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Abstract
Introduction—Prostate cancer is common around the world, but rates of advanced disease differ
substantially by race and geography. Although a major health issue, little is known about prostate
cancer presentation in West Africa and India compared to the United States (US).

Objective—The aim of this study was to compare prostate tumor characteristics in four
populations of men from the US, Senegal and India.

Materials and methods—We recruited prostate cancer patients from four hospital-based
populations. The sample included 338 African-Americans, 1265 European-Americans, 222 Asian
Indians, and 72 Senegalese. Questionnaire and medical record data were collected on each
participant.

Results—We found significant differences in age at diagnosis, BMl, and PSA levels across the
groups. Senegalese and Indian men had a higher probability of high stage (T3/T4) disease
compared to US men. Gleason grade was significantly higher in Asian Indians compared to other
populations. African-Americans, Senegalese, and Asian Indians had a significantly higher
probability of metastatic disease compared to European Americans. The odds ratios (OR) for
metastasis were consistently higher in Asian Indians compared to American cases. As only 19/72
Senegalese were assessed for metastasis, OR could not be determined for metastasis.

Conclusions—These results suggest that there are significant geographical and ethnic
differences in the presentation of prostate cancer. Men in developing countries lend to present with
advanced disease compared to US men. Identifying risk factors for advanced disease may help to
decrease the rate of poor prostate cancer outcomes and associated mortality worldwide.
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Introduction
Prostate cancer has one of the highest incidence and prevalence rates of any cancer in the
world, and is second only to lung cancer as the most common non-cutaneous cancer
diagnosed in men worldwide.1 It is also a leading cause of cancer-related deaths among
men. More than 600,000 new cases of prostate cancer are diagnosed each year, and
approximately 200,000 deaths are attributed to prostate cancer worldwide.1

International prostate cancer incidence and mortality rates vary greatly by geographical
location and ethnicity, Table 1. Variation in cancer rates may be influenced by genetics,
culture, diet and/or other environmental factors.2 The disease incidence and mortality rates
tend to be higher in more developed nations compared to less developed nations.1 Asians
have among the lowest prostate cancer rates of any racial group.3 In contrast, African-
Americans have among the highest documented rates of prostate cancer in the world and
tend to have more aggressive disease.3 In addition, prostate cancer mortality rates for men of
African descent in America and the West Indies are more than three to four times higher
than mortality rates for men born of Eastern European, Mid-Eastern, and Asian descent.1,4,3

Prostate cancer incidence also is likely to be affected by prostate specific antigen (PSA)
screening practices. The incidence of prostate cancer is highest in countries where PSA
screening for prostate cancer is common and increases the detection of latent or
asymptomatic prostate cancers. Those countries include the United States (Age-Specific
Incidence Rate = 168/100,000, all races), Australia (76/100,000) and Scandinavia
(55/100,000).1,6,7 Accurate and comparable rate estimates in less developed countries are
often unknown due to lack of screening, lack of medical care, and incomplete case reporting
to tumor registries.8,9

With high prevalence of screening and resulting early detection, American men are at high
risk for prostate cancer, but tend to be diagnosed with localized disease.3 In contrast,
Senegalese and Asian-Indian men have much lower incidence rates (7.5/100,000 and
4.6/100,000, respectively1), but are mostly diagnosed with advanced disease. PSA screening
has not been systematically applied in most parts of the world, including India and Senegal,
10 which may explain at least in part the high relative rate of metastatic disease at
presentation compared with the rates in Europe or North America.

Tumor characteristics in men of African, European, and Asian descent have been studied.
Although PSA at diagnosis and tumor size may differ by ancestry/race, ethnic differences in
tumor stage and grade may not be so profound when patients share similar characteristics
related to screening and diagnosis, such as the same health system.10-13 Although prostate
cancer incidence and mortality tends to be low among Asian populations, tumor grade at
diagnosis appears to indicate the presence of advanced disease in some Asians, such as
Korean and Chinese prostate cancer patients in their native lands.14,15 One study showed
that among native West Africans, advanced prostate tumors and metastatic disease occurred
more commonly than in American cases.10 While prostate cancer is one of the most
common tumors worldwide, relatively little is known about its presentation in non-African-
American or non-European-American (Caucasian) men and in developing countries
compared to other regions of the world. The objective of this study was to compare prostate
tumor characteristics in sample populations from four diverse groups based on geography
and ethnicity: African Americans, European Americans, Senegalese and Asian Indians.
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Material and methods
Study subjects

We recruited prostate cancer patients from four populations. The sample included 338
African-Americans, 1265 European-Americans, 122 Asian Indians, and 72 Senegalese men.
African-American and US European American participants were recruited from clinics at
the Hospital of the University of Pennsylvania (HUP, Philadelphia, PA) and the Philadelphia
Veterans Affairs Hospital between 1995 and 2007. These participants included cases from
an ongoing case-control prostate cancer study at the University of Pennsylvania (described
in16,17). Participants were excluded from this sample if they had a prior cancer history or
reported current use of finasteride (Proscar/Propecia) or any use of Casodex. This criterion
was necessary to 1) decrease the risk of drug-induced alteration of typical cancer sequelae in
our cases and 2) make them more comparable to the Senegalese and Indian study samples.
Proscar and Casodex were not used by any of the patients in those populations.

