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Abstract

Background The Triple-Negative Breast Cancer (TNBC) molecular subtyping and target identification based
on Immunohistochemistry (IHC) is of considerable worth for routine use. Yet, literature on this topic is limited world-
wide and needs to be enriched with data from different populations.

Methods We assessed the IHC expression of subtyping biomarkers (Cytokeratins 5, 14 and 17, Epidermal Growth
Factor Receptor, Claudins 3 and 7, E-cadherin, Vimentin and Androgen receptor) and predictive biomarkers (Tumor-
infiltrating lymphocytes (TILs) density, Breast Cancer Antigen 1 (BRCA1) and P53) in a cohort of TNBC patients. Clinico-
pathologic parameters and overall survival (OS) were investigated as well.

Results The patients were aged 50.11+ 12.13y (more than 40y in 76.56% of patients), and 23.44% had a BC family
history. They were in a non-advanced stage: 51.6% T2 stage, 56.2% negative lymph node involvement, 76.6% with-
out metastasis and 64.1% grade Il Scarff-Bloom-Richardson classification (SBR).

The IHC subtypes were: 53.1% Basal-like1 (BL1), 6.3% Basal-like2 (BL2), 17.2% Mesenchymal (MES), 9.4% Luminal
Androgen Receptor (LAR), 4.7% Mixed subtype and 9.4% “Unclassified” type. The LAR subtype involved the youngest
patients (40.17 +£8.68y, p=0.02). The “Unclassified” subtype expressed the p53 mutated-type pattern more frequently
(100%, p=0.07). The BRCA1 mutated pattern and TILs infiltration were present in (23.44% and 37.5% of patients,
respectively).

The OS of the subtypes differed significantly (p=0.007, log-rank test). The subtypes median OS were, respectively,
15.47 mo. (Unclassified), 18.94 mo. (BL2), 27.23 mo. (MES), 27.28 mo. (Mixed), 30.88 mo. (BL1), and 45.07 mo. (LAR).
There was no difference in the OS following age, BRCA1 expression, p53 pattern and TILs density. Though, the OS fol-
lowing the TNM stage was different (p=0.001). A multivariable Cox proportional hazards regression analysis showed
that TNM staging and TNBC subtypes, independently influence the OS (p<0.001 and p=0.017, respectively).

Hence, IHC is useful in TNBC subtyping for prognostic purposes and in the identification of therapeutic biomarkers.
Further investigation is required to confirm our results and to implement IHC as a routine tool to improve patient’s
care.
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Background

Breast cancer (BC) is the most prevalent cancer world-
wide [1]. The Triple Negative Breast Cancer (TNBC)
is a heterogenous group of BC with a high aggressiv-
ity. The American Society of Clinical Oncology (ASCO)
and the College of American Pathologists (CAP) define
the TNBC as a BC that shows less 1% expression of
progesterone receptor (PR) and estrogen receptor (ER)
when examined through immunohistochemistry (IHC).
Furthermore, TNBC is characterized by either 0 to
1+ expression of HER2 (Human Epidermal Growth Fac-
tor Receptor-2) by IHC with negative results in fluores-
cent in situ hybridization (FISH) testing [2, 3]. Hence,
this rapidly progressive BC type typically lacks molecular
targets for therapy. Consequently, chemotherapy and sur-
gery remain the primary modalities in the clinical man-
agement of TNBC patients, as well as emerging therapies
such as antibody—drug conjugates (ADCs) that offer a
targeted approach maximizing therapeutic benefit. Sta-
tistically, TNBC accounts for 10 to 25% of incident BC
depending on patient ethnic background [4, 5].

In-depth gene expression profiling was carried out by
Lehmann and his colleagues who identified six different
subgroups of TNBC: Luminal Androgen Receptor (LAR),
Mesenchymal (MES), mesenchymal stem-like (MSL),
Basal-likel (BL1), Basal-likel (BL2) and immunomodula-
tory (IM) [6]. Further research revealed that the stroma-
associated tumor cells and infiltrating lymphocytes were
the source of the IM and MSL subtype transcripts. Con-
sequently, they revised their classification and grouped
the subtypes into four main categories: BL1, BL2, MES
and LAR subtypes [7]. In another work, [8] used mRNA
profiling to identify four subgroup of TNBC; LAR, MES,
BL immune-suppressed (BLIS), and BL immune-acti-
vated (BLIA) subtypes. Actually, the MES described by
Burstein almost completely corresponded to the IM and
MSL subtypes of Lehmann et al. [9].

Subtyping the TNBC can help provide valuable insights
into its underlying biology, and identify potential thera-
peutic targets to personalize treatment. Lehmann et al.,
have shown, retrospectively and by gene expression pro-
filing, that TNBC molecular subtypes differ in the rate of
OS and pathological complete response to neoadjuvant
chemotherapy, with BL1 being the most favourable sub-
type [7]. Similarly, [8] showed that the disease-free sur-
vival of every molecular TNBC subtypes is decreasing
in the following order BLIA >MES>LAR>BLIS. More
recently, using surrogate IHC, Leeha et al. showed differ-
ent overall survival rates between TNBC subgroups, with
the BLIS subtype having the worst outcome [10].

It is important to know that there are differences within
and between ethnic groups regarding both the frequency
of TNBC and its outcome [11-13]. These outcome
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differences are not fully explained by insurance status dis-
parities and potentially disparate access to care [14, 15].
One of the possible explanations may be the heterogene-
ity of tumour biology between ethnicities. Interestingly,
Ding et al. found that BLIS subtype is more frequent in
Hispanic women (53%) while Asian women accounted for
a lower proportion of BLIS (19%) but higher proportion
of LAR (38%) compared to other ethnic groups [16]. As
well, Jiang et al. compared the frequency of their mRNA-
based TNBC subtypes in Chinese patients to Caucasian
and African-American using the Cancer Genome Atlas
(TCGA) database. They found BLIS, IM, and MES sub-
types had comparable distribution between these ethnici-
ties, while LAR subtype in the Chinese cohort was the
most frequent [17]. Additionally, the TNBC frequency
across Africa is highest in West Africa (45.7%) and lowest
in Central Africa (14.9%) [18].

