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Abstract

Background: The interplay between a tumor and its environment is exemplified by the morphological changes observed
in the stroma of human breast cancer. Stromal changes in benign, premalignant and malignant lesions of breast helps in
better understanding of disease process at the level of the tumor and host stromal reaction. Objectives- (1) To compare the
stromal changes in benign, proliferative breast lesions and malignant breast lesion (2) To compare the stromal changes
with grade of malignant breast lesions. Methodology: This was a one-year prospective study carried out in the department
of Pathology KIMS, Hubballi, Karnataka, from January 2017 to December 2017. Excision biopsies and mastectomy
specimens were collected in 10% buffered formalin and subjected to paraffin processing and embedding. Five-micron thick
sections were cut and stained with H&E and special histochemical stains namely Masson’s Trichrome Stain (MTS) and
Verhoeff’s Van Gieson (VVG) were used to study collagen and elastin content respectively. Results: The study included
121 cases of excision biopsies and mastectomies. Benign tumors and tumor like lesions showed more collagenosis
compared to malignant lesions, whereas malignant lesions showed more elastosis compared to benign lesions. Grade III
malignant tumors showed more elastosis when compared to Grade II and Grade I tumors. Conclusion: Tumor stroma in
breast has been neglected in many studies. Upcoming prevention, diagnostic and therapy strategies and studies should be
carried in an unbiased way, allowing analysis of stromal component in addition to classical investigations of the epithelial
cancer component.
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Introduction In carcinoma, the cellular organization is dramatically

The development of the breast is sensitive to interactions
between the epithelium and stroma. Mammary gland is
made up of both epithelium and stroma that
communicate with each other through extracellular
matrix. Breast cancer can be both induced and promoted
by disrupting the communication between epithelium
and stroma. The crosstalk between mammary epithelium
and stroma is also important for the proper patterning and
functioning of normal breast. Experimental evidence
suggests that a reduction in signalling between any of the
stromal cell types (fibroblasts, macrophages, endothelial
cells and adipocytes) results in reduced or absent breast
development. The epithelial-stromal interactions that
occur in tumors are less well characterized but there is no
doubt that there is expansion of the stroma and the
epithelium during tumor development [1].
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changed, and the stroma is extensively modified with
extensive remodelling of extracellular matrix in the form
of fibrosis and elastosis. A prominent feature of stromal
reaction in most breast carcinoma is the presence of
elastic tissue element, a process called elastosis [2].

The role of stroma as a mediator of normal mammary
development, as well as a critical regulator of malignant
conversion and progression in breast cancer is known. It
is well established that stroma associated with normal
mammary gland development is strikingly different from
the stroma in a developed breast cancer[3]. Studies using
a wide range of techniques, including stromal cell
isolation, modification of stromal specific gene
expression, recreation of specific microenvironment in
tissue samples have demonstrated that stroma can
promote cancer and that the expression patterns within
the stroma can influence clinical outcome [4, 5].

Breast cancer is one of the most commonly diagnosed
form of cancers. In spite of impressive advances made in
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molecular biology, breast cancer still remains one of the
most frequent malignancies, because of our lack of
knowledge of what causes and promotes the disease.

Recognition of the important role of the stroma during
the progression of breast cancer, leads to possible
identification of new targets for the treatment of initial
breast cancer lesions as well as prevention of recurrence.

Better understanding of the dynamic interactions
between epithelium and stroma, and between cancer and
stroma will help define the windows of opportunity in the
stroma for cancer suppression and repression.

The present study is undertaken to emphasize the
importance of stromal changes in tumor and tumor like
lesions of breast, by studying the stromal changes in
benign, proliferative breast lesions and malignant breast
lesions and by comparing the stromal changes in
different grades of malignant breast lesions.

Materials and Methods

Setting- The present study was done in a tertiary care
hospital, in the Department of Pathology, Karnataka
Institute of Medical Sciences, Hubballi.

