, in Puerto Rico (PR), particularly,
where rates of cervical and oropharyngeal cancer
are higher than Non-Hispanic Whites (NHW) (8, 10),
no studies have been performed recently to eva-
luate penile cancer incidence and mortality rates
beyond descriptive epidemiology (11). Therefore,
in this study we estimated trends in penile cancer
occurrence for each racial/ethnic group from 1992
to 2004; then, we compared penile cancer inciden-
ce and mortality in men in PR with USH, NHW
and Non-Hispanic Blacks (NHB), during the period
2000-2004. Finally, given the potential impact of
socioeconomic factors on the burden of penile can-
cers in men, we evaluated the effect of socioecono-
mic indicators of health on penile cancer incidence
and mortality among PR men.

MATERIALS AND METHODS

Data sources

Incidence statistics from PR were obtai-
ned from the Puerto Rico Central Cancer Registry
(PRCCR). The PRCCR is the fourth oldest popula-
tion-based cancer registry in the world collecting
information on cancer in PR since 1951. The PRC-
CR uses the Surveillance, Epidemiology, and End
Results (SEER) program and the North American
Association of Central Cancer Registries (NAACCR)
standards for coding data; thus, the registry is fully
comparable with both SEER and NAACCR data. All
penile cancer cases diagnosed since 2001 are re-
ported using the third edition of the International
Classification of Disease for Oncology (ICD-0-3)
(C60.0-C60.9). Cases from 1992 to 2000 which
were originally reported using previous editions of
ICD-0 were converted to ICD-0-3 codes. Mortality
information for PR from 1998-2004 was obtained
from the PRCCR as reported by death certificates
prepared by the PR Department of Health.

Penile cancer incidence statistics for USH,
NHW and NHB were obtained from those released
by the SEER program. The SEER program identifies
Hispanic ethnicity by a combination of medical
record review and matching surnames against a
list of Hispanic surnames. The term Hispanic used
throughout our report does not account for ra-
cial differences within the USH population. Penile
cancer mortality information for USH, NHW and
NHB was obtained from the SEER program as re-
ported by the National Center for Health Statistics
(NCHS). US mortality cases were obtained for all
states except Connecticut, Maine, Maryland, Min-
nesota, New Hampshire, New York, North Dako-
ta, Oklahoma and Vermont because of the large
number of individuals with unknown origin or
ethnicity (>10.0% missing) for several years. Thus,
the “Hispanic Index” as developed by the National
Cancer Institute (NCI) was used to exclude states
where mortality statistics for Hispanics were dee-
med unreliable (12).

Statistical analysis

Age-standardized rates: For each racial/
ethnic group, we applied the direct method to esti-
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mate the penile cancer age-standardized incidence
and mortality (per 100,000 persons) for three time
periods (1992-1996, 1997-2000, and 2001-2004)
using the World Standard Population as referen-
ce. These rates were identified by ASR (World), ei-
ther for incidence or mortality. The change in the
ASR from the earliest and the latest studied period
(1992-1996 and 2001-2004) was calculated as a
percentage as follows:

Rate2001—2004 — Rate
Ratel992—l996

%change = 1992-1996 %100

The significant percentage of change was
determined by the construction of the 95% con-
fidence intervals (CI) using the formulas from the
U.S. Census Bureau (http:// www.census.gov/acs/
www/Downloads/data_documentation/Accuracy/
PercChg.pdf). If zero was not included in this in-
terval, significant changes were declared with p-
-value less than 5%.

Group differences: To assess racial/ethnic
group differences, the ASRs (World) were grouped
during the study period, as follows:

; !
ASR(World), = w; 520 —

2000

o

k=2001

Then, the ratio of two standardized rates

ASR(World)group,
ASR(World)group;

between any two groups was estimated with 95%
ClIs, to assess differences in penile cancer inci-
dence and mortality between PR group and USH,
NHB and NHW groups. This ratio if referred to
as the standardized rate ratio (SRR). In addition,
age-specific incidence (per 100,000 persons) and
mortality rates for different age groups (<60, 60-
70, >70) was computed for the period 2001-2004.
On the basis of these rates, the relative risks (RR)
were estimated with 95% Cls to determine relative

differences among study groups using the Poisson
regression model. The reference groups in the age-
-specific RR estimation were NHW, NHB, and USH.

