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Abstract— Background: When it comes to cancers affecting women, most common and second-leading cause of deaths related to cancer is Breast
Cancer. The prognostic significance of tumor-stromal ratio (TSR) in primary breast carcinoma is reviewed, with a specific focus on its implications
for disease prognosis and treatment in different histopathological subtypes. Aim of Study: Improving prognosis in breast cancer patients is needed
to prevent over- and under-treatment with adjuvant chemotherapy. Methodology: This cross-sectional study examined Iraqi primary breast cancer.
The Cancer Research Laboratory at Al-Sader General Hospital and private laboratories provided samples for immunohistochemistry analysis of
CD10 expression. All data privacy and ethical requirements were observed. Sample preparation, staining, and microscopic examination were
carefully detailed for accurate results. The investigation used scoring systems for HER2/Neu, estrogen, and Progesterone receptors to assess
tumor cell staining intensity and pattern. Results: The findings revealed a similar distribution of breast cancer among different age groups, with
a greater prevalence of grade Il tumors. The majority of ER and PR statuses were positive, HER2/neu statuses were frequently negative, and Ki67
levels demonstrated variation. Conclusion: The study establishes tumor-stroma ratio (TSR) as a major independent predictive factor for breast
cancer. Its simplicity and speed make it a promising tool for pathological evaluations and risk stratification in breast cancer management. To

confirm TSR's predictive value, larger and more comprehensive studies are required.
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. INTRODUCTION
B reast cancer (BC) is the second most prevalent cause of

cancer mortality in women and most frequent

malignancy in females. (1). One prognostic marker for
BC is the tumor's stroma structure, which includes the
extracellular matrix's density and rigidity (2). Thus, a new
measurement has been implemented which is Tumor stroma
ratio (TSR). It is defined as “the percentage of the neoplastic
cell component relative to the stroma in tumor tissue” (3).

There was a strong correlation between the atypical ratio of
TSR and certain clinical factors, including the clinical stage, the
depth of invasion, and the lymph node metastases. Moreover,
the stroma associated with tumors was shown to actively
contribute to tumor growth via many pathways. Nevertheless,
the precise mechanism responsible for the enhancing impact of
stroma in solid tumors remains incompletely comprehended
4).

Thus, TSR has the potential to enhance the accuracy of
predicting outcomes and identifying suitable patients for
therapy. Results from Tumor-Stroma Ratio (TSR) may be
generalized to BC, but specific types of tumors, e.g. invasive
lobular and mucinous carcinomas, need particular consideration
(2).

Presently, there are three approaches available to evaluate
TSR: First approach is visual estimation, a manual technique
using two stages to calculate TSR (5). The second approach is
a partially automated point counting technique that was created
by West et al. (6) and verified for BC by Downey et al. (7).
Sections that are stained with HE and are four micrometers
thick are scanned to identify the most invasive areas. Third
approach is immunohistochemical (IHC) labelling of CD10.

The research hypothesis:_Tumor-stromal ration is highly
correlated to the outcome and prognosis in patients with
primary breast carcinoma.

Aim of study:

e To determine if the tumor-stromal ratio is associated with a
crucial role in the tumor pathogenesis of primary BC.

e To correlate the tumor-stromal ratio with various
clinicopathological parameters including age, gender, tumor
focality, and lymph node involvement.

e To assess diagnostic tumor-stromal ratio by CDI10
immunohistochemistry in various types of primary BC.

Il. MATERIALS AND METHODS

The research was designed to be a retrospective cross-
sectional study from (2020-2023) involving Iraqi patients
diagnosed with primary breast carcinoma. No limitation on age
or gender was proposed. All data was kept private; no
information was divulged and only used for research. The study
was done in the Najaf governorate, Pathology and Forensic
Medicine Unit/ Alkufa University-Faculty of Medicine from
2020 to 2023.

Cases selection.: The samples were collected from the archival
materials in a laboratory for histopathology for Cancer
Research in Al-Sader General Hospital and private laboratories
in a convenient way. The inclusion criteria of this study were to
include all cases diagnosed with primary breast carcinoma. The
exclusion criteria include patients with mental deficits
precluding proper follow-up and documentation and those with
incomplete clinicopathological information. All included
tumors were re-examined microscopically by two pathologists
to confirm diagnosis by hematoxylin and eosin-stained
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Cases were classified WHO
classification of breast tumors.