Duration- The present study was done from January
2017 and December 2017 for a period of one year.

Type of study- This was a descriptive study

Sampling Method- This study was conducted on a total
of 121 cases of tumor and tumor like lesions of breast
received during the study period in Department of
Pathology, Karnataka Institute of Medical Sciences, as
per the inclusion and exclusion criteria.

Sample size calculation- A sample size of 99 was
calculated by taking the prevalence of stromal changes
as 54.5% (based on previous studies), absolute precision
as 10%, using the formula n=4PQ/d?

Inclusion criteria-1) All excision biopsies and

mastectomy specimens
Exclusion criteria

Results

Original Research Article
1) Male breast specimens

2)Trucut biopsies / Core needle biopsies

3)Referral slides / blocks

Data collection- All excision biopsies and mastectomy
specimens received in 10% formalin in the Department
of Pathology, Karnataka Institute of Medical Sciences,
Hubballi were studied for gross findings,
histopathological and special stain findings. Clinical
details were obtained from hospital records.

A minimum of 24 hours was allowed for fixation.
Sections for the study were taken from tumor proper and
normal appearing breast tissue. Additional sections were
taken if any prominent desmoplastic change was
observed grossly.

After routine processing and embedding of tissue
sections in paraffin blocks, three sections of five microns
thickness were cut from each paraffin block. One section
was stained with Hematoxylin and Eosin and the other
two sections were stained with Masson’s Trichome stain
and Verhoff’s van Gieson stain respectively, for the
identification and grading of stromal changes of collagen
and elastin.

Data analysis- The collected data were entered in
Microsoft Excel worksheet and analysed using SPSS.
Statistical test like chi-square test was used and p<0.05
was considered as statistically significant.

Ethical consideration and permission- Ethical
clearance was obtained from the college authorities.

Grading system- Stromal changes were assessed using
Masson’s Trichrome stain and Verhoff’s Van Gieson
stain for collagen and elastin respectively. Results were
interpreted as follows, (graded according to study
conducted by Radhakrishnan et al [6])

Grade 0 — absent

Grade 1 — doubtful increase

Grade 2 — definite, but small increase
Grade 3 — conspicuous increase

Grade 4 — massive increase

In the present study, a total of 121 cases were encountered which included 111 tumors (91.73%) and 10 tumor like lesions
(8.26%). Among 111 tumors, 74 (66.66%) were benign and 37 (33.33%) cases were malignant.

Among 74 benign tumors, majority were fibroadenoma accounting to 91.89% (68 cases) followed by phyllodes, accounting

t0 6.75% (5 cases) and 1 case was adenomyoepithelioma.

There were a total of 37 malignant tumors, among which 36 were malignant epithelial tumors and one case was
mesenchymal tumor. Among the 36 malignant epithelial tumors, 32 were infiltrating ductal carcinoma accounting to
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86.48% and other specialized variants like ILC, medullary carcinoma, mucinous carcinoma and papillary carcinoma
accounted for one case each, Majority i.e 21 cases (58.33%) were Grade II, followed by 11 cases (30.55%) which were
Grade IIT and 4 cases (11.11%) were Grade I.

Among the 10 tumor like lesions, 8 cases were fibrocystic disease and 2 cases were sclerosing adenosis. Majority of the
benign tumors and tumor like lesions were observed in third decade of life. Majority of the malignant tumors were observed
between fifth and sixth decade of life.

Collagen estimation: In the present study, among 74 benign tumors, about 75.67% showed significant (grade>=2)
collagenosis and among 10 cases of tumor like lesions 90% showed significant (grade >= 2) collagenosis, while 59.45%

of malignant tumors among 37 cases, showed significant collagenosis, as shown in Table 1.