SEP: The socioeconomic assessment was
performed only for PR because the geographical
level of analysis available to define the socioe-
conomic characteristics in PR was different from
the geographical level in the US. PR penile ca-
ses diagnosed from 2001-2004 and cancer dea-
ths from 2001-2004 were linked to the 2000 PR
Census data. Briefly, principal component analysis
(PCA) was used to obtain the SEP index at munici-
pality level. The PCA transform a set of correlated
variables to a new set of uncorrelated variables.
Therefore, we initially considered 14 socioecono-
mic indicators available in the US Census 2000
for PR. Then, the most correlated socioeconomic
indicators, based on the Pearson correlation index
and PR data, were used for PCA. As a consequence
the following eight-census based socioeconomic
indicators were used for the PCA: unemployment
rate, median family income, %population living
below the poverty level, %population aged > 25
years with less than 12 years of education, %em-
ployed civilian population aged > 16 years in ma-
nagement, professional, and related occupations
(used to define white-collar occupations), %occu-
pied housing units without telephone, %popula-
tion fluent in both English and Spanish, and %oc-
cupied housing units without car (13). The first
principal component was used to define the SEP
due to the fact, that the rest of the principal com-
ponents had a variance lower that one (criterion
of Kaiser). Once the SEP was computed for every
municipality, the index was categorized in five
groups using quintiles as the cut-off points; such
as the municipalities with the lowest socioecono-
mic position (highest socioeconomic deprivation)
were identified by SEP1 and the municipalities
with highest socioeconomic position (lowest so-
cioeconomic deprivation) were identified by SEP5.
To assess the socioeconomic effect, the two ex-
treme SEP categories were used (SEP1 vs. SEP5)
to compute the relative ratio (RR) of the ASR’s of
penile cancer incidence and mortality with 95%
confidence intervals. The ratio of the ASR’s in
these SEP categories was used to determine the
socioeconomic disparity by the SEP index and the
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eight-census based socioeconomic indicators of
penile cancer incidence and mortality among men
in PR for the period 2000-2004.

The statistical comparisons were perfor-
med using the STATA System release 11.0 (STATA
Corp, College Station, TX, USA).

RESULTS

Penile Cancer Trends

In PR, a total of 587 cases of penile can-
cer were diagnosed between 1992-2004. Compa-
ring the period of 2001-04 vs. 1992-1996, penile
cancer incidence decreased for all racial/ethnic
groups. Increasing percent change in mortality of
penile cancer was only observed among NHB and
PR men. A slightly increase percent change was
observed among NWH (Table-1).

Penile Cancer Rates (2000-2004)

The age-standardized incidence (per
100,000) of penile cancer ranged from 0.84 in NHW
to 2.8 in PR. Puerto Rican men had 3 times higher
incidence, than NHW (SIR: 3.33; 95%CI=2.80,
3.95) and NHB (SIR: 3.04; 95%(CI=2.21, 4.36). PR
men had more than 2 times higher incidence than
USH (SIR: 2.59; 95%(CI=1.99, 3.43) (Table-2).

The age-specific incidence increased with
age among all ethnic/racial groups (Table-2).
However, Puerto Rican men had a significant
higher incidence (p<0.05) of penile cancer in all
age group categories studied (Table-2). Particularly
higher incidence of penile cancer was observed in
Puerto Rican men of younger ages (<60 years) as
compared to their USH, NHB and NHW counterparts
(p< 0.05). Puerto Rican men younger than 60 years
old had approximately 5 times higher incidence

Table 1 - Incidence and mortality for penile cancer among men in PR and racial/ethnic groups in the US: 1992-1996, 1997-

2000, and 2001-2004.