This study has been approved by the scientific and ethical
committee of College of Medicine / Kufa University under the
registration number EAC: 17855 on 7 December 2021. The
study has followed Helsinki Declaration standards. Full privacy
guidelines protected patient data and private information like
name and hospital number, and each patient’s identity and
profile were fully anonymized.

Microscopic Examination: Analyze the stained tissue sections
using a microscope to evaluate the expression of CD10 in breast
carcinoma samples.

Assess the staining intensity and distribution pattern of the
markers HER2/Neu, Estrogen, and progesterone receptor
proteins in tumor cells and compare them to adjacent normal
breast tissue, if available.

Data Analysis and Interpretation: Once the staining procedure
was completed, the stained slides were examined under a light
microscope. CD10 expression levels were assessed based on
staining intensity and localization in breast cancer tissue. The
staining results were recorded, and scoring systems were
applied to categorize the staining patterns.
Immunohistochemical Scoring Systems: These scoring systems
assess HER2/Neu, Estrogen, and progesterone receptor
proteins' expression levels in the tissue samples. Interpreting
the staining results can help understand the role and
significance of HER2/Neu and Estrogen receptor and
progesterone receptor expression in the studied patients and
their potential implications for diagnosis, prognosis, or
treatment decisions (8).

sections.

according to

1. RESULTS

A total of fifty cases of breast cancer were gathered, with a
mean age of 48.52 years with a standard deviation of 11 years
and a median of 50.5 year. The age range was between 30 to 72
years, with 28 cases (54%) being 50 years and older. The
majority of the tumors, which accounted for 37 (76%), were
grade II. In 31 (62%) of the cases, the estrogen and progesterone
receptors were positive.

On the other hand, HER2/neu was overexpressed in 15
(36%). A high proliferation index (more than 14%) was
reported in 5 (10% of the cases), while the proliferation index
(Ki67) was not available for 32 (64%) of the cases.

According to the molecular subtypes, luminal A and luminal B
accounted for 5 (14%), and 13 (22%) respectively while 10
(24%) luminal cases were unclassified. HER2-enriched cases
constituted 15 (24%) of all cases. Triple negative cases were the
least frequent with a rate of 7(16%). Detailed information on the
patient and the tumor may be found in Table 1

Tumor-stroma ratio

An estimation of the tumor-stroma ratio was made via
calculating the stromal compartment using CD10. As can be
seen in Figure 1, 24 of the tumors had a high stroma content
(48%), whereas 26 of the tumors had a low stroma content
(52%).
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TABLE 1: Patients and tumor characteristics.

Characteristics Frequency | Percentage
Ade <50 22 46
9 >50 28 54
| 1 2
Grade 1 37 76
11 12 22
Negative 17 38
ER status Positive 33 62
Negative 18 38
PR status Positive 32 62
. Negative 35 64
HER2/neu expression Overexpressed 15 30
<14 13 26
Ki67 >14 5 10
Not available 32 64
Luminal A 5 14
Luminal B 13 22
Molecular classification | HER2 enriched 10 24
Triple negative 7 16
Luminal Aor B 15 24
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Figure 1: Tumor- stroma ratio in breast cancer.

Response to neoadjuvant therapy Complete response was
observed in 31 (62%) of the cases. More than a quarter 13
(26%) had partial response and one case showed no response,
as further illustrated in Figure 2.
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Figure 2: Response to neoadjuvant therapy.
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As Table 2 shows. out of stroma-rich tumors, 14 (61.5%)
had partial pathological response compared to 4(8.3%) of
stroma poor. Conversely, the majority of stroma-poor patients
achieved complete pathological response 22 (91%) as
compared to 9 (34.6%) of stroma-rich tumors, P<0.0001.

TABLE 2: The association between TSR and response to therapy

Tumor stroma ratio P value
Response to Total Stroma Stroma rich

NAT poor No (%)

No (%) °

No response 1 0 1 (100)
Partial 18 4(8.3) 14 (615) * <0.001

Complete 30 22 (91) 9 (34.6) *
Association between tumor-stroma ratio and

clinicopathological parameters and response to therapy Among
patients younger than 50 years old, 14 (56.5%) had tumors that
were poor in stroma, whereas 10 (43.4%) had tumors that were
rich in stroma. Tumors of older women (250) were more
frequently stroma-rich 14 (59.3%). According to Figure 3, the
difference was not statistically significant.
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Figure 3: Association of patients age and tumor stroma ratio, P=0.395.

The association between response to therapy and tumor
stroma ratio in each age group was compared in Table 3.
Younger patients with stoma-rich tumors showed a significant
association with partial response 6 (85.7%) compared to those
with stroma poor who 12 (80%) of them experienced complete
response, P=0.003.

