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ABSTRACT
The aim: The purpose of this study is to investigate prognostic value of tumor stroma ratio in triple negative breast carcinomas.
Materials and methods: This cohort retrospective study included a total number of 232 previously untreated operational materials with primary stage I-III triple negative
breast cancer. The median follow-up period was 3.8 years for overall survival and 3.2 years for disease-free survival. Tumor stroma ratio was evaluated by two pathologists
(Kappa coefficient was 0.71 and 0.84, respectively).
Results: Kaplan-Meier curves with logrank test statistically significantly showed relationship between tumor stroma ratio and both overall and disease-free survival. The Cox
proportional hazards model showed tumor stroma ratio is a strong independent prognostic factor for triple negative breast carcinomas with hazard ratios of 2.11 (p=0.002) for
overall survival and 1.83 (p=0.004) for disease-free survival in multivariate analysis.
Conclusions: Triple negative breast tumors with high stroma ratio have worse overall and disease-free survival compared to low stroma ratio tumors. Investigation of tumor
stroma ratio doesn't require any additional costs and slide preparation. It can be added to routine breast cancer investigation to expand knowledge about cancer prognosis.
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INTRODUCTION

Breast cancer remains to be among leading women cancers
worldwide. Triple negative breast cancer which lacks estrogen, progesterone and human epidermal growth factor
receptor 2 (HER2) amplification\overexpression has the
worst outcomes compared to other molecular subgroups
[1, 2]. Despite the progress the treatment options for triple negative disease are still limited [3]. Questions about
over- and under treatment have forced search of additional
prognostic markers.
Interactions between tumor microenvironment (TME)
and tumor itself play an important role in cancer progression, as well as in metastatic potential and chemotherapy
resistance [4]. Tumor stroma ratio (TSR) which is a part
of TME is of increased investigation interest in this regard.
It is a parameter which can be easily evaluated on H&E
slide. It doesn't require additional slides and takes minimal time consume. TSP has already been investigated in
cancers of different localizations, in particular tumors of
gastrointestinal tract [5, 6] where it became evident TSR is
an independent prognostic factor for survival. It was also
investigated as a predictive marker in some other types of
tumors [7, 8]. Several research papers indicate that tumor
stroma ratio is also an independent prognostic marker
for breast cancer [9, 10] including triple negative cancer
as well [9, 11]. Gujam et al [12] found that high tumor
stroma ratio was also statistically significantly associated

with high tumor grade, lymph node positivity, low CD68
macrophage infiltrate and shorter cancer-specific survival.
However, they stated that TSP was not an independent
prognostic factor for triple negative patients. Kramer et
al. [13] published a literature review on the prognostic
value of TSR in breast cancer patients. General trend goes
towards high stroma ratio and poor overall survival with
more significant hazard ratios in triple negative tumors.
Vangangelt et al. [14] showed that the TSR was most discriminative in triple–negative tumors and also in grade
III tumors, compared to grade I and grade II. TSR was
not modified by age, tumor size, histology, ER status, PR
status, HER2 status and lymph node status which advices
TSR as a potential prognostic factor.

THE AIM

In this research, we continue to expand the value of TSR
as prognostic parameter for highly heterogeneous group
of triple negative breast carcinomas.

