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Purpose The objective of this study was to compare tumor characteristics, biomarkers, and surrogate
subtypes of breast cancer between Sudanese and German women.

Methods Tumor characteristics and immunohistochemistry markers (estrogen receptor [ER], progesterone
receptor [PR], and human epidermal growth factor receptor 2 [HER2]) were collected from the routine
assessment of consecutive patients with invasive breast cancer diagnosed from 2010 to 2015 (Gezira
University Pathology Laboratory, Gezira, Sudan) and from 1999 to 2013 (Breast Centre, Martin-Luther-
University, Halle, Germany).

Results A total of 2,492 patients (German [n = 1,932] and Sudanese [n = 560]) were included. Age at
diagnosis ranged from 20 to 94 years. Sudanese women were, on average, 10 years younger than German
women, with a mean (+ standard deviation) age of 48.8 (13.5) and 58.6 (12.4) years, respectively. The
Sudanese women had a higher grade, larger tumor, and more lymph node positivity compared with German
women. ER-, PR-, and HER2-negative proportions were 55%, 61.8%, and 71.3%, respectively, for
Sudanese women versus 22.7%, 32.3%, and 82.5%, respectively, for German women. The triple-negative
subtype was more prevalent in Sudanese women (34.5%) than in German women (14.2%). The strongest
factor associated with ER-negative disease was grade Il (odds ratio, 19.6;95% Cl 11.6 to 33.4; P<.001).
Sudanese patients were at higher risk for ER-negative breast cancer, with an odds ratio of 2.01 (P=.001;
adjusted for age, size, nodal status, histologic type, and grade). Stratified by grade, the influence of origin
was observed in grade | and grade Il tumors, but not in grade Il tumors.

Conclusion Sudanese women had more aggressive tumor characteristics and unfavorable prognostic
biomarkers. After adjustment, Sudanese origin was still associated with hormone receptor-negative
disease, especially in grade | and Il tumors. These findings suggest differences in tumor biology among
these ethnic groups.
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INTRODUCTION

Breast cancer (BC) is the most common malig-
nancy in women and is the primary cause of
cancer mortality in developed countries and most
developing countries. In developing countries, the

have described that native African, African in di-
aspora, and African American women present at
an earlier age, with higher grade, advanced stage,
and with higher hormone receptor (HR) —negative
rates than their white counterparts.>©

incidence is relatively low compared with devel-
oped countries; however, mortality rates are alarm-
ingly high.' BC is a highly diversified cancer in
terms of its clinical presentation, morphology, mo-
lecular markers, prognosis, and treatment outcome.

BC in African and African American women is
commonly an aggressive disease. Many studies

© 2017 by American Society of Clinical Oncology

African-based studies have reported high propor-
tions of estrogen receptor (ER) —and progesterone
receptor (PR) —negative BCs—for instance, 76%
of BCcasesin Nigeria,® Ghana,” and Kenya®; 65%
of cases in Uganda®; and 61% of cases in Mali'®
were found to be ER negative. Recent studies,
however, have shown relatively low proportions of
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ER- and PR-negative BC: Ethiopia (34.7%),'!
South Africa (37%),*? Sudan (36%),*> Nigeria
(35%),'*and Eritrea (32%).1° These recent find-
ings are comparable with that from African Amer-
ican premenopausal women in the Carolina Breast
Cancer Study (39%).¢ A recent systematic review
and meta-analysis in Africa showed that the pro-
portion of ER- and PR-negative and human epi-
dermal growth factor receptor 2 (HER2)—positive
BC in Africa is highly variable. The review pro-
posed that young age, high grade, retrospective
assessment, tissue collection, early year of di-
agnosis, and place of origin (West Africa) were
contributing factors to HR-negative BC.%’

