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Abstract

Background: Strategies for breast cancer care are improving. However, there is a clinical need 
for a better selection of patients who are at risk for recurrence and benefit from treatment 
with chemotherapy. The 70-gene signature (70-GS) guides chemotherapy decision making 
based on the mRNA microarray assessment but is expensive. The tumor-stroma ratio (TSR) 
is a morphological and cheap biomarker based on the amount of stroma in the primary 
tumor. In the present study the association between the 70-GS and TSR was investigated. 

Materials and methods: Frozen tumor tissue sections of 102 ER+/Her2- patients were send 
to Agendia for 70-GS analysis in an earlier study. The results of the 70-GS were available, and 
hematoxylin and eosin stained sections of the 102 tumors were scored for TSR. Concordance 
between the TSR and the 70-GS was analyzed. No data of patient outcome is available. 

Results: Of the patients in the 70-GS high risk category (n=46), 23 patients (50%) were 
classified into the stroma-high group according to previously established thresholds. 55% 
(n=31) of the low-risk 70-GS patients, had a stroma-low profile. The overall concordance 
between the 70-GS and TSR was 53% and no association was observed (Chi-square: 
p=0.917). Patients with a 70-GS high-risk test result had a significantly higher tumor grade 
and stroma-high patients were significantly older and had larger tumors. 

Conclusion: In conclusion, no association between the 70-GS and TSR was found. This 
suggests that both methods select different groups of patients at risk for recurrence, and 
may have additional prognostic value.
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Introduction

Breast cancer is the most common cancer affecting women. Over the past decades, mortality 
rates have declined significantly mainly due to improved systemic treatment strategies 
(1, 2). Breast cancer treatment not only exists of surgery, but is often in combination 
with radiotherapy. It also encompasses treatment with adjuvant chemotherapy. Systemic 
treatment decisions are guided by clinical and pathological characteristics to estimate 
the risk for recurrence and the benefit of adjuvant chemotherapy. However, due to the 
heterogeneity of the disease, patients with comparable clinicopathological features may 
have different outcomes (3). Therefore, optimization in breast cancer risk stratification is 
of great importance to reduce overtreatment with adjuvant systemic therapy, but also to 
prevent under treatment. 

Prognostic and predictive tests can be molecularly or morphologically based. In recent 
years, several gene expression profiles have been developed to assess the risk of recurrence 
based on the expression of, predominantly tumor proliferation related, genes (4). One 
such test is the 70-gene signature (70-GS (MammaPrint®)) that assigns patients to high- 
or low-risk recurrence group (3, 5-8). The guidelines suggest the use of a validated gene-
expression profile in patients with estrogen-receptor positive (ER+) and Her2 receptor 
negative (HER2-) disease in whom treatment with adjuvant chemotherapy is debated on 
the basis of clinicopathological characteristics alone (9, 10). However, as gene-expression 
profiles are relatively costly, attempts have been made to search for alternative tests that 
predict prognosis accurately.

A promising and less expensive morphological biomarker is the tumor-stroma ratio (TSR). 
TSR is based on the microenvironment of the primary tumor and showed to be a good 
independent prognostic parameter for (disease free and overall) survival in multiple 
epithelial cancer types, including breast cancer (11-14). Tumors with high stromal content 
are characterized by invasive behavior and worse survival. Stroma-high tumors have 
been associated with enriched extracellular matrix and activated fibroblasts which likely 
contribute to the metastatic capacity of cancer cells (15). The TSR can be scored during 
diagnostic pathology in the hospital without extra laboratory costs. It is often asked if the 
TSR and the 70-GS are related to each other. 

In the present study, we aimed to determine whether the 70-GS and TSR select similar 
groups of patients at risk for recurrence. Therefore, the association between the 70-GS and 
the TSR was investigated. 
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Materials and Methods

Patient cohort
The study cohort of 102 patients was selected from “the Symphony Triple A Study” (a 
prospective multicenter observational study regarding the influence of the 70-GS on adjuvant 
chemotherapy decision) (16). The distribution between the 70-GS high-risk profile and low-
risk profile was equal in the selected population, further patient selection was random. All 
patients had been diagnosed with early stage invasive ductal ER+ breast cancer, with an 
uncertain benefit of adjuvant therapy (16). Clinicopathological information regarding age, 
tumor size, invasive grade, lymph-node involvement, ER, PR, Her2 status and the genomic 
test result was obtained from the Symphony Triple A database.

70-Gene signature
A fresh frozen or paraffin embedded tissue sample of the tumor was sent to the Agendia 
Laboratory (Amsterdam, the Netherlands) for analysis of the 70-GS as part of routine care 
in the aforementioned study. The 70-GS (MammaPrint®) assigned patients to an either high 
or low risk of dissemination group based on the expression of 70 genes. The analyses were 
performed blinded to clinical and pathological data (16). 

