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ABSTRACT

Background: Various histopathological changes have been observed following neoadjuvant chemotherapy in individual
tumors in the literature. Aims and Objectives: To observe histopathologic changes seen after neoadjuvant chemotherapy
in breast malignancies, squamous cell carcinomas, adenocarcinomas,and Wilms’ tumor using breast cancer predominantly as
the model. Materials and Methods: The present prospective study was carried out on 60 patients including 40 patients
with carcinoma breast and 20 patients with other malignancies who received neoadjuvant chemotherapy. Results: Post
neoadjuvant chemotherapy, mastectomy specimens revealed nuclear enlargement, nuclear shrinkage, necrosis, vacuolation
of nucleus, vacuolation of cytoplasm, dyscohesion, and shrinkage of tumor cells with nuclear changes of nonviability like :
karyorrhexis, karyolysis, and pyknosis. Stromal reactions manifested as fibrosis, elastosis, collagenization, hyalinization, :
microcalcification, and neovascularization. Areas of necrosis included both vascular and avascular pattern.The stroma also
revealed fibrinoid necrosis and mucinous change. Hyalinization of the blood vessel wall was a common finding. The most
common inflammatory host response observed in the present study was lymphocytic; others included mixed inflammation,
plasmacytic, prominent histiocytic, and giant cell types. Giant cell reaction was significantly correlated to all types of tumor
responses (P < 0.05). Similar changes were also observed in other malignancies. A detailed review of the literature has
also been done and presented. Conclusion: The tumor grade decreases and differentiation improves, in addition to the
retrogressive changes and increase in stromal component, as a result of chemotherapy in carcinoma breast as well as in
other malignancies.
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INTRODUCTION Studies have systematically described various histopathological
changes seen after neoadjuvant chemotherapy in a variety :
of tumors including breast carcinoma, rectal carcinoma, :
ovarian carcinoma, head and neck carcinomas, esophageal :
carcinoma,Wilms’ tumor, and non-small-cell lung carcinoma.
However, the emphasis of these studies varied and no study
described the pathologic changes following chemotherapy
comprehensively.!'l

Emergence of new concepts in the management of oncologic
malignancies and the fast-changing trends of modern medicine
necessitate the development of strategies for customized
treatment suited to the patient’s variable requirements.
Response to chemotherapy cannot be predicted with certainty
in an individual presently. Moreover, the histopathological

changes after chemotherapy vary in patients. . . . . .
This study describes the various histopathologic changes

seen after neoadjuvant chemotherapy in breast malignancies, :
squamous cell carcinomas, adenocarcinomas, and Wilms’
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breast carcinoma with neoadjuvant chemotherapy. Of these,
40 patients fulfilling the inclusion criteria as per the protocol
of the thesis project were included in the study. Inclusion
criteria was patients with prechemotherapy clinicoimaging
assessment of tumor size, with an established histological
diagnosis of carcinoma on biopsy, and who had received at
least two cycles of neoadjuvant chemotherapy.

The study group was divided into three subgroups; group A
(n=30) and group B (n = 10) included breast carcinoma patients
with initial pathologic material submitted as trucut or wedge
biopsy in group A and lumpectomy specimens in Group B.
Group C (n =20) included cases of other malignancies besides
breast carcinoma who received neoadjuvant chemotherapy.

After initial tissue diagnosis, the patients were clinically examined
in detail and investigated including radiological,imaging,and other
laboratory tests to decide the stage of the cancer. The initial
biopsies were subjected to routine formalin fixation and paraffin
processing with microscopic analysis on hematoxylin- and
eosin-stained sections supplemented by special stains including
immunohistochemistry to decide histological type and grade
of the tumor according to the World Helath Organization
(WHO) classification.**! Detailed histopathological examination
was carried out especially looking for chemotherapy-induced
histopathologic changes like necrosis, fibrosis, inflammatory
reactions, and other retrogressive changes.

For carcinoma breast, neoadjuvant chemotherapy regimens
either included cyclophosphamide 50 to 60 mg/m2 IV
(IV: Intravenous), doxorubicin 40 to 50 mg/m2 IV, and
5-fluorouracil 500 to 800 mg/m2 IV (CAF),or cyclophosphamide,
epirubicin, and 5-fluorouracil (CEF), 21 days apart. Number
of chemotherapy cycles varied from two to six depending on
the initial size of the tumor to make them operable.The drugs
and doses of neoadjuvant chemotherapy given to the patient
were recorded in the pro forma.

The tumor cells were evaluated for dissociation, dyscohesion,
and loss of organization of the tumor cells and necrobiotic
changes such as necrosis, vacuolation of nucleus and cytoplasm,
karyorrhexis, pyknosis, and karyolysis. Any change in pattern
or type of carcinoma was noted.

