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Abstract
The tumor-stroma ratio (TSR) has been reported as a strong, independent prognostic parameter in colon cancer as well as
in other epithelial cancer types, and may be implemented to routine pathology diagnostics. The TSR is an easy technique, based on routine hematoxylin and eosin stained histological sections, estimating the amount of stroma present in
the primary tumor. It links tumors with high stromal content to poor prognosis. The analysis time is less than 2 min with
a low inter-observer variation. Scoring of the TSR has been validated in a number of independent international studies.
In this manuscript, we provide a detailed technical description of estimating the TSR in colon cancer, including examples, pitfalls, and recommendations.
Keywords Colon cancer . Protocol . Recommendations . Scoring . Tumor-stroma ratio

Introduction
For many years, the choice of optimal treatment of cancer
has mostly been based on clinicopathological characteristics, such as patient age and performance status, tumor
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type, malignancy grade, tumor size, and the presence of
regional or distant metastases [1]. Current research in biomarker development is focusing more and more on the
tumor microenvironment. Molecular biomarkers based on
tumor characteristics have been developed, but one should
not ignore valuable information provided by the tumor microenvironment, i.e., the stromal compartment of the tumor. Tumor-stroma plays an important role in cancer initiation and progression, in that the stroma interacts with
nonmalignant cells as well as with malignant cells at different stages of tumorigenesis, ranging from tumor onset to
invasion and metastasis [2].
As shown by our research group, the morphological
evaluation of the tumor microenvironment in conventional, routine hematoxylin and eosin (H&E) stained tissue
sections provides valuable information with high prognostic impact. Epithelial malignant tumors from patients with
unfavorable prognosis have been documented to show a
high proportion of stroma (> 50% stroma = stroma-high),
whereas tumors with abundant carcinoma tissue (≤ 50%
stroma = stroma-low) are associated with a better prognosis. This phenomenon has led to the development of the
tumor-stroma ratio (TSR) as a prognostic parameter.
Evaluation of this parameter in large patient series has
confirmed its prognostic value for several types of cancers
including colon [3–6], breast [7–9] and esophageal
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carcinomas [10]. International groups have validated our
results for colon and breast cancer, and additionally, found
the same prognostic value in other types of epithelial cancer, e.g., cervical and lung cancer [11–21]. The TSR scoring technique has been shown to be highly reproducible,
with inter-observer kappa-values ranging from 0.68 to
0.97 (Table 1). Owing its simplicity and reliability, the
TSR may add significant prognostic information to the
currently used TNM classification, and is well-suited
and cost-effective for implementation in routine diagnostics by the pathologist.
In this paper, we describe in detail the technical protocol of
determining the TSR in colon cancer, including examples,
pitfalls, and recommendations.

Method
Slide selection
Slides of the primary tumor are selected from the most invasive
part of the colon adenocarcinoma (i.e., the slides used in routine
pathology to determine the T status). For retrospective studies,
these slides are mostly indicated in the pathology report, and if
not, all available tumor slides are collected and analyzed. In
Table 1 An overview of tumorstroma ratio studies reporting an
inter-observer score

case of more slides to be analyzed from the most invasive part
of the tumor, the section with the highest percentage of stroma
is scored and decisive for the final estimation of the TSR.

Histopathological scoring
H&E stained tissue sections from the primary tumor of 4 μm
thickness are analyzed by conventional microscopy. Areas
appearing to have the highest amount of stroma are selected
using the × 2.5 or the × 5 lens. Hereafter, an area where both
tumor and stromal tissue are present within this vision-site is
selected using a × 10 objective. Tumor cells are to be present
at all borders of the selected image field (Fig. 1). The amount
of stroma tissue is estimated per 10% increment (10, 20, 30%,
etc.) per image field. For statistical analysis, stromal ratio
groups are divided in stroma-high and stroma-low groups.
Stroma-high is defined as > 50% stromal area, and stromalow as ≤ 50% stromal area in the histological section, as determined a priori to have maximum discriminative power [4].
Even if there is only one image field with a stroma-high score,
this image field is decisive.
When scoring the TSR, misinterpretations while estimating
the percentage of stroma can occur due to general issues, as
well as based on specific histological issues. Both are
discussed below.

