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Abstract

tumor grade and stage.

predict the tumor invasiveness.

Background Desmoplastic changes in a tumor have been observed to affect the tumor microenvironment, leading
to both the facilitation and prevention of tumor invasiveness.

Methods Between 2016 and 2020, a total of 120 patients were diagnosed with gallbladder carcinoma. The cases
were reviewed for the type of desmoplastic reaction, tumor grade, and stage. The type of desmoplastic reaction was
classified as mature, intermediate, and immature, and they were correlated with tumor grade and stage.

Results Out of the total number of cases, 21.67%, 48.33%, 25%, and 5% belonged to stages 1, 2, 3, and 4, respectively.
A total of 79.2% of these cases showed desmoplastic stromal reaction, and there was a significant correlation (p <0.05)
between the type of desmoplasia and tumor grade and stage. The occurrence of immature stroma was correlated
with increasing tumor grade and stage, and occurrence of mature stroma was negatively correlated with increasing

Conclusion The assessment of the type of stromal desmoplastic reaction in primary gallbladder carcinoma can
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Introduction

Primary carcinoma of the gallbladder is the 5th most
common malignancy of the gastrointestinal tract, of
which adenocarcinoma accounts for 75 to 85% of cases
[1]. According to GLOBOCAN 2020, the total number
of new cases of gallbladder carcinoma worldwide was
115,949, and the total number of deaths by gallbladder
carcinoma was 84,695 [2]. India is a high incidence area
for gallbladder cancer, contributing to about 10% of the
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global burden [3]. The prognosis of the disease is very
poor and correlates with the stage of the disease at pres-
entation [1]. A significant desmoplastic stromal reaction
is seen in some gallbladder carcinomas [4].

Cancer cells are affected by various cells in the tumor
microenvironment during invasion and metastasis [5].
One of the important cells contributing to this microen-
vironment favoring tumor invasion is the myofibroblasts
in the cancer stroma [6]. They are responsible for the
production of collagen and extracellular matrix that con-
stitutes the desmoplastic reaction seen in cancer stroma.
The various mechanisms proposed that result in myofi-
broblast activation includes immune cytokine mecha-
nisms and microvasular injury with features analogous to
wound healing and paracrine activation of myofibroblasts
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by growth factors released by tumor cells. The various
growth factors responsible for this stromal activation are
transforming growth factors (TGF-a & TGEF-f), insulin-
like growth factors (IGF-I & IGF-II), and platelet-derived
growth factors (PDGF), all secreted by cancer cells.
In a xenograft model study conducted by Shao et al,, it
was seen that xenografts from breast tumors showing a
marked desmoplastic response demonstrated stromelysin
3, tissue inhibitor of metalloproteinases (TIMP-I), and
IGF-II and corresponded to grade 1 or grade 2 breast car-
cinoma, while non-desmoplastic xenografts represented
cancers of higher histological grade [7]. DeFilippis et al.
found that CD36 repression in cancer fibroblasts that is
associated with increased ECM deposition may actually
predate the development of malignancy. This may create
a premalignant niche where the presence of a stiff colla-
gen-rich matrix initiates signals through mechanosensors
that affect the expression of genes involved in differentia-
tion and malignancy [8]. Thus, desmoplastic changes may
actually be a promoter of malignancy.

Fibrosis is a normal process associated with wound
healing, and desmoplastic reactions with mature fibro-
blasts are generally associated with the inhibition of the
spread of tumor cells [9, 10]. However, immature des-
moplastic reactions with keloid-like collagen deposition
are associated with the promotion of tumor infiltration
[11, 12].

Thus, apart from tumor cell pathology, a study of
stromal reactions is indispensable to a comprehensive
understanding of gallbladder cancer growth and spread.
Hence, the present study aims to evaluate the association
between desmoplastic reaction pattern and cancer inva-
siveness in primary gallbladder carcinoma.

To our knowledge, only a few studies have discussed
the relation between desmoplastic tumor response
and cancer invasion, and this appears to be one of the
first studies to evaluate this relationship in gallbladder
carcinoma.

Material and methods

One-hundred and twenty patients with carcinoma of
the gallbladder diagnosed during 2016-2020 in the
Department of Pathology of Jorhat Medical College were
included in the study. Patients with a previous history of
radiotherapy or chemotherapy were excluded from the
study. In every case, hematoxylin and eosin-stained sec-
tions were examined to assess tumor grade and tumor
invasiveness and to categorize the desmoplastic reaction.
Tumor invasiveness was ascertained by pTNM staging
as per the American Joint Committee on Cancer (AJCC)
8th edition [13].
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The stromal response to cancer cells was classified
according to the dominant characteristics of stromal tis-
sue. Tissue in which collagen and fibroblasts were pre-
dominantly distributed in the tumor matrix was classified
as a desmoplastic reaction, and tissue in which inflamma-
tory cells predominated was classified as an inflamma-
tory reaction [10].