Most of our knowledge on TNBC biology and outcome
was obtained using gene expression profiling as the pre-
ferred technique for molecular subtyping. However, this
technique has a limited utility as a conventional diagnos-
tic tool because it is time-consuming and the associated
expenses are prohibitive. Hence, IHC surrogate panels
would offer a practical solution to these problems [10,
19-21]. Additionally, there have been no previous stud-
ies on the molecular subtypes of TNBC in North African
patients. Hence, the aim of this study was to characterize
the distribution and prognostic relevance of IHC-defined
molecular subtypes in a cohort of North African TNBC
patients.

Patients, materials and methods
Patients and clinicopathological data
This was a prospective cohort study. Among the 573
patients diagnosed with breast carcinoma at both pathol-
ogy departments of the Cancer Control Center (CLCC)
and of the university hospital of Batna city, during the
time period between 2018 and 2023, eighty-nine cases
were diagnosed as TNBC. After removing tissue blocks
with poor quality and those with a scarcity of material,
64 tissue blocks were available for further investigation.
The inclusion criteria were patients with primary TNBC
whose tissues, before chemotherapy or radiotherapy,
were available. The TNBC was diagnosed when ER, PR
and HER?2 staining was negative. The negativity thresh-
old set for hormone receptors is (< 1%) according to the
Allred score. HER2 negativity was defined as IHC scores
of 0 or 1+. Cases with an IHC score of 2+ were classi-
fied as equivocal and FISH was performed to determine
HER?2 amplification status. They were considered HER2-
negative if no amplification was observed by FISH [3].
Clinicopathological data were obtained from the medi-
cal records at the Oncology department of the CLCC.
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According to the recommendations in the 7th edition of
the American Joint Committee on Cancer (AJCC) guide-
lines, Tumor-Node-Metastasis (TNM) staging was car-
ried out [22]. We calculated the Nottingham Prognostic
Index (NPI) according to Todd et al. [23]. Then patients
were separated into three prognostic groups: Good prog-
nostic group GPG (NPI<3.4), Moderate prognostic
group MPG (3.4<NPI<5.4) and Poor prognostic group
PPG (NPI>5.4).

The treatment decisions were primarily based on the
TNM staging of the disease. Patients received taxane-
based chemotherapy, administered either as adjuvant or
neoadjuvant therapy to surgery. Radiotherapy was uti-
lized in cases classified as Stage III. Targeted therapies
(like anti-PD1 monoclonal antibodies or ADCs) were not
employed in our cohort.

The study protocol was approved by the Thematic
Research Agency in Health and Life Sciences. Necessary
precautions to protect participant’s information were
taken according to the principles of the World Medical
Association Declaration of Helsinki and its later amend-
ments. An informed written consent was obtained from
all the patients.

Histological analysis and Immunohistochemistry
Morphological classification and tumor grading were
based on the original pathology reports from the time
of diagnosis. Representative tissue blocks for IHC were
selected based on the presence of viable tumor tissue, as
indicated in the histopathological records. These blocks
corresponded to primary tumors obtained prior to the
initiation of treatment, ensuring that the specimens
represented the initial tumor state before any therapeu-
tic intervention. Hematoxylin and eosin (H&E)-stained
slides from each patient were carefully examined and the
classification of the World Health Organization (WHO)
was used to group the histologic subtypes [24]. The
Scarft-Bloom-Richardson (SBR) grading system was used
to determine the histologic grade.

To determine the tumor-infiltrating lymphocytes
(TILs) density, the stromal TILs percentage was meas-
ured. The proportion of mononuclear inflammatory cells
within the tumor’s overall stromal region was measured
to establish this percentage following the International
TIL Working Group 2014 [25].

For the IHC assay, we started with an optimization on
positive and negative control tissues. These conditions
were then applied to the samples. Two types of controls
were performed in this study: a negative control of the
reagent was conducted by omitting the specific reagent in
our sample, and positive and negative control tissue, fol-
lowing the recommendations provided in the datasheets
(provided by the manufacturer) for each marker studied
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(for example: for AR, the positive control tissue is: Pros-
tate, and the negative control tissue is: Cerebellum).
Tumor sections of 4-5 um were deposited on silane-
coated adhesive slides, then dried overnight in an oven at
30°C. The samples were then deparaffinized by immers-
ing the slides in three changes of xylene for 10 min each,
and rehydrated in alcohol at decreasing concentrations
(100%, 95%, 70%) for 5 min each, and then in distilled
water (two washes during 5 min). For the restoration of
the antigen, two unmasking buffers were used for 50 min
at 90C° then they were cooled at room temperature for
30 min.

The detection step was carried out by the use of the
(Novolink kit, Leica, as per the guidelines provided by the
manufacturer). Briefly, the slides were neutralized by per-
oxidase block and protein block, for 30 min in the dark,
followed by the incubation, for 30 min, with the corre-
sponding primary antibody for each marker supplied by
Leica Biosystem (the antibodies, their clones, dilutions,
and positivity threshold are detailed in Table 1). Then,
the secondary antibody conjugated to horseradish per-
oxidase (HRP), and the Novolink polymer were added.
Finally, the DAB chromogen (3.3" -diaminobenzidine)
which reacts with the HRP was added for 5 min. The

Table 1 Immunohistochemistry antibody panel for TNBC
subtyping and target identification