Table-1: Table showing grade of collagenosis in benign, malignant and tumor like lesions

Grade of No. of Benign | Percentage | No. of Tumor | Percentage No. of Percentage
collagen lesions like lesions Malignant
lesions

0 1 1.35 0 0 0 0

1 17 22.97 1 10 15 40.54

2 34 45.94 4 40 14 37.83

3 18 24.32 4 40 8 21.62

4 4 5.40 1 10 0 0

Total 74 100 10 100 37 100

Hence, Collagenosis appears to be the more prominent stromal reaction in benign and tumor like lesions when compared
to malignant lesions (p value = 0.043308)

Among 74 benign tumors, there were total of 68 fibroadenomas, out of which, 52 cases (76.4%) showed significant (grade
>=2), among which majority of them i.e 31 cases (45.58%) showed Grade 2 collagen. Among 5 cases of phyllodes tumor,
4 cases (80%) showed significant collagen, majority of them 60% showing Grade 2 collagen. One case of Aden
myoepithelioma included in the study, showed Grade 1 collagen.

There were 10 cases of tumor like lesions, which included 2 sclerosing adenosis and 8 fibrocystic disease. Both the cases
of sclerosing adenosis showed significant (grade >=2) collagen, among which one case showed grade 3 and the other
showed Grade 4 collagen (Figure 1) respectively. Among 8 cases of fibrocystic disease, significant collagenosis was
observed in 7 cases (87.50%), most of which (50.0%) exhibiting Grade 2 collagen.

Among 32 cases of IDCs, 60.50% cases showed significant collagenosis, among which majority of them i.e 13 cases
(40.62%) showed Grade 2 collagen. Twelve cases showed Grade 1 collagen and seven cases showed Grade 3 collagen.
One case of ILC, in the present study showed Grade 3 collagen, while 1 case of papillary carcinoma showed Grade 2
collagen. One case each of mucinous carcinoma, medullary carcinoma and fibrosarcoma, all showed Grade 1 collagen.
Collagenosis appears to be more common feature only in IDCs and ILC, whereas in other specialised variants of malignant
tumors collagenosis was not commonly observed.

Elastin estimation: Among 74 benign lesions, none of them showed significant (grade >= 2) elastosis, similarly among
10 cases of tumor like lesions only 20% (2 cases) showed significant elastosis.

Among 37 malignant tumors, 22 cases (59.45%) showed significant elastosis, among which majority of them i.e 19 cases
(51.35%) showed Grade 2 elastin, two cases showed Grade 3 elastin and one case showed Grade 4 elastin, as shown in
Table 2.

Table-2: Table showing grade of elastosis in benign, malignant and tumor like lesions
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Grade of No. of Percentage No. of Percentage No. of Percentage
elastin Benign Tumor like Malignant
lesions lesions lesions

0 73 98.64 7 70 3 8.10

1 1 1.35 1 10 12 32.43

2 0 0 2 20 19 51.35

3 0 0 0 0 2 5.40

4 0 0 0 0 1 2.70
Total 74 100 10 100 37 100

Pattern of elastosis observed were periductal, stromal and perivascular elastosis.

Hence, Elastosis appears to be the predominant stromal change in malignant lesions when compared to benign and tumor
like lesions (p value = 0.00001).

Among 32 IDCs, 65.62% (21 cases) showed significant elastosis, among which majority of them (19 cases, 59.37%)
showed Grade 2 elastosis, one case showed Grade 3 elastosis (Figure 2) and one case showed Grade 4 elastosis (Figure 3).
Among other types of malignant lesions, one case of ILC showed Grade 3 elastin. One case each of medullary carcinoma,
mucinous carcinoma, papillary carcinoma and fibrosarcoma, all showed no significant elastosis. Elastosis appears to be the
predominant stromal change only in IDCs and ILCs, while other specialised variants did not show elastosis.

There were 36 malignant epithelial tumors encountered in the present study, among which four were Grade I, twenty-one
were Grade II and eleven were Grade III tumors. Among four Grade I tumors, none of them showed significant (grade >=
2) elastosis, all the four cases showed Grade 1 elastin content.