Older patients had a similar pattern. The majority of patients
with partial response 8 (90.9%) had stroma-rich tumors while
more than two-thirds of those with complete response 10
(62.5%) had tumors poor in stroma.

TABLE 3: The association between patients age and response to neoadjuvant

therapy with tumor-stroma ratio.
Tumor stroma ratio
Response to Stroma Stroma P
NAT Total poor rich value
No (%) No (%)
No response 1 0 1 (100)
<50 Partial 7 1(14.3) 6 (85.7)* 0.003
Complete 14 12 (80) 2 (20)*
Partial 11 3(9.1) 8 (90.9)
230 Complete 17 | 10(625) | 7(75) | °0%®
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Tumor grade: Out of the 11 grade III tumors, 9 (81.8%) were
classified as stroma-rich, while 2 (18.2%) were classified as
stroma poor. Out of the grade II tumors, 17 (44.7%) were
characterized as rich stroma, whereas the remaining 21 (55.3%)
had a poor stroma. There was a single grade I tumor which had
a poor stromal content. Grade III tumors had a significantly
higher rate of stroma-rich, Figure 4.
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Figure 4: Association between tumor grade and tumor stroma ratio, *P=0.040.

The association between response to therapy and tumor
stroma ratio in each tumor grade was compared in Table 4. The
only GI patient who had stroma poor tumor achieved a
complete pathological response. In grade II patients, tumors
with stroma rich had a significantly lower rate of complete
pathological response 8 (29.6%) compared to those with stroma
poor 19 (70.4%). By contrast, stroma-rich tumors were more
associated with partial response 9 (81.8%) compared to stroma-
poor tumors 2 (18.2), P=0.005. Although all patients with
stroma rich had partial responses 7 (100%) and 2 (66.7) in
stroma poor achieved complete pathological response, the
difference did not reach statistical significance.

TABLE 4: The association between tumor grade and response to neoadjuvant
therapy with tumor-stroma ratio

Tumor stroma ratio
Response Total Stroma Stroma rich P value
to NAT poor No (%)
No (%) °
| Partial 0 0 0 )
Complete 1 1 (100) 0
Partial 11 2(18.2) 9(81.8) *
I 19 . 0.005
Complete 27 (70.4) 8 (29.6)
resggnse 1 0 1(100)
i Partial 8 0 8 (100) 0.109
Complete 11 2 (66.7) 1(33.3)

Hormonal receptor status was significantly different in
stroma-rich tumors. Approximately two-thirds of stroma-rich
tumors 16 (61.5%) were ER and PR negative. By contrast, the
majority of stroma-poor patients 21 (87.5%) were ER and PR
positive, P < 0.001. Figure 5 and Table 5.
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Figure 5: The association between hormone receptors status and tumor-stroma
ratio, P<0.001.

TABLE 5: The association between hormone receptors status and tumor-
stroma ratio.

Tumor stroma ratio
Hormone status Total Stroma Stroma rich P
poor No (%) value
No (%)
Negative 17 3(12.5) 14 (61.5)
ERstalus 5 Gtive | 33 | 23(875) | 10(385) | ~°00!
Negative 18 4 (12.5) 14 (61.5)
PRstatus 5 Giive | 32 | 22(875) | 10(385) | 000!

A significant association was also observed between HER2
neu expression and tumor-stroma ratio, Table 6 and Figure 6.
Although stroma-rich tumors were equally distributed HER2
overexpression and HER2 negative; stroma poor tumors were
significantly associated with HER2 negative expression 29
(79.2%), P=0.042.

TABLE 6: The association between HER2 neu expression and tumor-stroma

ratio.
Tumor stroma ratio
Characteristics Total Stroma Str_oma P
poor rich value
No (%) No (%)
HER2/neu Negative 35 29 (79.2) 6 (50) 0.042*
expression | Overexpressed 15 220.8) 13 (50) )

e R\ |
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Figure 6: The association between HER2 neu expression and tumor-stroma
ratio.
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There was no significant difference in the proliferation
index between stroma-rich and stroma-poor tumors, however,
there were 32 tumors with unknown Ki67 expression more than
half of them 18 (56.3%) were stroma-rich. Almost the same
proportions of stroma rich 7 (26.9%) and stroma poor 6 (25%)
showed low proliferation index. Although stroma-poor tumors
seem to have a higher proliferation index of 4 (40%) vs
1(12.5%) the difference was not significant even after
excluding cases with unknown Ki67 expression. Details are
shown in Table 7 and Figure 7.