Criteria for histological categorization of fibrotic cancer
stroma

Stromal assessment was done at the invasive front in
sections containing the deepest level of invasion. Des-
moplasia was considered to be as follows: (1) mature,
when there were fine and elongated collagen fibers with
spindle-shaped fibrocytes stratified into multiple lay-
ers; (2) intermediate when broadbands of collagen with
brightly eosinophilic hyalinization, similar to those seen
in a keloid, were intermingled with mature collagen fib-
ers; and (3) immature when randomly oriented keloid-
like collagen bundles were surrounded by loose stroma
with plump fibroblasts. The final assessment was done
based on the most immature stroma on a single 10 x field
at the invasive front [14]. We allotted a score of 1, 2, and
3, respectively, for mature, intermediate, and immature
desmoplasia for statistical calculations.

Statistical analysis

Statistical analysis was carried out using SPSS version
25 (IBM, USA) [15]. The chi-square statistic was used to
assess the significance of the difference between the asso-
ciations of variables such as cancer invasiveness and type
of stromal desmoplastic reaction. Also, Spearman’s rank
correlation coefficient (p) was calculated to determine
the correlation between tumor invasiveness (tumor grade
and stage) and type of desmoplasia denoted by a score of
1-3.

Results

The ratio of male to female cases of gall bladder carci-
noma in this study was approximately 1:1.9. Out of the
120 cases, 21.67%, 48.33%, 25%, and 5% belonged to
stages 1, 2, 3, and 4, respectively. As regards tumor grade,
54.16% of the cases were grade 1, 34.16% were grade 2,
and 11.67% were grade 3. It was observed in the data set
that 40% of the cases had a purely desmoplastic reac-
tion, 39.2% had both a desmoplastic and inflammatory
reaction, and 20.8% had a purely inflammatory reaction.
Out of the cases showing a desmoplastic reaction, 49.5%
showed a mature desmoplastic reaction (Fig. 1), 34.7%
showed an intermediate type of desmoplastic reaction
(Fig. 2), and only 15.8% of cases showed an immature
desmoplastic reaction (Fig. 3) (Table 1).
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Fig. 1 Mature desmoplastic reaction. Invasion of tumor with surrounding collagen fibers with spindle-shaped fibrocytes stratified in multiple layers
(red arrow) (H&E, 10 x)
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Fig. 2 Intermediate desmoplastic reaction. Broadbands of collagen with brightly eosinophilic hyalinization (black arrow) with mature collagen
fibers and loose immature stroma (blue arrow) surrounding clusters of tumor cells (H&E, 10 x)
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Fig. 3 Immature desmoplastic reaction. Loose stroma with plump fibroblasts (black arrow) with the presence of few cluster of poorly differentiated

tumor cells (red arrow) (H&E, 4 x)

Table 1 Distribution of cases according to type of stromal
desmoplastic reaction

Type of desmoplastic reaction Number of Percentage
cases

Mature 47 49.5

Intermediate 33 347

Immature 15 15.8

Total number of cases showing desmo- 95 100

plastic reaction

We tried to establish the relationship between tumor
stage (as per AJCC) and type of desmoplasia, and it was
found that the association between these two parame-
ters was statistically significant (p <0.05) (Table 2). The
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frequencies of immature stromal desmoplastic reac-
tion in stages 1, 2, 3, and 4 were 5.9%, 12.2%, 26.1%, and
33.3%, respectively.

We studied the association between tumor grade and
the type of desmoplasia, and it proved to be significant
statistically (p<0.05) (Table 3). Higher-grade tumor,
grade 3, showed greater frequency of immature stromal
desmoplastic reaction (78.6%), while grade 2 vs. grade 1
tumor showed 7.9% and 2.6%, respectively.

It was found that there was a significant posi-
tive correlation between advancing tumor stage and
desmoplastic pattern score (1-3) [p=0.30031, p
(2-tailed) =0.00311]. Similarly, there was a significant
positive correlation between desmoplastic pattern score
(1-3) and tumor grade [p=0.51804, p (2-tailed)=0]
(Tables 2, 3) (Figs. 4, 5).

Table 2 Association between tumor stage (as per AJCC) and type of stromal desmoplastic reaction

TNM Total cases showing Mature Intermediate Immature P-value
desmoplastic reaction
n % n % n %
1 17 12 70.6 4 235 1 59 <0.05
2 49 28 57.2 15 30.6 6 12.2
3 23 6 26.1 1 47.8 6 26.1
4 6 1 16.7 3 50 2 333
R-value —0.97874 0.988897199
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Table 3 Association between tumor grade and type of stromal desmoplastic reaction
Tumor grade Total cases showing Mature Intermediate Immature P-value
desmoplastic reaction
n % n % n %
1 38 32 84.2 5 13.2 1 26 <0.05
2 38 8 21 27 71 3 79
3 14 2 14.3 1 7.1 11 786
R-value —0.90618 0.895561626
Discussion reaction, and only 15.8% of cases showed an immature

Both an increase and a decrease in collagen, a major
component of the extracellular matrix, have been linked
to increased cancer invasiveness. In cancer (a process
similar to wound healing), activated fibroblasts can simu-
late the normal wound healing process and thus function
as a barrier to inhibit spread of cancer cells. However, an
atypical wound healing process similar to keloid forma-
tion can promote tumor infiltration [12].