The taxonomy of the molecular subtypes of BC—
luminal Aand B, HER2 overexpressing, and basal
like—that was described first by Perou et al'€ in
2000 has revolutionized the management of BC,
and these subtypes are independent prognostic
markers. Luminal A and B are more common in
older white women and have a good outcome and
prognosis. ®?° Conversely, HER2-enriched (ER-
and PR-negative and HER2-positive) and triple-
negative BCs (TNBCs; negative for ER, PR, and
HER2) are 85% concordant with the basal-like
subtype and have poor outcome.?! TNBCs are
often poorly differentiated, insensitive to hormone
therapy, and have a poor prognosis and outcome.
TNBCs are usually treated with radiochemother-
apy, whereas HER2-enriched BCs are candidates
for HER2-targeted (trastuzumab) therapy. TNBCs
have been found to be more dominant in younger
women and in African women or those of African
descent. Studies have shown that these intrinsic
subtypes show remarkable variation in terms of
race and ethnicity, geographic distribution, sur-
vival, and therapeutic response.'®!° The racial
and geographic variation could be a result of
demographic structure, reproductive patterns, ac-
cess to health care, and intrinsic biologic factors.
These regional and ethnic variations warrant a
more thorough determination of biomarkers as
part of routine assessment®® and personalized
medicine in BC treatment.

A few studies have shown tumor characteristics
and biomarker distribution between native African
women and white women. Amadori et al*® found
that Tanzanian women had a higher histologic
grade and proliferative index, advanced stage,
and higher ER- and/or PR-negative BC than white
Italian women. Another two studies that compared
Sudanese women with lItalian women'® and Gha-
naian women with Norwegian women?* found a
similar proportion of ER and PR positivity in both
African and European women, although African

women presented at a younger age, with higher
grade, and more advanced stage. These few stud-
ies were conducted in small populations with
sample sizes of 114 and 51.

The purpose of this study was to compare tumor
characteristics and the distribution of ER, PR, and
HER?2 biomarkers and their derived intrinsic sub-
types of BCinalarge case series among Sudanese
and German women.

METHODS
Data Collection

Ethical approval was obtained from the research
committees of both institutions. Data were re-
trieved by using a standard protocol from the
Histopathology Department of the University of
Gezira and electronically from the Breast Clinic
at Martin-Luther-University (MLU). This study
was a retrospective, facility-based consecutive
case series from 2010 to 2015 for Sudanese
women and 19990 2013 for German women—all
women with histologically confirmed invasive
breast carcinoma and ER, PR, and HER2 results
available were included inthe study. Demographic
data and tumor characteristics were obtained
from medical records, and HR status (ER and
PR) and HER2 expression were determined by
using a standard method. Tumor grade was
assessed according to the modified Nottingham
Bloom-Richardson grading system.?®> Tumor
size and nodal status was described according
to the TNM classification.?®

Study Setting

Sudan, the largest country in Africa, is located in
the northeast of Africa with diverse ethnic groups,
including African, Arab, and African-Arab tribes.
The state of Gezira has approximately 4 million
inhabitants; the University of Gezira histopathol-
ogy laboratory is the only public institution that
serves this state. The department of gynecology at
MLU is a certified breast center that serves the
population of Halle and its surrounding areas.

Immunohistochemistry

For Sudanese women, ER, PR, and HER2 immu-
nostaining was performed manually at the Gezira
University pathology laboratory using standard
immunohistochemistry (IHC). In brief, formalin-
fixed, paraffin-embedded breast tumor blocks
were obtained and 4-pum tissues were sectioned,
deparaffinized, and rehydrated. Antigen retrieval
was performed by using a water bath in 10 mM
citrate buffer (pH 6.0) at 95°C for 45 minutes and
blocked with 3% hydrogen peroxide in phosphate
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buffered saline. Tissue section was permeabilized
and blocked with blocking agent (BioGenex, Kent,
United Kingdom), then incubated for 1 hour with
primary antibodies at room temperature: anti-ER
(clone EPR703; BioGenex), anti-PR (clone PR88;
BioGenex), and anti-HER2neu (clone CB11), fol-
lowed by biotinylated horse anti-mouse or goat
anti-rabbit secondary antibodies. Staining was
visualized by using diaminobenzidine and coun-
terstained with hematoxylin.