TABLE 7: The association between Ki67 proliferation index and tumor-
stroma ratio

Tumor stroma ratio p
Characteristics Total |Stroma poor| Stroma rich value
No (%) No (%)
. <14 13 6 (25) 7(26.9)
Ki 67 14 5 267 | 138 |23
Unknown 32 13 (58.3) 19 (69.2)
20
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Figure 7: The association between Ki67 proliferation index and tumor-stroma
ratio

A strong correlation was seen between both HER2-enriched
tumors and luminal unclassified with stoma-rich tumors
(P=0.008). Table 8 indicates that 10 out of 12 HER2 enriched
tumors (83.3%) were stroma rich, whereas only 2 out of 12
luminal unclassified tumors (16.7%) were stroma rich, Figure
8.

TABLE 8: The association between molecular subtypes and tumor-stroma
ratio

Tumor stroma ratio
Molecular Stroma :
subtypes Total poor Str’\?;ng) A\;l)ch P value
No (%)
Luminal A 5 4(42.9) 1(57.1)
Luminal B 13 6 (63.6) 7(36.4)
Luminal (ulgl)(nown Aor 13 10(83.3) | 2 (16.7) * 0.008*
HER2/neu rich 10 2(16.7) | 8(83.3)*
Triple-negative 7 1(25) 6 (75)

The association between response to therapy and tumor
stroma ratio in each molecular class was compared in Table 9,
Figure 9. A significant correlation was observed between
complete pathological response and patients with stroma-poor
tumors in all luminal 18 (90%) and luminal unclassified 10
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(100%) with a P value of 0.007 and 0.015 respectively. In the
triple-negative group, the single patient who did not show
response to NAT, was stroma rich, while all patients with stroma

poor achieved complete pathological response 2 (100%).
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In HER2 enriched group, the complete pathological

response was achieved in the tumors with stoma poor 2 (100%)

whereas, 6 (60%) of those with stroma-rich tumors exhibited

partial response, however, that was statically not significant.

Histological sections of rich and poor stromal tumors
expressing CD 10 are shown below (Figures 10, 11,)

A |

Figure 8: The association between molecular classification and tumor-stroma
ratio, *P=0.008

TABLE 9: The association between molecular groups and response to
neoadjuvant therapy with tumor-stroma ratio

. P
Tumor stroma ratio
value
Molecular Response Total | Stroma Stroma
groups to NAT .
poor rich
No (%) No (%)
. Partial 2 1(33.3) 1(75)
Luminal A =0 lete | 3 | 3(66.7) | o0(25) | %
. Partial 4 1(14.3) 3(25)
Luminal B 0 lete | 9 [ 5(85.0) | 45 | %
Luminal Partial 3 2 1 (100)
(unIgr:oE\;\)/n A Complete 12 11 (100) 1 0.015
HER2/neu Partial 5 0 5 (60) 0.455
rich Complete 5 2 (100) 3 (40) )
No
Triple- response ! 0 136.7) 0214
negative Partial 4 0 4 (66.7) '
Complete 2 1 (100) 1(16.7)
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Figure 9: The association between molecular groups and response to
neoadjuvant therapy with tumor-stroma ratio.
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IV. DISCUSSION

Breast cancer ranks fifth in female cancer-related fatalities
worldwide and is the most prevalent form of cancer globally
and nationally with growing incidence (9) (10). Breast tumor
recurrence occurs in 30% of patients even after therapy, despite
the consistent expanding of our understanding. Hence, it is
believed that both the tumor cells and the stroma surrounding
them have a role in the tumor's growth and treatment resistance
(11). It has been acknowledged that the tumor stroma and
microenvironment play a significant role in tumor progression
(12). Nevertheless, clinical decision-making does not yet
include tumor stroma markers. Tumor stromal ratio, a novel
parameter that represents the composition of tumor-associated
stroma, has been extensively documented as a valuable
reservoir of prognostic data for a wide range of solid cancer
subtypes (13). The biological function of TSR has been
documented in breast cancer prognosis however data are
inconsistent regarding the association with molecular subtypes
(12, 14). In the current study, we examined the TSR in
presurgical breast core biopsy specimens from women
diagnosed with breast cancer. Additionally, we found a
correlation between the TSR and molecular subtypes as well as
the subsequent pathological response to neoadjuvant
chemotherapy.