Tumor-stroma ratio
The TSR was scored at the Leiden University Medical Center (Leiden, the Netherlands) 
on hematoxylin and eosin stained sections of the resection specimen, used for routine 
pathology. The percentage of stroma in the primary tumor was scored in increments of 10. 
A tumor was classified as stroma-low when ≤50% stroma was present and stroma-high if a 
tumor had >50% stroma. For detailed description of the scoring method see references (14, 
17, 18). Two well-trained observers (WM, MS) scored the sections for TSR, both blinded to 
clinicopathological data and each other’s score. Interobserver agreement was calculated.

Statistical analysis
Baseline characteristics were presented in percentages. Non-normally distributed 
continuous parameters were visualized with a median and range was calculated. Differences 
between non-normal variables and groups were analyzed using the Mann-Whitney U test. 
Contingency tables were used to visualize categorical variables. Percentage concordance 
between TSR and 70-GS was calculated, and Chi-square test was used for measuring the 
statistical coherence between TSR and 70-GS. The interobserver agreement was calculated 
using Cohen’s kappa. P-values <0.05 were considered significant. Statistical analyses were 
conducted in SPSS statistical package version 25.0 (SPSS, Inc. an IBM Company Chicago, IL, 
USA).
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Results

Baseline
In total, tissue samples of 102 women diagnosed with ER+/Her2- disease, were analyzed. 
The median age of the patients was 56 years (range 33-73) and the majority of patients had 
intermediate grade tumors, without axillary lymph node involvement (table 1).

Forty-five percent (n=46) of patients were classified as 70-GS high-risk and 47% (n=48) of 
patients were classified stroma-high. Patients in the stroma-high group were significantly 
older (median 60 vs. 53 years) and had larger tumors (median 17mm vs. 15mm) compared 
to patients in the stroma-low group, whereas no differences were observed regarding age 
and tumor size between 70-GS low- and high-risk patients. Patients with a 70-GS high-risk 
test result had a significantly higher tumor grade compared to 70-GS low-risk patients. No 
difference was observed for TSR and tumor grade. Lymph node involvement and PR status 
were comparable in the 70-GS and TSR groups (table 1). A good interobserver agreement 
for TSR (kappa=0.78) was obtained.

Comparison of the 70-GS versus TSR 
Both prognostic variables classified similar proportions of patients into the risk group 
associated with poor prognosis. Of the 70-GS high-risk patients (n=46), 50% (n=23) were 
classified as stroma-high (table 2). The overall concordance between the 70-GS and TSR was 
53% and no association was found (Chi-square: p=0.917).

Table 2. Comparison of 70-gene signature and tumor-stroma ratio in 102 invasive ER+/HER2- breast cancer 

patients (p=0.917, Chi-square test) ER+/HER2- breast cancer patients (p=0.917, Chi-square test).

70-GS
TotalLow-risk High-risk

TSR
Stroma-low 31 (55%) 23 (50%) 54
Stroma-high 25 (45%) 23 (50%) 48

Total 56 46 102

70-GS 70-Gene Signature, TSR tumor-stroma ratio

Discussion

The current study did not show an association between the 70-GS and the TSR. This suggests 
that both markers select different groups of breast cancer patients at risk for developing 
recurrence. Both tests have shown to select patients with a high-risk or worse disease free 
survival compared to the low-risk group (6-8, 11-14). In the panel of the 70-GS, mostly tumor
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related genes are included, but also some stromal genes. Since the 70-GS result is binary, no 
data is available whether individual stromal genes are up- or down regulated. It would be 
interesting to see whether the stromal genes of the 70-GS in the stroma-high group are up 
regulated compared to the stroma-low group.

TSR can be scored on all available tissue sections of a primary tumor, the 70-GS can only 
be performed when the tumor tissue contains 30% or more tumor cells. Because of this 
restriction a selection bias was created. However, no differences in distribution for TSR 
was seen in this cohort, compared to previous TSR publications due to a variation in the 
distribution of TSR in different cohorts (11-14, 18). Stroma-high patients were significantly 
older and had larger tumors than stroma-low patients, this is consistent with a recent 
publication of Vangangelt et al. who showed that intratumoral stroma increases with age 
(18). A larger size of stroma-high tumors is in line with earlier research, the clinical relevance 
can be debated because of the small difference (2mm) (13, 18). 

Currently, no follow-up data is available for this cohort and will not be expected before 
the end of 2020. Both tests have shown their prognostic value. For TSR as described in 
a review by Kramer et al. who provided an overview of the prognostic value of the TSR 
validated in several independent international studies (11). The 70-GS has proven to be 
valuable because it is included in the international guidelines (9). In our opinion there is no 
reason to believe that the prognostic value of the tests will be different in this cohort. So, the 
assumption is that low/low-risk patients (low 70-GS and stroma-low) have a better prognosis 
then intermediate-risk patients (high 70-GS and stroma-low or vice versa), while high/high-
risk patients (high 70-GS and stroma-high) have the worst prognosis. This is interesting and 
should be further investigated. Clinical conclusions can be drawn when outcome of our 
patient cohort is known. 