MATERIALS AND METHODS

A total number of 350 samples from patients with triple
negative breast cancer treated during 2009-2018 in Kiev
City Oncology Hospital was investigated. Histopathological assessment was made only for previously untreated
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Table 1. General characteristics of histological parameters of tumors and operational material so biopsies and operational material
treatment options.
after chemotherapy were excluded with eventual number
of 232 samples. Tumor stage was evaluated based of the
Number
Parameter
Seventh Edition of the TNM Classification of Malignant
N (232)
%
Tumors [15]. Stage IV tumors and patients with another
Age
type of malignancy were excluded. Triple negative breast
=<40
22
9.5
>40<60
114
49.1
cancer was defined according to the negative immunohis>60
96
41.4
tochemical expression of estrogen receptor (Clone EP1,
Stage
Dako, USA), progesterone receptor (Clone PgR 636, Dako,
I
76
32.8
USA) and HER2 (Clone SP3, Thermoscientific, USA).
II
124
53.4
Overall survival (OS) was defined as the duration from the
13.8
III
32
date of diagnosis to death from any cause or last follow-up.
pT (Tumor)
Disease-free survival (DFS) was defined as the duration of
рТ1
91
39.2
time from the date of diagnosis to locoregional or distant
рТ2
129
55.6
recurrence. Study protocol complied with the Declaration
рТ3
5
2.2
of Helsinki and was approved by National Medical BoрТ4
7
3.0
gomolets University Ethics Committee (№5\24.01.2018).
pN (Nodes)
Tumor stroma ratio was evaluated according to proto74.6
pN0
173
col proposed by Mesker et al. for establishment of TSR in
34
14.6
pN1
colon cancer [16]. The most invasive part of the tumor
6.5
15
pN2
4.3
pN3
10
was selected. Then 5x magnification was used to search
for the area which contains the biggest amount of stroma.
Histologic type
NST (No special type)
197
84.9
This area was zoomed using 10x magnification and the
Lobular
9
3.9
most stromal area was selected again. Tumor cells were
Papillary
10
4.3
presented on all sides of the view. Finally, stroma amount
Medullary features
9
3.9
was reported using 10% increments. According to the
Micropapillary
1
0.4
results patients were categorized into stroma-low group
Secretory
2
0.9
(≤50%) and stroma-high group (>50%).
Metaplastic
1
0.4
All samples were analyzed by two pathologists who were
Adenocystic
1
0.4
not
informed about clinical information of the patients.
Adenosquamous low grade
1
0.4
Additional
histopathological parameters which were
Apocrine
1
0.4
evaluated
included
nuclear grade, histological type, presGrade
G1
1
0.4
ence of necrosis, presence of ductal or lobular carcinoma
G2
75
32.3
in situ (DCIS or LCIS) and Ki-67 (table I).
G3
145
62.5
Statistical analysis was performed using EZR 1.35
Non-specified
11
4.7
software package (R statistical software version 3.4.3, R
TSR (Tumor stroma ratio)
Foundation for Statistical Computing, Vienna, Austria)
Stroma high (>50%)
100
43.1
[17]. The Cohen's Kappa coefficient was used to calculate
Stroma low (<=50%)
132
56.9
inter-observer variability. The Kaplan–Meier method with
Ki-67
logrank test was used to perform the survival curves. The
=<15%
12
5.2
Cox proportional hazards model was used to calculate
>16%-=<30%
39
16.8
univariate and multivariate hazard ratios (HR) for the pa>30%
130
56
rameters with 95% confidence interval (CI). Akaike inforNon-specified
51
22
mation criterion (AIC) was used for selection of minimal
Necrosis
set of parameters for multivariate analysis. p-Values of less
Yes
85
36.6
than 0.05 were considered significant. Cutoff values for TSR
No
147
63.4
had been chosen before statistical analysis was performed.
DCIS (LCIS)
Yes
No
Surgery
Breast preserving surgery
Mastectomy
Adjuvant chemotherapy
Yes
No
Radiotherapy
Yes
No
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14
218

6.1
93.9

141
91

60.8
39.2

207
25

89.2
10.8

203
29

87.5
12.5

RESULTS AND DISCUSSION

350 patients were initially included in the study. However,
only operational material without previous chemotherapy
was taken into study. Patients who had biopsy and treatment options preliminary (n=89) were excluded. From 261
samples left some (n=29) contained too less of invasive
component or there was lack of clinical information so
they were excluded. Totally 232 patients were included. A
total of 51 patients died during the study, 72 patients had

PROGNOSTIC VALUE OF TUMOR STROMA RATIO IN TRIPLE NEGATIVE BREAST CANCER

Fig 1. Stroma low (10%) invasive breast carcinoma. H&E, x10.

Fig 2. Stroma high (80%) invasive breast carcinoma. H&E, x10.

