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CD8 tumor infiltrating lymphocytes
strongly correlate with molecular subtype
and clinico-pathological characteristics in
breast cancer patients from Sudan
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Abstract

Background: Breast Cancer in the Middle East and North Africa region (MENA) occurs in a younger age group of
patients and is more aggressive than in Europe and North America. Little is known about the presence of immune
infiltration and clinico-pathologic correlates in patients from the MENA region. Immune infiltration of most solid
tumors carries a prognostic role. Adaptive immune cells and cytotoxic T-cells, in particular, play a positive
prognostic role in patients undergoing treatment for breast cancer. Therefore, our preliminary study was aimed to
identify and quantify the presence of tumor infiltrating lymphocytes (TILs) (CD8+, CD45RO+, and CD3+) in invasive
breast cancer patients from Sudan. Additionally, TIL was correlated with patients’ clinico-pathological characteristics.

Methods: Forty-three archival Formalin Fixed Paraffin Embedded samples of patients diagnosed with invasive
breast cancer were collected at The Radiation and Isotope Centre in Khartoum, Sudan. CD8, CD45RO and CD3
immunostaining of FFPE tissue sections was performed. The mean percentage of lymphocytes in the invasive
margin (stromal TILs) was scored.

Results: Overall distribution of CD3+, CD8+ and CD45RO+ in the tumor invasive margin were 100 %, 100 %, and 92.9 %,
respectively. CD8+ TILs were significantly correlated with HER2/neu positive breast cancers and HER2/neu (+) tumors.
Additionally, CD3+ TILs were significantly associated with lymph node metastasis. None of the other clinico-pathological
variables had any significant association with CD3+ and CD45RO+.

Conclusions: Our limited and preliminary study identified a strong correlation between CD8+ TILs and HER2/neu positive
invasive breast cancers and HER2/neu (+) tumors.

Keywords: Breast cancer, CD8, Immunohistochemistry, Sudan, TILs,
Background
According to the International Agency for Research on
Cancer (IARC), breast cancer (BC) is the most frequent
amongst women and the second most common cancer
worldwide, with a rising burden in less developed nations
[1, 2]. Recently, higher cancer mortality rates have been re-
ported in African countries. This may be due to multiple
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reasons including the aggressive forms of breast cancer
such as triple negative (TN) and inflammatory breast can-
cers (IBC), as well as late patient presentation and lack of
adequate screening and treatment resources [2–4].
BC in the Middle East and North Africa region

(MENA) is characterized by locally advanced, aggressive
subtypes, which might be due to a prevalence of genetic
mutations (including deleterious mutations of BRCA1/
2), as well as environmental and familial factors (consan-
guinity) [3]. Invasive ductal carcinoma of a higher grade
is the commonest presentation and unlike in Europe and
North American countries, an increased incidence of
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HER2/neu positive and triple negative and basal-like
breast cancers are prevalent [3–5]. Sudan, a North East
African, Arabic-speaking and MENA country, has an
increasing incidence of BC among women from both
urban and rural regions. BC has the highest incidence
among other cancers in the country and in women
younger than 50 years of age as reported by the national
cancer registry [6–8].
The prognosis and classification of BC is dependent

on tumor burden i.e. tumor size, lymph node metastasis,
and distal metastasis (TNM). Patients with the same
tumor grade and histologic type might vary in term of
response to treatment and prognosis, further emphasiz-
ing the heterogeneous nature of BC. Furthermore, the
tumor microenvironment i.e. the interaction between
tumor cells and host non-transformed cells including
microvasculature, fibroblasts and innate and adaptive
immune cells play a significant role in cancer transform-
ation. In 2011, in a seminal publication, evading immun-
ity was identified as a hallmark of cancer alongside with
reprogramming energy metabolism, sustaining prolifera-
tive signaling, resisting cell death, inducing angiogenesis,
enabling replicative immortality, evading growth sup-
pressors and activating invasion and metastasis [9–11].
Indeed, in cancer, inflammation appears to play a sup-

portive role and perhaps a paradoxical one, in particular
in both, early in situ carcinoma and invasive breast car-
cinoma. While in in situ carcinoma, antibody producing
B-lymphocytes appear to play a significant role in cancer
development, chronic B lymphocytic presence appears
to encourage invasion and metastasis [12]. CD8 immune
tumor infiltrate has been reported to be a good prognos-
tic indicator in multiple invasive solid tumors including
colorectal carcinoma, melanoma, and breast carcinoma
[13–19]. In BC, CD8 T-cell infiltration also correlates
with having a smaller tumor size, lymph node negativity,
lower histologic grade and recurrence-free survival. Fur-
thermore, recent studies have identified CD8 tumor
infiltration as an independent positive prognostic factor
in both basal-like as well as other subtypes of BC includ-
ing advanced stage BC in the adjuvant setting [20, 21].
A score for CD8 tumor infiltrating lymphocyte (TIL)