The stroma was examined for host response including fibrosis,
elastosis, and collagenization, and infiltration by lymphocytes,
plasma cells, fibroblasts, histiocytes, and giant cell formation
was observed. Similar changes in tumor cells and stroma were
observed in the lymph nodes.

Epithelial-to-stromal ratio was calculated as the mean of
readings in all sections and viable-to-nonviable tumor cell

ratios were calculated in both pretreatment biopsies and
postchemotherapy specimens, viability being defined as
distinct nuclear chromatin with intact nuclear and cytoplasmic
membrane in the absence of the criteria of necrosis
(karyorrhexis, karyolysis, pyknosis).

A note was made on the tumor type and any change after
chemotherapy;tumor grading was done based on the Elston and
Ellis modification of Bloom-Richardson (MRB) grading system
and Nottingham Prognostic Index (NPI) was calculated.™

Lymphocytic response was graded as: Grade |, scattered
lymphocytes between tumor cells; grade 2, formation of
microaggregates of lymphocytes; grade 3, dense infiltration of
lymphocytes destroying tumor cells or forming masses. The
presence of lymphovascular embolization and in situ disease/
cancerization of ducts were separately noted.

Twenty cases of other malignancies (group C) besides breast
included 12 cases of squamous cell carcinoma (seven from
head and neck, four of cervix,and one of esophagus), five cases
of adenocarcinoma, and three of Wilms’ tumor. Neoadjuvant
chemotherapy for squamous cell carcinoma of head and
neck included chemotherapy based on docetaxel, cisplatin,
and 5-fluorouracil (TPF regimen). Patients with carcinoma
cervix received paclitaxel and carboplatin regimen, and for
esophageal carcinoma, cisplatin and 5-fluorouracil was given.
Chemotherapy given for ovarian carcinoma was paclitaxel
and carboplatin, and patients with anorectal carcinoma
received a 5-fluorouracil- and oxaliplatin-based regimen
(FOLFOX). Children with Wilms’ tumor received vincristine
and dactinomycin cycles varying from three to four cycles,
as was considered appropriate for reducing the bulk of the
tumor.

These were separately evaluated for changes induced by
neoadjuvant chemotherapy. Histologic sections from all the
malignancies were observed for any change in differentiation,
changes in architecture, necrobiotic changes, and host tissue
response.

The results obtained were interpreted and correlated
statistically. Pearson’s coefficient of correlation was applied
to correlate the three types of response patterns with all
the parameters observed. A P value < 0.05 was considered
as significant.

REsuLTS

Breast tumors which showed complete response after
neoadjuvant chemotherapy included five of ductal carcinoma-
not otherwise specified (NOS) type, and one each of
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schirrhous, apocrine, and tubular types.Apocrine change and
tubular and papillary pattern disappeared in postchemotherapy
specimens; mucinous change and metaplastic change appeared
in two each of ductal NOS types. Ductal NOS with metaplastic
change differentiated to completely metaplastic in mastectomy
specimens [Table I].

Number of cases with metastasis was 22;number of lymph nodes
with metastatic deposits was 88.The most common pathologic
changes noted were necrosis, elastosis/collagenization, and
lymphocytic response. There was no relation of lymphocytic
response with the clinical or pathologic response irrespective
of their presence in the pre or postchemotherapy specimens.
Giant cell response was significantly correlated to all the
types of response grades (P < 0.05). Collagenization was
significantly correlated to pathologic and tumor regression
grade (P < 0.05) [Tables 2 and 3].

In the present study, of the total 20 cases of group C, 2 cases
were of squamous cell carcinoma (seven from head and
neck, four of cervix, and one of esophagus), five cases were
of adenocarcinoma, and three cases were of Wilms’ tumor.
Of the 12 cases of squamous cell carcinoma in the present
study, there was improvement in histological differentiation
from moderate to well-differentiated carcinoma in two cases
of head and neck cancers, whereas there was complete
pathologic disappearance of tumor in another two cases
comprising one case each of carcinoma tongue and cervical
carcinoma. Other histological changes observed were increase
in keratinization with formation of keratin pearls, acellular
keratin with islands of nonviable tumor cells, histiocytic
giant cells, and increase in lymphocytes surrounding residual
tumor cells.

Of the five cases of adenocarcinoma, a change in histological
differentiation was seen in a case of anorectal carcinoma which
revealed poor differentiation with solid sheets,a small amount
of mucin in the initial biopsy, and moderately differentiated
mucin-secreting adenocarcinoma with large mucin pools
after chemotherapy. In serous papillary adenocarcinoma
of the ovary, degenerative changes were observed with
karyorrhexis, pyknosis, smudging, dyscohesion, and loss of
papillary architecture in some areas. In a single case of
esophageal adenocarcinoma, an increase in signet ring cells
was noticed [Table 4].