Study

Number of
patients

Stage

Type of cancer

Inter-observer
variationa

Mesker et al., 2009 [5]

135

I–II

Colon cancer

Κ = 0.6–0.7b
(3 observers)
Κ = 0.84b

93

I–IV

Esophageal cancer

West et al., 2010 [17]
De Kruijf et al., 2011 [7]
Moorman et al., 2012 [13]
Wang et al., 2012 [15]

Courrech Staal et al., 2010 [10]

145
574
124
95

I–IV
I–III
I–III
I–III

Huijbers et al., 2013 [3]
Dekker et al., 2013 [8]
Downey et al., 2014 [22]
Park et al., 2014 [14]
Liu et al., 2014 [11]
Zhang et al., 2014 [19]
Gujam et al., 2014 [21]

710
403
180
250
184
93
361

II–III
I–II
I–III
I–III
I–II
I–IV
I–III

Colorectal cancer
Breast cancer
Breast cancer
Esophageal squamous
cell cancer
Colon cancer
Breast cancer
Breast cancer (ER+)
Colorectal cancer
Cervical cancer
Nasopharyngeal cancer
Breast cancer

Κ = 0.89b
Κ = 0.80b
Κ = 0.70
Κ = 0.81b
Κ = 0.81b
Κ = 0.85b
Κ = 0.83b

Lv et al., 2015 [12]
Pongsuvareeyakul et al.,
2015 [23]
van Pelt et al., 2016 [6]
Li et al., 2017 [24]
Roeke et al., 2017 [9]

300
131

I–IV
I–II

Hepatocellular cancer
Cervical

Κ = 0.87b
Κ = 0.78b

102
51
737

III
II–IV
I–III

Colon cancer
Gallbladder
Breast cancer

Κ = 0.73b
Κ = 0.85b
Κ = 0.68b

a

Kappa value

b

Study in which the method described in this paper was used for scoring the TSR

Κ = 0.97
Κ = 0.85b
Κ = 0.74b
Κ = 0.84b
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Fig. 1 Examples of a stroma-low
(a) and stroma-high (b) colon
carcinoma, which meet the
criteria for the presence of vital
tumor cells on all four sides of the
field of vision (arrows) and are
thus correct for scoring. When
tumor cells are only present at two
(c) or three (d) sides of the field of
vision (mucus is not included in
estimating TSR), these areas are
not suitable for scoring (Images
displaying the microscopic view,
all images × 100 magnification)

General issues
Different oculars
In daily practice, different microscopes are available, with
different lens specifications, leading to different area sizes of
the field of vision. With most used oculars having a diameter
ranging from 18 to 22 mm, the area of the field of vision will
range from 2.54 to 3.80 mm2. However, in exceptional cases,
a larger field of vision will make it able to meet the criterion of
tumor cells needing to be present at all borders, whereas with a
smaller field of vision this might not be possible, or vice versa.
For scoring the TSR, this has not lead to any major differences
in scoring percentages.

If the TSR scoring cannot be carried out optimally due to
the quality of the stain, it is recommended to re-stain the section before scoring the TSR.

Only one possibly stroma-high area (stromal
component > 50%)
In case there is only one area/field of vision that might be
categorized as stroma-high, but doubt remains (even after consulting a second observer), we recommend to consider the
total composition of the whole tissue section with the × 2.5
or × 5 objective to classify that particular case. However, if
there is no doubt that the one and only field is stroma-high (or
consensus can be reached), the case is classified as stromahigh.

Quality of H&E staining
An important factor for determining the TSR is the quality of
the H&E stain. When the stain is too pale or too intense, it is
difficult to distinguish the stromal tissue from the smooth
muscle tissue of the bowel wall. This may happen, when using
too thin or too thick histologic sections, respectively.

Histological issues
It is always preferred to score a field of vision in which no
muscle tissue, necrotic tissue, and/or large blood vessels are
present, but as this might not always be the case, we discuss

408

Virchows Arch (2018) 473:405–412

the options below and provide our recommendations, also
regarding other tissue qualities (see Table 2 for a summary).

will have to be visually ignored for scoring, as for the mucus
in mucinous tumors (Table 2, Fig. 2c).

