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Abstract

The tumor microenvironment consists of a complex mixture of non-neoplastic cells including 

fibroblasts, immune cells and endothelial cells embedded in the proteins of the extracellular 

matrix. The tumor microenvironment plays an active role in tumor behavior. By interacting 

with cancer cells, it influences disease progression and the metastatic capacity of the tumor. 

Tumors with a high amount of stroma correspond to poor patient prognosis. The tumor-stroma 

ratio (TSR) is a strong independent prognostic tool in colon cancer and provides additional 

value to the current clinically used tumor-node-metastasis classification. The TSR is assessed 

on conventional hematoxylin and eosin-stained paraffin sections at the invasive front of the 

tumor. Here we review studies demonstrating the prognostic significance of the TSR in solid 

epithelial tumors with a focus on colon cancer. Moreover, the biological role of the tumor 

microenvironment during tumor progression and invasion will be discussed as well as the 

attempts to target the tumor stroma for therapeutic purposes. We suggest that the TSR can 

be implemented with little effort and without additional costs in current routine pathology 

diagnostics owing to its simplicity and reliability.

Keywords

Colon cancer, TNM classification, tumor microenvironment, tumor-stroma ratio
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Introduction

The tumor-node-metastasis (TNM) classification of the American Joint Committee on Cancer 

(AJCC) is most commonly used in clinical decision making to define the extent of tumor 

progression. The TNM provides prognostic information and aids in treatment decision 1-3. 

However, clinical outcome varies between patients with colon cancer within the same TNM 

stage. For instance, 5-25% of stage II patients still develop recurrence of disease within 5 years. 

In addition, patients with stage IIB have a worse prognosis compared to stage IIIA colon cancer 

patients, leading in some cases to undertreatment of stage II patients and overtreatment of 

stage III patients 4.

The current TNM classification is based on anatomical extent, but there is need for additional 

prognostic and/or predictive markers 5. Additional biomarkers have been proposed based 

on tumor cell characteristics, including tumor cell morphology, molecular pathways, genetic 

mutations, cell of origin and gene expression (see below), as well as the tumor immune response 

(Figure 1) 6. A drawback of some of these is the high cost of genetic and transcriptomic data, 

whereas standard pathological assessment using microscopical analysis is fast, cheap and 

reliable. A biomarker that is based on microscopical analysis is therefore desirable. The tumor-

stroma ratio (TSR), also referred to as the tumor-stroma percentage, is assessed on conventional 

hematoxylin and eosin (H&E)-stained paraffin sections at the invasive front of the tumor and 

links patients with high stromal reaction to worse prognosis. The TSR has been reported as 

a strong independent prognostic tool in colon cancer as well as in other epithelial cancers 

7-24. The importance of the tumor stroma is emphasized in the recent consensus molecular 

subtypes (CMS) classification of colorectal cancer (CRC). The CMS1 – 4 was assessed based 

on transcriptome analysis of CRC. Tumors classified as CMS4 were characterized by a worse 

prognosis, activated transforming growth factor (TGF)-β and increased stromal content 6. Two 

studies showed that stromal cells contribute extensively to the mesenchymal phenotype of 

aggressive CRC categorized as CMS4 25, 26.

2
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Figure 1. Distinct colorectal cancer classifi cations based on tumor compartment and tumor microenvi-

ronment.

The tumor stroma consists of a complex mixture of non-neoplastic cells including fi broblasts, 

immune cells and endothelial cells embedded in the proteins of the extracellular matrix (ECM). 

The activated form of fi broblasts, the so-called cancer-associated fi broblasts (CAFs), are the 

predominant cell type in the tumor stroma and are involved in tumor progression and invasion. 

Stromal cells supply the tumor with growth factors, cytokines and metabolites and stimulate 

blood vessel formation (Figure 2). In this way the tumor stroma contributes to tumorigenesis 

and induction of epithelial-mesenchymal transition (EMT) in cancer cells 27. This explains why 

a tumor with a high stromal content refl ects a prometastatic phenotype of cancer cells and 

that the interaction between cancer and stromal cells aff ects disease outcome and response 

to therapy 28, 29. However, the biological mechanism of cancer cells recruiting and activating 

fi broblasts is not completely understood.

Here we will give an overview of the prognostic value of the TSR in colon cancer as well as in 

other epithelial cancers types. Moreover, the biological role of the tumor microenvironment 

during tumor progression and invasion will be discussed, as well as the attempts to target the 

tumor stroma for therapeutic purposes.
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Figure 2. A simplistic scheme of the direct and indirect eff ect of cancer-associated fi broblasts (CAFs) on 

cancer cells. The activation of CAFs through transforming growth factor (TGF)-β and platelet-derived growth 

factor (PDGF) induces angiogenesis, reprograms immune cells in the tumor microenvironment and leads 

to cancer cell survival. Also, the secretion of cytokines and diff erent soluble molecules by CAFs induces 

cancer cell survival, epithelial-mesenchymal transition (EMT), stem cell properties and drug resistance in 

cancer cells.

