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Abstract: Immunohistochemistry (IHC) for estrogen receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER2), and Ki-67 is the routine surrogate for molecular subtyping of invasive breast
cancer, but reference values from Libyan laboratories are scarce. We describe the IHC biomarker profile and
molecular subtype distribution of 214 breast cancer reports compiled retrospectively from three Libyan sources
(Saleem Laboratory, Benghazi Lab for Medical Analysis, and Benghazi National Cancer Center / other referring
sources; 20102022, 88.8% dated 2019-2022). ER and PR were scored by the Allred system (0—8) and HER2 by
IHC (0/1+/2+/3+); surrogate molecular subtypes were assigned using the post-2011 St Gallen definitions with a
15% Ki-67 cut-off. Patients were predominantly female (170/173 with known sex, 98.3%); known age (n=169)
ranged 29-76 years (mean 50.1, median 49), and most reports originated from eastern Libya (172/200 with known
location, 86.0%). Among scored reports, ER was strongly positive (Allred 7-8) in 54.1% and PR in 29.5%. HER2
(206 scored) was 0 in 51.9%, 1+ in 20.4%, 2+ (equivocal) in 5.8%, and 3+ (positive) in 21.8%. Among 191 reports
classifiable by all four markers, luminal B-like was the most frequent subtype (46.1%), followed by luminal A-
like (26.2%), triple-negative/basal-like (14.7%) and HER2-overexpression (13.1%); biomarker positivity was
broadly consistent across laboratories. This multi-laboratory series provides local reference values for breast
cancer IHC and molecular subtype distribution in Libya, dominated by luminal B-like disease and a marked
geographic skew toward the east. Standardized IHC reporting and broader geographic sampling are needed for
nationally representative estimates.
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Introduction