Using a similar protocol, we also recruited hospital-based prostate cancer cases from West
Africa and India. African participants were recruited at Grand Yoff General Hospital in
Dakar, Senegal. Asian Indian participants were all residents of the Uttar Pradesh State,
North India. They were recruited through urology clinics of the Sanjay Gandhi Post
Graduate Institute of Medical Sciences (SGPG1), Lucknow, between 2003 and 2005.
Because prostate biopsies are rarely performed on the Senegalese and Asian Indian
populations, prostate cancer was diagnosed primarily using information about lower urinary
tract symptoms, clinical aspects of the prostate at the digital rectal examination, and high
PSA level. Confirmation of diagnosis was obtained either from prostate biopsy or pathologic
examination of the prostatectomy specimen.10 In both the US and India, transrectal
ultrasound probe guidance was used. Ten to 12 cores were biopsied in India and
approximately 16 cores were biopsied in the US. Sextant digitally guided biopsies were
performed on Senegalese patients.

Questionnaires were administered to each participant to obtain information about prostate
cancer risk factors, demographic information and cancer history. Educational attainment was
available for all populations except the Asian Indians. Patient eligibility and tumor
characteristics (TNM stage, Gleason score, PSA level at diagnosis and presence of distant
metastasis) were obtained from a review of medical records at each center. The assessment
of distant metastasis in US patients was made at the Hospital of the University of
Pennsylvania via bone scan and symptom evaluation. Asian Indians also were assessed for
metastases via bone scans if the PSA at diagnosis was greater than 10 ng/ml. This reflected
93% of the cases in the Asian Indian sample. Senegalese patients who were assessed for
metastasis underwent symptom evaluation, clinical examination, ultrasonography, plain x-
ray, and computed tomography (CT) scans in some patients.10 Only 19 of the Senegalese
patients had this info available in the medical records. The others had not been assessed
systematically for metastasis. Bone scans are not available in Senegal, so the only patients
that receive bone scans are those that can afford to go to France for them. Otherwise, the
patient’s metastatic status remains unknown.

All data were collected under protocols approved by the Institutional Review Boards at each
center.

Statistical analyses
Analyses were undertaken to compare the advanced tumor stage and Gleason scores and the
presence of metastasis by sample population. Descriptive analyses for discrete traits were
carried out using contingency table methods and the Fisher’s Exact tests (FET) or chi-square
statistics. Medians were used to summarize continuously distributed traits.
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Unconditional logistic regression was used to examine population differences in the odds of
having advanced disease at diagnosis. All analyses were adjusted for age. In addition,
analyses were stratified by median age (≤ 62 versus > 62), family history of prostate cancer
(present or absent based on self report), and PSA level at diagnosis. A two-sided p-value of
0.05 or less was considered statistically significant.

Results
Table 2 presents demographic and tumor characteristics for each of the four populations.
The median age was 62 years for European Americans cases and 62 years for African-
Americans. Median age of the Asian Indian sample was 66 years. Senegalese cases had a
median age of diagnosis of 69 years and were significantly older than the other groups (p <
0.001). American cases were the youngest with a median age of 62 years. Median BMI was
available for three of the groups. The Senegalese cases had a significantly lower BMI (23.0
kg/m2) than either of the American groups (p < 0.001). The BMI for African-Americans was
significantly higher than the other groups (28.1 kg/m2, p < 0.001). Median PSA at diagnosis
also differed significantly among the groups. PSA levels were lowest for European
Americans (5.6 ng/ml) and highest for Senegalese (56.6 ng/ml, p < 0.001 compared to each
of the other groups).