Mucinous adenocarcinomas

Lumen

In mucinous cancers, it can be very difficult to estimate the
TSR correctly. The mucus is allowed to be present in the field
of vision, but has to be visually ignored from scoring (Table 2,
Fig. 2a, Supplementary fig. 1). It may also be possible to
determine the TSR in the non-mucinous area of a mucinous
tumor’s deepest penetration of the bowel wall.

Almost all tissue sections from colon adenocarcinomas will
contain areas of glandular lumen. These areas should be ignored for scoring (Supplementary fig. 1).

Infiltration with inflammatory cells
Heavy inflammation is often encountered within the stromal
component in the tumor microenvironment of colon adenocarcinomas, and can be included in the TSR scoring as part of
the stroma. However, lymphoid follicles may represent an
integrated part of the Bnative^ histology of the large bowel,
and thus may not constitute a response to the expanding epithelial tumor within the tumor microenvironment. Thus, we
recommend areas with lymphocytic follicles/aggregates to be
avoided or else visually ignored from scoring (Fig. 2b).

Necrotic tissue
Necrotic tissue or areas with pure neutrophilic inflammation,
which may indicate necrosis, should be left out of the microscopic scoring field. If this is not possible, the necrotic parts
Table 2 Summary of the
difficulties occurring during
scoring the tumor-stroma ratio in
colon adenocarcinomas with recommendations on how to act on
them

Smooth muscle tissue of the bowel wall
Smooth muscle tissue should be left out of the microscopic
field (Fig. 2d). If this is not possible, the smooth muscle cells
will have to be visually ignored for scoring (Table 2).
In T2-, T3-, and T4-staged adenocarcinomas of the colon,
the tumor cells invade into or through the muscular layer of
the colon. This can cause a mix-up of stromal cells and smooth
muscle cells, which in some cases can be very hard to distinguish from one another. To enable an accurate scoring, we
recommend performing an immunohistochemical desmin
stain for these particular cases (Supplementary fig. 2).

Blood vessels
Blood vessels are part of the stroma, and small vessels should
therefore be included in the scoring, being a part of the neoangiogenesis in the tumor micro-environment. However,
fields of vision with native, large blood vessel(s) (i.e., thick
smooth muscle wall of more than 3 layers of smooth muscle

Difficulty

Recommendation

Mucinous tumor
(Abundant) inflammatory cell infiltration

Mucus should be ignored for scoringa
Infiltration with inflammatory cells is not an exclusion
criteria and can be included in the scoring.
Necrotic tissue should be left out of the microscopic field.
If this is not possible, the necrotic parts will have to be
ignored for scoringa
Smooth muscle tissue should not be considered for scoring.
In case it is not possible to select a suitable field without
smooth muscle tissue (e.g., in stage II tumors), this tissue
compartment should be ignored for scoring.a A desmin
stain may be of assistance.
Areas of glandular lumens are ignored for scoringa
Small vessels are included as part of the stroma. Large vessels
with a muscular wall (> 3 layers of smooth muscle cells)
should be avoided or else ignored for scoringa

Necrotic tissue

Smooth muscle tissue

Glandular lumen
Blood vessels

Tumor budding cells

Budding adenocarcinoma cells should be separated from the
surrounding stroma, and may be highlighted by a cytokeratin
stain (AE1/AE3 is recommended) in problematic cases.

Hyalinization

Part of the stroma and therefore included for scoring

a

To ignore areas for scoring: the microscopic field minus the tissue that has to be visually ignored is set at 100%.
The stroma percentage has to be determined from only the solid (= neoplastic + vital stromal compartment) tissue
parts
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Fig. 2 Examples of infiltration of
a mucinous colon carcinoma (a)
and inflammatory cells (b), which
both meet the criteria for scoring.
For the mucinous colon
carcinoma, the mucus has to be
ignored for scoring. Fields of
vision with necrotic tissue (c) and
smooth muscle tissue (d) do not
meet the scoring criteria and
should not be considered for
scoring (Images displaying the
microscopic view, all images ×
100 magnification)

cells) should be replaced by another area for scoring, or, if this
is not possible, the large vessel(s) should be visually ignored
in the scoring (Supplementary Fig. 3a).

low or high, it is recommended to perform an immunohistochemical cytokeratin stain (e.g., AE1/AE3) to identify these
malignant epithelial tumor cells (Supplementary Fig. 4).