Cancer is characterized by the proliferation of cells that have evaded the endogenous mechanisms that normally
control growth, and cancers are increasingly classified not only by organ of origin but also by the molecular
characteristics of the tumor cells themselves. Rapid advances in molecular diagnostics now allow the molecular
make-up of a tumor to be characterized within clinically useful timeframes, with the long-term goal of tailoring
treatment to the individual patient and tumor biology [1, 2]. Carcinogenesis involves the activation of oncogenes
and/or inactivation of tumor suppressor genes, together with epigenetic changes, including histone modification,
DNA methylation and hydroxymethylation, that further alter pathways governing apoptosis, autophagy and cell
adhesion, ultimately enabling local invasion and distant metastasis [3]. Breast cancer is the most common cause
of cancer-related death among women in many industrialized countries and the second or third most common
cause in developing countries. Its incidence continues to rise globally, with wide geographic variation from low-
incidence regions such as parts of Asia, Latin America and Africa to high-incidence regions such as North
America, Western Europe and Australia [4, 5]. It is a histologically and molecularly heterogeneous disease: the
WHO classification recognizes more than two dozen histological subtypes of invasive carcinoma, and gene-
expression profiling has further shown that this histological diversity corresponds to distinct patterns of gene
expression, broadly separating tumors into an estrogen-receptor (ER)-enriched “luminal” group, molecularly
similar to normal luminal epithelium, and an ER-negative “basal” group [6]. In Libya, hospital-based cancer
registries have historically reported total case counts without a clearly defined geographic catchment area, which
has made it difficult to calculate population-based incidence rates or to compare biomarker prevalence
meaningfully across regions [7]. A 2011 comparative study of 234 Libyan patients estimated a national breast
cancer incidence of approximately 18.8 per 100,000 women and highlighted demographic differences, including
a younger mean age at diagnosis, relative to European populations [4]. Beyond this and a small number of single-
center studies, Libya-specific reference data on breast cancer biomarker expression remain limited, and, to our
knowledge, no prior Libyan study has combined data from multiple independent laboratories to describe IHC-
based molecular subtype distribution. A range of established and probable risk factors for breast cancer have been
described, including a personal or family history of breast cancer, inherited mutations such as BRCA1/BRCA2,
cumulative estrogen exposure (early menarche, late menopause, nulliparity, hormone therapy), and lifestyle
factors such as obesity, alcohol use and sedentary behavior [8, 9]. While risk-factor data were not available for
the present series, they provide important context for interpreting biomarker distributions across populations. The
routine clinical assessment of invasive breast cancer relies on immunohistochemical evaluation of four markers.
The estrogen receptor (ER) and progesterone receptor (PR) are ligand-activated nuclear transcription factors that
mediate the proliferative and differentiating effects of estrogen and progesterone on breast epithelium, and their
expression status guides the use of endocrine therapy [10—12]. PR expression is itself partly regulated by ER
signaling and provides additional prognostic information beyond ER status alone [13]. Ki-67 is a nuclear protein
expressed during all active phases of the cell cycle and is used as a surrogate marker of tumor proliferation, though
its precise molecular function remains incompletely understood and inter-laboratory measurement is known to
vary [14-16]. HER2 (human epidermal growth factor receptor 2) is a transmembrane receptor tyrosine kinase
whose gene amplification or protein overexpression drives an aggressive tumor phenotype but also predicts
response to HER2-targeted therapy; it is evaluated by IHC in around 80% of initial HER2 testing, with equivocal
(2+) results referred for in-situ hybridization confirmation [17, 18]. Combined 4-marker IHC (“4-IHC”: ER, PR,
HER?2, Ki-67) has been adopted as a practical surrogate for gene-expression-based intrinsic subtyping since the
2011 St Gallen International Expert Consensus, because it is rapid and inexpensive relative to genomic platforms
and shows reasonable, though imperfect, concordance with intrinsic subtypes defined by gene expression [19—
23]. Using this approach, tumors are conventionally classified as luminal A-like (ER and/or PR positive, HER2-
negative, low Ki-67), luminal B-like (ER and/or PR positive, with either HER2-positivity or high Ki-67), HER2-
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overexpression/non-luminal (ER-negative, PR-negative, HER2-positive), or triple-negative/basal-like (ER-
negative, PR-negative, HER2-negative); each subtype carries distinct prognostic and therapeutic implications,
with luminal A-like disease generally managed with endocrine therapy alone and luminal B-like disease more
often considered for additional chemotherapy [22, 23]. The Ki-67 cut-off used to separate luminal A-like from
luminal B-like disease has varied between consensus statements (commonly 14—20%) and remains a recognized
source of inter-laboratory and inter-study discordance [24]. This study aimed to describe the demographic profile,
hormone receptor and HER2 status, and IHC-based molecular subtype distribution of a retrospective series of
breast cancer reports collected from three Libyan laboratory sources, and to compare these findings with
previously published Libyan and regional data.

Material and Methods

Study design and setting

This was a retrospective, descriptive, multi-source study of existing breast cancer IHC reports. No new tissue
staining, sectioning, or laboratory testing was performed for this study; all biomarker results (ER, PR, HER2, Ki-
67) had already been generated as part of routine diagnostic reporting by the source laboratories, using each
laboratory’s own standard clinical IHC workflow, and were subsequently compiled, cleaned and analyzed
retrospectively for this manuscript. Because the underlying staining and interpretation were performed
independently by each laboratory as part of routine care, no wet-laboratory protocol details or histological images
are presented here; only the recorded biomarker results and case-level metadata generated during routine reporting
are analyzed.

Data sources and case ascertainment

Two hundred and fourteen breast cancer IHC reports were compiled from three Libyan sources: Saleem
Laboratory (Al-Fateh Street, Benghazi; n=53), Benghazi Lab for Medical Analysis (n=36), and Benghazi National
Cancer Center together with other referring sources (n=125). Reports spanned 2010-2022, with the large majority
(88.8%) dated 2019-2022. Inclusion required an available breast cancer IHC report from one of the three
participating sources; no additional exclusion criteria were applied beyond the availability of a report, so cases
with incomplete marker panels were retained and analyzed as missing data rather than excluded outright. For each
report, the following variables were extracted: patient age, sex, city/locality of the reporting source, date of report,
and the recorded ER, PR, HER2, and Ki-67 results.