Antibody Clone Dilution Positivity Threshold Location
threshold reference
ER 6F11 / 1% [26] Nuclear
RP 16 / 1% [26] Nuclear
Ki67 K2 / 20% [27] Nuclear
HER2 CB11 1/40 10% [28] Membrane
AR AR27 1/25 1% [28,29] Nuclear
p53 DO-7 / 5% [28] Nuclear
EGFR 113 1/20 10% [28] Membrane
CK5 XM26  / 10% [28] Cytoplasm
Membrane
CK17 E3 / 10% [28] Cytoplasm
Membrane
CK14 LL002 / 10% [28] Cytoplasm
Membrane
BRCA1 MS110  1/100 5% [28] Nuclear
VIM SRL33  1/400 50% [30] Cytoplasm
Membrane
CLD3 4B12 1/200 80% [31] Membrane
CLD7 4B11 1/200 80% [31] Membrane
E-Cad 36B5 1/25 10% [32] Membrane

ER Estrogen Receptor RP Progesterone Receptor HER2 Human Epidermal Growth
Factor Receptor-2 AR Androgen Receptor P53 Protein 53 EGFR Epidermal Growth
Factor Receptor CK5/CK17/CK14 CK for cytokeratin BRCAT Breast Cancer Antigen
1 VIM Vimentin CLD3/CLD7 Claudins 3 and 7 E-Cad E-Cadherin

All antibodies were obtained from Leica Biosystems



Bouzid et al. BMC Cancer (2025) 25:454

sections were counterstained with hematoxylin for 4 min
and dried at 80°C for 4 min. Following this, the slides
were mounted with Biomount Eukitt® and covered with
coverslips.

Immunohistochemical staining interpretation and scoring
In this study, two pathologists examined the slides, inde-
pendently. All readings of IHC scoring were in total
concordance among the pathologists, except for slight
differences in some TILs percentages that did not change
their classification as (< 10% or>10%). Hence, no adjudi-
cation process was required. In the event of a disagree-
ment, a consensus approach would have been adopted,
involving a joint review of the case. If consensus could
not be reached, a third senior pathologist would have
been consulted to provide a final adjudication. The posi-
tivity thresholds for IHC markers were determined based
on established literature and are detailed in (Table 1)
with a comprehensive assessment of staining intensity
(0-3), cellular localization, and proportion of positive
cells. The expression pattern was evaluated across mem-
brane, nuclear, cytoplasmic, or combined compartments,
depending on the studied biomarker (Table 1), utilizing
a semi-quantitative scoring methodology that considered
both staining intensity and percentage of positive cells.
Staining intensity was graded on a scale from O (nega-
tive) to 3 (strong positive), with percentage of positive
cells quantified in 10% increments, resulting in a final
score calculated by multiplying intensity and percentage
scores. All the markers, were scored based on the whole
slide assessment. The average of pathologists’ readings
was considered the final score, ensuring a comprehensive
and systematic evaluation of protein expression. Protein
expression profiles were used to classify TNBC subtypes
as described in [19]:

— BLI subtype: EGER expression is negative and CK5
and/or CK14 expression is positive.

— BL2 subtype: EGER expression that is positive regard-
less of CK5 or CK14 positivity.

— Mesenchymal subtype (MES): Vimentin expression
is positive and E-cadherin, Claudins 3 and 7 have a
diminished expression.

— LAR subtype is associated with the positive expres-
sion of AR.

— Mixed subtype: situations where more than one sub-
type’s phenotype is displayed.

— Unclassifiable subtype (or Unclassified): scenarios
that did not fit into any of the previously listed sub-
type categories.

Regarding p53 IHC staining pattern, we considered
it as “mutation-type” (totally negative or diffuse strong
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nuclear staining in more than 50% of tumor cells) or as
“wild-type” (nuclear staining in less than or equal to 50%
of tumor cells with heterogeneous intensity) following
the pathology report [33].

Survival analysis

Patients were followed from the date of diagnosis until
the end of follow-up period (15 December 2023), death,
or loss to follow-up. The survival endpoint was Over-
all Survival (OS) defined as the time from diagnosis to
death from any cause. Patients alive at the end of the
follow-up or lost to follow-up were censored. The cumu-
lative probability of survival over time was estimated by
Kaplan—Meier method, and the Log-rank test was used
to compare survival distributions between groups. Sur-
vival time was counted in months.

Statistical analysis

To meet the objectives of the study, a descriptive statis-
tical analysis of the clinicopathological and histological
characteristics of the studied population is carried out.
The chi-2 test (or Fisher test where needed) is applied to
compare the categorical variables. We used the Kruskal—
Wallis test to assess whether the distribution of categori-
cal variables is the same between NPI prognosis groups.
One-way analysis of variance was used to study quantita-
tive response variables according to the categorical varia-
ble “molecular sub-types”. Some ordinal variables (stages)
where regrouped when necessary. The overall survival
was assessed using the Kaplan—Meier test. The p value is
set at 0.05.

Results

Clinical features of the cohort

Among the included 573 breast cancer patients, 89 cases
(15.53%) were diagnosed with TNBC, of which 64 cases
were available for analysis in this study. The average age
of the latter group is 50.11 +12.13 years, ranging from 27
to 84 years. The population’s age distribution revealed
that the majority (76.56%) is over 40 years old. We found
a family history of breast cancer in 23.44% of patients.

As shown in Table 2, the histological type was pre-
dominantly represented by infiltrating ductal carcinoma
(89.1%). The average tumor size was 3.7 cm, and 51,6% of
the patients were classified in T2 stage. According to the
SBR classification, all the tumors were either in the grade
II or III, with a predominance of grade II (64.1%). The
percentage of Ki-67 expression was above 20% in 79.7%
of the cases. Lymph node involvement was observed in
43.8% of all cases, and no metastasis was found in more
than 76.6% of cases. Overall, this information show that
the studied population doesn’t seem in an advanced stage
of the disease.
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Table 2 Clinicopathologic characteristics of TNBC patients

Characteristics

Patients N (%)