For Halle patients, IHC was performed at MLU as
follows: 4-pm paraffin-embedded sections were
prepared and tissue sections were boiled in
10 mM citrate buffer (pH 6.0) for 10 minutes
followed by cooling at 25°C. Sections were cov-
ered with monoclonal mouse anti-human ER
(clone 1D5; Zytomed Systems, Berlin, Germany),
monoclonal mouse anti-human PR (clone 636;
Dako, Carpinteria, CA), and HercepTest (Dako)
for HER2/neu by using a semiautomated system
(IntelliPath; Biocare Medical, Pacheco, CA).

ER and PR were considered positive if =1 % nuclei
of tumor cells stained according to the ASCO/
College American Pathology guidelines® for both
the Sudanese and German patients. HER2 was
scored as O, 1+, 2+, or 3+. Fluorescent in situ
hybridization was not performed for intermediate
2+ HERZ2 in both groups; only a score of 3+ was
considered HER2 enriched, whereas scores < 2+
were assumed to be HER2 negative. Furthermore,
Ki-67 was not assessed to evaluate mitotic index

Subtypes were defined as luminal A-like (ER-and/
or PR positive and HER2-negative), luminal B-like
(ER- and/or PR-positive and HER2-positive),
HER2 type (ER- and PR-negative and HER2-
positive), and triple negative (ER-, PR-, and
HER2-negative).?®2°

Data analysis was performed by using SPSS for
Windows version 19 (SPSS, Chicago, IL). Tumor
characteristics and biomarkers of Sudanese and
German women were compared across BC sub-
types by using the x° test for categorical variables.
Logistic regression analysis was used to determine
the odds ratio (OR) to evaluate the effect of age,
tumor size, grade, and histology on the probabil-
ity of ER-positive tumors or tumor subtypes. All
P values were based on two-tailed tests of signif-
icance, where P < .05 was considered statistically
significant.

RESULTS

A total of 2,492 women with invasive BC—1,932
from Halle, Germany, and 560 from Gezira,
Sudan—were included in this cohort study.

As noted in Table 1, the age range for Sudanese
and German patients was similar, but Sudanese
women, on average, were diagnosed 10 years
earlierthan German women. The majority of Suda-
nese women who were diagnosed with BC were
youngerthan 50 years of age, whereas the majority
of German patients were age older than 50 years
of age (Fig 1).

The most frequent histologic type of cancer in both
the Sudanese and German women was invasive
carcinoma of no special type. Invasive lobular
carcinoma was three times more common in
German patients. Aggressive histologic subtypes,
such as primary invasive squamous carcinoma
were only reported in Sudanese women (n = 2).
More than one half (56.3%) of German patients
had a tumor size of < 2 cm; fewer Sudanese
patients (15.5%) had tumors of this size. Suda-
nese women presented with higher stages of BC
(four times higher for T3 and three times higher for
T4) than German women. Similarly, Sudanese
women presented with poorly differentiated tu-
mors (two times as many cases of grade Il BC,
butsixtimes fewer cases of grade |) compared with
German women. German women had a higher
proportion of node-negative disease (65.7%)
compared with Sudanese women (47.3%).

A significant difference was observed in ER-
negative and/or PR-negative BC (54% v 21%;
P=.001) between Sudanese and German patients.
ER- and PR-negative rates of Sudanese patients
were b5% and 62%, respectively, compared with
ER- and PR-negative rates of 22.2% and 32%,
respectively, in German patients. HER2 expression
was higher in Sudanese women than in German
women at 28.7% and 17.5%, respectively.

In logistic regression multivariate analysis ad-
justed for age, origin, grade, and histologic type,
it was noted that Sudanese women had a two-fold
higher risk for ER-negative BC (P < .001; OR =
2.01) compared with German women. Women
age < b0 years were more likely to develop ER-
negative BC (OR = 1.28). Of note, women who
were diagnosed with grade Il BC had a 4.5-fold
higher risk of ER-negative BC compared with those
diagnosed with grade | BC. Surprisingly, the risk
was extremely high (OR, approximately 20) for
those who were diagnosed with grade Il BC.
Similarly, there was a notable increase in the risk
of ER negativity as tumor size increased. Women
who were diagnosed with T2 BC had a 1.5-fold
higher risk of ER-negative tumors compared with
those who were diagnosed with T1 BC, and risk
was slightly higher for those diagnosed with T3 and
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Table 1. Comparison of Tumor Characteristics and Biomarkers Among Sudanese and German Women With Breast Cancer