Of the three Wilms’ tumors, one was biphasic and two were
triphasic. In the two cases revealing triphasic Wilms’ tumor
in the pretreatment biopsy, blastemal component decreased
with marked necrobiotic changes and totally disappeared in
the one with biphasic Wilms’ tumor. Epithelial component in
all of them showed squamous differentiation. Mesenchymal
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Table I: Carcinoma breast: Histological types of the tumor before
and after chemotherapy

Type of tumor Before NACT After NACT
N (%) N (%)
No tumor 0(0) 8 (20)
Ductal 30 (75) 23 (57.5)
Apocrine 1 (2.5) 0(0)
Ductal+apocrine 1 (2.5) 0(0)
Ductal+mucinous 1 (2.5) 3(7.5)
Ductal+metaplastic 1 (2.5) 2 (5)
Papillary 1 (2.5) 0(0)
Schirrous 1 (2.5) 0 (0)
Tubular 1 (2.5) 0(0)
Medullary 1 (2.5) 1 (2.5)
Lobular 2 (5) 2 (5)
Metaplastic 0 (0) 1 (2.5)

NACT=Neoadjuvant chemotherapy

Table 2: Carcinoma breast: Inflammatory and stromal response
seen after neoadjuvant chemotherapy

Group A N (%)

Type of host response Group B N (%)

Inflammatory host response N=47 N=20
Mixed 4 (8.5) 2 (10)
Lymphocytic grade | 7 (14.9) 2 (10)
Lymphocytic grade 2 16 (34) 6 (30)
Lymphocytic grade 3 5(10.6) 2 (10)
Plasmacytic 6 (12.7) 2 (10)
Prominent histiocytic 2 (4.5) 1 (5)
Giant cell type 7 (14.9) 5(25)

Stromal host response N=36 N=11
Elastosis/collagenization 19 (52.7) 10 (90.9)
Microcalcification 6 (16.6) 1 (9)
Stromal fibrinoid necrosis 3(83) 0 (0)
Hyalinization of vessels 4 (11.1) 0(0)
Mucinous change 4. (11.1) 0(0)

Table 3: Carcinoma breast: Inflammatory and stromal response
seen after neoadjuvant chemotherapy in axillary lymph nodes

Inflammatory host response N (%)
Mixed 0(0)
Plasmacytic 0(0)
Prominent histiocytic 0(0)
Giant cell type 2 (9)
Elastosis/collagenization | (4.5)*
Microcalcification | (4.5)*
Necrosis | (4.5)*
Hyalinization of vessels | (4.5)*
Mucinous change 29
Ductal NOS pattern in mastectomy with apocrine pattern in | (4.5)
lymph node

Moderately differentiated ductal NOS in mastectomy with poorly | (4.5)
differentiated carcinoma in lymph node

No response 15 (68)

* Same case NOS=Not otherwise specified

component revealed rhabdoid differentiation in one and
chondroid differentiation in the other with the presence of
smooth and skeletal muscles.
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Table 4: Adenocarcinoma: Histological differentiation before and
after chemotherapy

Type Number of cases  Before NACT After NACT
wD MD PD WD MD PD
Anorectal 3 2 0 | 2 | 0
Esophageal | 0 | 0 0 | 0
Ovarian | | 0 0 | 0 0

NACT=Neoadjuvant chemotherapy; WD=Well differentiated; MD=Moderately
differentiated; PD=Poorly differentiated

DiscussioN

In the present prospective study,a spectrum of histopathologic
changes was observed with the use of chemotherapy. The
effects have been divided into two, as pathologic changes in
tumor cells and changes in the stroma.

In the tumor cells, nuclear enlargement, nuclear shrinkage,
necrosis, vacuolation of nucleus, cytoplasm, pyknotic nuclei,and
degenerative changes have been described in the literature"*!
In the present study, loss of architecture, dyscohesion, and
shrinkage of tumor cells with retrogressive changes like
karyorrhexis, karyolysis, and pyknosis were observed in
addition to the above-mentioned changes. In view of the
presence of a large variety of retrogressive changes, the
emphasis was more on trying to recognize viable tumor
cells, morphologically identified as cells with distinct nuclear
chromatin with intact nuclear and cytoplasmic membrane in
the absence of criteria of necrosis (karyorrhexis, karyolysis,
pyknosis). Necrosis was the most common event observed.

In the stroma, fibrosis, elastosis, collagenization, hyalinization,
microcalcification,and neovascularization have been observed
and described.’¢813 |n the present study, in addition,
some prominent findings were elastosis/collagenization
of the stroma, hyalinization of the walls of the blood
vessels, and atrophy of the adjacent breast parenchyma
and cancerization of ducts even in atrophic lobules. Other
changes included stromal fibrinoid necrosis and mucinous
change. Collagenization was found to be significantly
correlated to pathologic response and tumor regression
grade (P < 0.05).