has been designated as Immunoscore to better classify
and predict treatment response and patient survival
[13, 22–24]. In BC, several studies have shown that the
cytotoxic T lymphocytes (CD8+) and activated T lympho-
cytes (CD45RO+) are important predictive and prognostic
markers [20, 25]. However, very few studies have assessed
the role of TILs in BC in MENA region [16, 26] and such
data is not available from Sudan. Therefore, in this prelim-
inary study, we sought to explore a spatial expression of
adaptive immune cells and its correlation with clinico-
pathologic characteristics. In this pilot study, we did not
investigate patient survival parameters, as they were not
available to us at the time of sample collection and
analysis.

Methods
Study population and sample collection
This is a retrospective, descriptive, cross-sectional study,
where 43 Formalin Fixed Paraffin Embedded (FFPEs)
samples of patients diagnosed with invasive breast can-
cer between 2010 and 2012 were collected at The Radi-
ation and Isotope Centre Khartoum (RICK), Sudan. The
patient’s socio-demographics and clinico-pathological
features were collated from hospital records. Of the total
samples collected, simple and radical mastectomy speci-
mens comprised 78 %, whereas 22 % were excisional
surgical specimens.
The study was approved (Protocol no. 181-10-12) by

the Ethical Committee of The Federal Ministry of
Health, Sudan and conducted in accordance with the
ethical standards of the Institutional Review Board of
WCM-Q (IRB- 2009–0009).

Histopathology
All tumor specimens were fixed in 10 % neutral buffered
formalin, dehydrated and paraffin embedded. FFPE spec-
imens were sectioned on a microtome (4 μm thickness)
for both H&E staining and immunostaining to confirm
histopathologic diagnosis and molecular subtypes, re-
spectively as described previously [25]. The slides were
examined and reviewed by an experienced pathologist;
consensus was reached on diagnosis, grading (modified
Scarff-Bloom- Richardson grading) and molecular
subtypes.

Immunohistochemistry and quantification of T
lymphocytes
Immunostaining of FFPE tissue sections was performed
using the Envision Flex™ protocol on ASLink48 (Dako,
Glostrup, Denmark); an automated staining platform.
The antibody titers and staining parameters were opti-
mized on recommended control tissue according to the
manufacturer’s instructions (Dako, Glostrup, Denmark).
The antibodies used in this study were: anti-CD3 (Clone
2GV6, 1:500 dilution, Roche, Basel, Switzerland), anti-
CD8 (Clone C8/144B, 1:300 dilution, Dako, Glostrup,
Denmark), and anti-CD45RO (Clone UCHL1, 1:300 di-
lution, Dako, Glostrup, Denmark). Heat-induced epitope
retrieval was done using the PT Link according to the
manufacturer’s instructions (Dako, Glostrup, Denmark).
Briefly, slides were blocked and incubated with primary
antibodies for 20 min, washed, and a secondary antibody
coupled to HRP was added and the reaction was
developed using DAB Chromogen (Dako, Glostrup,
Denmark). Slides were counterstained with Hematoxylin
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and dehydrated in ethanol. Human tonsil and lymph
node tissue were used as controls.
The percentage of CD3+, CD8+, and CD45RO+ T

lymphocytes were quantified in the invasive margins as
per the modified H scoring system [21, 25, 27, 28]. The
mean percentage of T lymphocytes in five fields of the
stromal/invasive margin area was recorded using a 40X
objective.

Statistical analysis
Clinico-pathological and demographic variables were
expressed as percentages and medians. The correlation
between TILs and clinico-pathological characteristics
were assessed using unpaired t-test and one- way ana-
lysis of variance for normally distributed data, whereas,
for non-normally distributed or skewed data the corre-
sponding non-parametric tests Man Whitney’s U and
Kruskal-Wallis test as appropriate were applied. Associa-
tions between two or more qualitative variables were
assessed using chi-square (χ2) test and Fisher Exact test
as appropriate or Yates corrected Chi-square. A two-
sided p-value < 0.05 were considered statistically signifi-
cant. Statistical analyses were performed using IBM
SPSS version 22 (SPSS Inc. Chicago, IL).

