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ABSTRACT: The tumor stroma plays a relevant role in the initiation and evolution of solid tumors. Tumor-stroma ratio (TSR) is a histological feature
that expresses the proportion of the stromal component that surrounds cancer cells. In different studies, the TSR represents a potential prognostic
factor: a rich stroma in tumor tissue can promote invasion and aggressiveness. The aim of this study was to evaluate the reproducibility and deter-
mine the interobserver agreement in the TSR score. The stromal estimate was evaluated in patients diagnosed with colorectal adenocarcinoma
(CRA), who underwent surgical resection. We also evaluated age, gender, and other anatomopathological features. Tumor-stroma ratio was cal-
culated based on the slide used in routine diagnostic pathology to determine the T-status. Stromal percentages were separated into 2 categories:
<50%—Ilow stroma and >50%—high stroma. The interobserver agreement in the TSR scoring was evaluated among 4 pathologists at different
stages of professional experience, using 2 different ways to learn the scoring system. In total, 98 patients were included in this study; 54.1% were
male, with a mean age of 61.9years. Localized disease was diagnosed in 60.2% of patients. Stromal-poor CRA was predominant. The concor-
dance between the TSR percentages of the 4 pathologists was substantial (Kappa>0.6). There was greater agreement among pathologists for
stromal-poor tumors. Substantial agreement and high reproducibility were observed in the determination of TSR score. The TSR score is feasible,
suggesting that the presented methodology can be used to facilitate the determination of the stromal proportion of potential prognostic factor.
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Introduction

The tumor, node, metastasis (I NM) staging system is the cur-
rent and most widely used method for classifying the anatomi-
cal characteristics of solid tumor propagation.!-3 It is considered
the most important prognostic factor, also guiding the choice
of the ideal cancer treatment.*®

Current research is increasingly focusing on establishing
new prognostic factors, investigating their relationship with
aggressive cancer phenotypes already known, with consequent
more effective therapeutic strategies. Over the last decade,
recent models include the tumor-host interface and the role of
the stroma tissue.®® The tumor microenvironment and the
tumor-host interaction are represented in an environment that
includes cancer cells and the stroma tissue, which is composed
of different types of cells, such as fibroblasts, myofibroblasts,
endothelial cells, immune cells, and extracellular matrix.’

The tumor stroma has been identified as an important
determinant of initiation and progression in many solid can-
cers.1%M The stroma facilitates the survival and proliferation of
neoplastic cells and promotes epithelial-mesenchymal transi-
tion (EMT), and local and metastatic dissemination.1213

Tumor-stroma ratio (T'SR) is a histological feature that
expresses the value of the stromal component that surrounds
cancer cells, based on the morphological evaluation of tissue
sections, stained with hematoxylin and eosin (H&E).1415
Tumor-stroma ratio has been shown to be a prognostic factor
in several types of malignant epithelial neoplasms, including
colon,®131617 breast,’20 and esophageal cancers.?! Epithelial
malignant neoplasms from patients with adverse prognosis
have been documented to show a high proportion of stroma
(>50% stroma=high stroma), whereas tumors with abundant
carcinoma tissue (<50% stroma=1low stroma) are associated
with a better prognosis.”1013,14.16,18,20

These data suggest that TSR may be an important and
independent prognostic factor. For the incorporation of the
stromal estimation into the clinical practice, the TSR quantifi-
cation needs to be standardized. Various independent groups
have used a similar method for scoring the TSR.12:22-30

The present study aimed to evaluate the reproducibility and
to determine the interobserver agreement of the TSR assess-
ment using the proposed methods by the international working
groups.
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Materials and Methods

The study was approved by the local Ethics Committee (regis-
tration: 03283218.6.0000.5183) of the Lauro Wanderley
University Hospital of the Federal University of Paraiba.

The stromal estimate was evaluated in patients diagnosed
with colorectal adenocarcinomas (CRAs) from patients who
underwent surgical resection, in an oncology hospital, in the
state of Paraiba, Brazil, from 2017 to 2018. Patients undergo-
ing neoadjuvant pretreatment were excluded.

Epidemiological variables corresponded to the patient’s age
and gender, which were collected from the medical records.
The anatomopathological variables were obtained from the
reanalysis of the histological slides of the surgical specimen, as
well as collected from the anatomopathological report, includ-
ing topography; histological type; histological grade; depth of
neoplastic invasion (T-status); presence of tumor budding; and
perineural invasion, angiolymphatic invasion, lymph node
metastasis, and distant metastasis.