Methodology of the tumor-stroma ratio

The TSR is evaluated based on routine 5-µm thick H&E sections using conventional microscopy. 

The intratumoral stroma formation is assessed at the invasive part of the tumor, which is most 

determinative for tumor progression. This was decided in a study of colon cancers in which 

multiple H&E slides from diff erent areas of the tumor were available for scoring. Heterogeneity 

in the percentage of stroma was observed throughout the tumor and the highest stroma 

percentages were observed in the tumor areas with the deepest invasion in the bowel wall 

(higher T-stage) 8. For retrospective studies, the slide with the most invasive part of the tumor 

generally corresponds to the slide used in routine pathology to determine the T-status and is 

indicated in the pathology report.

2
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Areas covered with the largest amount of stroma are selected using a x2.5 or x5 objective. Using 

the x10 objective, image fi elds are scored in increments of 10%. Tumor cells are to be present at 

the four borders of the selected image fi eld (Figure 3). Identifying one single image-fi eld with 

high stroma content is decisive for a fi nal stroma classifi cation. A statistically determined cut-off  

value of 50% distinguishes between stroma-high (>50%) and stroma-low (≤50%) patients 8. Using 

these criteria, scoring of the TSR is relatively easy resulting in a low inter-observer variation in 

diff erent published validation studies (Table 1)7-9, 12, 30.

The TSR is estimated adequately in resection specimens of patients operated for a primary 

epithelial tumor, including mucinous tumors. However, patients pretreated with chemo- and/

or radiotherapy are generally excluded from TSR scoring. Therapy induces changes in tissue 

arrangements as cell morphology and composition, resulting in stromal formation surrounding 

the tumor 31-34. Analyzing the TSR in biopsies to assess the prognostic value of the patient is an 

alternative for patients pre-treated with chemo- and/or radiotherapy (see below).

Figure 3. Examples of stroma-low (A; 20% stroma) and stroma-high (B; 90% stroma) hematoxylin and eosin 

(H&E) stained paraffi  n sections at the most invasive part of primary colon cancers.
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Tumor-stroma ratio, a prognostic factor in colon cancer

TSR in primary colon cancer

Multiple studies, performed and validated by different research groups, demonstrate that the 

TSR is a robust prognostic factor in colon cancer. In 2007, Mesker et al. developed the TSR 

for patients with stage I – III disease, and found that patients with tumors with a high stromal 

content had a significantly worse overall survival (P < 0.001) and disease free survival (P < 0.001), 

independently of T-stage and N-stage 8. The studies of Huijbers et al., Park et al. and van Pelt 

et al. found comparable results for overall and disease free survival (n = 710, P = 0.002 and P < 

0.001), cancer specific survival (n = 250, P = 0.009), and disease free survival (n = 102, P = 0.038), 

respectively 7, 10, 11. West et al.’s research group used a semi-automated method to investigate 

the prognostic value of the relative proportion of tumor at the luminal surface. Although a 

different method compared to the TSR, they found a comparable cut-off value of 47%, leading 

to similar results 12 (Table 1). Both Park et al. and West et al. included rectal cancer patients who 

did not receive neoadjuvant therapy. However, their results were comparable with studies only 

investigating colon cancer patients (from caecum to sigmoid colon).

The adverse prognostic impact of high tumor stroma is observed in both early disease and 

advanced colon cancer. As patients with stage II colon cancer have highly variable outcomes, 

the TSR is a useful tool to select patients who are at risk of developing recurrence of disease or 

metastases. Consequently, this subpopulation might also be considered for adjuvant therapy, a 

decision based currently on the American Society of Clinical Oncology (ASCO) criteria including 

T4 tumor stage, the number of lymph nodes examined (<10), poor tumor differentiation, presence 

of lymphatic, vascular and/or perineural invasion and perforation of the bowel wall. The study 

of Huijbers et al. investigated the TSR next to the ASCO criteria to select high risk stage II 

colon cancer patients. They found that the TSR improved the ASCO criteria and reclassified 

14% of the patients as high-risk, thereby dropping the rate of undertreated patients from 6% 

to 4% 7. This suggests that adjuvant therapy might be considered in stage II patients with high 

tumor stroma content. Further research should assess the effectiveness of adjuvant therapy 

in stroma-high patients.

2
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Table 1. Characteristics of tumor stroma studies in colorectal cancer.

