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ABSTRACT

Background: Colorectal carcinoma ranks the third-largest in the world, and second as the cause of
death from cancer. Risk factors include precursor lesions such as adenomas and dysplasia and diets of
high in calorie and animal fat accompanied by lack of physical activity. In addition to grading and
histological staging, the prognosis is also influenced by the reaction between the tumor and the stroma
(Tumor-Stroma Ratio / TSR) based on a comparison between the percentage of carcinomas and stroma,
which is one of the most recent prognostic factors and is still not widely used.

Objective: To analyze the correlation between Tumor-Stroma Ratio (TSR) with histological grading
and staging in colorectal adenocarcinoma.

Methods: 40 histopathological slide samples from the operating tissue of patients with a diagnosis of
colorectal adenocarcinoma with hematoxylin-eosin staining assessed staging, grading and TSR scores.
If the carcinoma component <30% (TSR-Low), carcinoma 40%-60% (TSR-Intermediate) and
carcinoma >70% (TSR-High).

Results and discussion: Most histological grading distributions are moderately differentiated, most
staging is stage II, and the highest TSR score is Intermediate TSR. Based on the Spearman correlation
test, it was found that there was a strong correlation between TSR scores with grading (p = 0.0001, r =
+0.747) and a weak correlation between TSR and staging (p = 0.012, r =+0.395).

Conclusions: TSR is a prognostic factor in colorectal adenocarcinoma patients and should be reported
in the diagnosis of an Anatomic Pathologist.

Keywords: Tumor-Stroma Ratio, colorectal prognosis.

INTRODUCTION

Colorectal carcinoma is defined as a malignant tumor of the large intestine (colon and rectum)
originating from the epithelial, there must be an invasion of tumor cells between the stroma of the mucosal
muscular layer to the submucosal layer. Most colorectal malignancies (90%) are adenocarcinomas. The high
incidence of colorectal carcinoma is associated with several risk factors, such as a diet with a high-calorie diet
and animal fat (Western type) accompanied by a lifestyle with low physical activity. The pathogenesis of
colorectal adenocarcinoma is largely preceded by a history of precursor lesions such as adenomas and dysplasia
[1-3]. According to Global Burden Cancer (GLOBOCAN) in 2018, colorectal carcinoma ranks third in the
world, with more than 1.8 million new cases, and ranks second as a cause of cancer deaths, with around 881,000
cases per year, or about 1 in 10 cases of death [4]. In Indonesia data obtained from GLOBOCAN in 2018,
colorectal cancer ranks fourth, after breast, cervical and lung cancer, with a new case incidence rate of 30,017
(8.6%) [5]. From the medical record data at H. Adam Malik Central General Hospital Medan in 2015, 2016 and
2017, there was an increase in the number of colorectal carcinoma cases, with 75 cases each (2015), 83 cases
(2016) and 98 cases (2017) [6]

Histopathological grading of colorectal adenocarcinoma was assessed based on the extent of
presentation of gland formation divided into 4 criteria, grade 1 (well differentiated), grade 2 (moderately
differentiated), grade 3 (poorly differentiated), and grade 4 (undifferentiated carcinoma) [1]. Prognosis of
colorectal carcinoma, can be assessed using TNM staging based on the classification of the American Joint
Committee on Cancer (AJCC) sixth edition staging. The determination required complete clinical data in the
form of tumor size, lymph involvement, and distant metastases [7].

The management of colorectal cancer so far has largely been based on clinicopathological
characteristics, such as the patient's age, tumor type, malignancy, tumor size, and the presence of regional or
distant metastases. Lately, many studies have been developed based on biological markers and focused on the
tumor microenvironment, one of which is tumor stromal compartment, which plays an important role in the
initiation and progression of cancer, in which stromal interactions with malignant cells and non- malignant at
various stages of tumorigenesis [8]. A comparison between tumor and stroma, known as Tumor-Stroma Ratio
(TSR), is closely related to prognostic factors. TSR assessment can be done with a simple examination using a
light microscope and Hematoxylin & Eosin staining [8,9].