The interobserver agreement in the estimation of the TSR
was assessed among 4 pathologists who had clinical experience
varying from 1 to 20years. Two pathologists had more than
15 years of professional work time (senior pathologist 1 [S.P.1]
and senior pathologist 2 [S.P.2]), 1 pathologist had 2years of
professional activity (beginner pathologist [B.P.]), and 1
pathologist had 5 years of professional activity (trained pathol-
ogist [T.P.]). The T.P. was trained and certified by e-learning as
part of the “Uniform Noting for International Application of
the Tumor-Stroma Ratio as Easy Diagnostic Tool”study. S.P.1/
S.P.2 and B.P. participated in a brief session detailing the pro-
posed methodology for stromal estimation scoring. Each
pathologist then independently reviewed each slide in a blinded
manner and scored the TSR.

Tumor-stroma ratio

Tumor-stroma ratio was calculated based on the slide used in
routine diagnostic pathology to determine the T-status.
Hematoxylin and eosin stained tissue sections from the pri-
mary tumor with 4pm thickness were analyzed by conven-
tional microscopy.

Using a magnification of 2.5X to 5X, regions with a greater
number of visible stroma were selected. One area with both
tumor and stromal tissues within this vision site was selected
using a 10X objective. The tumor cells should be visible on all
4 sides of the selected image field. The amount of stroma tissue
was estimated per 10% increment (10%, 20%, 30%, etc) per
image field. For statistical analysis, stromal ratio groups were
divided into stroma-high and stroma-low groups. Stroma-high
tumors were defined as those with >50% stromal area, and
stroma-low with <50% stromal area in the histological sec-
tion.611> (Figure 1).

Even if there was only 1 image field with a stroma-high
score, this image field was decisive for the classification. In the
presence of a doubtful area of high stroma, the total

composition of the entire tissue section, using a 2.5X to 5X
objective, was considered for the classification of the case.!#

Stromal cells in areas with crushing, necrosis, and inflamma-
tion artifacts were not scored. In tumors with a mucinous com-
ponent, the area with mucin was visually excluded from the
score, as well as major vascular structures and smooth muscle
tissue. Nerves, minor vascular structures, and lymphocytic infil-
tration were not excluded from the stromal compartment.'4

The interobserver agreement for TSR assessment, reported
as categorical data, was determined using the Kappa concord-
ance index and intraclass correlation coefficient (ICC).

Results

The study involved 98 patients with a mean age of 61.9years,
and 54.1% were male. The distal colon (including descending
colon, sigmoid, and rectal colon) was the most common topog-
raphy (75.5%) and 92.3% of adenocarcinomas had a moder-
ately differentiated histological grade. T3 status was found in
75.5% of the cases. Perineural invasion was observed in 41%,
angiolymphatic invasion in 32%, and lymph node metastasis
was present in 41% of the cases.

The distribution in the prognostic stage groups was as fol-
lows: Stage 0: 0%, Stage 1: 11.2%, Stage 2: 49%, Stage 3: 34.7%,
and Stage 4: 5.1%. Therefore, localized stage was diagnosed in
60.2% and advanced disease (regional and distant) in 39.81%
of the patients.

Stromal percentages were separated into 2 categories: stro-
mal percentage <50%—stroma low, stromal percentage
>50%—stroma high. The number of cases in each category by
pathologist is shown in Table 1.

The agreement among the pathologists ranged from sub-
stantial to almost perfect (Kappa values: 0.67-0.81), with a
greater agreement between the T.P. and the pathologists with
more professional work time. The ICC value for consistency
and the ICC value for agreement were above 0.8.

Comparing stromal estimates between T.P. and S.P.1, there
was an agreement of 94.4% for the registration of TSR=<50%
and 86.4% in cases of TSR > 50%. Between T.P.and S.P.2, there
was 100% agreement in the TSR record=<50% and 72.7%
agreement in the cases of TSR >50%. Finally, between B.P. and
T.P,, there was 81.5% agreement with TSR=<50% and 86.4%
agreement with TSR >50%. Overall, there was greater agree-
ment among pathologists for stroma-low tumors (Table 2).