Demographic, Tumor Characteristic, and

Receptor Status Sudanese (n = 560) German (n = 1,932)
Age range, years 20-90 23-94
Mean (+ SD) 48.8 (13.5) 58.6 (12.4)
Age category
<50 364 (65.0) 523 (27.1)
> 50 196 (35.0) 1,409 (72.9)
Histologic type
ICNST 492 (87.9) 1,521 (79.0)
ILC 18 (3.2) 216 (11.2)
Others 50 (8.9) 189 (9.8)
Unknown/missing 0 6
Tumor size
T1 82 (15.5) 1,088 (56.3)
T2 248 (47.0) 640 (33.1)
T3 118 (22.3) 110 (5.7)
T4 80 (15.2) 94 (4.9)
Unknown/missing 32 0
Lymph node status
pNO 198 (47.3) 1,218 (65.3)
pN1 (1-3) 86 (20.5) 411 (22.0)
pN2 (4-9) 78 (18.6) 130 (7.0)
pN3 (> 9) 57 (13.6) 106 (5.7)
Unknown /missing 141 67
Histologic grade
| 20 (3.6) 346 (18.0)
Il 306 (54.6) 1,155 (60.0)
I 234 (41.8) 424 (22.0)
Unknown/missing 0 7
Estrogen receptor status
Positive 252 (45.0) 1,493 (77.3)
Negative 308 (55.0) 439 (22.7)
Progesterone receptor status
Negative 346 (61.8) 623 (32.3)
Positive 214 (38.2) 1,303 (67.7)
Unknown/missing 0 6
Combined hormone receptor status
Positive 257 (45.9) 1,529 (79.1)
Negative 303 (54.1) 403 (20.9)
HER2 status
Negative 296 (71.3) 1,229 (82.5)
Positive 119 (28.7) 260 (17.5)
Unknown/missing 145 443

(Continued on following page)
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Fig 1. Bar graph
showing the distribution of
age at diagnosis among
Sudanese and German
women.

Table 1. Comparison of Tumor Characteristics and Biomarkers Among Sudanese and German Women With Breast Cancer

(Continued)

Demographic, Tumor Characteristic, and
Receptor Status

Sudanese (n = 560) German (n = 1,932)

Subtype
Luminal A-like 153 (36.9) 1,018 (68.4)
Luminal B-like 54 (13.0) 159 (10.7)
HER2 enriched 65 (15.7) 101 (6.8)
TNBC 143 (34.5) 211 (14.2)
Unknown 145 443
NOTE. Data are presented as No. (%) unless otherwise noted.

Abbreviations: ICNST, invasive carcinoma of no special type; ILC, invasive lobular carcinoma; TNBC, triple negative breast cancer

T4 BC (OR, 2.03 and OR, 1.70, respectively).
There was no significant association between
ER negativity and lymph node metastasis (Table 2).

For sensitivity analysis multivariate logistic regres-
sion, we stratified by tumor grade and adjusted for
origin, age, tumor size, and nodal status (Table 3).
In grade I and Il tumors (n = 1,827), the strongest
predictive factor for ER-negative disease was
Sudanese origin (OR, 3.51), followed by larger
tumor size (OR, 2.91 for T3 tumors). In grade |lI
tumors (n = 658), neither origin, nor tumor size
predicted ER status; however, invasive lobular
carcinomas were more likely to be ER positive,
even in poorly differentiated cancers (OR, 0.12).

Our study revealed significant differences in the
percentage of molecular subtypes of BC between
the two ethnicities. German women had a higher
rate of luminal A and a lower rate of more aggres-
sive types of BC (HER2 and TNBCs).

Regarding tumor characteristics in relation to mo-
lecular subtype (Table 4), approximately three
quarters (74.1%) of Sudanese women with TNBC

were < 50 years of age, whereas German women
were = 50 years of age.

