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Abstract: 
Background: Our aim was to explore relevance of the proportion between neoplastic cell compo-
nent and tumor-associated stroma in order to assess its association with confirmed aggressive phe-
notypes of right/left colon and rectum cancers in a large series of patients. Methods: The quantifi-
cation of stroma component was performed in patients diagnosed with colorectal adenocarcinoma 
who underwent surgical resection. The analyzed variables were age, gender, anatomical/patholog-
ical features, and tumor-stroma proportion. Tumor-stroma proportion was estimated based on 
slides used in routine pathology for determination of T status and was described as low, with a stro-
mal percentage ≤50% or high, with a stromal percentage >50%. The tumor-stroma proportion was 
estimated by two observers, and the inter-observer agreement was assessed. Results: The sample 
included 390 colorectal adenocarcinoma patients. Stroma-rich tumors were observed in 53.3% of 
cases. Well-differentiated tumors had the lowest stromal proportions (p=0.028). Stroma-poor tu-
mors showed less depth of invasion (p<0.001). High stromal content was observed in association 
with tumor budding, perineural, angiolymphatic, and lymph node involvement, and distant metas-
tasis (p≤0.001). Colorectal adenocarcinoma without lymph node or distant metastasis involvement 
had lower stromal proportion, while metastatic ones exhibited high stromal content (p <0.001). The 
inter-rater reliability (concordance) between the estimations of pathologists for tumor-stroma pro-
portions was high (κ=0.746). Conclusion: The tumor-stroma proportion in colorectal adenocarci-
noma was associated with adverse prognostic factors, reflecting the stage of the disease. Stroma-
rich tumors showed a significant correlation with advancement of the disease and its aggressive-
ness. Due to its availability tumor-stroma proportion evaluation has high application potential and 
can complement current staging system for colorectal adenocarcinoma. 
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INTRODUCTION 

Cancer is currently recognized as a complex disease 
composed of several cell types, especially those derived 
from the surrounding mesenchymal stroma, with which 
neoplastic cells establish the tumor microenvironment 
(TME). In this environment, the tumor stroma repre-
sents one of the TME components [1][2][3][4]. Tumor 
cells explore their stroma, changing its composition in a 
bi-directional communication, leading to the stromato-
genesis. The interaction pathways are varied and com-
plex. Therefore, the stromal tissue is not a passive com-
ponent that involves the tumor [5]. 

Studies have shown that tumor stroma plays a relevant 
and diverse role in tumorigenesis, acting in different 
stages: it facilitates the survival and proliferation of ne-
oplastic cells; promotes epithelial-mesenchymal transi-
tion, and local and metastatic spread [6][7][8][9][10] 
[11][12]. Even in distant and lymph node metastatic 
sites, stromal components accompany cancer cells 
[13][14]. In malignant epithelial tumors, the scoring sys-
tem based on the evaluation of the tumor-stroma pro-
portion (TSP) in sections stained with hematoxylin and 
eosin (H&E) has been shown to be a good prognostic 
tool [9][10][15][16][17][18]. Several international re-
search groups have demonstrated that high amount of 
stroma contributes to a more aggressive tumor 
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phenotypes [8][9][15][16][17][19][20][21]. Their goal 
was to fill the need for and identify new prognostic 
characteristics that could be used along with the cur-
rent pathological staging [8][20]. 

The traditional tumor, lymph node and metastasis 
(TNM) system that has been used routinely for progno-
sis estimate and guidance of treatment for certain types 
of tumors [22][23], lacks accuracy [21][24][25]. In colo-
rectal cancer (CRC), new reliable biomarkers are 
needed to guide personalized treatment [21] since cur-
rent pathological variables only moderately indicate 
possible outcome and response to therapy [6][19][21]. 
Currently, CRC represents a serious public health prob-
lem worldwide, occupying the third place in terms of in-
cidence and the second place in mortality numbers [22], 
while being little attended by public policies in underde-
veloped or developing countries [26]. 