Fig.3.Kaplan-Meier curve for overall survival of patients stratified by tumor
stroma ratio. P=0.008

Fig 4. Kaplan-Meier curve for disease-free survival stratified by tumor
stroma ratio. P=0.03

recurrent disease. The median follow-up period was 3.8
years (range from 0.3 to 9.3) for OS and 3.2 (range from
0.2 to 9.3) for DFS.
Tumors were categorized as stroma high (n=100) and
stroma low (n=132) (figs 1, 2).
The three-year OS rate was 86.9 ±2.6% for low TSR group
and 75.3 ±3.9% for high TSR group. The three-year DFS
rate was 75.6 ±3.32% for low TSR group and 61.3 ±4.54%
for high TSR group (Fig.3,4).
Kaplan-Meier curves statistically significantly showed
relationship between TSR and overall and disease-free
survival rates. Univariate analysis showed that stroma
high tumors had statistically significantly worse OS (HR
1.89;95% CI 1.18-3.03, p=0.008) and DFS (HR 1.55; 95%
CI 1.05-2.28, p=0.027) (tables II, III).

After stepwise selection tumor size (pT), regional lymph
nodes (pN) and tumor stroma ratio (TSR) were highlighted
as parameters statistically significantly connected both to
overall and disease-free survival (table IV, V).
TSR is an independent prognostic factor both in univariate and multivariate Cox regression analysis for OS
and DFS.
TSR was assessed by two pathologists. In 25 cases (7.8%)
there was no agreement in TSR at first individual assessment with kappa coefficient 0.84 which indicates overall
good agreement. Kappa coefficient for TILS was 0.71,
indicating good agreement as well. Second evaluation of
debatable slides allowed to find consensus.
Tumor microenvironment which consist from cancer-associated fibroblasts, endothelial cells, pericytes and immune cell
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Table 2. Univariate Cox regression analysis of factors predicting overall survival in triple negative breast cancer
Parameter
Hazard ratio
Age
<40
40-60
60>
Grade
Grade III
Grade II
Histological type
Lobular
NST
Carcinomas with medullary features
Papillary carcinoma
Others
Primary tumor
T1
T2
T3
T4

Univariate analysis
95% confidence
interval

P -value
0.580

1.2
1.47

0.47-3.04
0.57-3.75

0.705
0.425

1.09

0.66- 1.81

0.738
0.321

0.517
0.000
1.049
1.219

0.22-1.2 0.000
0.26-4.2
0.25- 6.06

0.124
0.995
0.946
0.808
0.0006

1.48
4.4
3.4

0.73-2.37
2.04-11.36
3.26-7.44

0.179
0.0006
0.002

Regional lymph nodes
N0
N1
N2
N3

0.003
1.68
2.9
3.038

0.96-2.92
1.6-5.27
1.33-6.93

0.066
0.0004
0.008

Tumor stroma ratio
High
Low

1.89

1.18-3.03

0.008

Table 3. Univariate Cox regression analysis of factors predicting disease-free survival in triple negative breast cancer
Parameter
Hazard ratio
Age
<40
40-60
60>
Grade
Grade III
Grade II
Histological type
Lobular
NST
Carcinomas with medullary features
Papillary carcinoma
Others
Primary tumor
T1
T2
T3
T4
Regional lymph nodes
N0
N1
N2
N3
Tumor stroma ratio
Low
High

568

Univariate analysis
95% confidence
interval

P -value
0.097

0.9
1.41

0.38-2.14
0.61-3.28

0.827
0.428

0.98

0.65- 1.47

0.916
0.637

0.613
0.000
1.049
1.102

0.28- 1.33
0.000
0.26-4.2
0.28- 4.26

0.213
0.994
0.732
0.888
0.000

1.14
5.75
2.28

0.71-1.82
2.93-11.3
1.12-4.64

0.591
0.000
0.023
0.000

1.62
2.43
2.39

1.00-2.61
1.41-4.18
1.10-5.00

0.049
0.001
0.026

1.55

1.05-2.28

0.027
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Table 4. Multivariate Cox regression analysis of factors predicting overall survival in triple negative breast cancer with stepwise selection based on AIC
Parameter

Multivariate analysis
Hazard ratio

Primary tumor (pT)
T1
T2
T3
T4

95% confidence
interval

P value
0.036

1.24
3.80
2.09

0.68-2.27
1.45-9.95
0.83-5.24

0.292
0.006
0.113

Regional lymph nodes (pN)
N0
N1
N2
N3

0.035
1.24
2.16
3.47

0.64-2.39
1.05-4.45
1.46-8.23

0.064
0.058
0.002

Tumor stroma ratio
Low
High

2.11

1.29-3.43

0.002

Table 5. Multivariate Cox regression analysis of factors predicting DFS in triple negative breast cancer with stepwise selection based on AIC
Parameter