Age
<40y 15 (23.44)
>40y 49 (76.56)
Menopausal status
Premenopausal 25 (39.1)
Postmenopausal 39 (60.9)
Family history of breast cancer
Presence 15 (23.44)
Absence 49 (76.56)
Histological type
Infiltrating ductal carcinoma 57(89.1)
Metaplastic 7)
Medullary carcinoma
SBR grade
Il 41 (64.1)
Il 23 (35.9)
Ki-67 expression
<20% 13(20.3)
>20% 51(79.7)
Tumor size (cm)
<5 50(78,13)
>5 14(21,88)
Tumor stage (T)
T 8(12.5)
T2 33(51.6)
T3 9(14.1)
T4 14(21.9)
Lymph node status
Positive 28 (43.8)
Negative 36 (56.3)
Metastasis status
MO 49 (76.6)
M1 15(23.4)
TNM stage
I 8(12.5)
Il 24 (37.5)
Il 18(28.1)
v 14 (21.9)
NPI
GPG 22(34.37)
MPG 21(32.81)
PPG 21(32.81)

SBR (Scarff-Bloom and Richardson), TILs (Tumor Infiltrating Lymphocytes) TNM
(Tumor-Node-Metastasis), NPG (Nottingham Prognostic Index), GPG (Good
Prognostic Group), MPG (Moderate Prognostic Group), PPG (Poor Prognostic

Group)

Molecular classification of TNBC according to IHC markers
Following the expression pattern of the different IHC
markers (Table 3), six molecular sub-groups of TNBC
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tumors were observed. We found 53.1% of the cases
in the BL1 subtype, 6.3% in the BL2, 17.2% in the MES
and 9.4% un the LAR subtype. Approximately 9.4% of
the cases were placed in a category called “Unclassified
type” because they did not show definite expression of
the used markers. Additionally, 4.7% of the cases showed
an expression of both MES and BL markers, which placed
them in the category of “Mixed subtype” (Table 4).

Clinicopathologic features in TNBC subtypes

The Table 4 lists the clinicopathological characteristics
of each subtype of TNBC. Patients who are in the Mixed
subtype were elder than patients from the other groups
(67.67 £5.50 vy), followed by patients from the Unclas-
sified group (55.33+11.32 y). Whereas, the youngest
patients were in the LAR group (40.17 +8.68 y) (p=0.02).
Additionally, the comparison of the SBR grade between
the subtypes showed a significant difference; notably,
the MES subtype was observed more frequently in an
advanced grade (SBR grade III) (54.54%, p=0.03). How-
ever, the positive lymph node involvement was more fre-
quent in the Unclassified subtype, although the difference
did not reach statistical significance (66.67%, p=0.06).

The p53 mutated-type staining pattern was observed in
79.68% of all the TNBC patients and there is no signifi-
cant difference between the subtypes (p=0.07).

BRCA1 loss of expression (mutant type) was present
in 23.44% of our population. But this negative expression
was more frequent in patient with a family history of BC
(80%).

The comparison between the TNBC subtypes regarding
the other parameters: Ki-67 expression, tumor size, TILs
percentage, lymph node involvement, TNM stage and
NPI, did not show any significant difference (Table 4).

TNBC subtypes and overall survival

The OS of all the patients was estimated using Kaplan—
Meier survival analysis. At the end date of follow-up, 36
patients were alive, 27 patients had died and one per-
son was lost to follow-up. The median follow-up for all
patients was 27.23 months, ranging from 0.62 to 70.63
months.

Comparison of the survival curves between TNBC sub-
types showed a significant difference (p =0.007) (Fig. 1a).
Median OS were varying: the subtypes BL2 and ‘Unclas-
sified’ showed the shortest median OS; 18.94 and 15.47
months, respectively. On the other hand, the LAR and
the BL1 subtypes exhibited relatively favorable OS, with
medians of 45.07 and 30.88 months, respectively. The
MES subtype and the Mixed subtype had median OS of
27.23 and 27.28 months, respectively. In order to deter-
mine whether the OS of young patients with TNBC
(age<40 y) and older patients (age>40 y) are different,
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Table 3 TNBC classification following expression pattern of different IHC markers
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(mesenchymal), BL1 or 2 (Basal like 1 or 2), CK (cytokeratin), CLD (Claudin); VIM (Vimentin), E-CAD (E-Cadherin);
AR (Androgen receptor); EGFR (epidermal growth factor receptor); BRCA1 (Breast Cancer Antigen 1); TILs (Tumor-
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Subtypes of TNBC were identified by immunohistochemical characteristics. LAR (luminal androgen receptor); MES (mesenchymal), BL1 or 2 (Basal like 1 or 2), CK
(cytokeratin), CLD (Claudin); VIM (Vimentin), E-CAD (E-Cadherin); AR (Androgen receptor); EGFR (epidermal growth factor receptor); BRCA1 (Breast Cancer Antigen 1);
TILs (Tumor-infiltrating lymphocytes) density, Microscopic magnification x40
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Table 4 Clinicopathologic features according to the TNBC subtype

Characteristics BL1 BL2 MES LAR MIXED Unclassified p value

Subtype size, n (%) 34 (53.1) 4(6.2) 1107.0) 6 (9.4) 3(4.7) 6 (9.4)

Average age (y) 48.82+11.50 50.75+8.15 51.64+13.67 40.17+8.68 67.67+550 5533+£11.32 0.02*

Age categories n (%)#
<40 9(26.47) 1(25) 1(9.09) 4 (66.67) 0(0) (0) 0.08
>40 25(73.52) 3(75) 10 (90.91) 2(33.33) 3(100) 6 (100)

Menopausal status, n (%)# 0.38
Premenopausal 15 (44) 2 (50) 4 (36) 4 (66.67) 0(0) 0(0)
Postmenopausal 19 (56) 2 (50) 7 (64) 2(3333) 3(100) 6 (100)

Histological type, n (%)#
IDC 31(91.17) 4(100) 9(81.81) 5(83.33) 3(100) 5(83.33) 0.896
Metaplastic 2(5.88) 0(0) 1(9.09) 0(0) 0(0) 0(0)
Modulatory 1(2.94) 0(0) 1(9.09) 1(16.67) 0(0) 1(16.67)