Among twenty-one Grade II tumors, 61.90% showed significant elastosis, among which majority of them showed Grade 2
elastosis (Figure 4). Among eleven Grade III tumors, 81.81% showed significant elastosis, among which majority of them
showed Grade 2 elastosis (Figure 5).

Overall, Grade 2 elastosis was the most common pattern, which is exhibited by Grade II and Grade III tumors (19 out of
36 cases).

However, when number of cases showing significant elastosis was compared between the different grades of tumor, 81.81%
of grade III tumors, 61.90% of grade II tumors and none of the grade I tumors showed significant elastosis (Grade >= 2)

i.e (Grade IIT tumors > Grade II tumors > Grade I tumors), as shown in Table 3.

Table-3: Table showing relationship between degree of elastosis and the grade of tumor in malignant lesions

Grade of Grade of tumor
elastin Grade I Percent Grade I1 Percent Grade III Percent
(No. of cases) (No. of cases) (No. of cases)
0 0 0 2 9.52 0 0
1 4 100 6 28.57 2 18.18
2 0 11 52.38 8 72.72
3 0 0 1 4.76 1 9.09
4 0 0 1 4.76 0 0
Total 4 100 21 100 11 100

Hence elastosis appears to increase, as the grade of the tumor increased (p value = 0.0159)
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Figure-2: Microscopy of Grade 3 periductal elastosis in a case of Grade 111
IDC, showing jet black elastin fibres around malignant ducts (10x, VVG stain)

Figure-3: Microscopy of Grade 4 periductal
elastosis in a case of Grade II IDC (40x, VVG stain)

Figure 4: Microscopy of Grade 2 stromal
elastosis — Grade I1 IDC (40x, VVG)
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Figure-5: Microscopy of Grade 2 elastosis in a case
of Grade III IDC, periductal pattern (40x, VVG stain)

Discussion

In a normal mature breast, the duct system is invested by elastic tissue. It is present as a cuff of fibrillar elastic tissue in
main lactiferous ducts, segmental ducts and their branches. At the level of ductules, elastic tissue ends. When the ductule
enters the lobule, there is a complete absence of elastic tissue. The interlobular stroma contains only occasional elastic
fibres. With menopause there occurs involution of lobules and ducts which involves loss of some or even most of elastic
tissue in the walls of ducts. There is no increase in ductal elastic tissue with age or onset of menopause [7].

Ultrastructurally, surrounding the ducts and ductules of breast, the stroma is arranged in a series of alternating concentric
layers, one layer by fibroblasts and the next layer by collagen bundles, granular material and occasional elastic fibres. The
few elastic fibres were composed of central core of elastin surrounded by sparse microfibrils [8]. In carcinomas the amount
of stroma varies in different sites. Its composition also ranges from fibroblastic to densely hyaline, and the stroma contains
varying amounts of collagen, extracellular mucin, and elastic tissue. Often, the fibroblastic, or desmoplastic, reaction to the
growth of malignant cells is the predominant feature of the tumor mass. Tumors with a large amount of dense hyaline
stroma were previously termed scirrhous. In some carcinomas, the stroma is uniformly distributed, but in others the centre
of the tumor is fibrotic and relatively acellular, with the malignant epithelial components seen mainly at the periphery [9].

Elastosis on gross specimens appear as ‘yellow streaks’ which was initially thought to be fatty degeneration [10]. There
are two types of focal elastosis namely periductal and perivascular elastosis. Periductal elastosis is identified as increase in
elastic cuff surrounding the ducts which appears as a broadened zone with increased density of elastic tissue. With florid
elastosis, a very wide periductal band of jet-black tissue is seen in an elastin stained section [11]. Breast cancers are one of
the highly complex tissues with malignant cells constituting only one of the many distinct cell types. Only a small
proportion is represented by malignant cells. The remaining cells are often grouped under the term ‘tumor associated
stroma’. The tumor associated stroma includes fibroblasts, myofibroblasts, macrophages, immune cells, adipocytes and
endothelial cells. The role of stroma in breast cancer pathogenesis has become an area of intense investigation due to
mounting evidence demonstrating its ability to promote tumor development [13, 14].

