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Quantifying Tumour Stroma Ratio and 
Desmoplastic Stroma in Colorectal 
Cancer: A Cross-sectional Study
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INTRODUCTION
Colorectal Malignancies (CRC) are the second most common cause 
of cancers and the third leading cause of cancer-related deaths 
[1]. Current research is focusing on establishing new prognostic 
factors and investigating their relationship with aggressive cancer 
phenotypes [2]. Two such promising prognostic markers were TSR 
and DR. The tumour-stroma ratio is an estimate of the proportion of 
epithelial and stromal cells [3]. It has been shown to be a prognostic 
factor in several types of malignant epithelial neoplasms like breast 
[4], patients with adverse prognosis have been documented 
to have high proportion of stroma and tumours with abundant 
carcinomatous tissue had better prognosis. The stroma facilitates 
the survival and proliferation of neoplastic cells and promotes 
Epithelial-Mesenchymal Transition (EMT), and local and metastatic 
dissemination. Cancer-Associated Fibroblasts (CAF’s) play a central 
role in mediating the EMT program [5]. DR is the proliferation of 
myofibroblasts in the stroma of invasive cancer which is generated 
by CAF’s [3]. DR can be morphologically categorised on the 
basis of the presence of specific types of stroma. Hence, the 
primary objective was to evaluate TSR and DR and determine 
their association with clinicopathological features in colorectal 
carcinoma. Secondary objectives were to grade TSR in colorectal 
carcinomas, to categorise DR in colorectal carcinomas; to find the 
association between TSR, DR, and clinicopathological parameters- 
age, gender, tumour grade, tumour stage, lymphovascular invasion, 
perineural invasion and lymph node metastases.

MATERIALS AND METHODS
This was a retrospective cross-sectional study conducted in the 
department of Pathology, Guntur Medical College, Kanna Vari 
Thota, Guntur, Andhra Pradesh, India, from June 2021 to May 
2024. Institutional Ethics Committee approval was taken, (IEC No.: 
GMC/IEC/038/2024; dated 22 August 2024). Relevant data was 
collected from medical records. 

Sample size calculation: Interobserver agreement was substantial 
for TSR (κ=0.70; 95% CI: 0.55-0.85) and DR (κ=0.71; 95% CI: 
0.56-0.86), both indicating substantial agreement (Landis and Koch 
criteria). In cases of disagreement (n=8/53 for TSR; n=6/53 for DR), 
a consensus opinion was reached by simultaneous re-review of the 
slides by both pathologists. The κ values with CIs provide a measure 
of the precision and reliability of the agreement beyond chance.

Inclusion criteria: The study included all consecutive resected 
cases of histopathologically confirmed colorectal adenocarcinomas 
received in the Department of Pathology during the study period. 

Exclusion criteria: Colorectal carcinomas with prior history of 
Neoadjuvant Chemotherapy (NACT), radiotherapy, non epithelial 
tumours like Gastrointestinal Stromal Tumour (GIST), neuroendocrine 
carcinomas and melanomas were excluded from the study. 

Study Procedure
The pathological variables were obtained from the reanalysis of 
the histological slides and include histological grade, perineural 
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ABSTRACT
Introduction: Tumour microenvironment plays an important 
role in the progression and invasion of cancer. There has been 
search for newer prognostic markers in colorectal cancers. 
Tumour Stroma Ratio (TSR) is an estimate of proportion of 
epithelial and stromal cells. Desmoplastic Reaction (DR) is 
the growth of fibrous tissue around tumour cells. DR and TSR 
have been found to have prognostic significance in colorectal 
cancers. 

Aim: To evaluate TSR and DR and determine their association 
with clinicopathological features in colorectal carcinoma.