Biomarker scoring

ER and PR expression had been scored by the reporting laboratories using the Allred system, in which a proportion
score (0-5, reflecting the estimated fraction of positively staining tumor cell nuclei) is added to an intensity score
(0-3, reflecting average staining intensity) to give a combined score from 0 to 8 [25]. For this analysis, Allred
scores were grouped into three categories: negative (0-2), moderately positive (3—6), and strongly positive (7-8).
HER?2 expression had been scored by IHC on the standard 0/1+/2+/3+ scale, in which 0 and 1+ are considered
negative, 2+ is equivocal and requires in-situ hybridization confirmation, and 3+ is considered positive [18]. Ki-
67 labeling index was recorded as reported in the free text of each original report (exact percentages, ranges, or
qualitative terms such as “low” or “high”) and was parsed into a numeric estimate for subtype classification;
ranges were converted to their midpoint, and qualitative terms were assigned representative values consistent with
the source laboratories’ apparent usage.

Molecular subtype definitions

Reports were classified into IHC-based surrogate molecular subtypes using the definitions adopted following the
2011 St Gallen International Expert Consensus, applying a 15% Ki-67 cut-off to distinguish low from high
proliferation: luminal A-like (ER and/or PR positive, HER2-negative, Ki-67 <15%); luminal B-like (ER and/or
PR positive, with either HER2-positive status or Ki-67 >15%, encompassing both HER2-negative and HER2-
positive luminal B-like tumors); HER2-overexpression/non-luminal (ER-negative, PR-negative, HER2-positive);
and triple-negative/basal-like (ER-negative, PR-negative, HER2-negative) [20, 22, 23]. This four-category
surrogate scheme approximates, but does not fully reproduce, the five intrinsic subtypes originally defined by
gene-expression profiling (luminal A, luminal B, HER2-enriched, basal-like and normal-like), and concordance
between IHC-based and genomic classification is imperfect. For example, only around 80% of triple-negative
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tumors by IHC correspond to intrinsic basal-like tumors by gene expression [24]. Cases with a HER2 2+
(equivocal) IHC score were treated as equivocal for subtype assignment; in the absence of available confirmatory
in-situ hybridization (ISH) data in these retrospective reports, 2+ cases were excluded from definitive HER2-
positive or HER2-negative surrogate subtype assignment. Reports missing one or more of the four markers needed
for full classification were similarly recorded as luminal-like-unspecified or unclassifiable, as appropriate, and
were excluded from subtype percentage calculations.

Data cleaning and statistical analysis

The compiled dataset contained inconsistent notation for several variables (e.g., HER2 recorded as “+1”, “1+” or
“1”; Allred scores recorded as fractions such as “7/8” or as decimal equivalents such as “0.875”; mixed date
formats), which were standardized before analysis. City/locality values were mapped to four regions of Libya
(East, West, South, Central). Descriptive statistics (frequencies, percentages, means, medians, standard deviation
and range) were computed using Python (pandas). No inferential statistical testing was performed, consistent with
the descriptive aim of this study; formal comparison of biomarker distributions between source laboratories or
regions would require adequately powered inferential analysis, which was beyond the scope of this descriptive
report.

Ethical considerations

This study was a retrospective analysis of existing, de-identified diagnostic laboratory reports. No patient-
identifying information was collected, accessed or used at any stage, and no new clinical intervention or contact
with patients was involved. As the analysis used only anonymized, routinely generated pathology data and carried
no risk to individuals, formal institutional review board approval and individual informed consent did not apply
to this secondary use of non-identifiable data.

Results

Two hundred and fourteen breast cancer IHC reports were analyzed. Demographic and source characteristics are
summarized in Table 1 and Figures 1 and 2. Known age (n=169) ranged from 29 to 76 years (mean 50.1 years,
SD 10.2; median 49 years); age was most frequently in the 45—-54-year band (62/169, 36.7%) and was not recorded
in 45 reports (21.0% of the total). Among reports with known sex, 170/173 (98.3%) were female and 3/173 (1.7%)
male; sex was not recorded for 41 reports (19.2%).

Table 1. Demographic and source characteristics of the study population (n = 214).