Results
Patient demographics, clinico-pathological characteristics
and immunohistochemistry (IHC) of the study population
All patients were females (Table 1). The age range among
these patients was 30–85 years with a mean age of 53.61
(±13.62) years and 47.4 % were below 50 years. Age was
not reported for 5 patients in the study (Table 1). Based on
the histopathology assessment (Fig. 1a), all parameters were
well represented as seen in (Table 1). The majority (88.4 %)
of breast cancer (BC) cases in this study are invasive ductal
carcinoma; 34.9 % were histological grade 3 and 20.9 %
were triple negative and HER2/neu positive, while 53.5 %
were Luminal A and 4.7 % were Luminal B breast cancers.
Immunohistochemistry of FFPE samples was per-

formed using anti-CD3 (pan T-lymphocytes), anti-CD8
(cytotoxic T-lymphocytes) and anti-CD45RO (activated
T-lymphocytes) antibodies (Fig. 1b-d). CD3+, CD8+, and
CD45RO+ were positive in the invasive margins in 100,
100, and 92.9 % of the patients, respectively.

Association of TILs and clinico-pathological characteristics
In this study, HER2/neu positive BC had significant higher
CD8+ as compared to other molecular subtypes (26.1 % ±
14.2, p = 0.034; Table 1). In addition, CD8+ was significantly
higher in HER2/neu (+) tumors (24.5 % ± 13.5, p = 0.006),
however, no significant difference was observed in
estrogen/progesterone receptor (ER−/PR−) negative pa-
tients (p = 0.086). Furthermore, pan T lymphocytes
(CD3+) were significantly correlated with lymph node
positivity (47.9 % ± 28.2, p = 0.04) (Table 1). However, no
significant correlation was found between CD45RO+ TILs
and clinico-pathological parameters (Table 1).

Discussion
Breast cancer treatment seems to have improved out-
comes in most patients particularly with the advent of
targeted therapy, however, a certain number of patients
in Europe and North America still succumb to the
disease and more so for patients from Africa and the
MENA region [3–5, 25]. Therefore, studying the role of
immunity may provide positive treatment options for
these patients who also have significant immune infiltra-
tion in their invasive cancers [29–32]. Such discoveries
may add to the development of novel immune related
targets of therapy that can be used in combination with
established therapies including chemotherapy and ioniz-
ing radiation. Indeed in both adjuvant and untreated
breast cancer patient cohorts, transcriptomic studies of
CD8+ TIL and its immunogenic signature in both
HER2/neu positive and TNBC patients have been
verified as positive prognosticators of patient survival
[18–21, 33]. Ionizing radiation has been found to be a
powerful immune modulator of T cells present in BC.
Exploring immune infiltration in BC patients in resource
limited settings such as the Sudan may be of value
because immune modulation with ionizing radiation
could be a helpful asset for patients where ionizing
radiation is readily available and affordable [34].
Infiltration of most solid tumors by memory T-cells

have been shown a good prognosis and are related to
improved patient disease-free survival and overall
survival [12]. In the present preliminary study, we inves-
tigated the presence of cytotoxic memory T-cells (CD8+),
using modified H-scoring system, in a small cohort of pa-
tients (n = 43) with locally advanced BC; diagnosed dur-
ing 2010 to 2012 at RICK, Sudan. We also correlated
clinico-pathologic parameters including hormonal recep-
tor type (luminal type) with the presence of the CD8+,
CD3+, and CD45RO+ by immunohistochemistry. To the
best of our knowledge, this is the first study to correlate
the role of TIL subtypes with clinico-pathological charac-
teristics in BC patients from Sudan. Several studies have
highlighted the importance of CD8+ TIL with patients’
overall survival and response to treatment in particular in
patients with Triple Negative BC and HER2/neu positive
BC [11, 18, 19, 35, 36]. In our study, the small number of
patients in luminal B breast cancer type renders the com-
parison difficult, nevertheless, CD8+ TILs were signifi-
cantly higher in HER2/neu positive BC, which is
comparable to state of the art studies in MENA countries
and worldwide [16, 36]. In addition, as previously
described, patients with high immune infiltrates have
shown an effective response to anti-HER2 therapy.



Table 1 Correlation of demographic, clinico-pathological parameters of breast cancer patients with mean percentage of CD3+, CD8+

and CD45RO+ T lymphocytes

CD8+ CD3+ CD45RO+

Parameters No (%) Mean (SD) p Mean (SD) p Mean (SD) p

Age 0.27 0.30 0.37

< 50 18 (47.4 %) 15.1 (10.2) 39.1 (23.6) 34.6 (30.9)

50+ 20 (52.6 %) 19.7 (12.2) 48.0 (26.7) 42.6 (22.6)

Gender

Female 43 (100.0 %) 16.7 (11.3) 43.2 (25.3) 38.2 (26.1)

Diagnosis 0.09 0.35 0.24

IDC 38 (88.4 %) 18.1 (11.1) 44.1 (25.3) 36.5 (26.8)

ILC 3 (7.0 %) 4.5 (2.3) 50.0 (26.2) 62.7 (3.1)

Others 2 (4.7 %) 10.5 (13.4) 18.5 (19.1) 33.0 (7.1)

Grade 0.48 0.14 0.44

1 5 (11.6 %) 11.0 (6.9) 33.2 (25.2) 38.4 (19.0)