Study Number of 
patients

Stage Outcome (HR (95%CI)) Interobserver
variation

Mesker et al., 2007 122 I-III OS: 3.74 (2.32-6.01), P < 0.001
DFS: 4.18 (2.63-6.65), P < 0.001

NS

Mesker et al., 2009 135 I-II OS: 2.73 (1.73-4.30), P < 0.001
DFS: 2.43 (1.55-3.82), P < 0.002

Κ = 0.6-0.7
(3 observers)

Huijbers et al., 2013 710 II-III OS: 1.71 (1.22-2.41), P = 0.002
DFS: 1.95 (1.45-2.61), P < 0.001

Κ = 0.89

West et al., 2010a 145 I-IV CSS: 2.09 (1.09-4.00), P = 0.017 Κ = 0.97

Park et al., 2014 250 I-III CCS: 1.84 (1.17-2.92), P = 0.009 Κ = 0.81

van Pelt et al., 2016 102 III DFS PT: 1.98 (1.04-3.77), P = 0.038
DFS PT+LNs: 2.85 (1.33-6.10), P = 0.007

Κ = 0.73

Hynes et al., 2017 445 II-III CSS: 1.45 (0.92-2.29)
OS: 1.49 (1.02-2.20)

Κ = 0.5-1.0
(4 observers)

aWest et al. used a cut-off point of 47% with a semi-automated method.

Abbreviations: NS, not stated; HR, hazard ratio; CI, confidence interval; OS, overall survival; DFS, disease free survival; CSS, 

cancer specific survival; PT, primary tumor; LNs, lymph nodes

TSR in metastatic lymph nodes of colon cancer

The prognostic implications of metastatic lymph nodes have been widely established. Lymph 

node-negative patients have a 5-year survival rate of more than 58% (stage IIC), decreasing to 

35% when lymph nodes are involved (stage IIIC) 4.

Although lymph node involvement has proven its importance, all studies investigating the TSR in 

colon cancer patients have found the TSR to be a prognostic factor independent of the N-status 

7, 8, 10-12. Moreover, evaluation of the TSR in metastatic lymph nodes of stage III colon cancer 

patients has recently been shown to be of additional prognostic value. A strong heterogeneity 

of TSR between lymph nodes of a single patient was observed, and it was found that the 

presence of abundant stroma in at least one lymph node already contributed significantly to 

the prognostic information initially learned solely from the primary tumor (P = 0.007) 11. These 

findings emphasize that not only the number of positive lymph nodes but also the composition 

of the microenvironment within the lymph node metastasis is important for patient outcome 35.

TSR in pre-operative biopsies

As mentioned previously, patients pretreated with chemo- and/or radiotherapy are not eligible 

for tumor stroma scoring due to therapy related stromal formation. As a consequence, rectal 

cancer patients, who often receive neoadjuvant therapy, are usually excluded from TSR studies. 
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Scoring the TSR on biopsies of neoadjuvantly treated patients might be a good alternative, 

although the TSR cannot be determined at the most invasive front. In esophageal cancer, for 

instance, TSR score assessed on biopsies was an independent prognostic factor for survival, in 

line with the TSR in primary tumors 36. The TSR scores of the primary tumor and the matching 

presurgical biopsy correlated in 81% of the cases. The remaining discrepant scores were 

stroma-high primary tumors while the matching biopsy was assessed as stroma-low, thereby 

underestimating the TSR and leading to false-negative selection. However, as the biopsies 

showed a high correlation with matching resection material, especially for stroma-high cases 

(100% correlation), biopsies could be used for prediction of patient outcome. Eventually, it 

would be of interest if the TSR scores of biopsies could be used to predict the response to 

neoadjuvant treatment.

The biological mechanism of the tumor stroma in colon cancer

The tumor microenvironment formation

 A high stromal content is a reflection of the highly activated interaction between tumor and 

stromal cells. During tumor progression, specific molecular changes in colon cancer cells 

cause the recruitment and activation of surrounding stromal cells by releasing soluble growth 

factors, metabolites and cytokines 37. Two main cancer cell-secreted growth factors are TGF-β 

and platelet-derived growth factor (PDGF), which have been largely acknowledged to mediate 

the conversion of normal fibroblasts into CAFs (Figure 2) 37-39. Mitogenic factors secreted by 

fibroblasts include hepatocyte growth factor 27, fibroblast growth factors, epidermal growth 

factor family members and chemokine ligand 12 40. In addition, a number of studies analyzing 

transcriptomic data have reported that the activation level of CAFs present in the tumor showed 

prognostic value in colorectal cancer 26, 41, 42.

The TGF-β signaling pathway is considered a central player during tumor progression. The 

pathway exerts a dual role: its activation can function as a tumor suppressor by inducing 

apoptosis in normal cells and early stage cancers and can later promote tumorigenesis. The 

paradox that high levels of TGF-β1 correlate with poor prognosis can partially be explained by 

the fact that the tumor stroma remains highly responsive to the growth factor. TGF-β-activated 

CAFs secrete a range of growth factors that support tumor growth and induce a mesenchymal 

phenotype in cancer cells 37.

2
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The role of the tumor microenvironment in tumor progression

Various mechanisms have been proposed to explain how the tumor microenvironment 

contributes to tumor progression, tumor invasion and metastasis, for instance by (i) impacting 

the proliferation and survival of cancer cells, (ii) increasing their stem-like properties and 

favoring EMT 27, 38, 43, (iii) rewiring the tumor metabolism 40 and/or (iv) stimulating metastatic 

dissemination (Figure 2). In-vivo studies demonstrated that co-injection of cancer cells and 

CAFs or mesenchymal stem cells lead to an increased tumor growth, invasion and metastasis 

compared to co-injection of cancer cells with normal fibroblasts 44, 45.