Materials and Methods: This was a retrospective cross-
sectional study conducted in the Department of Pathology, 
Guntur Medical College, Kanna Vari Thota, Guntur, Andhra 
Pradesh, India, from June 2021 to May 2024. The study 
included all consecutive resected cases of histopathologically 
confirmed colorectal adenocarcinoma received in the 
Department of Pathology during the study period. TSR and 
DR were characterised by two independent pathologists. Chi-
square test was used to assess the association of TSR, types 
of desmoplastic response with clinicopathological parameters 

evaluated included age, gender, tumour location, histological 
grade, pathological T stage, lymphovascular invasion, perineural 
invasion, lymph node metastasis, TSR, and DR. 

Results: A total of 53 cases of colorectal carcinomas were 
identified with the median age being 60 years. Stroma High (SH) 
tumours were seen in 19 (35.8%) cases and Stroma Low (SL) 
tumours in 34 (64.2%) cases. SH tumours were associated with 
advanced pathological stage, suggesting a potentially poorer 
prognosis. SL tumours were associated with mature stroma and 
favourable outcomes. Mature type of DR was seen in 31 (58.5%) 
cases, intermediate type in 18 (34%) cases and immature 
type in 4 (7.5%) cases. Chi-square test was used to assess 
the association between TSR, DR, and clinicopathological 
parameters. A statistically significant association was observed 
between TSR and pathological T stage (p=0.03) as well as DR 
(p=0.023).

Conclusion: TSR showed statistically significant association 
with T stage and DR, suggesting its potential as a supportive 
histomorphological parameter. Incorporation of these newer 
parameters in pathology reports may aid in treatment 
decisions.
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invasion, lymphovascular invasion, lymph node metastasis and 
pathologic T-stage. Slides have been reviewed by two independent 
pathologists. If there was any discrepancy then a consensus opinion 
was taken with mutual agreement. 

Tumour stroma ratio was assessed on the same slide used 
to determine pathologic T stage. Slide with deepest point of 
invasion was selected. Then with the help of 4X objective, areas 
with highest percentage of stroma were identified. Then 10X field 
containing both tumour cells and stroma was selected. For proper 
assessment, tumour clusters should be located at four sides of 
microscopic field and were approximately 900 (right-angled) to each 
other. For statistical analysis, TSR groups were divided into SH and 
SL. Under 10X objective, tumours with >50% stroma were reported 
as SH and with ≤ 50% stromal area were reported as SL [2]. The 
reason for taking 50% as cut-off value was it allows for maximum 
discriminative power [6]. Native constituents like smooth muscle 
tissue, lymphoid follicles and large vessels were disregarded while 
scoring. Areas containing mucin, necrosis and Tumour Budding 
(TB) were also avoided.

For categorising DR, myxoid stroma and keloid like hyalinised 
bundles are the two most important criteria [7]. The categories 
include mature, intermediate and immature type of DR. First, 
tumour with maximum depth of invasion was selected. Using 10X 
objective, tumour at infiltrating edge was selected. Extramural 
stroma of tumour was scanned at 10X magnification to search 
for myxoid stroma and keloid like collagen. At 40X magnification, 
any focus of myxoid stroma was searched for. A myxoid stroma 
was defined as an amorphous stromal substance comprised of an 
amphophilic or slightly basophilic Extracellular Matrix (ECM), usually 
intermingled with randomly oriented hyalinised collagen molecules. 
Immature DR was defined as the presence of myxoid stroma at the 
tumour invasive front involving at least one high microscopic field 
(400X). Cases without myxoid stroma larger than the 40X objective 
field and with the presence of keloid-like collagen (broad bands of 
collagen with eosinophilic hyalinisation) at the tumour invasive front 
were classified as intermediate DR. Mature DR was identified by the 
presence of fine mature collagen fibres stratified in multiple layers 
and without any myxoid areas or keloid like collagen. Presence of 
immune cells does not affect DR status. 

STATISTICAL ANALYSIS
Data was analysed using Statistical Package for Social Sciences 
(SPSS) version 26.0. Descriptive statistics like frequencies and 
percentages for categorical variables were used to represent the 
data. Chi-square test was used to test the association of TSR, 
types of DR with clinicopathological parameters. The p-value of 
≤0.05 taken as statistically significant.