In addition to colorectal carcinoma, studies to assess TSR have been carried out in many other types of
cancer such as breast carcinoma, esophagus, non-small cell lung carcinoma (NSCLC), endometrium,
hepatocellular carcinoma, which show a strong prognostic parameter, very easy to do and can be done in daily
practice routinely by a pathologist in diagnosing [8-16]. Previous studies have found that the correlation
between tumors and stroma plays an important role in the biology of carcinomas including carcinoma growth,
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transformation, and progression. The wide association of stroma to tumors is often associated with a high degree
of malignancy and a poor prognosis [10].

MATERIALS AND METHODS

We examined the slides of patients undergoing surgery with a diagnosis of colorectal adenocarcinoma
in the Anatomic Pathology Laboratory of the Faculty of Medicine, Universitas Sumatera Utara, Medan and the
Anatomic Pathology Unit of the H. Adam Malik Central General Hospital in Medan with random sampling
techniques and a cross-sectional approach. Our this research was approved by the Ethics Commission for
Conducting Health Research Medical Faculty of Universitas Sumatera Utara with no: 622/TGL/KEPK FK
USU-RSUP HAM/2019. We chose slides that were representative of the routine coloring of Hematoxylin &
Eosin and reviewing slides to determine diagnosis and grading histology then retrieve stadium data through
medical record data.

After getting slides that met the inclusion and exclusion criteria, the three researchers assessed the
Tumor-Stroma Ratio (TSR) score. Exclusion criteria included issues of histological preparations slides
containing the mass of tumor and stroma that can not be assessed for scoring TSR, as many contain mucin, mass
necrosis, and inflammatory cell lymphocytes weight.

Figure 1. Example of assessing TSR in colorectal adenocarcinomas. a. stroma-low. b. stroma-high, with criteria
for the presence of tumor vital cells in the four fields of view (arrow) that must be found and this is the correct
scoring. ¢ & d. When tumor cells are only seen in two or three planes, this area cannot be assessed for TSR
scoring. (Image using 100x magnification) [8].
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Figure 2. Example of assessing colorectal adenocarcinoma TSR byrdividing acorin to three categories. TSR-
High (Carcinoma >70%), TSR-Intermediate (Carcinoma 40% - 60%), TSR-Low (Carcinoma <30%) [9].
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Figure 3. Histological problems. a. Example assessing mucinous adenocarcinoma, where the mucin area was not
assessed. b. Infiltration of inflammatory cells. c. Field of view that shows the area of necrosis. d. Smooth muscle
tissue, both (¢ and d) cannot assess the TSR score [8].

RESULTS

In this study 40 samples of colorectal adenocarcinoma were found that met the inclusion and exclusion criteria
at RSUP Adam Malik Medan, which aimed to analyze the correlation between tumor-Stroma Ratio (TSR)
grading and histological staging. The frequency distribution of grading, staging and TSR values in
adenocarcinomas of the colorectal can be seen in Tables 1 to 3. The analysis of the Tumor-Stroma Ratio (TSR)
correlation with grading and histological staging can be seen in Tables 4 to 7.

Table 1. Distribution of colorectal adenocarcinoma samples based on histological grading.

Grading Amount (n) Percentage (%)
Well differentiated 8 20
Moderately differentiated 24 60
Poorly differentiated 8 20
Total 40 100

The distribution of colorectal adenocarcinoma samples in this study was based on WHO histological
grading of 8 well-differentiated cases (20%), moderately differentiated in 24 cases (60%), and poorly
differentiated in 8 cases (20%).

Table 2. Distribution of colorectal adenocarcinoma samples based on histological staging.

Grading Amount (n) Percentage (%)
Well differentiated 8 20
Moderately differentiated 24 60
Poorly differentiated 8 20
Total 40 100

In this study, colorectal adenocarcinoma sample distribution based staging histology most are stage 11
as many as 20 cases (50%), followed by stage III 10 cases (25%) and stage IV 7 cases (17.5%), while for least
stage I is 3 cases (7.5%)

Table 3. Distribution of colorectal adenocarcinoma samples based on Tumor-Stroma Ratio (TSR) assessment.