Characteristic Category n %
Age group (years) 25-34 6 3.6%
35-44 51 30.2%
45-54 62 36.7%
55-64 33 19.5%
65+ 17 10.1%
Sex Female 170 98.3%
Male 3 1.7%
Region of Libya East 172 86.0%
West 13 6.5%
South 10 5.0%
Central 5 2.5%
Source laboratory Benghazi National Cancer Center / other sources 125 58.4%
Saleem Laboratory 53 24.8%
Benghazi Lab for Medical Analysis 36 16.8%

Percentages are calculated among reports with known data for each characteristic (age n = 169, sex n = 173, region n = 200, source
laboratory n = 214). Data were missing for age in 45 reports, sex in 41, and region in 14. Known age (n = 169): mean 50.1 years (SD
10.2), median 49 years, range 29-76 years.
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Figure 1: Age distribution of patients (n = 169 with known age).
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Figure 2: Sex distribution of patients (n = 173 with known sex).

Hormone receptor scoring was available for 133 reports (62.1%) for ER and 132 reports (61.7%) for PR (Table
2, Figure 3). Allred scores were not available for 81 reports (37.9%) for ER and 82 reports (38.3%) for PR. Among
scored reports, ER was strongly positive in 54.1% and PR strongly positive in 29.5%; PR showed a higher
proportion of negative scores (39.4%) than ER (27.8%), consistent with PR expression being lost more readily
than ER expression in this cohort.

Table 2. Hormone receptor (ER and PR) Allred score distribution.

Allred score category ER, n (%) PR, n (%)
Negative (0-2) 37 (27.8%) 52 (39.4%)
Moderate positive (3—6) 24 (18.0%) 41 (31.1%)
Strong positive (7-8) 72 (54.1%) 39 (29.5%)
Total scored 133 132
Percentages calculated among reports with an available Allred score. An Allred score was not available for 81 reports for ER and 82 for
PR.
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Figure 3: Allred score categories for ER and PR.

HER2 THC scores were available for 206/214 reports (Table 3, Figure 4). Among these, 51.9% scored HER2 0
(negative) and 21.8% scored 3+ (positive); 5.8% were equivocal (2+) and would require in situ hybridization to
definitively resolve HER2 status.

Table 3. HER2 immunohistochemical score distribution (n = 206).

HER2 IHC score Interpretation n %

0 Negative 107 51.9%
1+ Negative 42 20.4%
2+ Equivocal (requires ISH confirmation) 12 5.8%
3+ Positive 45 21.8%

Percentages are calculated among the 206 reports with an available HER2 score; HER2 was not recorded for 8 reports.
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Figure 4: HER2 IHC score distribution (n =206 with known HER?2 status).
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Of the 214 reports, 191 (89.3%) had all four markers available and could be assigned to an IHC-based molecular
subtype (Table 4, Figure 5). Luminal B-like was the most common subtype (46.1%), followed by luminal A-like
(26.2%), triple-negative/basal-like (14.7%) and HER2-overexpression/non-luminal (13.1%). A further 16 reports
were classifiable only as luminal-like (ER and/or PR positive, but HER2 and/or Ki-67 not both available), and 7
reports could not be classified due to missing markers; these 23 reports (10.7% of the total) are excluded from the
subtype percentages.

Table 4. Molecular (intrinsic) subtype distribution among classifiable reports (n = 191).

IHC-based surrogate subtype IHC profile n | % of classified
Luminal A-like ER+ and/or PR+, HER2—, low Ki-67 50 26.2%
Luminal B-like ER+ and/or PR+, HER2— or HER2+, high Ki-67 88 46.1%
HER2 overexpression (non-luminal) ER—, PR—, HER2+ 25 13.1%
Triple-negative / basal-like ER—, PR—, HER2—- 28 14.7%

An additional 16 reports were classifiable only as luminal-like, and 7 could not be classified due to missing markers (23 reports, 10.7% of
the total 214); these are excluded from the percentages above.