The tumor stroma provides a nourishing environment that maintains cancer stem cells (CSCs) 

in a tumor. CSCs are characterized by an activated Wnt pathway and the nuclear translocation 

of the oncoprotein β-catenin. Vermeulen et al. showed that colon cancer cells located at the 

tumor invasive front acquire an increased stem-like state due to stromal fibroblasts activating 

the Wnt pathway, compared to cancer cells located in the central part of the tumor. These 

results suggest that CAFs foster stemness of cancer cells 27. Tumors with an increased number 

of CSCs are predictive of a negative patient outcome due to intratumoral heterogeneity 28, 

29. Furthermore, stem-like properties acquired by premetastatic cancer cells are linked 

to EMT induction, a process where cancer cells lose epithelial characteristics and acquire 

mesenchymal properties. It was found in several studies that the tumor stroma, in particular 

myofibroblasts, can induce EMT in cancer cells via cell-to-cell contact 45, 46.

In addition, soluble factors secreted by cancer cells participate in the metabolic reprograming 

of CAFs. CAFs rely on aerobic glycolysis, a metabolism comparable to that of highly proliferating 

cells. The metabolic alteration in CAFs, in its turn, probably promotes the cancer cell metabolic 

adaptation 47. The tumor stroma can impact the aggressive behavior of cancer cells not only 

through cell-cell contact and auto- and paracrine signaling but also through mechanical 

pressure. Due to the abundant ECM and the high number of CAFs, the tumor stroma forms 

a physical barrier around the tumor that increases the interstitial pressure and hypoxia in the 

tumor. Cancer cells respond to hypoxic conditions through the up-regulation of hypoxia-

inducible factor 1α, a master transcription factor that activates a whole range of genes involved 

in angiogenesis, migration, metabolism, tumor invasion and metastasis 48.

Targeting the stromal compartment

While tumor cells have been the main therapeutic target in the past, different components of 

the tumor microenvironment, such as immune cells and angiogenesis, have been targeted 
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recently. Based on the understanding of the tumor stroma, oncogenic pathways activated 

in the tumor microenvironment, CAF markers and their soluble molecules can be targeted 

therapeutically 42. For instance, the TGF-β pathway is highly increased in fibroblasts of stroma-

high tumors. Based on preclinical studies, different TGF-β targeting agents were used in 

clinical trials, such as the TGF-β receptor kinase inhibitor galunisertib (rectal adenocarcinoma 

NCT02688712, Phase II), showing both negative as well as positive results. The dual function 

of the signaling pathway makes it a challenging target 49. For an extensive summary of TGF-β 

targeting drugs, see the review by Colak et al 50. Another activated signaling pathway is the 

PDGFR pathway which can be targeted by imatinib anticancer drug. The ongoing ImPACCT 

clinical trial investigates the efficacy of the drug in patients with colon cancer characterized as 

CMS4, described in Ubink et al 51.

Therapeutically targeting CAFs can also promote anti-tumor response and it could be used in 

combination with standard therapy in order to target both CAFs and cancer cells. For instance, 

sibrotuzumab is an antibody that inactivates the CAF marker FAP. Clinical trials have failed 

however to show clinical efficacy in metastatic colorectal cancer 52.

Furthermore, the tumor microenvironment exerts an important influence on therapy response. 

Previous preclinical and clinical studies showed that tumors with high stromal content become 

resistant to therapy. Lotti et al. demonstrated that chemotherapy-treated CAFs promoted tumor-

initiating cells and tumor growth in vivo 53. Similar results were found in endothelial cells able 

to induce chemoresistance in CRC cells 54. Consistent with the preclinical studies, a correlation 

was found between poor prognosis and increased amount of stroma in tumors pretreated 

with radio- and/or chemotherapy 55, 56. Song et al. showed in a randomized clinical trial that 

CRC patients at stages II-III of the CMS4 subtype did not benefit from adjuvant oxaliplatin 

57. Furthermore, a retrospective study showed that patients with rectal cancer of the CMS4 

subtype had poor response to radiotherapy 26.

Acquiring further insights in the complexity between the cancer cells and its microenvironment 

may provide novel tumor stroma-targeted therapy as well as a better understanding of drug 

resistance.

TSR ratio in solid epithelial tumors

The prognostic value of the TSR reaches further than colon cancer; it is also observed in a 

range of different other solid epithelial tumors 13-24. Recently, an elaborated meta-analysis was 

2
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conducted on 14 studies with 4238 patients to study the TSR on prognosis in solid tumors. 