Approximately 73% of Sudanese women and 90%
of German women had Luminal A subtype with
grade | and Il BC; however, German women had
fewer luminal B type BCs (25%) with grade Il BC
than Sudanese women (65%). There were no
differences in tumor grade with HER2-enriched
and TNBC subtypes in both groups. There were
notable differences in tumor size and lymph node
metastasis among BC subtypes between the two
ethnicities (Table 4).

DISCUSSION

This study was a large hospital-based case series
thatcompared BC between African (Gezira, Sudan)
and white (Halle, Germany) patients. The study
revealed that Sudanese women were younger
and had worse prognostic pathologic markers,
such as larger tumor size, higher grade, frequent
positive lymph node status, and HR-negative
status, compared with German women, which
is consistent with previous findings.® We also

325
B German

[l Sudanese
25.4

20.1

Percentage

21-30

31-40 41-50

17.5

51-60
Age Intervals (years)

28.2
27.2

14.4

11.1

61-70 71-80 81-90 =91
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Table 2. Proportions and Risk Ratios for ER-Negative Disease Adjusted for Age, Origin, Histologic Type, Tumor Size, Lymph Node Status, and Grade in
German and Sudanese Patients

ER Positive, ER Negative, Adjusted Risk Ratio

Tumor Characteristic Parameter No. (%) No. (%) ER Negative 95% CI P
Age, years

> 50 1,207 (75.2) 398 (24.8)

<50 538 (60.7) 349 (39.3) 1.284 1.027 to 1.605 .028
Origin

German 1493 (77.3) 439 (22.7)

Sudanese 252 (45.0) 308 (55.0) 2.009 1.536 to 2.627 <.001
Histologic type

ICNST 1,362 (67.7) 651 (32.3)

ILC 207 (88.5) 27 (11.5) 0.398 0.253 to 0.628 <.001

Others 172 (72.0) 67 (28.0) 1.157 0.805 to 1.662 431
Tumor size

T1 958 (81.9) 212 (18.1)

T2 557 (62.7) 331 (37.3) 1.527 1.198 to 1.947 .001

T3 124 (54.4) 104 (45.6) 2.027 1.380 to 2.976 <.001

T4 94 (54.0) 80 (46.0) 1.737 1.081 to 2.792 .023
Lymph node status

pNO 1,064 (75.1) 352 (24.9)

pN1 (1-3) 352 (70.8) 145 (29.2) .877 0.6751t0 1.140 327

pN2 (4-9) 134 (64.4) 74 (35.6) .693 0.481 to 0.998 .049

pN3 (> 9) 92 (56.4) 71 (43.6) 1.025 0.690 to 1.523 .902
Histologic grade

I 348 (95.1) 18 (4.9)

Il 1,127 (77.1) 334 (22.9) 4.557 2.721 t0 7.631 <.001

1l 267 (40.6) 391 (59.4) 19.647 11.570 to 33.363 <.001

NOTE. Significant risk ratios (P < .05) are shown in bold.
Abbreviations: ER, estrogen receptor; ICNST, invasive carcinoma of no special type; ILC, invasive lobular carcinoma

found that women with larger tumor size and
younger age (age < 50 years) were more likely
to develop ER- and PR-negative BC. When the
case series was stratified for grade, Sudanese origin
and larger tumor size demonstrated a significant
risk for ER-negative BCin patients with grade land |
tumors, but not in grade Il tumors, which suggests
that poorly differentiated breast tumors are an in-
dependent risk factor for ER-negative status.

We noted a higher proportion of ER- and PR-
negative BCs compared with recently published
studies in Africa.!t"152930 pyplications that di-
rectly compared African and white patients show
differences in ER status of various magnitudes.
Similar to our findings, the result of a higher rate of
receptor-negative BC was reported in Tanzania
compared with Italian patients®; however, the
investigation that compared Sudanese women
(from a single institution in Khartoum) with Italian

women (from Milan, ltaly)'® and, similarly, Gha-

naian women with Norwegian women reported
minimal difference.?* The latter could, in part,
be a result of the inherent bias of small sample
size case series. Our Sudanese patients had al-
most two times more HER2 overexpression than did
German women; a similar figure was reported be-
tween Swiss women and Saudi Arabian women.3!