RESULTS
There were total of 53 cases of colorectal carcinomas, among which 
males were 31 (58.5%) and females were 22 (41.5%). The age of 
the patients ranged from 32 years to 88 years with the median age 
being 60 years. The location of the tumour was rectosigmoid in 29 
(54.7%) cases, right-sided in 18 (34%) cases and left-sided in 6 
(11.3%) cases. Well-differentiated tumours were 48 (31 SL and 17 
SH), moderately differentiated tumours were 2 (0 SL and 2 SH) and 
poorly cohesive were 3 (3 SL &0 SH). Lymphovascular invasion was 
seen in 28 (52.8%) cases and perineural invasion in 6 (11.4%) cases. 
Proximal margin was positive for invasive carcinoma in three cases. 
Proximal margin was positive for invasive carcinoma in three cases 
and for dysplasia in one case, while distal margin was positive in one 
case. Out of 53 cases, lymph nodes were not submitted in 6 (11.4%) 
cases, lymph node metastases was found in 21 (39.6%) cases and 
nodes negative in 26 (49%) cases. Pathological stage T1 was seen 
in 2 cases, T2 in 18 cases, T3 in 26 cases and T4 in 7 cases. SH 
tumours were seen in 19 (35.8%) cases and SL tumours in 34 (64.2%) 
cases [Table/Fig-1a,b]. T stage and DR category have significant 

association with TSR When calculated for any association between 
TSR and other parameters, significant association was found with 
T stage and DR [Table/Fig-2]. Odds ratio (OR) was calculated using 
binary logistic regression, so the estimated effect size was 0.38, and 
the 95% CI for the odds of SH tumours in advanced T stage (T3/
T4 vs. T1/T2) was OR=4.2 (95% CI: 1.2-14.6), indicating a clinically 
meaningful association despite the modest sample size. Other 
parameters like age, gender, location, tumour grade, lymphovascular 
invasion, perineural invasion and lymph node metastases did not 
show any statistically significant association with TSR.

S. No. Parameters SL SH p-value

1

Age (in years)

0.78<65 21 11

>65 13 8

2

Gender 

0.22Male 22 9

Female 12 10

3

Location 

0.28
Left-sided 5 1

Right-sided 13 5

Rectosigmoid 16 13

4

Differentiation 

0.26
Well-differentiated 31 17

Moderately differentiated 0 2

Poorly cohesive 3 0

5

Lymphovascular invasion

0.26Present 16 12

Absent 18 7

6

Perineural invasion

0.09Present 2 4

Absent 32 15

7

Lymph node metastases

0.25Present 12 9

Absent 19 7

8

T stage

0.03
Significant

T1 2 0

T2 16 2

T3 13 13

T4 3 4

9

DR category

0.023
Significant

Immature 3 1

Intermediate 7 11

Mature 24 7

[Table/Fig-2]:	 Association of TSR with clinicopathological parameters.
Note: 95% Confidence Intervals (CI) for key effect sizes are provided in the text. κ=0.70 (95% 
CI: 0.55-0.85) for TSR agreement. Lymph node status analysis was performed on 47 evaluable 
cases after excluding six cases where lymph nodes were not submitted; SL: Stroma low; 
SH: Stroma high; DR: Desmoplastic reaction

[Table/Fig-1]:	 a) Stroma Low (SL) tumour (H&E 100X); b) Stroma High (SH) 
tumour (H&E 100X). (Images from left right)
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DR was mature type in 31 (58.5%) cases, intermediate in 18 
(34%) cases and immature in 4 (7.5%) cases [Table/Fig-3a-c]. 
No significant association was found between DR and other 
clinicopathological parameters like age, gender, location, tumour 
differentiation, lymphovascular invasion, perineural invasion, lymph 
node metastases and T stage but significant association was found 
with TSR [Table/Fig-4]. In the present study, mature DR showed 
a statistically significant association with stroma-low tumours 
(p=0.023) [Table/Fig-4]. The 95% CI for the proportion of mature DR 
among SL tumours was 70.6% (95% CI: 52.5-84.9%) compared to 
36.8% (95% CI: 16.3-61.6%) among SH tumours. The absolute risk 
difference was 33.8% (95% CI: 8.2-59.4%).