Conclusion
The present study did not find an association between the 70-GS (MammaPrint®) and the 
TSR. This indicates that 70-GS and TSR, both may have additional prognostic value.

Acknowledgments
The authors would like to thank professor H. Putter for advice on statistical analysis.



108   |   Chapter 8

References

1.	 Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans V, et al. Effects of radiotherapy and  
	 of differences in the extent of surgery for early breast cancer on local recurrence and 15-year  
	 survival: an overview of the randomised trials. Lancet. 2005;366(9503):2087-106.
2.	 Systemic treatment of early breast cancer by hormonal, cytotoxic, or immune therapy. 133  
	 randomised trials involving 31,000 recurrences and 24,000 deaths among 75,000 women. Early  
	 Breast Cancer Trialists’ Collaborative Group. Lancet. 1992;339(8784):1-15.
3.	 Mook S, Van’t Veer LJ, Rutgers EJ, Piccart-Gebhart MJ, Cardoso F. Individualization of therapy  
	 using Mammaprint: from development to the MINDACT Trial. Cancer Genomics Proteomics.  
	 2007;4(3):147-55.
4.	 Sotiriou C, Pusztai L. Gene-expression signatures in breast cancer. N Engl J Med. 2009;360(8):790- 
	 800.
5.	 van ‘t Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, et al. Gene expression profiling  
	 predicts clinical outcome of breast cancer. Nature. 2002;415(6871):530-6.
6.	 Cardoso F, van’t Veer LJ, Bogaerts J, Slaets L, Viale G, Delaloge S, et al. 70-Gene Signature as an  
	 Aid to Treatment Decisions in Early-Stage Breast Cancer. N Engl J Med. 2016;375(8):717-29.
7.	 Viale G, de Snoo FA, Slaets L, Bogaerts J, van ‘t Veer L, Rutgers EJ, et al. Immunohistochemical  
	 versus molecular (BluePrint and MammaPrint) subtyping of breast carcinoma. Outcome results  
	 from the EORTC 10041/BIG 3-04 MINDACT trial. Breast Cancer Res Treat. 2018;167(1):123-31.
8.	 Audeh W, Blumencranz L, Kling H, Trivedi H, Srkalovic G. Prospective Validation of a Genomic  
	 Assay in Breast Cancer: The 70-gene MammaPrint Assay and the MINDACT Trial. Acta Med Acad.  
	 2019;48(1):18-34.
9.	 Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rubio IT, et al. Early breast cancer:  
	 ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2019.
10.	 IKNL. Landelijke richtlijn borstkanker (Nederland) 2018 [Available from: https://www.oncoline. 
	 nl/borstkanker.
11.	 Kramer CJH, Vangangelt KMH, van Pelt GW, Dekker TJA, Tollenaar R, Mesker WE. The prognostic  
	 value of tumour-stroma ratio in primary breast cancer with special attention to triple-negative  
	 tumours: a review. Breast Cancer Res Treat. 2019;173(1):55-64.
12.	 de Kruijf EM, van Nes JG, van de Velde CJ, Putter H, Smit VT, Liefers GJ, 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 Res Treat. 2011;125(3):687-96.
13.	 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;111(1):157-65.
14.	 Dekker TJ, van de Velde CJ, van Pelt GW, Kroep JR, Julien JP, Smit VT, 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;139(2):371-9.



70-Gene signature and tumor-stroma ratio select different groups of patients   |   109   

8

15.	 Sandberg TP, Oosting J, van Pelt GW, Mesker WE, Tollenaar R, Morreau H. Molecular profiling of  
	 colorectal tumors stratified by the histological tumor-stroma ratio - Increased expression of  
	 galectin-1 in tumors with high stromal content. Oncotarget. 2018;9(59):31502-15.
16.	 van Steenhoven JEC, Kuijer A, van Diest PJ, van Gorp JM, Straver M, Elias SG, et al. Conventional  
	 Pathology Versus Gene Signatures for Assessing Luminal A and B Type Breast Cancers: Results of  
	 a Prospective Cohort Study. Genes (Basel). 2018;9(5).
17.	 van Pelt GW, Kjaer-Frifeldt S, van Krieken J, Al Dieri R, Morreau H, Tollenaar R, et al. Scoring the  
	 tumor-stroma ratio in colon cancer: procedure and recommendations. Virchows Arch.  
	 2018;473(4):405-12.
18.	 Vangangelt KMH, Kramer CJH, Bastiaannet E, Putter H, Cohen D, van Pelt GW, et al. The intra- 
	 tumoural stroma in patients with breast cancer increases with age. Breast Cancer Res Treat.  
	 2019.