SBR grade, n (%)# 0.03*
Il 18 (52.94) 4(100) 5 (45.45) 6 (100) 3(100) 5(83.33)
Il 16 (47.05) 0(0) 6 (54.54) 0(0) 0(0) 1(16.6)

Ki67, n (%)#
<20% 8(23.52) 1(25) 0(0) 1(16.6) 1(33.33) 2(33.33) 033
>20% 26 (76.47) 3(75) 11 (100) 5(83.33) 2 (66.67) 4 (66.67)

P53, n (%)# 0.07
Wild Type 6(17.64) 1(25) 1(9.09) 3(50) 2 (66.67) (0)
Mutated Type 28 (82.35) 3(75) 10(90.91) 3(50) 1(3333) 6 (100)

BRCA-1, n (%)# 0.58
Positive 25(73.52) 4(100) 9(81.81) 5(83.4) 3(100) 3(50)
Negative 9 (26.47) 0(0) 2(18.18) 1(16.6) 0(0) 3(50)

TILs, n (%)# 0.30
<10% 25(73.52) 2 (50) 5(45.45) 4 (66.67) 2 (66.67) 2(33.33)
>10% 9(26.47) 2 (50) 6 (54.54) 2(33.33) 1(33.33) 4 (66.67)

Tumor size, n (%)#
<5cm 25(73.52) 3(75) 8(72.72) 5(83.33) 3(100) 6 (100 0.80
>5cm 9 (26.46) 1(25) 3(27.27) 1(16.67) 0(0) 0(0)

Tumor stage, n (%)# 0.52
TI+T2 18 (53) 3(75) 8(73) 4 (67) 3(100) 5(83)
T3+T4 16 (47) 1(25) 3(27) 2(33) 0(0) 1(17)

TNM stage, n (%)# 0.19
[+l 14 (41) 1(25) 8(73) 3(50) 3(100) 3(50)
+1v 20 (59) 3(75) 3(27) 3(50) (0) 3(50)

Lymph node involvement, n (%)# 0.06
Positive 17 (50) 2 (50) 4(36.36) 1(16.6) 0(0) 4(66.67)
Negative 17 (50) 2 (50) 7 (63.63) 5(83.33) 3(100) 2(33.33)

NPI groups, n (%)# 0.18
GPG 9(26.47) 1(25) 4(36.36) 3(50) 3(100) 2(33.33)
MPG+PPG 25(73.53) 3(75) 7 (63.64) 3(50) 0(0) 4(66.67)

" Statistically significant. #Percentages are within subtype. BL1 or 2 (Basal like 1 or 2), MES (mesenchymal), LAR (luminal androgen receptor). SBR (Scarff-Bloom and
Richardson), TILs (Tumor Infiltrating Lymphocytes) TNM (Tumor-Node-Metastasis), NPG (Nottingham Prognostic Index), GPG (Good Prognostic Group), MPG (Moderate
Prognostic Group), PPG (Poor Prognostic Group), IDC (Infiltrating ductal carcinoma)

we compared between them but we did not find any sig-
nificant difference (p=0.75).

We performed also other comparisons of the OS
regarding additional biomarkers. The comparison of the

OS following the expression of BRCA1, p53 pattern and

the TILs density did not show any differences (p >0.05).
However, the comparison between the OS following

the TNM stage showed a significant difference (p<0.01)
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Molecular types
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Fig. 1 Survival analysis. The OS of the different TNBC subtypes (a) and TNM stages (b) using Kaplan-Meier analysis. BL1 or 2 (Basal like 1 or 2), MES

(mesenchymal), LAR (luminal androgen receptor), *p <0.05

(Fig. 1b). This prompted us to perform a multivariable
Cox proportional hazards regression analysis to evaluate
the simultaneous influence of TNM staging and TNBC
subtypes on OS. The result showed the persistence of
a significant influence of each of them (p<0.001 and
p=0.017, respectively).

Discussion

In this study, we used an IHC profiling to categorize a
TNBC North African population into six subtypes (BL1,
BL2, MES, LAR, Mixed and unclassified), and we com-
pared between them in terms of clinicopathological
characteristics and OS rates. We found that the BL1 is
the most frequent subtype. A univariate analysis showed
that there are significant differences in OS among TNBC
subtypes (p=0.007), with median OS ranging from 15.47
months in the Unclassified subtype to 45.07 months in
the LAR subtype. The OS differed also significantly by
TNM stage (p=0.001). In a multivariable Cox propor-
tional hazards regression analysis, we found that TNBC
subtypes with TNM staging influenced OS, indepen-
dently (p<0.001 and p=0.017, respectively).

Cytokeratins are the main IHC markers of BL BC [34],
especially the CK14 which has proven to be the most
accurate one [35]. This is why we have included CK14 in
our panel. Despite using the same IHC markers as Kumar
et al. [19], we found different subtype proportions. Our
TNBC cohort had a higher percentage of patients with
BL1 & BL2 (53.1% & 6.2%) but a lower percentage of
patients with LAR (9.4%) than those reported by Kumar
et al. (13.1% & 1.6% for BL1 & BL2, respectively, and
16.7% for LAR) (Table 5). At the other hand, we found
that the proportion of BL subtype (the sum of BL1 &
BL2 that is 59.3%) is more akin to the results of Liu et al.
(53.9%). This is also valid regarding the percentage of
LAR subtype (9.4% in our study vs 11.7% in the study of