The authors identified that stroma-high tumors were associated with worse overall survival 

and disease-free survival in colon cancer, breast cancer, ovarian cancer, non-small cell lung 

cancer, nasopharyngeal cancer, esophageal cancer and hepatocellular cancer 58. However, 

two articles studying early stage cervical cancer found contradictory results 17, 22. The study 

by Pongsuvareeyakul et al. did not reveal an independent prognostic value of the TSR 22. This 

might be explained by the fact that this study had a small number of recurrences and death, 

which might reduce the ability of statistical analysis. Furthermore, in contrast to the study by 

Liu et al., Pongsuvareeyakul et al. only included cervical adenocarcinoma patients and no 

squamous carcinoma patients, suggesting that histological types of cervical cancer might 

have a different impact on prognosis. This should be further investigated. Similar to colon 

cancer, the TSR method also has a high interobserver agreement in a variety of studies of other 

epithelial cancer types (Table 2) 13-22, 59. The use of the TSR across tumor types emphasizes the 

robustness of the method.

Table 2. Characteristics of tumor stroma studies in other types of epithelial cancers, which adapted the 

method described in this paper and reported an interobserver variation.

Study Number of 
patients

Stage Type of cancer Interobserver
variation

Courrech Staal et al., 2010 93 I-IV Esophageal Κ = 0.84

De Kruijf et al., 2011 574 I-III Breast Κ = 0.85

Moorman et al., 2012 124 I-III Breast (triple-negative) Κ = 0.74

Dekker et al., 2013 403 I-III Breast Κ = 0.80

Wang et al., 2013 95 I-III Esophageal Κ = 0.84

Gujam et al., 2014 361 I-III Breast Κ = 0.83

Liu et al., 2014 184 I-II Cervical Κ = 0.81

Zhang et al., 2014 93 I-IV Nasopharyngeal Κ = 0.85

Lv et al., 2015 300 I-IV Liver Κ = 0.87

Pongsuvareeyakul et al., 2015 131 I-II Cervical Κ = 0.78

Li et al., 2017 51 II-IV Gallbladder Κ = 0.85

Daily diagnostic practice

Many prognostic biomarkers have been, or are currently, under investigation for implementation 

in routine clinical diagnostics. For instance, mutations in BRAF and KRAS and the microsatellite 

instability (MSI)-status are well-known prognostic and predictive markers used in the clinic to 
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characterize colorectal tumors and determining specific treatment. Besides its prognostic value, 

the TSR might be used as an additional high-risk factor to select patients for adjuvant therapy. 

We believe that stroma-high tumors should be treated accordingly. However, there is as yet 

no information how stroma-high tumors will respond to adjuvant therapy.

Potential prognostic markers as the Immunoscore 60, tumor budding 61 and the CMS classification 

6 have been proposed for implementation in daily practice. In order for a biomarker to be 

implemented into the clinic it has to show clinical relevance. Also, feasibility and ease to use 

are important factors.

In our opinion, it is time to combine biomarkers which integrate different aspects of the tumor 

biology, including the interaction with the tumor microenvironment. In addition to the clear 

evidence of the prognostic value of the TSR, a critical advantage of the TSR lays within its 

simplicity, reproducibility and low costs. Therefore, the TSR method is applicable for all 

pathology centers.

Further research

Automation

An automated scoring method of the TSR is under development, which will lead to a 

standardized protocol with optimal reproducibility. In 2014, Bianconi et al. showed the possibility 

to discriminate between tumor epithelial and stroma in colorectal cancer patients, with an 

accuracy of almost 97% using an automated image analysis system. However, this study was 

based on an image database that consisted of small parts of tissue samples instead of whole 

tumor slides. The challenge for automated scoring will be to detect the areas containing the 

highest amount of stroma using whole slide imaging 62. A disadvantage of an automated scoring 

method is the increase of cost and time due to the acquirement of a slide scanner and software. 

However, the digitalization of the pathology workflow asks for automated scoring of the TSR. 

Therefore, the automation of the method is almost inevitable.

Prospective multicenter study

The TSR has been discussed by the TNM Evaluation Committee (UICC) and the College of 

American Pathologists (CAP), who stated that it has the potential to be included in the TNM 

staging algorithm. In order to reach this, the reproducibility of the TSR method is currently being 

validated in a large European multicenter study. In parallel, a prospective cohort will be used 

to validate the potential value of the TSR as a selection tool for high-risk patients.

2

141876_Gabi_van_Pelt_BNW-def.indd   27141876_Gabi_van_Pelt_BNW-def.indd   27 20-7-2020   14:48:5120-7-2020   14:48:51



28

Chapter 2

Conclusion

It is well established that the interaction between cancer cells and its microenvironment is 

involved in tumor progression and metastasis. The TSR probably reflects this interaction. 

CAFs constitute the most abundant cell type in the tumor stroma, and this cell population 

releases a cascade of growth factors promoting tumorigenesis. The tumor stroma is able to 

induce stem cell-like properties and EMT in colon cancer cells, making the cancer cell acquire 

prometastatic capacities. Acquiring further insights in the complexity between the cancer cells 

and its microenvironment may provide novel tumor stroma-targeted therapy and understanding 

of drug resistance.