B Luminal B-like
88 (46.1%)

@ Luminal A-like
50 (26.2%)

@ Triple-negative / basal-like
28 (14.7%)

[ HER2 overexpression
25 (13.1%)

Figure 5: Molecular (intrinsic) subtype distribution among classified reports (n = 191).

Reports were geographically concentrated in eastern Libya (Figure 6) and were predominantly reported between
2019 and 2022 (Figure 7), reflecting the recruitment periods and referral patterns of the contributing laboratories
rather than a true regional or temporal trend in disease incidence.

Fast _ 172 (36.0%)

West . 13 (6.5%)
South . 10 (5.0%)

Central F 5 (2.5%)

0 40 80 120 160 200
Number of reports (n = 200 with known location)

Figure 6: Geographic distribution of reports by region of Libya (n = 200 with known location).
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Figure 7: Distribution of reports by year (n =214).

Biomarker positivity also varied modestly by source laboratory (Table 5, Figure 8). Overall, ER was positive (by
qualitative report status) in 153/214 reports (71.5%) and PR in 135/214 (63.1%); HER2 was 2+ or 3+ in 57/214
reports (26.6%). The proportional patterns of ER, PR, and HER2 positivity were broadly similar across the three
sources, with Benghazi National Cancer Center/other sources contributing both the largest share of cases and the
highest proportion of ER/PR-positive results.

Table 5. ER, PR and HER?2 positivity by source laboratory.

Source laboratory n ER+, n (%) PR+, n (%) HER2+ (2+/3+), n (%)
Saleem Laboratory 53 31 (58.5%) 26 (49.1%) 13 (24.5%)
Benghazi Lab for Medical Analysis 36 24 (66.7%) 19 (52.8%) 12 (33.3%)
Benghazi National Cancer Center / other | 125 | 98 (78.4%) 90 (72.0%) 32 (25.6%)
sources
Total 214 | 153 (71.5%) 135 (63.1%) 57 (26.6%)

ER/PR positivity determined from the qualitative status recorded in the original report text; HER?2 positivity defined as IHC score 2+ or 3+.
Denominators for positivity rates are the total 214 reports, including those with missing HER?2 scores.

B ErR+ [ PR+ [ HER2+ (2+/3+)
100

Positivity (%)

Sileem Benghazi Lab BNCC / other
(n=53) (n=36) (n=125)

Figure 8: ER, PR and HER?2 positivity by source laboratory.
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Discussion

This retrospective series of 214 breast cancer IHC reports, compiled from three independent Libyan laboratory
sources, provides a set of local reference values for hormone receptor, HER2 and molecular subtype distribution
that, to our knowledge, has not previously been reported at this scale for Libya. Luminal B-like disease was the
most common subtype (46.1%), followed by luminal A-like (26.2%), triple-negative/basal-like (14.7%) and
HER2-overexpression (13.1%).

This distribution differs from the pattern most often reported in Western, genomic-platform-based series, where
luminal A-like disease is typically the largest single group, accounting for roughly 40—-50% of invasive breast
cancers, with HER2-overexpressing tumors comprising around 15% [5]. In the present series, luminal A-like
disease was proportionally smaller and luminal B-like proportionally larger than these benchmark ranges. Because
the luminal A-like/B-like boundary in this analysis depends entirely on the Ki-67 cut-off applied (15%, per the
2011 St Gallen consensus) and on Ki-67 values that were extracted from heterogencous free-text report fields
rather than a single standardized assay, some of this apparent shift toward luminal B-like disease may reflect cut-
off and measurement variability across the three contributing laboratories rather than a true difference in
underlying tumor biology [24]. A referral-pattern effect is also plausible: Benghazi National Cancer Center, which
contributed the largest single share of reports in this series, is likely to receive a disproportionate share of more
advanced or higher-grade referrals, which could skew the pooled subtype distribution toward higher-proliferation,
luminal B-like disease relative to a truly population-representative sample.