Incidence (x 100,000)

Racial/Ethnic Group 1992-1996 1997-2000 2001-2004 % change’ CP 95% Cl
PR 3.46 3.19 2.75 -20.59 -37.16, -4.02
NHW 0.84 0.84 0.81 -3.52 -18.54, 11.50
NHB 1.32 0.91 1.18 -10.84 -49.04, 44.47
USH 0.94 1.02 0.92 -2.28 -44.13, 22.42
Mortality (x 100,000)

Racial/Ethnic Group 1992-1996 1997-2000 2001-2004 % change’ CP 95% Cl
PR 0.57 0.57 0.64 12.59 -40.59, 65.86
NHW 0.19 0.19 0.19 0.87 -10.02, 11.74
NHB 0.21 0.30 0.34 57.99 -45.07, 0.00
USH 0.33 0.27 0.26 -22.56 -0.96, 116.86

* Estimation of the percent change was done utilizing 15 decimals points.
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than NHW (SIR: 4.71; 95%CI=3.44, 6.44), up
to three times higher incidence than USH (SIR:
3.13; 95%CI=2.21, 4.44) and approximately 6
times higher incidence than NHB men (SIR:
5.93; 95%CI=3.34, 10.52).

Penile Cancer Mortality

The annual mortality of penile cancer
(per 100,000) ranged from 0.19 in NHW to 0.63
in PR men (Table-1). During the period 2000-
2004, Puerto Rican men had a significant hi-
gher mortality than their USH, NHB and NHW
counterparts (p<0.05), with mortality up to
three times higher than NHW men (SIR: 3.32;
959%CI=2.38, 4.43). When comparing the age-
-specific mortality in the same period, higher
mortality were also observed among men in PR
as compared to the other studied racial/ethnic
groups in all age groups, except the 60-70 age
group in which men in PR compared with their
USH and NHB counterparts (Table-2).

Socioeconomic Indicators and Penile Cancer
Incidence and Mortality in PR

As shown in Table-3, men in PR in the
lowest socioeconomic deprivation index (SEP1)
had 70% higher incidence of penile cancer as
compared with those PR men in the highest so-
cioeconomic deprivation index (SEP5). Howe-
ver, the association was marginally significant
(SRR: 1.70; 959%CI=0.97, 2.87). When evalua-
ting each of the eight socioeconomic indicators,
only low educational attainment (<12 years of
education), was statistically associated with hi-
gher incidence of penile cancer (p<0.05). That
is, men in PR with a low educational attainment
had up to 2 times higher incidence of penile
cancer as compared with those with high edu-
cational attainment (SRR: 2.18; 95%CI=1.42,
3.29).

When evaluating the effect of the SEP in-
dex in penile cancer mortality, a higher mortali-
ty was also observed among those in the lowest
socioeconomic deprivation index (SEP1); howe-
ver, this observed increment was not statistically
significant (SRR: 1.61; 95%CI=0.38, 5.21). No
statistical association was observed in the other
socioeconomic indicators components (p>0.05).

DISCUSSION

This analysis supports racial and ethnic
differences in the incidence and mortality of pe-
nile cancer in the US and PR. The available data
also permit the assessment of potential sub-
-group differences within the broad Hispanic/
Latino category and showed important varia-
tions between the incidence and mortality for
PR and USH. Our study showed that although
penile cancer is a relatively uncommon tumor,
the incidence of this tumor is up to three times
higher in PR as compared with other racial/eth-
nic groups in the continental US. Mortality was
also significantly higher in Puerto Rican men as
compared to any other racial/ethnic group.

Epidemiological studies have identified
risk factors such as smoking and being uncir-
cumcised as risk factors for penile cancer (1).
Tobacco smoking, particularly current smoking,
has been reported in a number of studies to be
linked to increased risk of penile cancer, althou-
gh other studies have failed to found support for
this association (14). Smoking rates overall have
been declining in the last decade (15), with lo-
wer median prevalence of adult current smoking
in PR (12.2%) as compared to the US (19.89%),
a pattern that does not support the higher in-
cidence of penile cancer in PR as compared to
the US. Although decreasing trends have been
observed in population-based studies US, when
differences by Hispanic origin have been exa-
mined, respondents of Puerto Rican and Cuban
origin have been found to be significantly more
likely to smoke (16) as compared to other Hispa-
nic origin sub-groups.