Given the current understanding of the tumor stroma, colon cancer should not solely 

be categorized based on tumor cell characteristics, but also according to the tumor 

microenvironment. The TSR has been proven to have prognostic relevance in colon cancer 

patients. Combining this knowledge, it would suggest that the TSR should be added to the 

current TNM classification. Owing to its simplicity, reliability and low costs, the TSR score can 

be implemented with little efforts in current routine diagnostics of the pathologist.

Conflicts of interest

The authors declare no conflicts of interest.

141876_Gabi_van_Pelt_BNW-def.indd   28141876_Gabi_van_Pelt_BNW-def.indd   28 20-7-2020   14:48:5120-7-2020   14:48:51



29

The tumor-stroma ratio in colon cancer

References

1. Sobin LH, Fleming ID. TNM Classification of Malignant Tumors, fifth edition (1997). Union 
Internationale Contre le Cancer and the American Joint Committee on Cancer. Cancer 
1997; 9: 1803-1804

2. Sobin LH, Hermanek P, Hutter RV. TNM classification of malignant tumors. A comparison 
between the new (1987) and the old editions. Cancer 1988; 11: 2310-2314

3. Locker GY, Hamilton S, Harris J et al. ASCO 2006 update of recommendations for the use 
of tumor markers in gastrointestinal cancer. J Clin Oncol 2006; 33: 5313-5327

4. Gao P, Song YX, Wang ZN et al. Is the prediction of prognosis not improved by the seventh 
edition of the TNM classification for colorectal cancer? Analysis of the surveillance, 
epidemiology, and end results (SEER) database. BMC Cancer 2013; 123

5. Lea D, Haland S, Hagland HR, Soreide K. Accuracy of TNM staging in colorectal cancer: 
a review of current culprits, the modern role of morphology and stepping-stones for 
improvements in the molecular era. Scand J Gastroenterol 2014; 10: 1153-1163

6. Guinney J, Dienstmann R, Wang X et al. The consensus molecular subtypes of colorectal 
cancer. Nat Med 2015; 11: 1350-1356

7. Huijbers A, Tollenaar RA, van Pelt GW et al. The proportion of tumor-stroma as a strong 
prognosticator for stage II and III colon cancer patients: validation in the VICTOR trial. Ann 
Oncol 2013; 1: 179-185

8. Mesker WE, Junggeburt JM, Szuhai K et al. The carcinoma-stromal ratio of colon carcinoma 
is an independent factor for survival compared to lymph node status and tumor stage. Cell 
Oncol 2007; 5: 387-398

9. Mesker WE, Liefers GJ, Junggeburt JM et al. Presence of a high amount of stroma and 
downregulation of SMAD4 predict for worse survival for stage I-II colon cancer patients. 
Cell Oncol 2009; 3: 169-178

10. Park JH, Richards CH, McMillan DC, Horgan PG, Roxburgh CS. The relationship between 
tumour stroma percentage, the tumour microenvironment and survival in patients with 
primary operable colorectal cancer. Ann Oncol 2014; 3: 644-651

11. van Pelt GW, Hansen TB, Bastiaannet E et al. Stroma-High Lymph Node Involvement 
Predicts Poor Survival More Accurately for Patients with Stage III Colon Cancer. J Med 
Surg Pathol 2016; 2:

12. West NP, Dattani M, McShane P et al. The proportion of tumour cells is an independent 
predictor for survival in colorectal cancer patients. Br J Cancer 2010; 10: 1519-1523

13. Courrech Staal EF, Wouters MW, van Sandick JW et al. The stromal part of adenocarcinomas 
of the oesophagus: does it conceal targets for therapy? Eur J Cancer 2010; 4: 720-728

14. de Kruijf EM, van Nes JG, van de Velde CJ et al. Tumor-stroma ratio in the primary tumor is 
a prognostic factor in early breast cancer patients, especially in triple-negative carcinoma 
patients. Breast Cancer Research & Treatment 2011; 3: 687-696

15. Dekker TJ, van de Velde CJ, van Pelt GW et al. 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 2013; 2: 
371-379

2

141876_Gabi_van_Pelt_BNW-def.indd   29141876_Gabi_van_Pelt_BNW-def.indd   29 20-7-2020   14:48:5120-7-2020   14:48:51



30

Chapter 2

16. Gujam FJ, Edwards J, Mohammed ZM, Going JJ, McMillan DC. The relationship between 
the tumour stroma percentage, clinicopathological characteristics and outcome in patients 
with operable ductal breast cancer. Br J Cancer 2014; 1: 157-165

17. Liu J, Liu J, Li J et al. Tumor-stroma ratio is an independent predictor for survival in early 
cervical carcinoma. Gynecol Oncol 2014; 1: 81-86

18. Lv Z, Cai X, Weng X et al. Tumor-stroma ratio is a prognostic factor for survival in 
hepatocellular carcinoma patients after liver resection or transplantation. Surgery 2015; 
1: 142-150

19. Moorman AM, Vink R, Heijmans HJ, van der Palen J, Kouwenhoven EA. The prognostic value 
of tumour-stroma ratio in triple-negative breast cancer. Eur J Surg Oncol 2012; 4: 307-313

