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ABSTRACT

Background and aim: Tumor-stroma ratio (TSR) is the proportion of tumor cells to surrounding stroma. TSR was reported in
many carcinomas as an independent strong, prognostic parameter, and could be applied routinely in diagnostic pathology. This
study aimed to clarify the association between prognosis and TSR of oral squamous cell carcinoma (OSCC) and to evaluate its
correlations with the clinical stages and histological grades of the studied cases.
Materials and Methods: One hundred thirty-nine anti-vimentin stained slides were digitized and analyzed for TSR scoring.
TSR was classified as stroma rich (< 50%) and stroma poor (≥ 50%). Correlations between clinicopathological variables and
TSR were assessed.
Results: Microscopical examination of the studied cases revealed that 67 (48.2%) were stroma-rich and 72 (51.8%) were
stroma-poor. Overall findings explained that stroma rich group had larger size, higher clinical stage, higher recurrence rate with a
low disease free survival (DFS) and worse overall survival (OS) than the stroma poor.
Conclusion: The clinical outcomes of stroma rich OSCC is poor as it is associated with decreased OS and DFS of patients.
Hence, TSR may be used as a prognostic independent factor for OSCC and thus, TSR can be considered as an important, low cost
and valuable parameter that could be used in addition to the TNM status. Moreover, TSR might be helpful for the judgment of
prognosis and for the determination of OSCC high-risk patients to treat them individually.
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1. INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the most frequent
oral malignancy. Its incidence is high in developed countries
and it is the 8thmost common cancer worldwide. The relia-
bility and validity of recent diagnostic tools and techniques

for early detection are still indistinct. Therefore, incisional
biopsies remain the gold standard along with tactile and vi-
sual examinations.[1] Cancer as a tissue should be viewed
as an aggregate of a heterogeneous microenvironment and
transformed cells.[2] The tumor microenvironment (TME)
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comprises a variety of non-neoplastic cells as endothelial
cells, fibroblasts and immune cells embedded in the extracel-
lular matrix proteins. TME interacts with cancer cells, and
influences disease progression as well as the metastatic capac-
ity of the tumor.[3]The tumor-stroma ratio (TSR) represents
the stromal component proportion around cancer cells.[4, 5]

TSR was reported in many carcinomas as an independent
strong, prognostic parameter, and might be incorporated in
routine diagnostic pathology.[6] It is considered as an inde-
pendent prognostic marker in gastric cancer patients,[5] colon
and breast carcinomas.[6, 7] The quantity of stroma surround-
ing neoplastic cells can be easily estimated on hematoxylin
and eosin stained tissue sections. Its assessment is poten-
tially applicable clinically.[4] The objective of the present
study was to evaluate TSR of studied cases and to clarify
the association between prognosis of OSCC with TSR. Also,
this study was performed to assess the correlations of TSR
with clinical stages, histological grades of the studied series.

2. MATERIAL AND METHODS
2.1 Design and data collection
The present study was a cohort retrospective and it was
carried out upon 139 cases which previously diagnosed as
OSCC. These cases were collected between years 1998-2018
from the oral pathology department and oncology center
archives which belongs to Mansoura University, Mansoura,
Egypt. Clinical and demographic data for each case were re-
trieved from its record sheet, including age, sex, site, clinical
stage (TNM stage) and follow-up data including recurrence
or free disease survival (FDS) and 3-year overall survival
(OS). All patients had been treated by local wide excision. In
addition, bilateral nodal dissection to cases which belong to
clinical stages III and IV with nodal involvement. Histologi-
cal grades were classified into well, moderately, and poorly
differentiated according to Broder’s system.

2.2 Immunohistochemical staining with vimentin
Immunostaining was done by the Vectastain ABC peroxi-
dase kit (Burlingame, CA, USA). Tissue sections of 4 µm
thickness were sliced, dewaxed and rehydrated in deccend-
ing ethanol concentrations. Endogenous peroxidase blocking
was carried out with 1% H2O2 solution in methanol for 20
min. Antigen retrieval was done with citrate buffer of pH 6.0
for 40 min in a 95 ◦C water bath then, serum blocking was
occurred using 10% normal rabbit serum for 30 min at room
temperature. Overnight incubation with primary antibodies
to vimentin (Novocastra, Newcastle, UK) at 4 ◦C was per-
formed. The dilution of anti-vimentin (monoclonal antibody)
was 1: 50. Secondary antibody (Burlingame, CA, USA) was
used at a dilution of 1: 100 for 30 min at room temperature.
Then, washing with phosphate-buffered saline (PBS) was per-

formed. The chromogenic substrate 3, 3’-diaminobenzidine
was utilized to visualize the reaction product. Counterstain
with hematoxylin, dehydration, and mounting were done.
For negative control, the primary antibody was omitted and
replaced with non-immunised mouse IgG (Vector Labs).