On the other hand, low rates of circu-
mcision in PR and USH have been reported in
population-based studies. For example, the Na-
tional Health and Nutrition Examination Survey
(NHANES 1999-2004) reported that 79% men in
the US are circumcised (17), with prevalence es-
timates lower among Mexican American men
(42%). Population-based studies in PR have es-
timated the prevalence of circumcision among
men is only 30.6% (18), highlighting a possible
mechanism in which penile cancer rates might
be higher in this population, although further
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Table 3 - Age-standardized (x100,000) incidence and mortality rates for Penile Cancer by SEP index: Puerto Rico 2000-2004.

SERNIEE SEP52¢ SRR (95% Cl)¢
Incidence
SEP Category 2.6 1.5 1.70 (0.97, 2.87)
SEP Components Less than 12 years of 3.8 1.7 2.18 (1.42, 3.29)
education®
English Proficiency 2.2 1.5 1.48 (0.83, 2.53)
Median Family Income 2.5 1.7 1.50 (0.87, 2.46)
No Cars 1.9 1.8 1.02 (0.65, 1.60)
No Telephone 2.7 1.6 1.67 (1.00, 2.70)
Poverty 2.5 1.7 1.48 (0.85, 2.48)
Unemployed 2.4 1.6 1.47 (0.84, 2.47)
White Collar 19.2 9.3 2.06 (0.98, 4.08)
Mortality
SEP Category 0.5 0.3 1.61 (0.38, 5.21)
SEP Components Less than 12 years of 2.7 1.8 1.53 (0.15, 9.45)
Education
English Proficiency 0.5 0.3 1.34 (0.31, 4.43)
Median Family Income 6.2 2.0 3.14 (0.63, 14.68)
No Cars 3.0 2.4 1.27 (0.28, 6.47)
No Telephone 8.0 2.1 3.84 (0.93, 15.19)
Poverty 0.5 0.4 1.15 (0.28, 3.50)
Unemployed 3.4 2.0 1.72 (0.17,10.43)
White Collar 0.9 0.5 1.86 (0.74, 4.24)

2 Rates are per 100,000 and age-adjusted to the 2000 PR.

® SRR=SEP=1 is the low socioeconomic position (highest socioeconomic deprivation).

¢ SEP=5 is the high socioeconomic position (lowest socioeconomic deprivation), reference group.

4 SRR=SEP1/SEP5 indicates the standardized rate ratio with 95% confidence intervals (Tiwari method).
¢ Statistically significant (p<0.05)
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research is needed in this area. There is support
in the literature that the effect of circumcision
is mediated by avoidance of phimosis. In many
countries, such as Denmark, circumcision rates
have not changed but penile cancer incidence ra-
tes are falling. This may be due to better hygiene
over the years with lower rates of phimosis. In
PR, determining the importance of circumcision
in the incidence of penile cancer among men will
be necessary to document, as there is evidence
that male circumcision reduces the risk of hete-
rosexually acquired HIV infection (19) and clea-
rance of HPV infection, including infection with
oncogenic types (20).

Past infection with HPV is also a kno-
wn risk factor for penile cancer which has been
detected in approximately 500 of penile cancer
cases (21). As HPV infection and lifestyle sexual
partners are significantly associated with onco-
genic HPV infection (22,23), the number of life-
time sexual partners on penile cancer is also im-
portant to understand the role of higher number
of sexual partnering and increased risk of penile
cancer. In PR, a population-based study of men
and women ages 18-64 reported that 80% of men
initiated their sexual activity before age 18 and
almost half of the men interviewed (47.8%) had
more than 7 sexual partners in their lifetime (21).
Although this estimates are lower than a popula-
tion-based study in the US, these results showed
an early age of sexual initiation and a high pre-
valence of multiple sexual partners in PR, which
document the importance of developing inter-
ventions that promote safe sex practices among
men in this population, which will also partially
protect them against HPV infection.

Clinical risk factors have also been iden-
tified as strong predictors of penile cancer. The
most important clinical risk factor for invasi-
ve penile cancer is the history of phimosis (2).
Studies have found that history of phimosis was
reported in approximately 25%-60% of patients
with penile cancer (24). A clinical study reali-
zed in PR reported that phimosis was present in
(85.7%) of the pathologic reports reviewed betwe-
en 1979-1989 in a hospital of the western region
of PR (25). Other risk factors that were explored in
this study and showed significant association with

penile cancer were history of Sexually Transmit-
ted Infections (STIs), and leukopakia.