Although the complete biological role of stroma is not 
yet fully understood [20], in the last 10 years the evalu-
ation of tumor stroma has gained interest due to its sim-
plicity and, above all, to its clinical value as a potential 
prognostic factor. Furthermore, cancer cells and 
stroma are being considered as therapeutic targets in 
treatment strategies for solid tumors [14], in which the 
quantification of the stromal component may provide 
additional risk stratification for adaptation to neoadju-
vant and adjuvant treatments [8][15][20][27]. 

The aim of this study was to evaluate the relevance of 
the tumor-stroma proportion and its association with 
confirmed aggressive phenotypes in a large series of pa-
tients diagnosed with cancer of the right/left colon and 
rectum in Brazil. 

METHODS 

Tissue collection consisted of samples from colorectal 
adenocarcinoma (CRA) patients treated with curative 
surgery from year 2013 to 2018. 

Patients that received neoadjuvant treatment with radi-
otherapy and/or chemotherapy were excluded from 
the study. The study was approved by the local Ethics 
Committee (registration No.: 0328321 8.6.0000.5183) of 
the Lauro Wanderley University Hospital of the Federal 
University of Paraíba, Brazil. 

Histopathological data were obtained from the re-anal-
ysis of the histological slides of the surgical specimens 
and from the respective anatomical/pathological re-
port. Clinical data were obtained from the medical and 
hospital records. Evaluated clinicopathological data 

included age, gender, tumor topography, histological 
type, tumor grade (differentiation), depth of invasion, 
tumor budding, perineural invasion, angiolymphatic in-
vasion, lymph node involvement, and presence of dis-
tant metastasis according to the Union Internationale 
Contre le Cancer/American Joint Cancer Committee 
(UICC/AJCC) TNM staging system [22][23]. 

Tissue samples consisted of 4 µm thick, hematoxylin 
and eosin stained histological sections. The deepest in-
vasive part of the bowel wall of the surgical specimen 
of primary tumor (slides used in routine pathology to 
determine pT-category) was used to evaluate the stro-
mal proportion. Areas with the largest amount of 
stroma were selected by conventional microscopy us-
ing 2-5 × objective magnification. Subsequently, an area 
containing both tumor and stromal tissue was selected 
using 10 × objective magnification. Tumor cells were 
present at all edges of the selected image field (north-
east-south-west) for quantification of the stromal com-
ponent. Areas with large amount of muscle, mucus, ne-
crosis or large vessels, as well as tears or tissue retrac-
tion artefacts were not included. Infiltration with in-
flammatory cells is not an exclusion criterion [28] and it 
was included in the scoring (Figure 1).  

 

Figure 1. 
Standardized scoring of stromal estimation in colorectal adeno-
carcinoma 

Selection of the area with the highest amount of stroma with tumor 
cells present at all borders of the image field: a) Case No. 190, b) Case 
No. 291. Hematoxylin-eosin; magnifications ×2 and ×10. 

When there was more than one area with the high num-
ber of stroma visible, the area with the highest percent-
age of stroma was selected. In the case of only one 
doubtful area/field of view categorized as high stroma 
(even after consulting a second observer), the total 
composition of the entire tissue section was evaluated 
with the objective magnifications of 2 - to 5 × for classi-
fication of that particular case [28]. 
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Statistical Analisys 

Scoring percentages were semi-quantitatively reported 
as tenfold percents (10%, 20%, 30%, etc.). For statistical 
analyses and for the comparison with clinicopathologi-
cal data samples were grouped as stroma-high (TSP 
>50%) and stroma-low (TSP ≤50%) as previously de-
scribed [4][9][10][15][16][17]. 

Statistical analyses were performed using Statistical 
Package for the Social Sciences, Version 20 (SPSS Inc., 
Chicago, IL). Data were expressed as absolute and rela-
tive values. A descriptive analysis of the variables was 
performed. Likelihood ratio test was used to investi-
gate the effect of the variables on the stromal propor-
tion. The level of significance was set at 0.05. 

The stromal scoring was estimated by two observers 
(RMSS and EMQ). The inter-observer agreement for 
TSP assessment, reported as categorical data, was de-
termined using Kappa (κ) concordance index and the in-
tra-class correlation coefficient (ICC). These criteria cat-
egorize 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 [29]. 