DISCUSSION
The TNM staging stratifies colorectal cancer patients based on the 
extent of spread of tumour. Treatment regimens vary from local 
tumour excision to neoadjuvant therapy with surgery and adjuvant 
therapy. Apart from TNM staging, several other factors can vary the 
outcome [8,9]. The benefit of adjuvant chemotherapy is higher in 
average-risk stage III patients compared to average-risk stage II 
patients. Adjuvant chemotherapy can be tried to stage II tumours with 
high-risk features such as pathologic T4 stage, poorly differentiated 
histology, lymphovascular invasion, perineural invasion, TB, bowel 
obstruction, perforation and positive margins. Current National 
Comprehensive Cancer Network (NCCN) guidelines recommend 

[Table/Fig-3]:	 a) Mature stroma-Mature collagen in layers (H&E 100X); b) Intermediate stroma -Intermediate stroma-hyalinised collagen (H&E 100X); c) Immature stroma-
Myxoid stroma (H&E 400x).

S. 
No. Parameters

Immature 
stroma

Intermediate 
stroma

Mature 
stroma

1

Age (in years)

0.49<65 3 9 20

>65 1 9 11

2

Gender 

0.42Male 4 9 18

Female 0 9 13

3

Location 

0.49
Left-sided 0 4 2

Right-sided 2 4 12

Rectosigmoid 2 10 17

4

Tumour differentiation 

0.5
Well-differentiated 4 15 29

Moderately differentiated 0 2 0

Poorly cohesive 0 1 2

5

Lymphovascular invasion

0.18Present 4 11 13

Absent 0 7 18

6

Perineural invasion

0.70Present 0 3 3

Absent 4 15 28

7

Lymph node metastases

0.398Present 3 7 11

Absent 1 8 17

8

T stage

0.48

T1 0 1 1

T2 1 3 14

T3 3 11 12

T4 0 3 4

[Table/Fig-4]:	 Association of Desmoplastic Reaction (DR) with clinicopathological 
parameters.

either three or six months of adjuvant chemotherapy or simple 
observation in stage II patients with high-risk features, whereas 
chemotherapy is recommended for all patients with stage III disease 
[10]. Also, Microsatellite Instability (MSI) is an important factor to 
consider when determining the benefit from adjuvant therapy. So 
these complex situations highlight the limitations of extent-based 
staging and the need for robust biomarkers.

The prognostic role of TSR in colorectal cancers was first described 
by Mesker WE et al., [6]. The tumour stroma is an important 
determinant of initiation and progression of many solid cancers [11]. 
The stroma facilitates the survival and proliferation of neoplastic cells 
and also promotes EMT [12,13]. The prognostic significance of TSR 
has been studied in various malignancies [14-17]. Zunder SM et 
al., identified that patients with SH tumours had significantly more 
cancer related deaths and shorter Distant Recurrence Free Survival 
(DRFS) compared to patients with SL tumours in stage II colorectal 
carcinomas [18]. In their study multivariate analysis has validated 
TSR as an independent prognostic factor for DRFS and carcinoma 
related death. In the present study, SH tumours were 35.8%, which is 
slightly high compared to Zunder SM et al., and Liang Y et al., [Table/
Fig-5] [18,19]. In the present study, more number of SH tumours 
were seen in advanced stage (T3 &T4) compared to early stage 
cancers and it was found to be statistically significant (p=0.03). This 
suggests that TSR may serve as a potential supportive prognostic 
marker and the association of SH tumours with bad prognosis. 