Our study also showed that the rate of pe-
nile cancer in PR has been declining. Although
other studies have attributed similar declines to
the availability of prophylactic HPV vaccination
(7), attributing the impact of the decline of penile
cancer incidence to HPV vaccination is unlikely
since population uptake of the vaccine among
Puerto Rico young men is very recent and low
(6%) (26) and just recently (2009) vaccination was
approved for men. Other studies have attributed
this decline in penile cancer incidence due to bet-
ter hygiene over the years with lower rates of phi-
mosis. Also, the impact of how other risk factors
(hygiene, decrease in tobacco consumption or po-
tential increasing circumcision rates) might have
an impact on this decline cannot be ascertained
utilizing this data set.

On the other hand, it is important to hi-
ghlight that although a significant reduction was
observed in incidence rates, an increased trend in
penile cancer mortality was noted among men in
PR. Although this increase in mortality was not
significant, an evaluation of the clinical characte-
ristics of cancers diagnosed with respect to extent
of disease and treatment provided will be impor-
tant to ascertain in future studies. Within this
context, it is important to evaluate the effect of
socioeconomic position on penile cancer inciden-
ce. Socioeconomic disparities in cancer have been
widely reported previously (27). However, which
cultural, economic or social factors might be in-
fluencing higher risk among Puerto Rican men
is unknown. It can be hypothesized that health
insurance coverage, access to appropriate early
detection and treatment could be influencing this
higher rate. Also, low educational attainment mi-
ght influence the high incidence of penile cancer
among PR men, due to inadequate hygiene practi-
ces, as has been highlighted (28). From this latest
study the importance of education on the preven-
tion of urogenital cancers is highlighted, as a key
element to decrease the burden of penile cancer in
this population.

Finally, it is important to highlight that
this data showed higher incidence and mortali-
ty of penile cancer among men younger than 60
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years old, which contrasts with the reported epi-
demiology of penile cancer elsewhere (29). These
findings highlight the opportunity to strengthen
prevention efforts in Puerto Rican men. A high
incidence of penile cancer and mortality within
younger cohorts in Puerto Rican men might be
possible due to a possible convergence of early
and high sexual activity, including lifetime num-
ber of female sex partners, low circumcision rates,
high prevalence of STIs and HIV in Puerto Rico,
particularly among the medically underserved.

Our study has some limitations that need to
be considered. Incomplete information regarding
stage at diagnosis, histologic type (i.e., squamous
versus melanoma versus adenocarcinoma versus
urethral type), grade and sub-site of penile cancer
cases in PR limits our ability to consider the impact
of staging on penile cancer trends. Also, even thou-
gh PR is an Hispanic population, Hispanics in the
US constitute a heterogeneous group of people from
a variety of Hispanic origins that show substantial
variability in cancer rates. Even though the male
Hispanic population residing in the US described in
our study is not directly comparable to the Puerto
Rican male population living in PR, racial/ethnic
group comparisons identify significant disparities in
the burden of penile cancer incidence and mortality
and permit us generate further hypotheses about the
role of environmental, genetic, social, and lifestyle
factors on penile cancer occurrence.

CONCLUSIONS

In summary, this study found higher ra-
tes of penile cancer in men in PR as compared to
any other studied racial/ethnic group in the US.
Race/ethnic group differences can involve com-
plex interactions between behavioral and biolo-
gical processes and perhaps even social factors.
The presence of this heterogeneity by race/ethnic
groups needs to be acknowledged in the quantifi-
cation and investigation of race/ethnic differences
in penile cancer research.
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EDITORIAL COMMENT

This is a well done epidemiologic compari-
son among PR and American men regarding pe-
nile cancer. As expected, low educational level is
a determinant for higher incidence and mortality
due this malignancy. Penile cancer is a health con-
cern in poor regions worldwide. The findings of this
study are result of an elegant and complex statisti-
cal job. Unhapily it was not possible to control by
stage the mortality analysis, because tumor stage
information were lacking in this large retrospective
data base.

Although the authors became impressed
due the higher incidence and mortality rates in men
younger than 60 years old, this situation is not so
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