The percent of high stage (T3 and T4) cases was similar among the American groups
(21%-26%), but was significantly higher for the Senegalese (48%, p < 0.001) and Asian
Indians (99%, p < 0.001). Gleason scores greater than 6 were more common in the Asian
Indian cases (72%, p < 0.001). Metastasis was rare in the American samples, but more
common in African-Americans (2%) compared to European Americans (0.7%, p = 0.033).
Seventy-one percent of Asian Indians presented with distant metastasis (p < 0.001). Only 19
Senegalese were assessed for metastasis, and all of them had prostate cancer that had spread
to distant sites (p < 0.001). Patients with a known family history of prostate cancer were
most common among Americans (36%-37%) and significantly less common among
Senegalese (23%, p = 0.015 compared to European Americans) and Asian Indians (3%, p <
0.001). European Americans (67%) were more likely to have a college education compared
to African-Americans (31%, p < 0.001) and Senegalese cases (21 %, p < 0.001).

Age-adjusted logistic regression models showed that Senegalese and Asian Indian men had
higher tumor stages compared to American men, Table 3. Compared to European
Americans, the odds ratio (OR) for Senegalese men was 2.9 (95% CI=1.8-4.7) and 344.7.0
(95% Cl=47.9-2482) for Asian Indians. This remained true for younger and older men alike,
although OR could not be estimated for Asian Indians in some strata due to small numbers
or uncollected data. Similar findings were observed for family history negative men. Tumor
stage did not differ by ethnicity for family history positive men. African American men with
low PSA (< 10 ng/ml) at diagnosis were less likely than European Americans to have high
tumor stage (OR = 0.5, 95% CI = 0.3-0.8). Senegalese men with a low PSA at diagnosis
were more likely than African Americans to have a high tumor stage (OR=17.0,
CI=1.5-197). Asian Indian men with high tumor stage were more likely than other groups to
have a high (≥ 10 ng/ml) PSA at diagnosis.

Asian Indian men were more likely to have higher Gleason grade (≥ 7) than any of the other
groups. African Americans were less likely to have a high grade than European Americans if
their PSA at diagnosis was low. However, among higher PSA Senegalese, the odds of a high
Gleason grade was lower compared to African Americans (OR=0.4,95% Cl=0.2-0.8).

Odds ratios for metastasis could not be assessed for Senegalese due to sample size
limitations. Compared to European Americans, African America ns (OR = 3.2, 95% CI =
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1.1-9.2) and Asian Indian (OR=377.1, 95% CI=166-858) were more likely to have
metastases. The findings were similar for those of younger age. There was no difference in
the probability of having metastatic disease between older African Americans and European
Americans. However, older men with metastasis were still more likely to be Asian Indian
(OR=280.6 compared to the European American reference group). A similar pattern was
observed among family history negative and family history positive men. No significant
effects were observed for low PSA patients. Among high PSA patients, Asian Indian men
were more likely than American groups to present with metastasis (OR=186.7, 95%
CI=55.1-632 compared to European Americans and OR=54.3, 95% CI=15.7-187 compared
to African Americans).

Discussion
The purpose of the present study was to compare tumor characteristics and factors
associated with advanced disease in multiple populations from more developed versus
developing nations. Tumor characteristics in four hospital-based samples of prostate cancer
cases were examined from the United States, Senegal and India. We found stage and grade
differences by population, with Senegal and India both being more likely to present with
advanced disease. These differences were expected given the international differences in
prostate cancer screening and diagnosis. Beyond the big differences in prostate cancer
characteristics between United States and the developing countries, we also observed
differences among African Americans and European Americans. Metastasis occurred at a
higher frequency in African Americans compared to European Americans, specifically for
younger men and men without a family history of prostate cancer. As noted above, these
findings are not completely unexpected. African-American men are known to have worse
outcome from prostate cancer compared to European-American men,3,18,19 but the
explanation for the presence of more aggressive tumors in African-American men remains
unknown. Factors related to awareness, health care, treatment choice and timing, genetics or
environment may also increase the aggressiveness of the disease and potential for metastasis
in low PSA African-American cases.2,18-20

In spite of this difference between the American samples, the odds for metastasis were still
substantially lower than what was seen in the Senegalese and Asian-Indian populations. It is
common for cancer patients to present with advanced disease in developing countries such
as Senegal and India.21 Of interest is the fact that we also observed variability in the
frequency of high tumor stage and metastasis in the developing nations. Asian-Indians were
more likely to present with late-stage disease compared with Senegalese men.

Widespread screening is not commonplace in Senegal or India, so the finding of
significantly different tumor characteristics must also reflect other factors including
differences in cancer diagnostic practices, clinic referral patterns, prostate cancer risk
factors, or biological differences in cancer etiology between these groups.