Tumor progression is contributed by particular signalling molecules which are expressed by cancer associated fibroblasts
(CAFs) and other cell types that are present in the stroma. While there are evidences that CAFs promote tumor growth,
their origin remains unknown. CAFs and myofibroblasts can be derived from circulating fibrocytes. These fibrocytes are
known to differentiate into myofibroblasts and have been identified within invasive ductal carcinomas as well as in DCIS
lesions causing elastosis [15, 16, 17, 18]. While many studies propose elastosis as a good prognostic factor, many other
studies identify elastosis did not have much influence on prognosis. Yet other recent studies are focusing on tumor stroma
trying to arrive at the possible role of tumor associated stroma in the progression of cancer [8, 11, 19, 21, 22-28].

In the present study of 121 cases of tumor and tumor like lesions of breast, collagenosis was found to be a prominent feature
of benign and tumor like lesions when compared with malignant lesions (p value — 0.043308, which was significant).
Whereas, elastosis was found to be a predominant feature found in malignant lesions when compared to benign tumors and
tumor like lesions (p value — 0.00001, which was significant).

Prognosis could not be evaluated, as the follow up of cases were not done.
In present study, 75.6% of benign, 90% of tumor like lesions (TLL) and 35.6% of malignant cases showed significant
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(grade of collagen >= 2) collagenosis. In Pai et al [ 10], study, 86.4% of benign, 100% of TLLs and 84.1% malignant lesions
showed significant collagenosis, as shown in Table 4.

Table-4: Table showing percentage of cases showing significant collagenosis in different lesions of breast in
comparison with other studies.

Lesions Present study Pai et al [10]
Benign 75.6% 86.4%
Malignant 35.6% 84.1%
Tumor like lesions 90% 100%

The difference in collagenosis in malignant lesions of present study and Pai et al, study could possibly be due to inter
observer variation or due to difference in the areas sampled to study collagen in malignant cases, as collagenosis and
elastosis of stroma differs in different areas of the same breast.

In an ultrastructural study conducted by Martinez et al, cases of fibroadenoma and sclerosing adenosis showed prominent
reduplication of ductular basement membrane. Surrounding the ductules, the stroma was predominantly composed of
collagen fibres, fibroblasts, and a granular matrix. No elastic fibres were present [8].

H M Aiyer, et al in their study of diagnostic stromal histomorphology in fibroepithelial breast lesions, observed an
increasing grade of stromal cellularity, pleomorphism, stromal overgrowth and mitotic index from the benign to the
borderline and overtly malignant lesions [29].

In present study none of the benign tumors showed elastosis and 56.75% of malignant tumors showed significant elastosis,
which is in concordance with Pai et al, study, where none of the benign lesions showed significant elastosis and 54.5%
malignant lesions showed significant elastosis, as shown in Table 5.

Table-5: Table showing percentage of cases showing significant elastosis in different lesions of breast in
comparison with other studies.

Lesions Present study Pai et al [10]
Benign 0% 0%
Malignant 56.75% 54.5%

Tumor like lesions 20% 0%

Among different histological types of malignant lesions,66.66% of IDC and ILC combined, showed significant elastosis,
which was slightly higher than the study done by Pai et al [10] and Azzopardi et al [11], whereas Bindu et al [12],
encountered significant elastosis in 96.77% of cases.

In the present study as well as in the study done by Pai et al, and Bindu et al, there was no significant elastosis in medullary
carcinoma, mucinous carcinoma and papillary carcinoma, whereas, Azzopardi et al, encountered 10% of medullary
carcinoma which showed significant elastosis, as shown in Table 6.