Tumor-Stroma Ratio (TSR) Amount (n) Percentage (%)
High 7 17,5
Intermediate 20 50
Low 13 32,5
Total 40 100
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Figure 6. TSR Low (Carcinoma <30%)

Comparison of tumors with stroma (TSR) in colorectal adenocarcinoma in this study, the most
common is Intermediate TSR found in 20 cases (50%), followed by TSR Low found in 13 cases (32.5%), and
only 7 cases with TSR High (17.5%).

Table 4. Distribution of characteristics of the correlation between TSR values and histological grading of
colorectal adenocarcinomas.

Tumor-Stroma Histological grading

No. Ratio Well Moderately Poorly Total

(TSR) differentiated differentiated differentiated

n % n % n %

1. High 5 71,4 2 28,6 0 0 7

2. Intermediate 3 15 17 85 0 0 20
3. Low 0 0 5 38,5 8 61,5 13
Total 8 24 8 40

Table 5. Correlation test of TSR values with histological grading of colorectal adenocarcinomas.

Variable Histological grading
n r p
TSR Category 40 +0,747 0,0001

Correlation test results showed that the correlation between histological grading of colorectal
adenocarcinomas and TSR categories had a significant correlation with p = 0,0001 (p <0.05). Spearman's
correlation coefficient shows a strong correlation category with r = +0.747 (r = 0,61-0.80) and in a positive
direction (increasing colorectal adenocarcinoma grading will worsen the TSR category, and vice versa).
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Table 6. Distribution of correlation characteristics between TSR values and histological staging of colorectal
adenocarcinomas.

Histological staging

Tumor-Stroma

No. Ratio Stage I Stage 11 Stage 111 StageIV ~ Total
(TSR)
n % n % n % n %
L. High 3 429 4 57,1 0 0 0 0 7
2. Intermediate 0 0 10 50 6 30 4 20 20
3. Low 0 0 6 46,2 4 30,8 3 23,1 13
Total 3 20 10 7 40
Table 7. Correlation test of TSR values with histological adenocarcinoma staging.
Variabel Histological staging
n r p
TSR category 40 +0,395 0,012

Correlation test results showed that the correlation between histological colorectal adenocarcinoma
staging with the TSR category had a significant correlation with p = 0.012 (p <0.05 ). Spearman's correlation
coefficient shows a weak correlation category with r = +0.395 (r = 0,21-0.40) and in a positive direction
(worsening colorectal adenocarcinoma staging will worsen the TSR category, and vice versa).

DISCUSSION

Based on the histological grading of colorectal adenocarcinomas the most is moderately differentiated,
which is 60 % of cases, followed by well-differentiated and poorly differentiated as many as 20% of cases.
Based on research conducted by Scheer et al and Mesker et al, grading colorectal adenocarcinoma is more often
diagnosed as moderately differentiated, and followed by poorly differentiated and well-differentiated [9-17].

Research conducted by Nasution in H. Adam Malik Central General Hospital Medan in 2015-2017,
found that the most colorectal adenocarcinoma grading was well-differentiated in 44.4% of cases, followed by
moderately differentiated in 35.8% of cases and poorly differentiated in 19,8%.° This difference can be caused
because the sampling in this study is not limited by time and randomly taken.

Staging histology of adenocarcinoma colorectal this study found that most in stage Il by 50%, followed
by stage III, stage IV and the least stage I. Scheer et al found that the most stage was stage III by 55.6%
followed by stage II and stage I [9]. Research conducted by Huijbers et al only examined stage II and III
colorectal adenocarcinoma samples, where the most staging was stage III [15]. According to a study by
Nasution, most cases of colorectal adenocarcinoma sufferers were in stage III with 42% of cases followed by
stage II with 40.7% cases, stage IV with 13.6% cases and stage I with 3.7% cases [6]. A large number of
patients treated and classified in this advanced stage is due to lack of information and health education that
makes patients arrive late for early detection and seek treatment so that the disease continues to develop and the
prognosis is poor [18].