Hyalinization

Discussion
Hyalinization is a change in consistency of the collagenous
matrix in the stromal tumor tissue, which gives the tissue a
Bglassy^ appearance. Being a part of the stroma, it should be
included in the scoring (Supplementary Fig. 3b).

Tumor budding
Tumor budding occurs very often at the invasive front of adenocarcinomas of the colon [25]. Therefore, it is likely that
cell clusters are located in a field of vision chosen for scoring
the TSR. These very small cell clusters can sometimes be hard
to distinguish in H&E stained sections, and they may, falsely,
be ignored as adenocarcinoma cells in the TSR scoring. In
those particular cases, when the (suspected) presence of budding cells makes it difficult to categorize the TSR estimate as

The high interest for the TSR, with sometimes differently used
approaches of the protocol, calls for a standardized and easily
implemented protocol. Although the technique described in
this paper is focused on colon cancer, multiple studies have
proven its robustness and usefulness for other types of solid
epithelial cancers (Table 1). Our method and suggested protocol can therefore also be applied to these tumors. This also
includes non-neoadjuvantly treated rectum carcinomas, as
Park et al. showed in their study [14].
Scoring the TSR is a robust method, which only takes little
extra time and costs, and has potential to be implemented in
daily practice. The method is highly reproducible with low
inter-observer variation (see Table 1). Nevertheless, some difficulties may appear during scoring, as discussed in this paper.

410

In our experience, the biggest challenge is to distinguish between stromal tissue and smooth muscle fibers, particularly in
stage II colon adenocarcinomas. In challenging cases, we recommend performing a desmin stain. Being an intermediate
filament, desmin is expressed in both smooth and skeletal
muscle myocytes. Although scoring the TSR is in general an
easy to apply method, in any case of difficulties in scoring, or
doubt by the observer, one may consult a second observer to
his/her own need, according to the usual practice encountering
challenging morphologies.
Also, in case of a stroma percentage at or around the cut-off
point of 50%, consulting a second observer could be of help
when in doubt. In addition, the total composition of the whole
tissue section viewed with a × 5 objective could be considered
to make a final decision.
Scoring of the TSR in colon adenocarcinomas is performed on the tissue slide from the most invasive part of
the tumor, which is the slide used in routine pathology to
determine the T status. This was decided after a study of
colon cancers in which multiple H&E slides from different
areas of the tumor were available for scoring. Although
heterogeneity was seen in the percentage of stroma
throughout the tumor, the highest stroma percentages were
seen in the tumor areas with the deepest penetration in the
bowel wall (higher T-stage) [4].
Most studies have validated our findings of the prognostic
impact of the TSR in various kinds of malignant epithelial
tumors. However, three studies have not been able to demonstrate validation of the TSR [22, 26, 27]. Discrepancies were
caused by a different interpretation of the TSR scoring method. Instead of using the highest stroma percentage, these studies used either the mean percentage in case of heterogeneity
[26], only one area of 9 mm2 at the tumor leading or nonleading edge [22], or the mean percentage of five image fields
from not only the deepest invasive margin but also adjacent
tumor areas [27]. The latter two studies both used semiautomated image analysis.
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independently reported an inter-observer reproducibility
of substantial to almost perfect between two independent
observers (Table 1). However, in the scope of digitizing
the pathology workflow, automated scoring of the TSR
would suit the diagnostic approach.

Limitations
Assessment of the TSR can be adequately estimated in
patients operated for a primary epithelial malignant neoplasm. Neo-adjuvant treatments with chemo- and/or radiotherapy induce changes to the cellular morphology and
composition of the tumor microenvironment, and result
in stromal formation surrounding the tumor [29–32].
Therefore, patients pre-treated with chemo- and/or radiotherapy should be excluded for TSR analysis. For these
patients, analyzing pre-treatment biopsies might be a good
alternative, although the TSR cannot be determined at the
most invasive front. As biopsies for colon cancer are rare,
this might not apply for these cases. However, the method
described in this manuscript can be used for several other
epithelial cancer types, for which taking biopsies is more
common practice. This has been nicely demonstrated for
example for esophageal cancer, with the TSR-scores of
the tumor resection correlating with the matching presurgical biopsy TSR-scores in 81% of the cases studied.
In discrepant cases, the biopsy scores were stroma-low,
whereas the surgical removed tumors were scored stroma-high, thereby underestimating the TSR. For stromahigh cases, however, a 100% correlation was found.
Moreover, TSR biopsy scores showed to be an independent prognostic factor for survival [33], which motivates
more investigation into the prognostic and predictive impact of TSR in pre-treatment biopsies from malignant epithelial tumors.