RESULTS 

Tissue collection Tissue collection consisted of 390 
cases of CRA. The mean age was 63.5 years, with 81.8% 
of individuals over 50 years old and 6.4% of patients un-
der 40 years old. The clinicopathological data were pre-
sented in Table 1. 

Table 1. Absolute and relative frequency of clinico-
pathological characteristics 

Variables N Percent (%) 

Gender 

Male 180 53.8 

Female 210 46.2 

Total 390 100 

Age Range 

19 to 40 years 25 6.4 

41 to 50 years 46 11.8 

51 to 60 years 82 21.0 

61 to 70 years 101 25.9 

Above 70 years 136 34.9 

Total 390 100 

Topography 

Right 115 29.5 

Left 171 43.8 

Rectal 104 26.7 

Total 390 100 

Histological type 

Adenocarcinoma NOS 360 92.3 

Mucinous adenocarcinoma 30 7.7 

Total 390 100 

Histological grade 

G1 Well differentiated 8 2.1 

G2 Moderately differentiated 357 91.5 

G3 Poorly differentiated 25 6.4 

Total 390 100 

T-status 

pTis 4 1.0 

pT1 7 1.8 

pT2 45 11.5 

pT3 278 71.4 

pT4a 20 5.1 

pT4b 36 9.2 

Total 390 100 

Tumor budding 

Null 6 1.5 

No 278 71.3 

Yes 106 27.2 

Total 390 100 

Perineural invasion 203 52.1 

Angiolymphatic invasion 190 48.7 

Lymph node metastasis 183 46.9 

Distant metastasis 36 9.2 
 

 

The tumor-stroma proportion was evaluated in 384 
cases. In six cases, analisis could not be performed due 
to the absence of a deeper histological slide or due to 
insufficient size of tumor tissue. Stroma-rich tumors 
(stromal estimate above 50%) were observed in 53.3% of 
the cases (Figure 2). 
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Figure 2. 
Tumor-stroma proportion 

Left column: Examples of TSP ≤ 50% - poor in stroma (Cases No. 382,391 
and 284, top to bottom). Right column: Examples of TSP > 50% - rich in 
stroma (Cases No. 249,119 and 73, top to bottom). Hematoxylin-eosin; 
magnification ×10. 

Well-differentiated tumors had the lowest stromal pro-
portion (p = 0.028). Stroma-poor tumors showed less 
depth of invasion (p <0.001). High stromal content was 
observed when perineural invasion, angiolymphatic in-
vasion, lymph node involvement, distant metastasis 
and tumor budding occurred (p≤0.001). 

CRA p-Stage I (T1-T2, N0, M0) and p-Stage II (pT3-T4, 
pN0, pM0) were predominantly poor in stroma (esti-
mated stroma ≤ 50% : 81.4% and 51.6%, respectively), 
while 65% of CRA p-Stage III (any pT, pN1-2, pM0) and 
80.6% of CRA p-Stage IV (any T, any N, M1) exhibited 
high stromal content (p <0.001) (Table 2). 

Table 2. Clinico-pathological data and their association with the tumor-stroma proportion (TSP) 

Variables 
TSP 

Total 
P

1
 ≤ 50% > 50% 

 N (%) N (%) N (%) 

Histological grade 

G1 7 (4.0) 1 (0.5) 8 (2.1) 0.028* 

G2 160 (90.9) 191 (91.8) 351 (91.4) 
n.s. 

G3 9 (5.1) 16 (7.7) 25 (6.5) 

Perineural invasion 

No 117 (66.5) 67 (32.2) 184 (47.9) <0.001* 

Null 0 (0.0) 1 (0.5) 1 (0.3) 
n.s. 

Yes 59 (33.5) 140 (67.3) 199 (51.8) 

Angiolymphatic invasion 

No 121 (68.8) 77 (37.0) 198 (51.6) <0.001* 

Yes 55 (31.3) 131 (63.0) 186 (48.4) n.s. 

Lymph node metastasis 

No 113 (64.2) 85 (40.9) 198 (51.6) <0.001* 

Null 5 (2.8) 2 (1.0) 7 (1.8) 
n.s. 