Table-6: Table showing significant elastosis in different histological types of malignant lesions in comparison
with other studies

Type of carcinoma Elastosis
Present study Pai et al [10] Azzopardi et al [11] Bindu et al [12]
IDC & ILC 66.66% 54.5% 56% 96.77%
Medullary 0% 0% 10% 0%
Mucinous 0% 0% 0% 0%
Papillary 0% 0% 0% -
Miscellaneous 0% 0% 0% -

When pattern of elastosis was considered, stromal pattern of elastosis was found to be the predominant pattern in the present
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study, whereas in Pai et al and Radhakrishnan et al studies, periductal was the predominant pattern. Perivascular pattern
was the least common pattern observed in the present study and in other studies as well.

Out of 36 malignant epithelial tumors, Grade >= 2elastosis was exhibited maximally by Grade II tumors i.e. 36.11% (13
out of 36 cases), which was consistent with Bindu et al study, where Grade >= 2 elastosis was exhibited maximally by
Grade II tumors i.e. 81.81% (54 out of 66 cases), as shown in Table 7.

Table-7: Table showing relationship of elastosis with grade of tumor in malignant epithelial tumors, in
comparison with other studies.

Degree of Grade I Grade II Grade III
elastosis
Present Bindu et al | Present study Bindu et al Present study | Bindu et al
study [12]
<2 4 (11.11%) 3 (4.54%) 8(22.22%) 1(1.51%) 2 (5.55%) 2 (3.0%)
>=2 0 3 (4.54%) 13 (36.11%) 54 (81.81%) 9 (25.0%) 3 (4.54%)
Total 4 (11.11%) 6 (9.09%) 21 (58.33%) 55 (83.3%) 11 (30.55%) 5 (7.54%)

However wide range of difference in the percentage of grade II tumors showing significant elastosis between the present
study and Bindu et al, study was probably because of the difference in the number of cases included in the studies. It could
also be due to difference in the time of presentation of the cases to the hospital, where stromal changes could change with
the duration of disease or it could be due to difference in the areas sampled, where stromal changes differs in different areas
of the same breast.

According to Shivas and Douglas [19], moderate degree of elastosis was found to be associated with maximum number of
cases, a finding which was consistent with present study.

According to Fisher et al [20], moderate to marked degree of elastosis was maximally observed in Grade II tumors, which
was again consistent with the present study.

In an ultrastructural study conducted by Martinez et al, all the IDCs examined had dense stroma which had four elements,
like elastic fibres, collagen, connective tissue cells and ground substance. Elastic fibres were the most abundant among all.
Collagen fibres were less abundant and were randomly mixed with elastic fibres. In between the collagen and elastic fibres
and without any particular orientation, were elongated cells with fusiform nuclei with appearance of myofibroblasts [8].

Limitations of present study- The present study needs a long term followup for at least 5-10 years in all malignant cases

to compare the degree of elastosis with its outcome.

. arrive at the possible role of tumor associated stroma in

Conclusion :
the progression of cancer. Thus, the area of tumor stroma

In the present study, collagenosis was found to be and the stromal changes associated with breast cancer

expressed more by benign tumors and tumor like lesions
of breast when compared to malignant lesions. Whereas,
elastosis was found to be feature associated with
malignant lesions when compared with benign lesions.
Further, there was increase in elastosis, with increase in
the grade of malignant tumor.

While many studies propose elastosis as a good
prognostic factor, many other studies identify elastosis
did not have much influence on prognosis. Yet other
recent studies are focusing on tumor stroma trying to

still remains a open field of research. Current therapies
target mainly the cancer cells, however many cases come
up with recurrences and distant metastases following
treatment.

Given the supportive and instructive role of stroma in
cancer progression, therapies tailored to both the stroma
and epithelium may have more clinical efficacy in
preventing recurrence and metastases.

What this study adds to the existing
knowledge?

This study has shown that grade of elastosis increases
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with grade of tumor. Further studies on stromal
molecular changes to predict invasion has promising
future.
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