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Abstract

Background and purpose With currently available techniques, the prediction of pathologic 

complete response after neoadjuvant chemoradiotherapy is insufficient. The tumor-stroma ratio 

(TSR) has proven to be a predictor of survival for several types of cancer, including esophageal. 

The aim of this study was to investigate the value of TSR in predicting pathologic response 

after neoadjuvant chemoradiotherapy in esophageal cancer patients.

Materials and Methods Patients with esophageal adenocarcinoma or squamous cell carcinoma 

who received neoadjuvant chemoradiotherapy followed by a resection were selected. 

Hematoxylin and eosin (H&E) stained sections of diagnostic biopsies were collected and TSR 

was independently assessed by two investigators. Patients were categorized in stroma-low (≤ 

50% stroma) and stroma-high (> 50% stroma) groups for further analyses. The tumor regression 

grade (TRG) was assessed on H&E stained sections of the resected primary tumor to determine 

pathologic response.

Results A total of 94 patients were included in this study, of which 76 patients were categorized 

as stroma-low and 18 as stroma-high. Forty-two (45%) patients had a major pathologic response 

(TRG 1-2), whereas 52 (55%) were considered non-responders. After adjustment for gender, 

tumor type, cT-status and differentiation grade, patients with a stroma-high tumor showed a 

higher chance of no response compared to patients with a stroma-low tumor (OR 3.57, 95%CI 

1.03-12.31, P = 0.04).

Conclusion TSR showed to have the potential to aid in the prediction of pathologic response 

in esophageal cancer patients receiving neoadjuvant chemoradiotherapy. Larger validation 

studies are necessary before implementing this method in daily practice.

Keywords

Esophageal cancer, neoadjuvant chemoradiotherapy, pathologic response, prediction, tumor-

stroma ratio
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Introduction

Esophageal cancer is the 9th most common cancer, affecting > 570.000 people each year 

worldwide, and the 6th most common cause of cancer related deaths 1. Currently, the standard 

treatment for patients with resectable disease is neoadjuvant chemoradiotherapy (nCRT) 

followed by surgery. Since the addition of nCRT as part of esophageal cancer treatment, 

survival improved compared to patients who only underwent surgery 2, 3. Treatment with nCRT 

leads to a pathologic complete response (pCR) in approximately 30% of patients, were another 

30% of patients reach a near complete response 4. It is debatable whether these patients should 

receive an additional resection or whether they should be followed up by an active wait-and-

see procedure 5-8. Achieving pCR proved to be associated with improved survival in patients with 

esophageal cancer 9. In contrast, non-responders on nCRT have no survival benefit compared 

to primary surgery alone, but are still exposed to the potential side effects of nCRT 10-12. Hence, 

it is important to define factors that predict whether or not a patient with esophageal cancer 

will benefit of nCRT. 

Several imaging studies with endoscopic ultrasonography (EUS), computed tomography 

(CT) and 18F-fluorodeoxyglucose positron emission tomography (FDG-PET) tried to assess 

the response to nCRT in patients with esophageal cancer. Unfortunately, for EUS and CT no 

predictive capacity could be found, whereas for FDG-PET the results were contradictory 7, 

13, 14. Moreover, a meta-analysis on the use of endoscopic biopsy and EUS for the detection 

of residual disease after nCRT, in order to use an organ-preserving approach, revealed both 

methods not suitable (yet) for withholding surgery 15. Furthermore, there is an increase in 

the number of molecular and genetic studies aiming to identify markers that will predict the 

pathologic response after nCRT. These studies showed promising results, but need to be 

validated before implementation in clinical routine 16-18.

In the past decades, cancer research mainly focused on the malignant cell itself by 

understanding the role of tumor suppressor and oncogenic factors in the transformation to 

malignancy. Currently the stromal part of the tumor is subject of investigation. It is increasingly 

known that the malignant cell relies on the so-called tumor microenvironment (TME) and 

therefore does not act alone. Intratumoral stroma within the TME is variable and different 

cell-types like infiltrating immune cells, cancer-associated fibroblasts, endothelial cells and 

pericytes all play a role in supporting malignant transformation, invasion of the tumor and 

metastasis 19, 20. Some studies have demonstrated that intratumoral stroma is associated with 

8
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reduced chemotherapy delivery 21 and increased chemotherapy resistance 22 and consequently 

could play a role in patient treatment outcome.

Furthermore, different studies found that the tumor-stroma ratio (TSR) is an independent 

predictor of survival in different types of carcinomas, for instance colon 23 and esophageal 

cancer 24, 25. A high proportion of stroma is associated with poor clinical outcome. A study for 

assessment of TSR in esophageal biopsy specimens has been performed by Courrech Staal et 

al. 26, which showed that scoring TSR in biopsy specimens is representative and reproducible. 

The relationship between the proportion of tumor in diagnostic biopsies and the pathologic 

response has been studied in esophageal cancer patients, who received neoadjuvant 

chemotherapy followed by resection 27. However, the relationship between TSR and pathologic 

response after concurrent chemotherapy and radiotherapy has, to our knowledge, not yet 

been investigated.

The aim of this current study was to evaluate the association of TSR in pre-treatment biopsies 

and the pathologic response after nCRT in esophageal cancer patients.

Materials and Methods

Patients and tissue material

The retrospective patient cohort consisted of consecutive patients with esophageal cancer, 

clinical stage I-III with adenocarcinoma or squamous cell carcinoma, who underwent 

neoadjuvant chemoradiotherapy followed by resection at the Leiden University Medical Centre 

(LUMC) between 2010 and 2016. The cohort was part of an existing study cohort available 

in the LUMC, which ended including patients at the end of 2016. Patients were diagnosed 

with an esophagogastroduodenoscopy and a biopsy for histological confirmation. All patients 

underwent external beam radiotherapy using a 3D conformal planning with a four-field box 

technique. A total dose of 41.4 Gy was given in 23 fractions of 1.8 Gy, 5 fractions per week. 