Yes 58 (33.0) 121 (58.2) 179 (46.6) 

Distant metastasis 

No 0 (0.0) 1 (0.5) 1 (0.3) 0.001* 

Null 169 (96.0) 178 (85.6) 347 (90.4) n.s. 
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Yes 7 (4.0) 29 (13.9) 36 (9.4) 

pT-status 

pT1 10 (5.7) 0 (0.0) 10 (2.6) 0.001* 

pT2 34 (19.3) 11 (5.3) 45 (11.7) 

n.s. 
pT3 113 (64.2) 160 (76.9) 273 (71.1) 

pT4 19 (10.8) 37 (17.8) 56 (14.6) 

pTis 3 (1.7) 0 (0.0) 3 (0.8) 

Tumor budding 

No 154 (87.5) 124 (59.6) 278 (72.4) <0.001* 

Yes 22 (12.5) 84 (40.4) 106 (27.6) n.s. 

Prognostic Stage 

p- Stage 0 3 (1.7) 0 (0.0) 3 (0.8) <0.001* 

p- Stage I 35 (19.9) 8 (3.8) 43 (11.2) 

n.s. 

p- Stage II 79 (44.9) 74 (35.6) 153 (39.8) 

p- Stage III 51 (29.0) 95 (45.7) 146 (38.0) 

p- Stage IV 7 (4.0) 29 (13.9) 36 (9.4) 

Null 1 (0.5) 2 (1.0) 3 (0.8) 

Total 176 (100.0) 208 (100.0) 384 (100.0) 
 

1 Likelihood ratio test 
* Statistically significant (p <0.05) 
n.s. – non-significant 

 

 

There were no statistically significant associations be-
tween the stromal proportion and sex (p = 0.952), age 
groups (p = 0.992), tumor location (p = 0.386), or histo-
logical type (p = 0.895). 

The concordance between the TSP percentages of two 
pathologists was substantial, with κ > 0.6 (κ = 0.746). 
The ICC values were above 0.8. ICC for consistency was 
0.877 (0.816-0.917) and ICC for agreement was 0.823 
(0.471-0.919). 

DISCUSSION 

Colorectal cancer (CRC) is increasing its incidence 
worldwide, particularly in low-income countries but 
also in developed countries andit already represents 
the second leading cause of death from cancer [22][30]. 
Both morphological studies and recent molecular clas-
sifications of the CRC have highlighted the relevance of 
the tumor microenvironment, rekindling interest in the 
"seed and soil" hypothesis of colorectal carcinogenesis 
[4][31]. Previous morphological studies have examined 

the stromal tumor relationships in the microenviron-
ment of epithelial cancers [32][33][34] [35][36][37][38]. 
In our study tumor microenvironment and estimation of 
the proportion of tumor stroma in colorectal adenocar-
cinomas, in a middle-income country was evaluated. 

In the surgically resected CRA stroma-high cases were 
detected in 53.3% of the patients, a substantially larger 
stromal proportion compared to the average (24-29%) 
in initial studies [6][7][8][19][39], but similar to some 
more recent studies [5][13][15][16][17] that pointed out 
a stromal estimate of up to 47%. 

The association found in this study between exclusively 
well-differentiated colorectal adenocarcinomas and 
low stroma was particular, and not seen in other series 
[5][8][15], indicating that the loss of differentiation was 
accompanied by stromal expansion. In a way to under-
stand these findings, a pioneering study in the charac-
terization and validation (in vitro and in vivo co-cul-
tures) of the tumor microenvironment in CRC, observed 
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that disordered extracellular matrix, with higher stroma 
proportion, drove a mesenchymal phenotype towards 
being similar to poorly differentiated [40]. 

Our results showed that stroma-rich CRAs are signifi-
cantly associated with adverse pathological characteris-
tics, such as perineural invasion and lymphatic invasion, 
similarly to previous findings [15][20][41]. 

Patients with a high stromal proportion more often had 
a tumor budding compared to stroma - poor tumors. 
The present findings may indicate a relevant role of tu-
mor stroma in facilitating the differentiation, spread of 
tumor cells and in the epithelial-mensenchymal transi-
tion. This expressive association was also observed in 
other studies [8][17][20][42], although the complete 
elucidation of the molecular basis is still needed. A re-
cent study showed that an increase in the composition 
of the tumor stroma and a reduction in epithelial cellu-
larity were significantly correlated with genetic signa-
tures related to epithelial-mensenchymal transition 
[12]. 