2 23 (53.5 %) 18.0 (9.9) 50.4 (26.2) 42.5 (25.2)

3 15 (34.9 %) 16.9 (14.0) 34.9 (21.3) 31.0 (29.6)

LVI 0.39 0.12 0.21

Positive 18 (41.9 %) 14.9 (11.5) 36.1 (25.8) 32.3 (28.6)

Negative 25 (58.1 %) 18.0 (11.2) 48.5 (24.0) 42.6 (23.8)

Lymph node 0.29 0.04 0.32

Positive 19 (63.3 %) 17.7 (10.1) 47.9 (28.2) 41.5 (28.1)

Negative 11 (36.7 %) 13.3 (11.1) 30.6 (13.8) 30.7 (27.1)

Estrogen receptor 0.086 0.87 0.74

Positive 25 (58.1 %) 13.8 (7.3) 42.7 (26.4) 37.0 (22.4)

Negative 18 (41.9 %) 20.7 (14.5) 44.0 (24.4) 39.9 (31.4)

Progesterone receptor 0.086 0.87 0.74

Positive 25 (58.1 %) 13.8 (7.3) 42.7 (26.4) 37.0 (22.4)

Negative 18 (41.9 %) 20.7 (14.5) 44.0 (24.4) 39.9 (31.4)

HER2/neu 0.006 0.83 0.56

Positive 11 (25.6 %) 24.5 (13.5) 44.7 (25.0) 33.9 (26.3)

Negative 32 (74.4 %) 13.8 (9.0) 42.7 (25.8) 39.5 (26.3)

Molecular subtype 0.034 0.48 0.82

Luminal Aa 23 (53.5 %) 13.5 (7.4) 44.7 (26.7) 37.3 (23.3)

Luminal Bb 2 (4.7 %) 17.0 (8.5) 21.5 (9.2) 34.0 (5.7)

TNBCc 9 (20.9 %) 14.5 (13.0) 38.2 (24.3) 45.3 (33.6)

HER2/neu Positived 9 (20.9 %) 26.1 (14.2) 50.5 (24.5) 33.9 (29.8)

IDC Invasive ductal carcinoma, ILC Invasive lobular carcinoma, SD standard deviation, LVI Lymphovascular invasion
aLuminal A = ER (+ve) and/or PR (+ve) and HER2/neu (−ve); bLuminal B = ER (+ve) and/or PR (+ve) and HER2/neu (+ve); cTNBC: Triple negative = ER (−ve) and/or PR
(−ve) and HER2/neu (−ve); dHER2/neu positive = ER (−ve) and/or PR (−ve) and HER2/neu (+ve)
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However, recent findings have shown that patients with
early stage HER2/neu positive BC and high TILs do not
require anti-HER2 therapy [19], this finding may be signifi-
cant for our group of patients in economically challenged
societies where anti-HER2 treatment (such as trustazumab)
is neither subsidized nor available [17, 18, 21].
These studies furthermore validate the benefit of high

stromal TIL as a prognostic and predictive marker for
patient stratification. In this study, we also found signifi-
cantly higher CD8+ TIL in HER2/neu positive tumors
and this can be further implemented as a predictive
marker for patient stratification in limited resource set-
tings. Additionally, recent studies have shown the pres-
ence of high TILs in patients with higher grade tumors,
lymphovascular invasion, and lymph node metastasis
[20, 25]. In the present study, CD8+ TILs were slightly



Fig. 1 Representation of T lymphocytes infiltration in invasive ductal carcinoma. a Hematoxylin & Eosin staining, Immunohistochemical staining of
tumor infiltrating T-lymphocytes (b) CD3+, (c) CD8+, and (d) CD45RO+
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increased in the aforementioned prognostic indicators,
however, no significant correlation was observed. This
can be explained by the small sample size (n = 43) and
lower numbers of grade 3 tumors as compared to grade
2 tumors. In addition, we did not correlate patient
survival with CD8+, CD3+, and CD45RO+ TILs because
of the lack of patient survival data.
In spite of the small number of patients with triple nega-

tive subtype being observed in this study, a correlation was
identified with TIL and clinico-pathologic parameters as in
other cohorts [37, 38]. Additionally, in other studies, CD3+

and CD45RO+ TILs were significantly correlated with
clinico-pathological features [39, 40]. However, in our
study, no significant correlation was observed, except for
CD3+ and lymph node metastasis, this may be further
explored in a larger patient cohort.
Conclusion
The present study showed a significant correlation be-
tween CD8+ TILs and clinico-pathological characteris-
tics such as HER2/neu (+ve) tumors and to HER2/neu
positive BC. Further studies need to be done on a larger
cohort of patients with survival parameters, in context
of therapy.
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