2.3 Computer-assisted imaging
Using Olympus R© digital camera fitted on Olympus R© micro-
scope with 1/2 X photo adaptor, slides were photographed
at 10X objective. The captured images were digitally an-
alyzed on Intel R© Core I5 R© based computer VideoTest
Morphology R© software (Russia) with a specific built-in rou-
tine for area and % area measurement was utilized. Lympho-
cytes expressed vimentin was considered as internal positive
control. Automatic detection of the area with the same con-
figuration on the photo was performed by the computer and
converts the data to a % of the total area in each field.

2.4 Tumor-stroma ratio (TSR)
From each slide, multiple anti-vimentin stained fields were
viewed with a light microscope to select the representative
area with deepest invasion for further analysis. TSR was
analyzed under low magnification (×4) to select a field with
a high amount of stroma which is considered to be decisive
for prognosis.[8, 9] Single vision field (×10) with tumor cells
present at all four corners of the microscopic field was used
for analysis. Smooth muscle, mucin, abundant inflamma-
tory cell infiltration, large blood vessels, hyalinization and
necrosis were excluded, and the remaining area, consisting
of tumor cells and stroma was used (see Figure 1). The an-
alyzed field minus the tissue that has to be ignored is set
at 100%. The percentage of stroma was determined from
only the neoplastic and non-ignored stromal compartments.
TSR was assessed and scored by 10% intervals. 50% ratio
was defined as cut off point, and patients were divided into
stroma-poor (proportion of stroma < 50% and TSR was >
50% i.e. high TSR) and stroma-rich (proportion of stroma ≥
50% and TSR was < 50% i.e. low TSR) groups.[8, 9]

2.5 Statistical analysis
IBM SPSS software statistics version 21.0 (IBM Corp., Ar-
monk, NY, USA) was used for the statistical evaluation of
the data obtained. For the continuous data, the Levene’s test
and Shapiro–Wilk test were used to test the homogeneity
of variance and the normality of distribution, respectively.
For comparisons between two groups, the significance of the
differences between TSR less than 50% and TSR more than
50% for each variable was determined using Mann-Whitney
U non parametric statistical test. Pearson Chi-Square test
was used to correlate TSR less than 50% and TSR more
than 50% with their associated variables. Differences were
deemed statistically significant at P < 0.05.
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Figure 1. OSCC shown in different fields from different slides with vital tumor cells at the four corners of the microscopic
field (arrows) which is suitabke for TSR assessment and scoring. Smooth muscle, mucin, aundant inflammatory cell
infiltration, large blood vessels, hyalinization and necrosis were avoided (vimentin immune staining × 100 magnification)

3. RESULTS

3.1 Clinicopathological and prognostic characteristics
The present series of OSCC cases occurred between the sec-
ond and eighth decades of life with mean age of 61.5 years.
The gender distribution exhibited a male predominance with

male to female ratio of about 2:1. The majority of studied
series belonged to moderately differentiated (43.8%) micro-
scopically, while stages III and IV were the predominant
clinically (60.4%). These clinicopathological characteristics
are summarized in Table1. Microscopical examination of the
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studied series revealed that 67 cases (48.2%) were stroma-
rich and 72 cases (51.8%) were stroma-poor. The mean age
for stroma rich group is lower than that of the stroma poor
group (about 54 and 69 years respectively). Recurrences
were common among cases with a high proportion of stroma
(37.3%), while a lower rate of recurrences was recorded
at stroma poor cases (12.5%) i.e. DFS was worse among

stroma rich group than stroma poor group. Considering OS,
the mean OS of stroma poor group (about 44 month) is higher
than that of the stroma rich group (about 28.5 month). Also,
there were more cancer related deaths among stroma rich
group. Collectively, stroma rich group had larger size, higher
clinical stage, higher recurrence rate and worse OS than the
stroma poor (see Table 1).

Figure 2. Line plot for the mean ranks for the different variables at TSR > 50% and TSR < 50%

Table 1. The relationship between TSR and clinicopathological characteristics of the studied cases
 

 

 

variables 

Age Gender Size TNM stage Histological grade Recurrence 
Survival 

(month) 

range 
 

Mean  

± SD 

Male Female 
 

Mean  

± SD 

I  

& 

 II 

III  

& 

 IV 

well Moderately poorly present absent 
 

Mean  

± SD 
Min. Max. 