The depth of invasion through the intestinal wall and 
the presence of lymph node metastases, which are rec-
ognized as the most important independent prognostic 
factors in CRC, related to survival and risk of recurrence, 
in addition to indicating the therapeutic approach 
[22][43][44], were significantly related to the percent-
age of stroma. 

All pT1 patients were stroma-low, while 75.6% of the pT2 
patients were stroma-low. In the pT3 group, this per-
centage decreased to 41.4% and in the pT4 group it was 
33.9%. Stroma- poor tumors showed less depth of inva-
sion. These results point out that the expansion of the 
stromal compartment presents itself as a characteristic 
of aggressive disease, more locally advanced. The stro-
mal proportion observed for the pT3-pT4 status was sig-
nificantly higher, compared to early-stage tumors (TSP 
>50%-pT4: 66.1%; pT3: 58.6%; pT2: 24.4%; pT1: 0%; pTis: 
0%). 

Percent of high stroma in patients with lymph node me-
tastases was 67.6% (121 cases out of 179). The important 
association found between stromal estimation >50% 
and positive lymph nodes was also seen in other studies 
with colorectal cancer [8][15][20][45]. 

The expansion of the stromal component was also a risk 
factor independent of the occurrence of distant metas-
tases. Almost all stroma-rich CRC (80.6%) presented dis-
tant metastasis when surgicaly resected, an association 
also observed in a recent study [20]. The observation of 
this association is particularly important in the 

therapeutic field, since the hypotheses indicate that the 
interruption of tumor-stroma interactions can inhibit or 
help eliminate tumor progression and metastasis [19], 
as well as that the stromal component may contribute 
to chemoresistance [8]. 

In recent years, a better understanding of the processes 
of carcinogenesis have fostered research into new bi-
omarkers with the ultimate aim of promoting more per-
sonalized and effective therapy. In the case of CRC, es-
pecially for non-metastatic tumors (p-Stage II), which 
comprise a heterogeneous group with a different out-
come [24] the classic histopathological classification is 
not sufficiantly informative for planning the treatment 
of these patients [21]. 

The present study showed a strong association be-
tween stromal estimation and prognostic stage of the 
disease, that was in agreement with previous studies 
[6][7][45]. Adenocarcinomas without lymph node me-
tastasis or distant metastases had TSP ≤ 50%, while ad-
vanced disease (with lymph node and distant metasta-
ses) exhibited TSP > 50% thus demonstrating that stro-
mal expansion in CRA represents a marker of tumor pro-
gression, associated with aggressive disease. 

No association was found between the tumor-stroma 
proportion and certain factors, in agreement with re-
sults from previous series, such as: male or female sex 
[5][7][8][13][41]; age groups [8][13][41]; location of the 
neoplasm [7][17][41] and histological type [13][15]. 

The adoption of a morphometric methodological proto-
col widely used by independent international groups 
[9][10][15][16][17][18] for colon and rectal cancer, with-
out new costs, proved to be highly reproducible, with 
good agreement by different observers confirming its 
applicability from previous studies [5][6][7][9][19][46]. 
It is important to highlight that the visual selection of 
the area analyzed by the pathologist is vital for the cur-
rent approach in the CRA [47]. 

CONCLUSIONS 

The description of the microscopic features, through 
hematoxylin and eosin staining, selected from the tu-
mor microenvironment, alone or in combination, pro-
vides considerable information in colonic and rectal can-
cer. Tumor-stroma proportion is associated with all 
known histological characteristics, which reflect on an 
adverse clinical prognosis and guide the management 
of patients. The correlation between high stroma and 
advanced disease indicates that a high proportion of 
stromal tumor tissue can promote host tissue invasion 
and tumor aggressiveness, reflecting the defining 
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contribution of the stromal compartment. The tumor-
stroma proportion expresses the stage of the disease 
and can potentially complement the current staging 
system, even allowing a morphological correlation with 
the development of molecular classifications, in a pre-
cise, reproducible way and with applicability in routine 
diagnostics. 
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