Patients and tumor features: The average age of breast cancer
patients in the current study was 48.52+11 years with 46% of
them being younger than 50 years. This is in agreement with
previous Iraqi epidemiological studies. A large cross-sectional
study involving 1093 from all over the country indicated that
the median age was 46.4+ 9.5 (15). Alwan et al (2010), in an
earlier study, found that out of the 721 breast cancer patients
studied, 580 of them, which accounts for 80.4%, were below
the age of 60. The majority of patients (54.1%) were in the
premenopausal age group, and 22.2% were less than 40 years
old (16). A recent study conducted in Kurdistan included 429
patients with breast cancer has reported that the average age of
49.6 + 11 years, 53.8% of women were of middle age or older
(17). According to estimates from the World Health
Organization, around 50% of malignancies in the Eastern
Mediterranean region occur before the age of 55. Furthermore,
as exposure to risk factors increases, the age-standardized
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incidence rates of all cancers in this area are projected to double
(18). This depiction diverges from that which is presented in
reports originating from developed and Western nations, which
estimate the peak incidence rates to occur decades later (19).

The majority (76%) of patients with the current disease had
grade II tumors and almost a quarter with high grade disease. A
similar pattern has been illustrated by another local study (17),
however, American cancer statistics in 2022 reported a higher
prevalence of grade I and IIl compared to 21% and 29%
respectively (20). Racial and environmental factors are
established factors affecting tumor development and behavior
(21).

The hormone receptor status along with Her2 and Ki67
categorized the tumors in our study as, luminal A (14%),
Luminal B (22%), Her2 enriched (24%), and triple-negative
(16%). However, in the current study, the molecular
classification was constrained by the absence of Ki67 staining
for (24%) luminal groups; thus, tumors within these groups
were categorized as luminal unclassified when the proliferation
index was available but attributed to the correct group
otherwise. Studies that addressed the molecular classification
of breast cancer in Iraqi patients are inconsistent, with the major
variation observed in Luminal A and B distribution (22-24). For
instance, the Luminal A group ranged between 29% (24), 45%
(23), and 56% (22) while Luminal B ranged between 14% (23),
17% (22), and 53% (24). The variation was not limited to
luminal subgroups, the overall luminal cases varied between
these studies ranging 82%(24), 73%(24), and 59% (24). All
luminal in our study were 60% which was within the range of
what was previously reported. However, the rate of Her2
enriched cases was relatively higher compared to other local
and international studies which ranged between 3% and 10.3%
(20, 22-24).

Tumor stromal ratio:_In the current research, more than half
(52%) of the tumors were stroma-rich. Mallya et al. (2020)
found in a cohort of 62 patients with a mean age of 48 (+11)
years, that stroma-rich tumors constituted 45%/(25). A powered
English study involving two retrospective cohorts and a total of
2412 breast cancers has found that out of 619 tumors in the first
cohort, 415 (67%) were stroma rich as well as 1113 (61.5%) out
of 1809 of the second cohort (26). By contrast, another large
retrospective study conducted in the Netherlands involving 737
patients reported a lower rate of tumor rich (38.4%) (27). The
median age of the patients in these two studies was 79 (26) and
53.6 (27) years respectively while the median age of patients in
our study was 50.5 years. The discrepancy in the rate of stroma-
rich tumors may in part be related to the variation in patients
characteristics in each study particularly since there is
compelling evidence that TSR has an association with age (26,
28). However, due to the relatively smaller sample size in the
current study significant association with age was not observed.

We also observed that stroma-rich tumors were significantly
associated with grade III tumors, hormone receptor-negative,
and Her2 overexpression. This was in agreement with other
studies. Stroma-rich association with higher tumor grades was
reported by Karancsi et al. (2023) (28), and FElmhadi
(2023)(29). In terms of tumor phenotype, data in the literature
are conflicting. Meisel et al (2020) indicated, in agreement with
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our findings, a significant association of stroma-rich tumor with 3. Stroma-rich tumors were significantly associated with

low estrogen receptor and progesterone receptor expression, partial pathological response while the majority of patients

HER2 immunohistochemistry 3+ and also high Ki-67, high with stroma-poor tumors achieved complete pathological

HER2/CEP17 ratio, and high HER2 copy number (30), in response.

contrast, Roeke et al (2017) and one cohort in Vangangelt et al 4. Significant correlations were observed between stroma-rich

(2020) study did not show significant correlation with any of and partial pathological responses in patients who were

these predicting markers while the other cohort of Vangangelt younger than or older, had grade II tumors, and luminal

et al (2020) showed a significant correlation of stroma rich with subtypes.

positive ER expression but not Her 2 (26). A significant
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