Ueno et al. [10] histologically subcategorized stromal
desmoplastic reactions in rectal cancer as mature, inter-
mediate and immature based on the properties of stromal
collagen in the tumor area. Furthermore, they found that
an immature type of desmoplastic reaction was associ-
ated with greater tumor invasiveness. To our knowledge,
this is the first research piece to categorize the stromal
desmoplastic reaction in primary gallbladder carcinoma
and to study its association with tumor invasiveness. In
our study, 79.2% of the cases showed a stromal desmo-
plastic reaction. Out of the cases showing a desmoplastic
reaction, 49.5% showed a mature desmoplastic reaction,
34.7% showed an intermediate type of desmoplastic
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desmoplastic reaction.

In the present study, it was observed that there was a
strong association between the advancing tumor stage
and the type of stromal desmoplastic pattern (p <0.05).
Moreover there was a significant positive correlation
between advancing tumor stage and desmoplastic pat-
tern score (1-3) [p=0.30031, p (2-tailed)=0.00311].
Thus, there was a greater frequency of mature stromal
pattern in early-stage tumors and a greater frequency of
immature stroma in late-stage tumors. This is in accord-
ance with the conclusion of Wernicke et al. [16] that
loose and myxoid stroma favor tumor invasion more
as compared to dense and sclerotic stromal reactions.
Thus, here lies the importance of assessing the pattern
of stromal reaction in gallbladder carcinoma, which can
give a fair prediction of both lymph nodal and distant
metastases. It was found in the present study that there
was a statistically significant association between tumor
grade of gallbladder carcinoma and type of stromal des-
moplasia (p<0.05). It was observed that 84.2% of grade
1 tumors showed mature type of stromal desmoplasia,
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Fig. 4 Scatter plot showing correlation between tumor stage and stromal desmoplastic pattern



Baruah et al. Egyptian Liver Journal (2023) 13:19

Type of Desmoplasia
N

:

Page 6 of 7

(0]

aC
QT

(@)

Tumour grade

Fig. 5 Scatter plot showing correlation between tumor grade and stromal desmoplastic pattern (mature/immature)

72% of grade 2 tumors showed intermediate type of
stromal desmoplasia, while 78.6% of grade 3 tumors
showed immature type of stromal desmoplasia. Also,
there was a significant positive correlation between
desmoplastic pattern score (1-3) and tumor grade
[p=0.51804, p (2-tailed) =0]. Thus, there was a greater
frequency of mature stromal pattern in low-grade
tumors and a greater frequency of immature stroma in
high-grade tumors. As per Kalluri and Zeisberg (2006)
and Karagiannis et al. (2012), cancer-associated fibro-
blasts (CAFs) in the tumor microenvironment aid in
the dedifferentiation of carcinoma cells to undergo epi-
thelial mesenchymal transition (EMT) [17, 18]. As per
Ueno et al. (2002, 2004), the activities of these CAFs are
related to the type of desmoplasia. This is because CAFs
are also responsible for extracellular matrix remodelling
[9-11]. Besides, these dedifferentiations of carcinoma
cells brought about by EMT are related with the devel-
opment of an advanced grade of cancer [19]. Thus, there
is a correlation between tumor grade and type of stro-
mal desmoplastic reaction, which is also evidenced in
this study.

But is desmoplasia in cancer a double-edged sword?
While the mature pattern of desmoplasia can inhibit
tumor growth and metastasis, the tumor ECM, being
more abundant, denser, and stiffer, can act as a bar-
rier, shielding the cells from therapeutic agents. Thus,
it may in turn be a deterrent to the action of anticancer
drugs on tumor cells [20]. Saini et al. have further sug-
gested the use of combination therapy using tranilast and

doxorubicin to reduce the cancer stromal stiffness and
result in better drug delivery [21].

Limitations

The study has several limitations. This includes a rela-
tively small sample size and sampling done in a single
institute. This has lower statistical impact, and thus, a
larger sample size is required. Moreover, cancer-associ-
ated fibroblasts (CAFs) have to be studied at the molecu-
lar level for a better and definite understanding of their
role in the process of tumor invasion and metastasis.

Conclusion

Hence, it can be concluded that assessment of the type
of stromal desmoplastic reaction in primary gallbladder
carcinoma can predict the tumor invasiveness. Moreover,
it is important to study the type of stromal desmoplastic
reaction in primary gallbladder carcinoma along with the
morphology of epithelial component, as the former plays
a great role in the tumor microenvironment and is associ-
ated with higher grade of the tumor and its invasiveness.
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