The mean age in this series (50.1 years) was notably higher than the 46 years reported by Boder et al. in a series
of 234 Libyan breast cancer patients treated in Sabratha between 2002 and 2006, and that same study estimated a
Libyan breast cancer incidence of approximately 18.8 per 100,000 women, underscoring the historical lack of
population-based incidence data noted for Libya more broadly [4, 7]. The reason for the age difference between
the two series cannot be determined from the present data, but plausible contributors include differences in referral
source (this series draws in part from a national cancer center that may see an older, more advanced-disease
population), changes in diagnostic practice or screening uptake over the roughly 15 years separating the two
cohorts, or differences in how missing age data (21.0% of reports here) were distributed.

Abdalla et al. previously examined ER and PR expression in a smaller series of 62 Libyan patients and found that
ER- and PR-positive tumors were associated with better survival than receptor-negative tumors, consistent with
the prognostic relevance of hormone receptor status observed more broadly in the literature; that study did not
report an overall ER/PR positivity proportion in a form directly comparable with the Allred-based categories used
here, so a direct numerical comparison was not attempted [26]. HER2 status in Libyan breast cancer has also been
examined in relation to clinicopathological features and survival by Jebriel et al., and, in an older population (>70
years), by Al-Zawi et al. in a multicenter series of 150 cases; the 21.8% HER?2 3+ positivity rate observed in the
present series falls within the broad range reported across such regional studies [27, 28].

The pronounced geographic skew toward eastern Libya (86.0% of reports with known location) reflects the
location of the contributing laboratories (all based in or referring through Benghazi) rather than a true regional
difference in disease burden, and mirrors a limitation previously highlighted for Libyan hospital-based cancer
registries more generally, which typically lack a defined geographic catchment area and therefore cannot be used
to estimate population-based incidence or make valid regional comparisons [7].

Biomarker positivity was broadly similar across the three contributing laboratories (Table 5), which is reassuring
for the internal consistency of this pooled analysis, although the modestly higher ER/PR positivity proportion at
Benghazi National Cancer Center compared with the other two sources could reflect either a genuine case-mix
difference or subtle differences in antibody clones, staining protocols or scoring thresholds between laboratories,
a distinction that cannot be resolved without prospective, standardized comparison.

Differentiating luminal A-like from luminal B-like disease has direct therapeutic relevance, since luminal A-like
tumors are generally managed with endocrine therapy alone, while luminal B-like tumors are more often
considered for additional chemotherapy [22]. Because the Ki-67 cut-off used to make this distinction varies
between guidelines and laboratories (commonly 14-20%), and because inter-laboratory variation in Ki-67
measurement is a recognized problem even when a common cut-off is nominally applied, the subtype proportions
reported here should be interpreted as indicative rather than as a precise, guideline-independent estimate of the
true underlying subtype distribution in this population [24]. Standardizing Ki-67 scoring and reporting
conventions across Libyan laboratories, for example, by adopting a single explicit cut-off and requiring
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quantitative rather than qualitative (“low”/“high”) reporting, would improve the comparability of future multi-
center Libyan series such as this one.

Strengths and limitations

The principal strength of this study is its multi-source design, providing the first combined, IHC-based molecular
subtype distribution for breast cancer in Libya. Limitations include its retrospective design without access to
clinical outcomes, and the pooling of data from three laboratories without standardized staining protocols, risking
inter-laboratory variability. Missing data (age 21.0%, sex 19.2%, ER 37.9%, PR 38.3%) and geographic
concentration in eastern Libya may bias estimates and limit national generalizability. Additionally, extracting Ki-
67 from heterogeneous free-text fields may misclassify luminal A/B subtypes, and the modest sample size (n=214)
precludes inferential statistical analysis.

Conclusion

This multi-laboratory retrospective series describes the hormone receptor, HER2 and IHC-based molecular
subtype distribution of breast cancer reports from Libya, showing a predominance of luminal B-like disease and
a strong geographic concentration in the east of the country. These findings offer local reference values that may
assist Libyan pathology laboratories and oncologists in benchmarking their reporting practices. Standardized
inter-laboratory IHC protocols, more complete biomarker reporting and broader geographic sampling will be
needed to obtain nationally representative estimates of breast cancer molecular subtype distribution in Libya and,
ultimately, to support equitable access to biomarker-guided treatment across the country.
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