No. 

(%) 

No.  

( %) 

No. 

(%) 

No. 

(%) 

No. 

(%) 

No.  

(%) 

No. 

 (%) 

No. 

 (%) 

No. 

 (%) 

TSR ˃ 

50% 

(Stroma 

poor) 

38 78 68.96±15.34 
47 

(65.3) 

25  

(34.7) 
1.156±0.268 

48 

(66.7) 

24 

(33.3) 

25 

(34.7) 

31  

(43.1) 

16 

(22.2) 

9  

(12.5) 

63 

(87.5) 
44.195±5.85 

TSR ˂50% 

(Stroma 

rich) 

16 63 54.04±8.7 
45 

(67.2) 

22  

(32.8) 
2.89±0.435 

7 

(10.5) 

60 

(89.5) 

19 

(28.4) 

30  

(44.8) 

18 

(26.8) 

25  

(37.3) 

42 

(62.7) 
28.473±2.32 

Total 16 78 61.5±12.1 
92 

(66.2) 

47  

(33.8) 
2.563±0.526 

55 

(39.6) 

84 

(60.4) 

44 

(31.7) 

61  

(43.8) 

34 

(24.5) 

56  

(40.3) 

83 

(59.7) 
36.834±4.1 

3.2 Other Statistical findings

The mean ranks for the different variables at TSR > 50%
and TSR < 50% are summarized in Table 2 and Figure 2.
Mann Whitney U test revealed significant difference between
stroma rich group and stroma poor group in relation to age,

size, TNM staging, recurrence rate and OS. Meanwhile, a
non-significant difference was found between the two exam-
ined groups in relation to histological grade and gender (see
Table 2).

Pearson Chi-square test for correlation showed significant
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inverse association between percentage of stromal compo-
nent and age of OSCC cases as the younger was the age,
the higher was the stroma. While, a significant positive cor-
relation was detected between TSR on one side and tumor

size, TNM stage, recurrence rate or DFS and OS on the other
side. In contrast, a non-significant correlation was observed
between TSR and histological grade of the studied cases (see
Table 3).

Table 2. Mean ranks for the different variables at TSR > 50% and TSR < 50% and their statistical significance with
Mann-Whitney U

 

 

Variable 
Mean Rank  Mann-Whitney U 

TSR ˃ 50% (Stroma poor) TSR ˂50% (Stroma rich)  U value Z P value 

Age 82.41 56.66  1518.500 -3.769 .000 

Gender 74.53 65.13  2086.000 -1.696 .090 

Size/cm 58.11 82.78  1556.000 -3.661 .000 

TNM stage 45.49 96.34  647.500 -7.744 .000 

Histological 

grading 
75.21 64.40 

 
2037.000 -1.696 .090 

Recurrence 37.67 91.66  357.500 -8.886 .000 

Survival/month 96.00 42.06  540.000 -7.901 .000 

 

Table 3. Pearson Chi-Square test for correlating TSR > 50% and TSR < 50% with their associated variables
 

 

Variable 
TSR ˃ 50% (Stroma poor)  TSR ˂ 50% (Stroma rich) 

X
2
 df P value  X

2
 df P value 

Age 580.491 252 .000  588.510 320 .000 

Gender 33.048 36 .425  30.776 32 .389 

Size/cm 243.564 156 .000  190.836 100 .000 

TNM stage 177.162 36 .000  72.277 30 .000 

Histological 

grading 
66.833 68.379 .591 

 
60.534 63.341 .425 

Recurrence 163.152 60 .000  19.699 15.699 .000 

Survival/month 460.366 441 .000  144.090 126 .000 

 

4. DISCUSSION

Stromal element has an importantand essential role in metas-
tasis and invasion of tumors. TSR is attracting ascending
considerations at tumor prognosis predicting fields. Never-
theless, prognostic value of TSR in solid tumors requires
extra illumination.[4] It had been defined as a prognostic
independent parameter in colon and rectal carcinomas,[10]

but now it is extended to several cancer types.[11]

Here, for the first time, the prognostic value of TSR in a great
series of OSCC has been investigated. The age range of the
studied OSCC series was wide and extended between the
2nd and the 8th decades with a mean age of 61.5 years. This
finding is consistent with Ragin et al.[12] who reported 60
years as a median age of patients with HNSCC. In addition,
Pireset al.[13] found that 62.3 years was the mean age of
their SCC patients. According to Llewellyn et al.[14] and
Torossian et al.[15]SCC is uncommon among patients with
young age. Few SCC cases (1% to 6%) could occur under
the age of 40 years demonstrating that OSCC incidence was
very rare in children and adolescent. In agreement with Pires

et al.[13] and Zedan et al.,[16] the incidence rate among the
cases of the current study was more common in males than
in females.