Compliance with ethical standards
Experimental design
Automated digitized estimation of the TSR allows for a
broader and highly standardized application, and two international groups have actually validated our results
using automated image analysis systems [17, 28].
Although this approach might increase reproducibility,
such equipment is rather costly, and not accessible at
all pathological departments yet. In addition, scanning
and analyzing using an automated image analysis system
takes approximately 20 min per slide. In contrast, visual
microscopic scoring of the intra-tumor-stroma ratio can
easily be performed as a routine for conventional morphological diagnosis, and therefore only takes a little
extra time (< 2 min). Moreover, validation studies have

This work did not involve human participants; therefore, no informed
consent is obtained. The tissue examples shown in this work are strictly
used for illustration, and were handled in a coded fashion, according to
national ethical guidelines (BCode for Proper Secondary Use of Human
Tissue^, Dutch Federation of Medical Scientific Societies).
Conflicts of interest R. Al Dieri is the director general of the European
Society of Pathology. All other authors declare no conflicts of interest.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

Virchows Arch (2018) 473:405–412

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Nagtegaal ID, Quirke P, Schmoll HJ (2011) Has the new TNM
classification for colorectal cancer improved care? Nat Rev Clin
Oncol 9(2):119–123. https://doi.org/10.1038/nrclinonc.2011.157
Park CC, Bissell MJ, Barcellos-Hoff MH (2000) The influence of
the microenvironment on the malignant phenotype. Mol Med
Today 6(8):324–329
Huijbers A, Tollenaar RA, v Pelt GW, Zeestraten EC, Dutton S,
McConkey CC, Domingo E, Smit VT, Midgley R, Warren BF,
Johnstone EC, Kerr DJ, Mesker WE (2013) The proportion of
tumor-stroma as a strong prognosticator for stage II and III colon
cancer patients: validation in the VICTOR trial. Ann Oncol 24(1):
179–185. https://doi.org/10.1093/annonc/mds246
Mesker WE, Junggeburt JM, Szuhai K, de Heer P, Morreau H,
Tanke HJ, Tollenaar RA (2007) The carcinoma-stromal ratio of
colon carcinoma is an independent factor for survival compared
to lymph node status and tumor stage. Cell Oncol 29(5):387–398
Mesker WE, Liefers GJ, Junggeburt JM, van Pelt GW, Alberici P,
Kuppen PJ, Miranda NF, van Leeuwen KA, Morreau H, Szuhai K,
Tollenaar RA, Tanke HJ (2009) Presence of a high amount of stroma and downregulation of SMAD4 predict for worse survival for
stage I–II colon cancer patients. Cell Oncol 31(3):169–178. https://
doi.org/10.3233/CLO-2009-0478
van Pelt GW, Hansen TB, E. B, Kjaer-Frifeldt S, van Krieken
JHJM, Tollenaar RAEM, F.B. S, Mesker WE (2016) Stroma-high
lymph node involvement predicts poor survival more accurately for
patients with stage III colon cancer. J Med Surg Pathol 1:116.
https://doi.org/10.4172/jmsp.1000116
de Kruijf EM, van Nes JG, van de Velde CJ, Putter H, Smit VT,
Liefers GJ, Kuppen PJ, Tollenaar RA, Mesker WE (2011) Tumorstroma ratio in the primary tumor is a prognostic factor in early
breast cancer patients, especially in triple-negative carcinoma patients. Breast Cancer Res Treat 125(3):687–696. https://doi.org/10.
1007/s10549-010-0855-6
Dekker TJ, van de Velde CJ, van Pelt GW, Kroep JR, Julien JP, Smit
VT, Tollenaar RA, Mesker WE (2013) Prognostic significance of
the tumor-stroma ratio: validation study in node-negative premenopausal breast cancer patients from the EORTC perioperative chemotherapy (POP) trial (10854). Breast Cancer Res Treat 139(2):
371–379. https://doi.org/10.1007/s10549-013-2571-5
Roeke T, Sobral-Leite M, Dekker TJA, Wesseling J, Smit V,
Tollenaar R, Schmidt MK, Mesker WE (2017) The prognostic value of the tumour-stroma ratio in primary operable invasive cancer
of the breast: a validation study. Breast Cancer Res Treat 166:435–
445. https://doi.org/10.1007/s10549-017-4445-8
Courrech Staal EF, Wouters MW, van Sandick JW, Takkenberg
MM, Smit VT, Junggeburt JM, Spitzer-Naaykens JM, Karsten T,
Hartgrink HH, Mesker WE, Tollenaar RA (2010) The stromal part
of adenocarcinomas of the oesophagus: does it conceal targets for
therapy? Eur J Cancer 46(4):720–728. https://doi.org/10.1016/j.
ejca.2009.12.006
Liu J, Liu J, Li J, Chen Y, Guan X, Wu X, Hao C, Sun Y, Wang Y,
Wang X (2014) Tumor-stroma ratio is an independent predictor for
survival in early cervical carcinoma. Gynecol Oncol 132(1):81–86.
https://doi.org/10.1016/j.ygyno.2013.11.003
Lv Z, Cai X, Weng X, Xiao H, Du C, Cheng J, Zhou L, Xie H, Sun
K, Wu J, Zheng S (2015) Tumor-stroma ratio is a prognostic factor
for survival in hepatocellular carcinoma patients after liver resection
or transplantation. Surgery 158(1):142–150. https://doi.org/10.
1016/j.surg.2015.02.013
Moorman AM, Vink R, Heijmans HJ, van der Palen J,
Kouwenhoven EA (2012) The prognostic value of tumour-stroma
ratio in triple-negative breast cancer. Eur J Surg Oncol 38(4):307–
313. https://doi.org/10.1016/j.ejso.2012.01.002