20. Wang K, Ma W, Wang J et al. Tumor-stroma ratio is an independent predictor for survival in 
esophageal squamous cell carcinoma. J Thorac Oncol 2012; 9: 1457-1461

21. Zhang XL, Jiang C, Zhang ZX et al. The tumor-stroma ratio is an independent predictor for 
survival in nasopharyngeal cancer. Oncol Res Treat 2014; 9: 480-484

22. Pongsuvareeyakul T, Khunamornpong S, Settakorn J et al. Prognostic evaluation of tumor-
stroma ratio in patients with early stage cervical adenocarcinoma treated by surgery. Asian 
Pac J Cancer Prev 2015; 10: 4363-4368

23. Wang Z, Liu H, Zhao R et al. [Tumor-stroma ratio is an independent prognostic factor of 
non-small cell lung cancer]. Zhongguo Fei Ai Za Zhi 2013; 4: 191-196

24. Zhang T, Xu J, Shen H et al. Tumor-stroma ratio is an independent predictor for survival 
in NSCLC. International Journal of Clinical & Experimental Pathology 2015; 9: 11348-11355

25. Calon A, Lonardo E, Berenguer-Llergo A et al. Stromal gene expression defines poor-
prognosis subtypes in colorectal cancer. Nat Genet 2015; 4: 320-329

26. Isella C, Terrasi A, Bellomo SE et al. Stromal contribution to the colorectal cancer 
transcriptome. Nat Genet 2015; 4: 312-319

27. Vermeulen L, De Sousa EMF, van der Heijden M et al. Wnt activity defines colon cancer stem 
cells and is regulated by the microenvironment. Nat Cell Biol 2010; 5: 468-476

28. Merlos-Suarez A, Barriga FM, Jung P et al. The intestinal stem cell signature identifies 
colorectal cancer stem cells and predicts disease relapse. Cell Stem Cell 2011; 5: 511-524

29. Dalerba P, Kalisky T, Sahoo D et al. Single-cell dissection of transcriptional heterogeneity 
in human colon tumors. Nat Biotechnol 2011; 12: 1120-1127

30. Hynes SO, Coleman HG, Kelly PJ et al. Back to the future: routine morphological assessment 
of the tumour microenvironment is prognostic in stage II/III colon cancer in a large 
population-based study. Histopathology 2017; 1: 12-26

31. Aktepe F, Kapucuoglu N, Pak I. The effects of chemotherapy on breast cancer tissue in 
locally advanced breast cancer. Histopathology 1996; 1: 63-67

32. McCluggage WG, Lyness RW, Atkinson RJ et al. Morphological effects of chemotherapy 
on ovarian carcinoma. J Clin Pathol 2002; 1: 27-31

33. Nagtegaal I, Gaspar C, Marijnen C et al. Morphological changes in tumour type after 
radiotherapy are accompanied by changes in gene expression profile but not in clinical 
behaviour. J Pathol 2004; 2: 183-192

141876_Gabi_van_Pelt_BNW-def.indd   30141876_Gabi_van_Pelt_BNW-def.indd   30 20-7-2020   14:48:5120-7-2020   14:48:51



31

The tumor-stroma ratio in colon cancer

34. Stone HB, Coleman CN, Anscher MS, McBride WH. Effects of radiation on normal tissue: 
consequences and mechanisms. Lancet Oncol 2003; 9: 529-536

35. Del Pozo Martin Y, Park D, Ramachandran A et al. Mesenchymal Cancer Cell-Stroma 
Crosstalk Promotes Niche Activation, Epithelial Reversion, and Metastatic Colonization. 
Cell Rep 2015; 11: 2456-2469

36. Courrech Staal EF, Smit VT, van Velthuysen ML et al. Reproducibility and validation of 
tumour stroma ratio scoring on oesophageal adenocarcinoma biopsies. Eur J Cancer 2011; 
3: 375-382

37. Calon A, Espinet E, Palomo-Ponce S et al. Dependency of colorectal cancer on a TGF-
beta-driven program in stromal cells for metastasis initiation. Cancer Cell 2012; 5: 571-584

38. Hawinkels LJ, Paauwe M, Verspaget HW et al. Interaction with colon cancer cells 
hyperactivates TGF-beta signaling in cancer-associated fibroblasts. Oncogene 2014; 1: 
97-107

39. Bronzert DA, Pantazis P, Antoniades HN et al. Synthesis and secretion of platelet-derived 
growth factor by human breast cancer cell lines. Proc Natl Acad Sci U S A 1987; 16: 5763-
5767

40. Kalluri R. The biology and function of fibroblasts in cancer. Nat Rev Cancer 2016; 9: 582-598

41. Herrera M, Islam AB, Herrera A et al. Functional heterogeneity of cancer-associated 
fibroblasts from human colon tumors shows specific prognostic gene expression signature. 
Clin Cancer Res 2013; 21: 5914-5926

42. De Vlieghere E, Verset L, Demetter P, Bracke M, De Wever O. Cancer-associated fibroblasts 
as target and tool in cancer therapeutics and diagnostics. Virchows Arch 2015; 4: 367-382