Liu al.) [36]. The existence of discrepancies in the distri-
bution of TNBC subtypes between different geographic
groups was clearly observed with genomic based subtyp-
ing [16, 17]. These findings suggest that the proportion
variability may stem from differing genetic backgrounds
observed among various racial or ethnic groups. In case
of IHC based subtyping, the observations tend to be the
same. In Table 5, we have grouped the main attempts to
subclassify TNBC using IHC markers. We included stud-
ies that were conducted since the first description of the
basal-like BC by Perou et al. [4] until 2023. In the first
group of these studies, IHC markers are inferred either
from Lehmann et al. or from Burstein et al. genomic clas-
sifications. Whilst the second group includes studies that
are inferred from the multi-omics classification estab-
lished by [17] and known as "Fudan typing". The third
group of studies includes those that tried to character-
ize BL TNBC using surrogate IHC markers along with
the genomic gold standard method. The studies in this
group only made a distinction between the BL subtype
and the non-BL subtype. In this third group, and in order
to be able to make comparisons with the other studies,
we have manually calculated the percentage of the BL
subtype (defined by the expression of CKs and/or EGFR)
in the TNBC group (defined by the lack of expression of
hormone receptors and HER2) (Table 5). We can notice
that even when the same IHC markers were used, the
percentage of BL in the TNBC is varying [37-41]. Taken
together with our observations and those of Kumar et al.
[19], we can suggest that ethnicity may contribute to the
variation of IHC-based TNBC subtypes distribution.
However, it is not clear what is the trend of this variation
since there are differences in the same ethnic group [38,
39], and even in the same population study but at differ-
ent periods [37, 40]. It is also not clear, why did we found
the same proportions of BL and LAR as in the work of
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Liu et al. [36], while the populations are ethnically dif-
ferent. Acknowledging the contribution of differences in
clinical and pathological parameters, as well as methodo-
logical approaches that may act as confounders in TNBC
subtypes distribution, we also speculate that the environ-
ment and the epigenetic variations may act as other pos-
sible factors.

In our study, we assessed that it will be useful to cat-
egorize the BL group into BL1 and BL2 subtypes, the lat-
ter being positive for the expression of EGFR. EGFR is a
member of the HER family and has an important role in
cell proliferation, migration and apoptosis. It has been
shown that EGFR expression in TNBC reduces signifi-
cantly the OS [40, 42]. Consistently, our results showed
that BL2 subtype has a shortest OS (18.94 months,
p=0.007), and expresses a p53 mutation staining pattern
in 75% of BL2 tumors. EGFR represents a promising ther-
apeutic target in TNBC, with potential strategies includ-
ing monoclonal antibodies and tyrosine kinase inhibitors,
with or without mTOR inhibitors [43-46]. Emerging
immunotherapeutic techniques, such as Chimeric Anti-
gen Receptor (CAR)-NK and CAR-T cells targeting
EGEFR, demonstrate promising efficacy in EGFR-positive
TNBCs [47, 48].

In our research, the LAR subgroup represented 9.4%
of the TNBCs. There is an unanimity in using the AR as
unique IHC marker of this subgroup. But when com-
paring our findings with other studies (Table 5), we can
notice that the percentage is varying between them.
This is consistent with what is found in the literature
because the proportion of AR+ tumors within THC
characterized TNBCs ranged from 6.6% to 75% [49].
As well, the LAR is considered the most differential
among TNBC subtypes by genomic characterization
[6]. In our series, patients in the LAR subtype are the
youngest (mean age 40.17 +8.68 y, p=0.02) and the this
subtype tends to be the most associated with age<40y
but this was not significative (p=0.08). When compar-
ing these finding with the other series (Table 5), we can
find an association of the LAR subtype with elderly age.
The reason of this discrepancy may be due to the fact
that the majority of the patients in our LAR subtype
(66.67%) are in a premenopausal status. Indeed, Wang
et al. described a correlation between AR expression
in TNBC and the postmenopausal status [50]. Interest-
ingly, targeting the AR has yielded promising clinical
benefits [51, 52]. A phase II trial is ongoing also to test
the effect of endocrine therapy (“Therapeutic Targeting
of ER Beta in Triple Negative Breast Cancer” (Clinical-
Trials.gov Identifier: NCT03941730)), as well as many
phase I/II clinical trials testing the effect of CDK4/6
inhibitors, alone or in combination with AR inhibitors,
on patients within the LAR subtype [53].
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In addition to the LAR and BL subtypes which have
drawn significant scientific attention and have under-
gone comparative examinations, we examined other
TNBC subtypes as well. The MES subgroup, referred
also to as the claudin-low subtype, was described by [6,
54]. It is characterized by a particular expression pattern
of proteins regulating cellular motility (like claudins and
E-cadherin witch are implicated in cell-cell adhesion),
invasion and epithelial-to-mesenchymal transition (like
Vimentin). In our study, we found that the frequency of
the MES subtype is 17.1%, which is different from the
studies of Kumar and Liu (28.6% & 25.3%, respectively)
[19, 36], although they used the same IHC markers as
ours (Vimentin+, E-cadherin- and Claudins low). This
may be due to ethnical differences since both of these
studies were conducted on Asian populations. However,
in other studies that used only E-cadherin and Claudins
as IHC markers and that were conducted on the same
population, different percentages were observed (23%
and 11.5%) [38, 39] (Table 5). Hence, other alternative
or complementary factors, yet unidentified, may explain
proportions discrepancy.

Furthermore, we reported a Mixed subtype that exhib-
its more than one phenotype of the different subtypes. It
represents 4.7% of the TNBC. This is very low compared
to what did Kumar et al. found (15.1%) [19]. Curiously,
Liu et al. did not yield any information pertaining to this
subtype [36] although using the same markers as Kumar
et al. and our study. We can observe that, even in other
studies identical IHC markers, and in the same popula-
tion, different percentages of the Mixed subtype were
observed (18.9% and 30%) [38, 39] (Table 5). We found
also that the Mixed subtype is characterized by some
indicators of good prognostic: the inclusion of the eld-
est patients (67.67 y, p=0.02), the prevalence of the p53
wild type pattern and the negative lymph node status,
although these associations did not reach significance
(p=0.07 and p=0.06, respectively). In the other similar
studies, the clinicopathological characteristics are either
different [19] or not reported [36]. The main raison of
these inconsistencies should be the definition of the
Mixed subtype itself which is given as the existence of
more than one phenotype in the subtype (our study and
[19]), of two different subtypes [38] or the existence of
two or three phenotypes [39]. Alternatively, this may be
explained by the different percentages of each phenotype
within the mixed subtype itself.