Lymphocytic reaction and the presence of plasma cells and
macrophages with the formation of histiocytic giant cells
observed in many studies may be indicative of host tissue
response to necrobiotic tumor.®'%1241 The most common
inflammatory host response observed in the present study was
lymphocytic; others included mixed inflammation, plasmacytic,
prominent histiocytic, and giant cell types. Giant cell reaction
was significantly correlated to all types of tumor responses
(P < 0.05). Pathologically similar changes were observed in

response to chemotherapy in draining lymph nodes but not
as pronounced as in the primary site.

Though these changes have been observed by many workers,
positive correlation of the presence of these changes with
the effect on chemotherapy has not been significant in many
studies.According to them, the presence of fibrosis, elastosis,
collagenization, hyalinization, necrosis, inflammatory infiltrate,
lymphocytic response, giant cell reaction, plasma cells, foamy
macrophages, microcalcification,and neovascularization were
not significantly related to the response to chemotherapy.[']
Honkoop et al. concluded that none of the pretreatment
pathologic or biologic characteristics were predictive of a
good pathologic response.['!!

In the present study, the most common type was ductal
carcinoma NOS; mucinous change appeared in three patients
after chemotherapy who were diagnosed with ductal
carcinoma NOS type in the initial biopsy,and a transformation
from ductal to metaplastic carcinoma and from papillary
pattern to ductal NOS was seen in one case each.A change
to either a higher or lower grade was noted by Rasbridge
et al.®l However, no postchemotherapy change in tumor grade
was seen by Gazet et al.l'

Complete response was seen in one case of apocrine
carcinoma and disappearance of apocrine component in
mixed ductal with apocrine differentiation in another. One
case each of schirrhous and tubular carcinoma had complete
pathologic response. The response in the case of ductal
carcinoma NOS was not significantly different from the
response in invasive lobular carcinoma. In the present study,
the clinical and pathologic response was not found to have
a significant correlation with the prechemotherapy grade.
However, significant correlation was observed between
the postchemotherapy grade and the pathologic and tumor
regression grades but not with clinical response. So, a better
response to chemotherapy was observed in the poorly
differentiated malignancies with higher MRB and NPI grades
and a poorer response with well-differentiated ones (P < 0.05)
[Figure 1].In contrast, Sanchez et al. observed a poor response
in poorly differentiated carcinomas.!'!

Post neoadjuvant chemotherapy, hyalinization of the blood
vessel wall was a common finding.The adjoining breast showed
atrophy of parenchyma; even then, terminal duct lobular units
(TDLUs) revealed ductal carcinoma in situ (DCIS)/cancerization
of ducts by surviving tumor cells in some cases. No correlation
of size with the response grades was observed, that is, size
reduction after chemotherapy was seen in both small and large
tumors and was not restricted to any one group.
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In squamous cell carcinoma, changes observed were
improvement in histologic differentiation in some, complete
pathologic disappearance of the tumor in a few, an increase
in keratinization with formation of keratin pearls, acellular
keratin with islands of nonviable tumor cells, histiocytic
giant cells, and increase in lymphocytes surrounding residual
tumor cells in most cases [Figure 2]. In adenocarcinoma,
an improvement in histologic differentiation was seen with
large mucin pools after chemotherapy, degenerative changes
were observed in serous papillary adenocarcinoma of the
ovary, and an increase in signet ring cells was noticed in an
esophageal carcinoma [Figure 3]. In Wilms’ tumor, there was
an almost complete disappearance of blastemal component
and retrogressive changes in the epithelial component.
Mesenchymal component revealed rhabdoid and chondroid
differentiation in some [Figure 4].

The results of this study again reveal that the response to
chemotherapy may be markedly variable in patients. The
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desired response in some may be achieved with a fewer
number of cycles, whereas in other patients, the tumor
may resist even with the maximum number of neoadjuvant
chemotherapy cycles presently employed, thus defeating
the very purpose even at the potential risk of toxicity. It
was also concluded that the tumor grade decreases and
differentiation improves, in addition to the retrogressive
changes and increase in stromal component as a result
of chemotherapy in carcinoma breast as well as in other
malignancies.
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Figure 1: Carcinoma breast: Occasional nests of viable tumor cells left post
chemotherapy (H and E; x100)
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Figure 3: Adenocarcinoma: Abundant pools of mucin with occasional scattered
tumor cells after chemotherapy (H and E; x40)

of keratin with areas of calcification are left (H and E; x100)

the mesenchymal component with complete disappearance of the blastemal
component which was a triphasic tumor before chemotherapy (H and E; x200)
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