Discussion

The current study evaluated the interobserver variability
among pathologists assessing TSR in CRA wusing the
same methodology proposed by international working
groups.1213,16-21,23,24,26-29,31,32 For evaluating TSR, the Kappa
statistic 0.67 to 0.81 can be interpreted as substantial to almost
perfect agreement, according to the criteria of Landis and Koch.
These criteria categorize a score of 0 as poor, 0 to 0.2 slight, 0.2
to 0.4 fair, 0.4 to 0.6 moderate, 0.6 to 0.8 substantial, and 0.8 to
1.0 almost perfect.3?
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Figure 1. Scoring the TSR.

1. Histological slide of greater depth of invasion—1A: Case 21, 1B: Case 8. 2. Selection of the area with the highest amount of stroma—2A: Case 21, 2B: Case 8. 3.
Estimation of stromal percentage, with tumor cells present at all borders of the image field—3A: Case 21, TSR <50%, stroma-low; 3B: Case 8, TSR >50%, stroma-high.
Images displaying the microscopic view: H&E 2 objective, 4 X objective, and 10X objective. H&E indicates hematoxylin and eosin; TSR, tumor-stroma ratio.

Table 1. Number of cases by category of stromal tumor infiltrating.

PATHOLOGISTS TSR<50% TSR>50%
N % N

T.P. 54 55.1 44

S.P1 57 58.2 41

S.P2 66 67.3 32

B.P. 50 51.0 48

44.9

41.8

32.7

49.0

Abbreviations: B.P., beginner pathologist; S.P.1, senior pathologist 1; S.P.2,

senior pathologist 2; T.P,, trained pathologist; TSR, tumor-stroma ratio.

In the TSR assessment, the ICC value for consistency and
the ICC value for agreement were above 0.8, indicating that
pathologists agreed both with themselves (ie, were internally
consistent) and with each other. There was greater agreement
among pathologists in stromal estimation for stromal-poor
tumors. Taken together, these results suggest that the proposed
methodology can be reliably used to evaluate TSR.

Traditional pathological staging systems are still the most
important tool for therapeutic decisions in solid tumors.!3 In
colorectal cancer (CRC), survival is mainly correlated to the
extent of the disease at the time of diagnosis. Much of the
recent research into optimizing patient management has
focused on identifying prognostic markers that allow the
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Table 2. Absolute and relative frequency of stromal estimation and interobserver variation.

PATHOLOGISTS

ICC ICC
CONSISTENCY=

AGREEMENTP®

S.P1
<50% 51 94.4 6 136 57
>50% 3 5.6 38 86.4 M
S.P2
<50% 54 100 12 273 66
>50% 0 0 32 72.7 32
B.P.
<50% 44 81.5 6 13.6 50
>50% 10 18.5 38 86.4 48
Total 54 100 44 100 98

58.2 0.813 0.882 0.875
(0.823-0.921)* (0.808-0.918)*
4.8
67.3 0.746 0.877 0.823
(0.816-0.917)* (0.471-0.919)*
327
51 0.673 0.848 0.840
(0.773-0.898)* (0.755-0.895)*
49
100

Abbreviations: .B.P., beginner pathologist; ICC, intraclass correlation coefficient; S.P.1, senior pathologist 1; S.P.2, senior pathologist 2; T.P, trained pathologist.

a]CC for consistency.
b]CC for agreement.
*Confidence Interval 95%

determination of which patient may benefit from adjuvant
therapy, as well as predictive markers for the response of indi-
vidual patients to specific therapeutic regimens.1:122234 A
growing body of literature demonstrates the prognostic and
predictive significance of TSR.7910,12,13,18,20,22-32

An important aspect in using the stromal estimate is the
evaluation of T'SR based on routine histological material with-
out the need for special techniques. As indicated by other
international studies, we confirmed it is a fast method and
without extra costs.* In addition, the proposed methodology is
easy to understand, proving to be reproducible, suggesting that
it can be used to facilitate the determination of stromal estima-
tion as a potential prognostic factor.

The low interobserver variation found in the present study
was obtained with the use of different ways of learning the TSR
score method, from brief participation in an educational session
to specific training and certification. The participation of a greater
number of pathologists (first study with 4 pathologists), with
evaluation and discrimination among the distinct stages of pro-
tessional experience, constitutes a relevant aspect of the present
study, denoting the high reproducible of the method.

Conclusions

The TSR scoring technique proved to be highly reproducible,
with a substantial interobserver agreement. Substantial agree-
ment was observed with the use of different ways of learning the
TSR score method and among professionals with different
stages of professional experience. Simply and reliably, the scoring
TSR is a strong method, well suited and economical, and should

be implemented in the routine of pathologists in the diagnosis of
neoplasms.
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