The main predictive factor of a high proportion of
ER-negative disease was the proportion of grade Il
tumors. Eng et al'” suggested that African ethnic
origin could increase the prevalence of ER- and
PR-negative disease to some extent. Nonbiologic
factors, such as young age at diagnosis, premen-
opausal status, reproductive pattern (high parity
and breast feeding), socioeconomic status, and
feeding habits, have been documented as risk
factors for ER-negative BC and contribute to geo-
graphic variation.&11172139|n our case series, we
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Table 3. Multivariate Logistic Regression Sensitivity Analysis Stratified by Grade and Adjusted for Origin, Histologic Type, Tumor Size, Lymph Node Status,
and Age Among German and Sudanese Women With Breast Cancer

ER Negative,

Adjusted Risk Ratio

NOTE: Sudanese

d

Abbreviations: ER, estrogen

7

Variable Total No. Total No. (%) ER Negative 95% ClI P
Grade I'and Il
Origin 1,827
German 1,501 (13.1)
Sudanese 326 (47.5) 3.511 2.472 to 4.986 .001
Histologic type 1,822
ICNST 1,416 (21.0)
ILC 218 (11.5) 0.559 0.348 to 0.900 017
Other 188 (14.9) 0.685 0.425t0 1.103 .120
Tumor size 1,807
T1 989 (11.3)
T2 572 (25.2) 1.906 1.390t0 2.613 .001
T3 143 (39.2) 2.946 1.819 t0 4.769 .001
T4 103 (30.1) 2.133 1.116 t0 4.076 .022
Lymph node status 1,684
pNO 1,112 (15.8)
pN1 (1-3) 362 (18.2) 0.911 0.649 to 1.279 591
pN2 (3-9) 120 (21.7) 0.746 0.446t0 1.248 264
pN3 (> 9) 90 (25.6) 0.996 0.566 to 1.753 .988
Age, years 1,827
20-50 585 (26.8)
51-95 1,242 (15.7) 0.828 0.617 to 1.112 210
Grade Il
Origin 658
German 424 (56.1)
Sudanese 234 (65.4) 1.087 0.733t0 1.612 677
Histologic type 657
ICNST 592 (59.3)
ILC 16 (12.5) 0.117 0.025 to 0.537 .006
Other 49 (75.5) 2.122 1.069 t0 4.213 031
Tumor size 646
T1 179 (55.9)
T2 314 (59.2) 1.185 0.793to0 1.771 408
T3 85 (56.5) 1.195 0.652 t0 2.191 .565
T4 68 (67.6) 1.370 0.6761t02.779 .382
Lymph node status 594
pNO 300 (58.3)
pN1 (1-3) 135 (58.5) 0.936 0.612t0 1.433 .761
pN2 (4-9) 87 (54.0) 0.727 0.437 to 1.210 220
pN3 (> 9) 72 (65.3) 1.195 0.673t02.121 542
Age, years 658
20-50 300 (64.0)
51-95 358 (55.6) 0.768 0.539 to 1.094 144

ifferentiated

receptor; ICNST, invasive carcinoma of no special type; ILC, invasive lobular carcinoma

nand tumor size are predicting factors for ER-negative in well-differentiated breast cancer, while ILC isindependent predicting factor for ER positive in poorly
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Table 4. Intrinsic Subtypes and Clinicopathologic Characteristics of Sudanese and

German Women (immunohistochemistry based)