43. Vellinga TT, den Uil S, Rinkes IH et al. Collagen-rich stroma in aggressive colon tumors 
induces mesenchymal gene expression and tumor cell invasion. Oncogene 2016;

44. Shinagawa K, Kitadai Y, Tanaka M et al. Mesenchymal stem cells enhance growth and 
metastasis of colon cancer. Int J Cancer 2010; 10: 2323-2333

45. Mele V, Muraro MG, Calabrese D et al. Mesenchymal stromal cells induce epithelial-
to-mesenchymal transition in human colorectal cancer cells through the expression of 
surface-bound TGF-β. Int J Cancer 2014; 11: 2583-2594

46. Martin FT, Dwyer RM, Kelly J et al. Potential role of mesenchymal stem cells (MSCs) in the 
breast tumour microenvironment: stimulation of epithelial to mesenchymal transition (EMT). 
Breast Cancer Research & Treatment 2010; 2: 317-326

47. Martinez-Outschoorn UE, Lisanti MP, Sotgia F. Catabolic cancer-associated fibroblasts 
transfer energy and biomass to anabolic cancer cells, fueling tumor growth. Semin Cancer 
Biol 2014; 47-60

48. Denko NC. Hypoxia, HIF1 and glucose metabolism in the solid tumour. Nat Rev Cancer 
2008; 9: 705-713

49. Fessler E, Drost J, van Hooff SR et al. TGFbeta signaling directs serrated adenomas to the 
mesenchymal colorectal cancer subtype. EMBO Mol Med 2016; 7: 745-760

50. Colak S, ten Dijke P. Targeting TGF-b signaling in cancer. Trends in Cancer 2017; 1:

2

141876_Gabi_van_Pelt_BNW-def.indd   31141876_Gabi_van_Pelt_BNW-def.indd   31 20-7-2020   14:48:5120-7-2020   14:48:51



32

Chapter 2

51. Ubink I, Bloemendal HJ, Elias SG et al. Imatinib treatment of poor prognosis mesenchymal-
type primary colon cancer: a proof-of-concept study in the preoperative window period 
(ImPACCT). BMC Cancer 2017; 1: 282

52. Hofheinz RD, al-Batran SE, Hartmann F et al. Stromal antigen targeting by a humanised 
monoclonal antibody: an early phase II trial of sibrotuzumab in patients with metastatic 
colorectal cancer. Onkologie 2003; 1: 44-48

53. Lotti F, Jarrar AM, Pai RK et al. Chemotherapy activates cancer-associated fibroblasts to 
maintain colorectal cancer-initiating cells by IL-17A. J Exp Med 2013; 13: 2851-2872

54. Lu J, Ye X, Fan F et al. Endothelial cells promote the colorectal cancer stem cell phenotype 
through a soluble form of Jagged-1. Cancer Cell 2013; 2: 171-185

55. Hansen TF, Kjaer-Frifeldt S, Lindebjerg J et al. Tumor-stroma ratio predicts recurrence in 
patients with colon cancer treated with neoadjuvant chemotherapy. Acta Oncol 2017; 1-6

56. Verset L, Tommelein J, Moles Lopez X et al. Impact of neoadjuvant therapy on cancer-
associated fibroblasts in rectal cancer. Radiotherapy & Oncology 2015; 3: 449-454

57. Song N, Pogue-Geile KL, Gavin PG et al. Clinical Outcome From Oxaliplatin Treatment in 
Stage II/III Colon Cancer According to Intrinsic Subtypes: Secondary Analysis of NSABP 
C-07/NRG Oncology Randomized Clinical Trial. JAMA Oncol 2016; 9: 1162-1169

58. Wu J, Liang C, Chen M, Su W. Association between tumor-stroma ratio and prognosis in 
solid tumor patients: a systematic review and meta-analysis. Oncotarget 2016;

59. Li H, Yuan SL, Han ZZ et al. Prognostic significance of the tumor-stroma ratio in gallbladder 
cancer. Neoplasma 2017;

60. Galon J, Mlecnik B, Bindea G et al. Towards the introduction of the ‘Immunoscore’ in the 
classification of malignant tumours. J Pathol 2014; 2: 199-209

61. Koelzer VH, Zlobec I, Lugli A. Tumor budding in colorectal cancer--ready for diagnostic 
practice? Hum Pathol 2016; 1: 4-19

62. Bianconi F, Alvarez-Larran A, Fernandez A. Discrimination between tumour epithelium and 
stroma via perception-based features. Neurocomputing 2015; 119-126

141876_Gabi_van_Pelt_BNW-def.indd   32141876_Gabi_van_Pelt_BNW-def.indd   32 20-7-2020   14:48:5120-7-2020   14:48:51



33

The tumor-stroma ratio in colon cancer

2

141876_Gabi_van_Pelt_BNW-def.indd   33141876_Gabi_van_Pelt_BNW-def.indd   33 20-7-2020   14:48:5120-7-2020   14:48:51