The "Unclassified type" refers to a distinct group of
tumours that don't fall under any of the aforementioned
classifications. It’s worthwhile to note that the gene
expression profiling research on TNBC did not find any
Mixed or Unclassified subtypes. This may suggest either
a heterogeneous molecular profile or the possibility of
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additional molecular subgroups not captured by IHC
classification.

In parallel to the subtype specific biomarkers, we
identified other potential therapeutic targets in our
study population. Thus, we found the expression of the
BRCAL1 protein, encoded by the homonym gene, which
is known to be one of the pillars of the DNA repair
mechanism by homologous recombination (HR). The
mutations of BRCAI (and BRCA2) genes account for
approximately 25% of hereditary BC [55]. In sporadic
BC, somatic BRCAI is often inactivated through pro-
moter hypermethylation [56], but the germline BRCAI
is rarely mutated [57]. In our study, we used the mouse
anti-human BRCA1 monoclonal clone MS110 antibody
because it is the most effective antibody, currently avail-
able, to detect BRCA1 expression [58]. We found that
BRCA1 expression is lacking in 23,44% of the TNBCs
and doesn’t differ between subtypes. The percentage of
BRCAL1 loss of expression decreases down to 6% if we
consider only sporadic TNBCs (no family history of BC),
and rises up to 80% if we consider only TNBCs with a
family history of BC. The percentage of IHC BRCA1 loss
of expression in sporadic TNBCs varies between the dif-
ferent studies (more than 50% in Europeans, 35-40%
in Japanese people [59], and 72% in Indians [60]). Since
BRCAL1 loss of expression in sporadic tumors is mainly
due to promotor gene hypermethylation, we can specu-
late that environment changes between the different
populations may be the cause of these discrepancies.
Elsewhere, it is important to note that there is a signifi-
cant association between BRCA1 mutation and BRCA1
protein expression [61], and this expression can predict
BRCA1 mutation carriers with 80% sensitivity, 100%
specificity, 100% positive predictive value and 93% nega-
tive predictive value [62]. Hence, it would be possible to
use IHC BRCAL1 negative expression, together with the
family history of BC, in order to guide patients to screen
for this gene as a priority. In addition to the importance
of this strategy for genetic counselling, it may allow the
use of many potential therapies in these patients, such
as PARP (Poly (ADP-ribose) polymerase) inhibitors [63,
64] which are approved in patients with germline BRCA
mutations, or are being tested in patients with somatic
BRCA1/2 mutations [65]. It is noteworthy that increas-
ing evidence indicates PARP inhibitors may even treat
patients without BRCA or other HR repair genes muta-
tions [66]. Moreover, PI3K inhibitors can impair BRCA1
expression in TNBCs rendering them sensitive to PARP
inhibition [67]. And similar to the LAR subtype, endo-
crine therapy of TNBCs lacking BRCA1 may be possible
because a large part of this subgroup expresses high lev-
els of ERpP [68]. Finaly, as the expression of BRCA1 cor-
relates negatively with those of AR and PARP, it would be
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possible to use both PARP inhibitors and AR inhibitors in
order to treat AR-positive and BRCA1-inactivated TNBC
patients [69].

We studied also the p53 expression pattern, the pro-
tein of the tumor suppressor gene TP53. We found that
79.68% of the TNBCs have a p53 mutated-type pattern.
In the study by Kim et al. this percentage was equal to
approximately 75% [39], whereas it represents 52.5%
in the study by Hashmi et [70]. We found also that the
mutated-type pattern was observed in 100% the Unclas-
sified subtype. This observation is akin to the one of
Kim et al. [39]. The persistent predominance of the p53
mutated-type pattern in the Unclassified subtype may
explain its particular phenotype because TP53 mutations
induce a genomic instability that favours the expression
of numerous proteins thus making the classification of
the tumors hard. Mutations of TP53 can be responsible
of chemoresistance also [71] which may affect patient
prognosis. However, we didn’t find a difference between
the OS of patients with a p53 mutated-type pattern over
those with a wild-type pattern. It is noteworthy that the
inhibition of other DNA repair check points in case of
TP53 mutation, enhances the vulnerability of DNA to
damages induced by chemotherapy [72]. Advanced clini-
cal trials will further clarify this therapeutic potential in
p53-deficient TNBC.

It is interesting to know that mutations of the tumor
suppressor genes BRCAI and TP53 contribute to the
accumulations of genetic alterations that constitute the
Tumor Mutational Burden (TMB). The TMB enhances
the tumor immunogenicity by creating neo-antigens
that stimulate the host immune response. It is a new
biomarker to assess the potential response to immuno-
therapy [73]. Besides TMB, which is difficult to evaluate
in the routine clinic, TILs seem a more practical tool to
evaluate the responsiveness of the tumor to immunother-
apy. Hence, we further characterized our TNBC tumors
regarding the density of TILs. We found that the aver-
age of TILs density was 37.5% in our sample. This density
varies between the different subtypes: 26,47% in the BL1,
50% in the BL2, 54,55% in the 33,33% in the LAR. Similar
studies using IHC subtyping either did not find a signifi-
cant difference in TILs density between TNBC subtypes
[20, 38], like what have observed, or did find a signifi-
cant difference with a predominance in BL (24,3%) and
the unclassified subtype (26.4%) [39]. At the other hand,
we compared the OS of two groups of TNBCs following
the high or low TILs density in order to assess the impli-
cation of TILs density in patient prognosis. Our results
failed to show any difference between the two groups. A
similar result was observed in some studies [20, 38] but
not in others [39]. Besides the possibility that these dis-
crepancies may arise from variable genetic backgrounds,



Bouzid et al. BMC Cancer (2025) 25:454

it is also plausible that they are a result of the loose defi-
nition of the term "TILs". Indeed, TILs are mononuclear
inflammatory cells identified following the International
TIL Working Group 2014 [25]. Hence, the composition
of TILs is heterogenous giving them an immunosuppres-
sive or an immunostimulant profile. In addition, TILs
spatial organization has been shown to influence their
behavior in the tumor as well [74]. Finaly, the identifica-
tion of TILs in TNBC, non-solely participates in defin-
ing the prognostic of these tumors but may be a useful
tool to predict their responsiveness to immunotherapy.
Although no definitive conclusion is made about this
predictive role of TILs in cancer immunotherapy, there
are promising research about its use as a predictor for
Programmed death-ligand 1 (PD-L1) inhibitor and PD-1
inhibitor in clinical trials for metastatic TNBCs [75, 76].