411
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Park JH, Richards CH, McMillan DC, Horgan PG, Roxburgh CS
(2014) The relationship between tumour stroma percentage, the
tumour microenvironment and survival in patients with primary
operable colorectal cancer. Ann Oncol 25(3):644–651. https://doi.
org/10.1093/annonc/mdt593
Wang K, Ma W, Wang J, Yu L, Zhang X, Wang Z, Tan B, Wang N,
Bai B, Yang S, Liu H, Zhu S, Cheng Y (2012) Tumor-stroma ratio
is an independent predictor for survival in esophageal squamous
cell carcinoma. J Thorac Oncol 7(9):1457–1461. https://doi.org/
10.1097/JTO.0b013e318260dfe8
Wang Z, Liu H, Zhao R, Zhang H, Liu C, Song Y (2013) Tumorstroma ratio is an independent prognostic factor of non-small cell
lung cancer. Zhongguo Fei Ai Za Zhi 16(4):191–196. https://doi.
org/10.3779/j.issn.1009-3419.2013.04.04
West NP, Dattani M, McShane P, Hutchins G, Grabsch J, Mueller
W, Treanor D, Quirke P, Grabsch H (2010) The proportion of tumour cells is an independent predictor for survival in colorectal
cancer patients. Br J Cancer 102(10):1519–1523. https://doi.org/
10.1038/sj.bjc.6605674
Zhang T, Xu J, Shen H, Dong W, Ni Y, Du J (2015) Tumor-stroma
ratio is an independent predictor for survival in NSCLC. Int J Clin
Exp Pathol 8(9):11348–11355
Zhang XL, Jiang C, Zhang ZX, Liu F, Zhang F, Cheng YF (2014)
The tumor-stroma ratio is an independent predictor for survival in
nasopharyngeal cancer. Oncol Res Treat 37(9):480–484. https://doi.
org/10.1159/000365165
Chen Y, Zhang L, Liu W, Liu X (2015) Prognostic significance of
the tumor-stroma ratio in epithelial ovarian cancer. Biomed Res Int
2015:589301. https://doi.org/10.1155/2015/589301
Gujam FJ, Edwards J, Mohammed ZM, Going JJ, McMillan DC
(2014) The relationship between the tumour stroma percentage,
clinicopathological characteristics and outcome in patients with operable ductal breast cancer. Br J Cancer 111(1):157–165. https://doi.
org/10.1038/bjc.2014.279
Downey CL, Simpkins SA, White J, Holliday DL, Jones JL, Jordan
LB, Kulka J, Pollock S, Rajan SS, Thygesen HH, Hanby AM,
Speirs V (2014) The prognostic significance of tumour-stroma ratio
in oestrogen receptor-positive breast cancer. Br J Cancer 110(7):
1744–1747. https://doi.org/10.1038/bjc.2014.69
Pongsuvareeyakul T, Khunamornpong S, Settakorn J, Sukpan K,
Suprasert P, Intaraphet S, Siriaunkgul S (2015) Prognostic evaluation of tumor-stroma ratio in patients with early stage cervical adenocarcinoma treated by surgery. Asian Pac J Cancer Prev 16(10):
4363–4368
Li H, Yuan SL, Han ZZ, Huang J, Cui L, Jiang CQ, Zhang Y (2017)
Prognostic significance of the tumor-stroma ratio in gallbladder
cancer. Neoplasma 64:588–593. https://doi.org/10.4149/neo_
2017_413
Lugli A, Kirsch R, Ajioka Y, Bosman F, Cathomas G, Dawson H,
El Zimaity H, Flejou JF, Hansen TP, Hartmann A, Kakar S, Langner
C, Nagtegaal I, Puppa G, Riddell R, Ristimaki A, Sheahan K,
Smyrk T, Sugihara K, Terris B, Ueno H, Vieth M, Zlobec I,
Quirke P (2017) Recommendations for reporting tumor budding
in colorectal cancer based on the International Tumor Budding
Consensus Conference (ITBCC) 2016. Mod Pathol 30:1299–
1311. https://doi.org/10.1038/modpathol.2017.46
Ahn S, Cho J, Sung J, Lee JE, Nam SJ, Kim KM, Cho EY (2012)
The prognostic significance of tumor-associated stroma in invasive
breast carcinoma. Tumour Biol 33(5):1573–1580. https://doi.org/
10.1007/s13277-012-0411-6
Unlu M, Cetinayak HO, Onder D, Ecevit C, Akman F, Ikiz AO,
Ada E, Karacali B, Sarioglu S (2013) The prognostic value of
tumor-stroma proportion in laryngeal squamous cell carcinoma.
Turk Patoloji Derg 29(1):27–35. https://doi.org/10.5146/tjpath.
2013.01144