Origin
IHC-Based Molecular Subtype Sudanese German
Luminal A
Patient age, years
=< 50 101 (66) 242 (24.2)
=51 52 (34) 757 (75.8)
Luminal B
Patient age, years
< 50 30 (55.6) 58 (36.2)
=51 24 (44.4) 102 (63.8)
HER2 enriched
Patient age, years
< 50 25 (61.5) 31 (30.4)
=51 31 (38.5) 71 (69.6)
TNBC
Patient age, years
< 50 106 (74.1) 70 (34)
=05l 37 (25.9) 136 (66)
Luminal A
Histologic grade
| 11 (7.2) 265 (26.6)
Il 101 (66.0) 634 (63.5)
I 41 (26.8) 99 (9.9)
Luminal B
Histologic grade
I 3(5.6) 9(5.7)
Il 17 (31.5) 110 (69.2)
I 34 (63.0) 40 (25.2)
HER2 enriched
Histologic grade
| 2(3.1) 3(3.0)
Il 24 (36.9) 50 (50.0)
M1 39 (60.0) 47 (47.0)
TNBC
Histologic grade
I 1(0.7) 5(2.5)
Il 67 (46.9) 79 (38.7)
M 75 (52.4) 120 (58.8)
Luminal A
Tumor size before any treatment
T1 27 (18.6) 620 (62.1)
T2 59 (40.7) 290 (29.0)
T3 35 (24.1) 47 (4.7)
T4 24 (16.6) 42 (4.2)

(Continued on following page)

adjusted fortumor grade and otherfactors, but still
we found differences in receptor status between
Sudanese and German patients that implies color
difference contributes to disparity of BC.

We also found a significant association between
histologic grade and ER negativity, regardless of
origin, age, tumor size, and nodal status. Suda-
nese women with BC had a lower tendency to
acquire well-differentiated (grade I) cancer (3.6%
v 18%) and had a higher predisposition for poorly
differentiated (grade Ill) cancer (42% v22%; P <
.001) compared with German women. This could
explain the absolute excess of ER-negative BC in
Sudanese women, as poorly differentiated BCsare
more likely to be HR negative. A study has shown
that grade | and lll invasive ductal carcinomas
have distinct genetic pathways® and different
gene expression profiles with minimal overlap.>®
This suggests that Sudanese women may have
inherent genetic factors that contribute to the de-
velopment of more aggressive, poorly differenti-
ated HR-negative BC. In contrast, it has to be
considered that the German population may have
anadditional large proportion of well-differentiated
(GI) cancer that is ER positive, which is different
from the Sudanese population. This is consistent
with previous studies that revealed that white
women develop more well-differentiated tumors
than women of other ethnicities.'*33

Sudanese women had a lower percentage of lu-
minal A and a higher rate of the more aggres-
sive BC phenotypes, HER2-enriched BC and
TNBC, compared with German women. This
finding is similar to that noted for Nigerian
women,® 1% other East African reports (Uganda
and Tanzania),>>>* and North Africa (Egypt).>®
Many studies have reported that TNBCs are
the dominant phenotype in native African
women®153% and African Americans compared
with white women.'®3¢ Our findings support the
existing reports,®?>34 although a previous single
study from Sudan*® has reported much lower rates
of ER- and PR-negative BC than our current
study. The basal-like and TNBC subtypes are
considered more common in younger women;
associated with multiple live births, aggres-
sive clinicopathologic and biologic prognos-
tic markers, as well as hereditary BCs with
BRCA1/2 gene mutations.®” These risk factors
and adverse prognostic markers were docu-
mented in Sudanese women, but not in German
women. BRCAI/2 was not investigated in this
study; however, previous case series studies from
the same study area in Sudan have reported
significant novel BRCA1/2 mutations.>®
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Table 4. Intrinsic Subtypes and Clinicopathologic Characteristics of Sudanese and

German Women (immunohistochemistry based) (Continued)