Finally, we found that the OS is significantly different
between the subgroups (p=0.007). The median OS of
BL2 and the Unclassifiable subtypes exhibited the short-
est OS (18.94 and 15.47 months, respectively) while the
LAR and BL1 subtypes had a prolonged OS (45.07 and
30.88 months, respectively). The MES and the Mixed sub-
types had an intermediate OS (27,23 and 27,28 months,
respectively). By comparing these results with those from
other IHC based TNBC subtyping studies (Table 5), we
can find a variability between these studies in the sur-
vival rate of each subtype. As the AR subtype is the only
subtype that is identified with the same marker in all the
studies, we can establish a comparison of survival rates
specifically for this subtype. The LAR subtype consist-
ently shows the best survival rate across studies, although
not always statistically significant. There are two plausi-
ble explanations to this AR expression beneficial effect.
The first one would be the possible competitive binding
of ARs on the Estrogen Response Elements, which are
specific DNA sequences found in the promoter regions of
oestrogen-responsive genes, thus leading to an antiprolif-
erative effect [77]. The second one is the possibility that
AR induces the up-regulation of let-7a, a ncRNA, that
targets the oncogenes c-Myc and KRAS thus reducing
proliferation [78]. This observation was strengthened by
the positive association of AR and let-7a expression with
an improved disease prognosis [79].

Despite having highlighted many aspects of the TNBC
subtyping, our study has some limitations like the small
size of subgroups. Although we have employed appropri-
ate methods tailored for small sample sizes (Fisher’s exact
test, Kruskal-Wallis test and log-rank test), and despite
having only one person who was lost to follow-up during
the study period, it remains crucial to acknowledge that
it is necessary to conduct further research with a larger
sample size to validate these findings and achieve a more
comprehensive understanding of survival outcomes for
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this particular group. It would be interesting also to have
a long-term follow-up data, which allows assessment of
the prognostic implications of TNBC subtypes identi-
fied in this study. We also recognize that different anti-
body clones and thresholds for positivity can influence
the results and interpretations of IHC-based subtyping.
However, there is no universally accepted consensus on
IHC-based subgrouping of TNBC. This lack of standardi-
zation can lead to discrepancies when comparing data
across different research groups. While we acknowledge
these challenges, we are confident that the methodology
we used provides a reliable basis for subtyping TNBC.
We have ensured that the antibody clones and thresholds
for positivity used in our study are clearly specified, as
these details are critical for ensuring the reproducibility
and reliability of our findings.

Conclusion and orientations

Our findings highlight that the TNBC group is a diverse
condition consisting in four primary subtypes based on
IHC (BL1, BL2, MES and LAR), with cases with over-
lapping immunophenotypes (Mixed subtype) and cases
that couldn’t be classified (Unclassified subtype). These
subtypes showed significant differences in age and in the
OS rates, with the AR subtype including the youngest
patients and the longest OS. This research underscores
the importance of the IHC subtyping in providing addi-
tional prognostic and survival estimation.

The variability in subtype percentages and survival
rates between populations highlights the need for larger
studies and meta-analyses to establish consensus recom-
mendations for IHC-based TNBC subtyping. It is inter-
esting to note that a similar transition occurred with
IHC for breast cancer typing, which eventually became a
standard practice.

Additionally, TNBC subtyping offers the additional
benefit of guiding therapeutic approaches by identifying
actionable biomarkers used in classification, such as AR
and EGFR. Therapies targeting these molecules are cur-
rently inaccessible due to the lack of biomarker testing.
To deal with this limitation, future clinical trials could
broaden profiling efforts by incorporating additional
molecular targets (DNA repair pathways and immune
pathways) alongside subtyping to provide comprehensive
information on potential therapies for TNBC.

Abbreviations

AR Androgen Receptor

BL1 Basal-like1

BL2 Basal-like2

BLIA Basal-Like immune-activated
BLIS Basal-Like immune-suppressed
BRCA1 Breast Cancer Antigen 1

CAR Chimeric antigen receptor

CK5/CK17/CK14
CLD3/CLD7

Cytokeratins 5,17, and 14
Claudins 3and 7
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DAB The chromogen (3.3'-diaminobenzidine)
EGFR Epidermal Growth Factor Receptor
E-Cad E-Cadherin

FISH Fluorescent in situ hybridization

GPG Good prognostic group

HER2 Human Epidermal Growth Factor Receptor-2
HRP Horseradish Peroxidase

IHC Immunohistochemistry

IM Immunomodulatory

LAR Luminal Androgen Receptor

MES Mesenchymal stem-like

MPG Moderate prognostic group

NPI Nottingham Prognostic Index

oS Overall Survival

PARP Poly (ADP-ribose) polymerase

P53 Protein 53

PD-L1 Programmed death-ligand 1

PPG Poor Prognostic Group

PR Progesterone Receptor

SBR Scarff-Bloom-Richardson classification
TILs Tumor-infiltrating lymphocytes

TNBC Triple-negative breast cancer

TNM Tumor-Node-Metastasis

T™MB Tumor Mutational Burden

VIM Vimentin
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