There are several strengths and limitations to our study. One of the strengths of this study is
that we were able to compare the results of four separate patient samples that were recruited
under a similar protocol. A recent study by Ravery et al22 also investigated prostate cancer
characteristics among four different populations of radical prostatectomy patients treated in
France. European natives, North Africans, and Blacks from Central Africa and the French
West Indies were compared. The study showed that Blacks had more advanced disease than
the other groups and presented at a younger age. North Africans had lower Gleason scores,
and a lower number of positive cores compared to the other. Unfortunately, that study was
not able to stratify by country of residence, as some patients came from abroad to be treated
while others were local residents. In addition to ethnicity, the diet, lifestyle, and
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environmental conditions of the place of residence may contribute to differences observed in
cancer progression.22

The sample populations in our study included two developing nations residing on different
continents. Although not reflected in many international reports, prostate cancer is also one
of the most prevalent urological malignancies in native Africans.23 Cancer rate information
in most developing nations is often outdated and likely to be grossly inaccurate because of
lack of maintained tumor registries and inefficient reporting.8,23-25 However, information
from autopsy studies has provided some insight into the prevalence of prostate cancer and
high grade prostatic intraepithelial neoplasia (HGPIN) in populations around the world.
Rates of prostate cancer seem to be increasing in more recent years, as prostate collections
from the 1960s and 1970s proved to contain less latent carcinoma and older age of onset
compared to later collections.26 We have learned from autopsy studies that around the world
rates of HGPIN and carcinoma increase with each decade of life,27,28 and African-
Americans are most likely to develop more extensive HGPIN at younger ages.29,30

Hungarian autopsies revealed a 39% prevalence of prostate cancer and an increase in
Gleason scores and the prevalence of HGPIN with advancing age.28 In contrast, in situ
carcinoma is extremely rare in cultures like the lnuit of Alaska, Greenland and Canada,
where an autopsy study revealed no latent carcinoma in 27 autopsies and a prevalence of
invasive prostate cancer that was 2% in 61 deceased men.31 Also of interest is that while
high grade carcinomas may be more common in American populations, including lower risk
Asian-American-groups, the risk of metastasis is greater in indigenous Asians compared to
Asian-Americans.29 Compared to American sub-populations, much less is known about
HGPIN, clinical disease incidence and progression in developing nations like Senegal and
India. However, based on our findings and similar reports, both appear to be populations that
are at high risk for advanced prostate cancer and related mortality.10,32,33

Another strength of our study is that a common protocol was used to collect a hospital-based
sample set in each location. This feature maximized the comparability of the groups and
allowed us to readily check medical records for data accuracy and verification of tumor
characteristics. However, clinic based studies tend to exclude prostate cancer cases who do
not have access to medical care in a hospital setting. Therefore, these samples are not likely
to be representative of the general population of these countries.

Our sample size for some of the groups was small and did not allow us to estimate odds
ratios for some of the strata. Similar studies with smaller sample sizes than ours have been
able to demonstrate significant differences in tumor characteristics by groups.22

Nonetheless, increasing the sample size will be required to fully evaluate the differences
among populations as well as to evaluate whether prostate cancer risk factors differ by
geography.

There also may be significant international differences in referral patterns, access to care,
and treatment options by population. In the US, European Americans tend to use surgical
treatment more than African Americans.34-36 Earlier work in this area demonstrated that
while the majority of African-American men (62%) were treated with radical prostatectomy,
the majority of Senegalese men (42%) were treated with orchiectomy.37 As a result, there
may be some differences in staging accuracy depending on whether or not the entire prostate
was extracted and could be studied in pathology.34

Despite the apparent underestimation of true prostate cancer rates in Senegal and India, there
appears to be higher prostate cancer incidence rates than previously reported in African and
Asian regions.8,38 These elevated rates may be the result of improved detection techniques
becoming available in the developing world, as well as the emergence of an aging
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population. An important yet understudied potential cause of increased prostate cancer
incidence and/or severity includes lifestyle changes that increase obesity, decrease physical
activity, and alter dietary habits may contribute to the overall increase of disease rates that
occurs with the “westernization” of a given population.39,40

Currently in Senegal and India, PSA screening tests are rarely used to detect prostate cancer
at an early stage of the disease. While PSA use, “overdiagnosis” and “overtreatment” of
localized prostate cancer in the US remains controversial,18,41 it remains to be determined
whether wider use of PSA screening in select subsets of men in the developing world could
lead to improved prostate cancer diagnosis and prognosis.

In the US, race remains an important predictor of prostate cancer progression, suggesting
ethnic differences in prostate cancer awareness, health care access and quality, screening
practices, and/or treatment. These are the same factors that effect delayed and sub-optimal
treatment around the globe. Internationally prostate cancer rates are likely to rise as
westernization of many nations continues and the populations of developing countries
advance in age.25 Clarifying the prevalence of and risk factors for advanced disease will
help in targeting those at highest risk and provide ideas for disease interventions and optimal
treatment options both in the US and in the developing world.
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