Origin
IHC-Based Molecular Subtype Sudanese German
Luminal B
Tumor size before any treatment
T1 11 (20.8) 76 (47.5)
T2 26 (49.1) 67 (41.9)
T3 10 (18.9) 11(6.9)
T4 6(11.3) 6 (3.8)
HERZ2 enriched
Tumor size before any treatment
T1 10 (15.9) 35(34.3)
T2 34 (54.0) 40 (39.2)
T3 16 (25.4) 13 (12.7)
T4 3 (4.8) 14 (13.7)
TNBC
Tumor size before any treatment
T1 17 (12.5) 79 (38.3)
T2 65 (47.8) 97 (47.1)
T3 34 (25.0) 12 (5.8)
T4 20 (14.7) 18 (8.7)
Luminal A
pN grouped nodal status
pNO 69 (57.5) 622 (64.9)
pN1 (1-3) 18 (15.0) 221 (23.1)
pN2 (4-9) 22 (18.3) 67 (7.0)
pN3 (> 9) 119.2) 48 (5.0)
Luminal B
pN grouped nodal status
pNO 25 (52.1) 84 (53.5)
pN1 (1-3) 8(16.7) 42 (26.8)
pN2 (4-9) 9(18.8) 16 (10.2)
pN3 (> 9) 6(12.5) 15(9.6)
HER2 enriched
pN grouped nodal status
pNO 25 (48.1) 49 (50.0)
pN1 (1-3) 12 (23.1) 23 (23.5)
pN2 (4-9) 10 (19.2) 13 (13.3)
pN3 (> 9) 5(9.6) 13 (13.3)
TNBC
pN grouped nodal status
pNO 47 (42.3) 125 (63.8)
pN1 (1-3) 25 (22.5) 43 (21.9)
pN2 (4-9) 22 (19.8) 15(7.7)
pN3 (> 9) 17 (15.3) 13 (6.6)
NOTE. Data are presented as No. (%) unless otherwise noted.
Abbreviations: HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; TNBC,

triple negative breast cancer

Tissue fixation (prolonged warm and/or cold ische-
mia) and technical variations in IHC (staining and
scoring) are claimed to contribute to variations in
biomarkers.!”?? If this is the case, many patients
may have been missed and treated unnecessarily
with more aggressive regimens when simple endo-
crine therapy could have sufficed; however, this
suggestion is counter-argued by some investiga-
tors. A study that controlled for fixation and analyt-
ical variables appropriately revealed high ER
negativity.® Other supportive findings are the dis-
parity between African American and white Amer-
ican women. 6% We found a similar proportion of
ER-negative disease in grade Ill tumors among
Sudanese and German women. In cases of severe
technical variation, we would have expected to find
differences in ER status in patients with grade Il
BCs; therefore, this may point toward some re-
liability in the technical procedures in our study,
but detail gene analysis is needed to confirm real
biologic differences.

These adverse prognostic factors in African
women could be explained by the lack of early
screening programs, poor health care facilities,
and poor health-seeking behavior. As a result of
late presentation and being a long-standing tumor
without intervention, BCs in African women could
possibly undergo tumor progression and may
eventually develop aggressive behavior, thereby
allowing the cancer to become enlarged, poorly
differentiated, and likely to metastasize to the lymph
nodes. However, in our study, differences persist
even after adjusting for tumor stage, which suggests
that this is a result of inherent tumor behavior rather
than tumor dedifferentiation over time.

The disparity in the proportion of molecular sub-
types between Sudanese and German women
could be a result of both nonbiologic and inherent
biologic factors, although a systematic study to
establish the exact etiology is needed. Environ-
mental factors, such as exposure to insecticides
and agricultural pesticides,> hydrocarbons*® and
viral and parasitic infections, could possibly in-
duce Sudanese women to develop more aggres-
sive disease. These factors could modulate the
immune and tumor microenvironment. For in-
stance, the relationship between malaria and Bur-
kitt's lymphoma is well documented.***? It is also
time to investigate the molecular pathways and
genetics in African women with BC in collaboration
with other international research networks to reveal
underlying biologic differences.

The strength of this study is the large sample size
and availability of a range of clinical and pathologic
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information in individual patients. The limitations
ofthe study include retrospective data collection in
the hospital setting, but as both centers serve the
surrounding population, we do not assume a se-
lection bias. Fluorescent in situ hybridization was
not performed for HER2 equivocal results and was
solely determined by IHC. This could underesti-
mate HER2-positive BC. Moreover, laboratory
procedures were performed in two different lab-
oratories, possibly leading to technical differ-
ences. Because the proportions of ER-negative
disease were similar in grade Ill tumors, we do
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