Considering clinical staging (TNM staging) of SCC, ma-
jority of the studied cases was presented with advanced
clinical stages (III and IV). This is almost the same as de-
scribed by Zedan et al.[16]and Haqet al.[17] This shows late
detection or diagnosis in our country, hence, most of cases
were in advanced stages. Meanwhile, Manuel et al.[18] and
Okada et al.[19] disagree with these findings as their cases
were demonstrated at early clinical stages. This could be
attributed to unawareness about the disease, poor referral
system and high ignorance rate in our country. Moreover,
Shah et al.[20]indicated late oral cancer diagnosis in Pakistan
(stages III & IV) and require immediate professional and
public attentions.

Surprisingly and in contrast to several previous reports, mod-
erately differentiated SCC was the most common histopatho-
logical grade at the time of presentation in our ward. This
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finding disagrees with Zedan et al.[16] and Miyagi et
al.[21]whom recorded that well differentiated form, was the
most prevalent type of SCC. Moreover, Haq et al.[17] showed
that the most prevalent SCC variant histologically was the
poorly differentiated. Also, Yanofsky et al.[22] found that
poorly differentiated SCC variant was much less frequent
than well differentiated[22]). These conflicting results may
be explained in part by heterogeneity between study pop-
ulations, due to concomitant genetic alterations, selection
biases, and in differences in diagnostic techniques.[23]

Our findings suggested that, stroma rich group had larger size,
higher clinical stage, higher recurrence rate and worse OS
than the stroma poor. This is consistent with Wu et al.(2016)
who stated that total hazard ratio showed that stroma rich
tumors was associated with poor DFS and OS of their pa-
tients.[4] Similarly, Wang et al.[24] presented the same finding
in esophageal squamous cell carcinoma. In addition, Mesker
et al. [10]reported significant worse overall and disease-free
survivals in patients with low TSR (< 50%).[10] Moreover,
Zhang et al.[25] who analyzed many prognostic factors in
relation to TSR and found significant association between
age, tumor diameter, differentiation grade and pTNM clini-
cal stage with five years OS, DFS and TSR in multivariate
analysis.

These findings could be attributed to Zhu et al.;[26] Madar
et al.;[27] Pietras and Ostman;[28] Kawashiri et al.;[29] Mas-
sagué;[30] Kim et al.;[31] Li et al.;[32] Schottelius and Din-
ter;[33] Kalluri and Zeisberg;[34] De Wever and Mareel[35]

who reported that cancer-associated fibroblasts (CAFs) and
myofibroblasts can induce transition of carcinoma epithelial
cells to mesenchymal and yield various cytokines and growth
factors, proteolytic enzymes like matrix metalloproteinases
and angiogenic molecules. These molecules enable growth
and promotion of tumor, as well as local invasion of sur-
rounding tissue and enhancing spread of distant metastasis.
Furthermore, myofibroblasts could inhibit immune cells in-

filtration into tumor which may contributethe cancer cells
to escape from the immune surveillance. Hence, increased
stromal components proportion may produce poor clinical
outcomes of tumor as a result of promotion of an aggressive
potential.

Also, Nguyen et al.[36]indicated that the tumor-related stroma
components including many different cell types, various
secreted cytokines and factors and the ECM could assist
stromal cells communication with cancer cells, thus, can-
cer cells have the ability to colonize the microenvironment
and to form metastatic deposits. At the same line, Cirri and
Chiarugi;[37]Bremnes et al.[38]explained that the activation of
CAFs could promote progression and tumor growth by many
variable tumor-secreted factors, like α-smooth muscle actin,
fibroblast activation protein, platelet-derived growth factor,
interleukin 6 and basic fibroblast growth factor.

5. CONCLUSION
In conclusion, stroma rich OSCC is associated with poor
clinical outcomes as it is associated with decreased OS and
DFS of patients. Hence, TSR may serve as a prognostic
independent factor for OSCC. Thus, TSR can be considered
as an important, low cost and valuable parameter that could
be used in addition to the TNM status. Moreover, TSR might
be helpful for the judgment of prognosis and for the determi-
nation of OSCC high-risk patients to treat them individually.

6. RECOMMENDATION
Plans are necessary to investigate mechanisms of stroma
formation using model systems and molecular techniques.
Focusing at the components of TME should have great poten-
tial in the clinical practice as they play a great role in tumor
progression, promotion and metastatic potential of tumors.
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