Grading and staging are some parameters to determine the prognosis of colorectal adenocarcinoma. As
grade and stage increases, the patient's prognosis will get worse. In well-differentiated, 5 years survival rate is
99.3%, moderately differentiated is 86%, and in poorly differentiated is 68% [19]. For staging assessment, an
Anatomic Pathologist can provide information to the clinician in assessing the patient's staging based on
histopathological preparations sent by the clinician and the clinician must also completely write down the T, N,
and M status in the patient's medical record to design what treatment should be given to patients and determine
the patient's prognosis, for example, stage I and II undergo partial or total colectomy, while about two-thirds
with stage III colorectal carcinoma (also some with stage II disease) receive chemotherapy in addition to
colectomy to reduce the risk of recurrence. Stage II and III rectal carcinomas are treated with neoadjuvant
chemotherapy plus radiation [46]. The prognosis based on the Duke's system that has been modified by Astler-
Coller, 5 years survival rates for stage 1 is still very good at >90%, while for stage 2 it is 70-85%, stage 3 is 20-
65%, and at stage 4 is only 5% [21].

Another assessment that can be used to determine the prognosis of colorectal adenocarcinoma patients
currently being studied is to assess Tumor-Stroma Ratio (TSR). This assessment is needed to observe how the
tumor-stromal compartment, by looking at the interaction of the tumor with the stroma that plays an important
role in the initiation and progression of cancer. The assessment technique is very easy so that it is easy to apply
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in the practice of routine diagnosis by an Anatomic Pathologist just by looking at what percentage of the tumor
and its stroma. In this study, it was found scoring TSR-Intermediate is the most widely encountered These
results are consistent with studies conducted Scheer et al, who found that cases of adenocarcinoma of colorectal
most common with a value of TSR-Intermediate, which is associated that the prognosis is a little more worse,
followed by TSR -Low is said to be a poor prognosis, and TSR High is said to be a good prognosis. Some other
studies using a cut-off value for TSR is 50%, where TSR High is said to be a tumor area with less stroma, ie
tumors >50%, which means good prognosis, and if TSR Low is said to be a tumor area that is less than the
stroma, ie tumors <50% mean poor prognosis [8-16].

For tumor cells to attack normal tissues, loss of interaction between one cell and another must occur,
and attack and integrate tumor cells surround and enter the normal structure. Normal tissue is designed to fight
the action of these tumor cells, making the invasion of active processes on the part of cancer cells. Cancer-
Associated Fibroblasts (CAF) have been shown to assist in the proliferation and development of cancer through
the production of growth factors and chemotaxis factors, angiogenesis factors, and molecules that cause the
invasion and spread of cancer cells. Angiogenesis requires active repair and integration of new cells into
existing structures. To facilitate restructuring, fibroblasts, macrophages, and extracellular matrix from the
stroma and secreting MMPs. The secretion of these molecules by stromal cells is the result of complex cross-
tumor stromal communication, involving many ligands and signals, all of which play a vital role in local growth,
invasion, and migration of cancer cells [22,23].

Malignant epithelial tumors from patients with a poor prognosis show a high proportion of stroma,
whereas tumors with abundant carcinoma tissue is associated with a better prognosis [8-16]. According to
research conducted by Hansen et al, TSR values can also predict the recurrence of colon cancer patients treated
with neoadjuvant chemotherapy [24].

CONCLUSION

Tumor-Stroma Ratio (TSR) has a strong correlation with grading histology of colorectal
adenocarcinoma and in a positive direction, ie, if there is an increase in the coloration of colorectal
adenocarcinoma grading, will worsen the TSR category, and vice versa. There is a significant correlation
between Tumor-Stroma Ratio (TSR) with histological staging of colorectal adenocarcinoma, although the
correlation is categorized as weak, and with a positive direction that if there is a worsening of colorectal
adenocarcinoma staging will worsen the TSR category, and vice versa. Here it can be concluded that Tumor-
Stroma Ratio (TSR) can be in a prognostic factor in colorectal adenocarcinoma cases and should be reported in
the regular reports anatomic pathology diagnostic results.
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