412
28.

29.

30.

31.

Virchows Arch (2018) 473:405–412
Beck AH, Sangoi AR, Leung S, Marinelli RJ, Nielsen TO, van de
Vijver MJ, West RB, van de Rijn M, Koller D (2011) Systematic
analysis of breast cancer morphology uncovers stromal features
associated with survival. Sci Transl Med 3(108):108ra113. https://
doi.org/10.1126/scitranslmed.3002564
Aktepe F, Kapucuoglu N, Pak I (1996) The effects of chemotherapy
on breast cancer tissue in locally advanced breast cancer.
Histopathology 29(1):63–67
McCluggage WG, Lyness RW, Atkinson RJ, Dobbs SP, Harley I,
McClelland HR, Price JH (2002) Morphological effects of chemotherapy on ovarian carcinoma. J Clin Pathol 55(1):27–31
Nagtegaal I, Gaspar C, Marijnen C, Van De Velde C, Fodde R, Van
Krieken H (2004) Morphological changes in tumour type after

32.

33.

radiotherapy are accompanied by changes in gene expression profile but not in clinical behaviour. J Pathol 204(2):183–192. https://
doi.org/10.1002/path.1621
Stone HB, Coleman CN, Anscher MS, McBride WH (2003) Effects
of radiation on normal tissue: consequences and mechanisms.
Lancet Oncol 4(9):529–536
Courrech Staal EF, Smit VT, van Velthuysen ML, SpitzerNaaykens JM, Wouters MW, Mesker WE, Tollenaar RA, van
Sandick JW (2011) Reproducibility and validation of tumour
stroma ratio scoring on oesophageal adenocarcinoma biopsies. Eur J Cancer 47(3):375–382. https://doi.org/10.1016/j.
ejca.2010.09.043