Multivariate analysis
Hazard ratio

Primary tumor (pT)
T1
T2
T3
T4

95% confidence
interval

P value
0.000

1.002
4.63
1.05

0.62-1.64
2.15-10.03
0.44-2.48

0.986
0.000
0.915
0.003

Regional lymph nodes (pN)
N0
N1
N2
N3

1.31
2.32
2.82

0.76-2.26
1.25-4.32
1.28-6.20

0.331
0.007
0.010

Tumor stroma ratio
Low
High

1.83

1.22-2.78

0.004

infiltration significantly influences on tumor invasion ability
and potential for metastasis [18]. Stroma as a part of the TME
can also be responsible for chemotherapy resistance and treatment failures as well as be an object of targeted therapy [19,
20]. According to Mierke et al. [21] the impact of the tumor
stroma on cancer progression is controversial as there are two
different and opposing effects within the stroma. On one hand,
it can promote and enhance the proliferation, survival and
migration of cancer cells as a result of increased stroma rigidity.
On the other hand, the stroma acts as a “steric obstacle” for
cancer cell motility in dense three–dimensional extracellular
matrices, when the pore size is smaller than the cell's nucleus.
Our study indicated that the tumor stroma ratio is an
independent prognostic factor for triple negative breast
cancer patients. Patients with high tumor stroma ratio statistically significantly show worse overall and disease-free
survival compared to low tumor stroma ratio patients. Our
results confirm results found in other studies investigating
TSR in breast cancer patients.
Several studies show that biology of tumor associated
stromal cells differs from their normal counterparts. In

particular, fibroblasts found in tumor stroma and named
as cancer-associated fibroblasts (CAFs) are distinct from
normal ones in their “activated phenotype” with enhanced
production of collagen and growth factors [22]. They have
more rapid proliferation rate and can promote breast cancer invasion and proliferation [23]. They also have another
from normal fibroblasts phenotype. According to reverse
Warburg effect, described by Pavlidus et al. [24], CAFs
undergo myofibroblastic differentiation and secrete lactate
and pyruvate. Epithelial cancer cells can take up these
energy-rich metabolites and use them in the Krebs cycle,
thereby promoting efficient energy production, resulting
again in a higher proliferative capacity.
Mesenchymal stem cells (MSCs) which migrate toward
tumor stroma also may change their functions. They
incorporate into TME and become cancer-assosiated
(CA-MSCs) and also contribute to tumor progression by
different interaction with tumor cells. It has been shown
that cross-talk between tumour cells and MSCs increases
metastatic potential and promote epithelial-to-mesenchymal transition [25]. Previously MSCs have been reported
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to have antitumor protective function including inhibition
of angiogenesis, induction of tumor cell apoptosis and
enhancement of immune response, but these effects are
observed only when MSCs are used in higher ratios to
tumor cells. The function of these cells is tissue dependent
and naive MSC with antitumor effects can develop into
CA-MSCs with pro-tumorigenic function. [26]
Still it is questionable whether biopsy is representative
for TSR assessment. In our study only previously untreated
operational material was investigated with concern that
core biopsy can decrease opportunity for representative
areas to be chosen. Study on esophageal adenocarcinomas
[27] showed good reproducibility of tumor stroma ratio
scoring in biopsies compared to operational material. But
chemotherapy regimens are usually performed between
biopsy and operational material in breast cancer patients
obstructing such comparison.
Investigation of TSR doesn't require any additional costs
and slide preparation and it is quite simple in methodology,
that's why it can be easily added to routine breast cancer
investigation. It can clarify prognosis of patients and
probably expand treatment options in the future, that's
why prospective cohort studies are needed to confirm
eventually TSR value.
Our study has several limitations. Firstly, it is retrospective with prolonged time interval assessment (2009-2018)
during which some treatment protocols have changed.
Secondly, different chemotherapeutic agents were used,
including regimens with taxanes, anthracyclins and platinum agents.

CONCLUSION

Tumor microenvironment influences tumor progression.
Tumor stroma ratio can be easily evaluated on H&E. Tumor
stroma ratio is a strong independent prognostic marker
for triple negative breast cancer with worse overall and
disease-free survival for tumors that contain much stroma.
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