S. 
No. Studies SL SH

Stroma  
intermediate

1. Present study 2026 (N=53) 64.2% 35.8% ----

2.
Zunder SM et al., [18] 2020 
(N=174)

79.3% 20.7% -----

3. Liang Y et al., [19] 2021 (N=248) 33.5% 32.7% 33.9%

[Table/Fig-5]:	 Comparison of SL and SH with other study.
SH: Stroma high; SL: Stroma low

Van Pelt devised a scoring method for TSR and proved to have low 
interobserver variability in colorectal cancers [9]. There was initial 
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difficulty in assessing TSR, but following the protocol strictly and by 
initially viewing the slides multiple times helped us to master TSR 
estimation. De Souza Silva RM et al., clarified TSR to be simple, 
economical, reproducible and reliable scoring method in colorectal 
carcinomas. They found that SL tumours have greater interoberver 
agreement. They proposed that TSR based on routine histological 
material is faster without extra costs, easy to understand and 
reproducible. They suggested brief participation in an educational 
session, specific training, certification and participation by more 
number of pathologists, with considerable professional experience 
can result in high reproducibility of the method [2]. Firmbach D et al., 
identified accuracy of 86.5% and 86.7% using artificial intelligence 
networks, Basic Prototype Network (BPN) and U-Net, respectively 
and stated that TSR estimates by humans were not reliable as 
previously thought [20].

The prognostic role of DR was studied in malignancies like pancreatic 
ductal adenocarcinoma, cutaneous squamous cell carcinoma and 
cervical SCC [21-23]. In the DR, intermediate stroma and immature 
stroma were seen at tumour invasive front and the tumour center 
contains mature stroma. These findings suggest that intermediate 
and immature fibrotic stroma are transitory phenotypes which 
facilitate dedifferentiation of cancer cells whereas mature stroma is a 
later and more stable phenotype which may halt the invasive activity 
of neoplastic cells [24]. Ueno H et al., found that five year and 10 
year survival rates were worst in the immature stroma group and 
best in the mature stroma group. In the present study, intermediate 
type of stroma was found to be high compared to other studies 
[Table/Fig-6] [5,25]. Kobayashi T et al., found that Immature DR was 
significantly correlated with a higher p T stage, presence of lymph 
node metastasis, lymphatic, venous, and perineural invasion, and 
also higher TB compared to intermediate/mature types of DR. They 
also concluded that immature type DR was significantly correlated 
with the presence of Tumour Deposits (TD’s) [25]. According to 
Ueno H et al., the distribution of DR was significantly associated 
with tumour grade and T stage [5]. In the present study, mature 
stroma was found more commonly associated with SL tumours and 
it was statistically significant. 
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S. 
No. Studies 

Immature 
stroma

Intermediate 
stroma

Mature 
stroma

1.
Present study 2026 
(N=53)

7.5% 34% 58.5%

2.
Fan S et al., [3] 2022 
(N=207)

21.2% 30% 48.8%

3.
Ueno H et al., [5] 2021 
(N=991)

6% 29.7% 64.4%

4.
Kobayashi T et al.,
2022 [25] (N=443)

63.7% 20.5% 15.8%

[Table/Fig-6]:	 Comparison of DR with other studies [3,5,25].

Limitation(s) 
One limitation of the study was the small sample size. Additional 
studies with large number of cases are needed. The other limitation 
was as this was a retrospective study prospective study with follow-
up of patients might have thrown light on survival rates.

CONCLUSION(S)
The TSR has been associated with pathological T stage and DR. 
SH tumours were commonly associated with advanced stage 
disease with poor outcome. Mature stroma was more commonly 
associated with SL tumours. Thus, TSR and DR could be the 
newer prognostic markers which can be implemented in routine 
histopathology reporting as they are simple and cost effective. 
They help in optimising patient treatment by identifying subset of 
colorectal cancer patients who benefit from adjuvant therapy.
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