Concurrent chemotherapy consisted of 5 weekly administrations of Carboplatin (AUC 2) and 

Paclitaxel (50 mg/m2) 2. Clinical data were retrospectively collected from the electronic patient 

files. Hematoxylin and eosin (H&E) stained pre-operative biopsies taken from the primary 

tumor were collected together with the related resection specimens from the Department of 

Pathology of the LUMC. In case of referred patients, the original biopsy slides were collected 

from regional hospitals using the Dutch Pathology Registry (PALGA) 28. All tissue samples 

were coded and handled according to ethical standards (‘Code for Proper Secondary Use of 
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Human Tissue’, Dutch Federation of Medical Scientific Societies). This study was approved by 

the Medical Ethics Committee of the LUMC.

Histopathological procedure

For determining the TSR, 3 μm H&E-stained sections of biopsy specimens were microscopically 

analyzed using a 2.5 x or 5x objective to select the part with the largest amount of stroma. 

Then, with the 10x objective the image fields were scored for the percentage of stroma by 

increments of 10%. Tumor cells had to be present at 4 borders of the field of vision. When 

multiple sections per patient were available, all biopsies were assessed for TSR. The highest 

score was decisive for final stroma classification. All biopsies were independently assessed 

by two investigators (GvP, JK). After six weeks, one investigator (JK) assessed all samples a 

second time to determine intra-observer variation. A cut-off value of 50% stroma was used 

to categorize patients as stroma-low (≤ 50%) or stroma-high (>50%) as determined in earlier 

research to be most discriminative 29. In case consensus could not be reached, a third observer 

(expert pathologist, AFS) was decisive.

The response to nCRT was assessed on the primary tumor resection specimens by a 

gastrointestinal pathologist using the tumor regression grade (TRG) defined by Mandard 30. 

This classification is defined by 5 categories. TRG 1 is defined as complete regression with 

no residual cancer but only fibrosis through all layers of the esophageal wall and is called 

pathologic complete response (pCR). TRG 2 is characterized by scattered residual cancer cells 

or groups of cells within the fibrosis. TRG 3 shows an increase of residual cancer cells but 

fibrosis predominates. TRG 4 is characterized by residual cancer outgrowing the fibrosis. TRG 5 

is defined by absence of any regressive changes. The TRG scores were taken from the clinical 

reports, however, they were all determined by the same, experienced pathologist (AFS).

Statistics

IBM SPSS version 25.0 (Statistical Package for the Social Sciences, Chicago, IL) was used for 

statistical analysis. Differences in categorical variables between patient, tumor and treatment 

characteristics for the TRG groups were analyzed using the Fisher’s exact test or the Chi-

square test. For continuous variables the Mann-Whitney test was used. Inter- and intra-observer 

variability was performed using the Cohen’s Kappa coefficient (Κ). TRG was dichotomized in TRG 

1-2 (major responders) and TRG 3-5 (non-responders), as found to be of prognostic significance 

as well 31. Uni- and multivariable logistic regression analyses were performed to investigate the 

relationship between TSR and other baseline factors for a major response. Factors known to 

8

141876_Gabi_van_Pelt_BNW-def.indd   123141876_Gabi_van_Pelt_BNW-def.indd   123 20-7-2020   14:49:0320-7-2020   14:49:03



124

Chapter 8

be predictive for pathologic response (gender, tumor type, cT-stage and differentiation grade) 

were added to a multivariable model 32, 33. For multivariable analysis, missing cases for cT-stage 

(cTx, N =6) were imputed using the mode as default. A two-tailed P value ≤0.05 was considered 

significant in all analyses.

Results

Patient and tumor characteristics

The cohort consisted of 115 patients. Thirteen cases (11%) were excluded as invasive carcinoma 

within the biopsy could not be established with certainty. In 8 cases (7%) TSR could not be 

assessed due to insufficient quality of the tissue, leaving a total of 94 patients available for 

analysis. Median age was 64 years (range 25-82) at the start of nCRT, 76% (N = 71) were men 

and 80% (N = 75) of the tumors were adenocarcinoma. All patients completed radiotherapy as 

intended. However, 13 patients (14%) received <5 cycles of chemotherapy (Table 1).

Table 1. Patients, tumor and treatment characteristics, stratified by tumor regression grade (TRG).

Total
N = 94 (%)

TRG 1-2
N = 42 (%)

TRG 3-5
N = 52 (%)

P-value

Gender
     Male
     Female

71 (76)
23 (25)

28 (67)
14 (33)

43 (83)
 9 (17)

0.07

Median age (years)[range] 64 [25-82] 64 [39-74] 65 [25-82] 0.69

Weight loss at presentation
     None
     ≤ 10 %
     ˃ 10%

29 (31)
42 (45)
23 (25)

18 (43)
14 (33)
10 (24)

11 (21)
28 (54)
13 (25)

0.06

Alcohol consumption
     None or stopped
     Yes
     Unknown

28 (30)
64 (68)
 2 (2)

14 (33)
27 (64)
 1 (2)

14 (27)
37 (71)
 1 (2)

0.78

Smoking
     Never or stopped
     Yes
     Unknown

57 (61)
36 (38)
 1 (1)

25 (60)
17 (41)
 0 (0)

32 (62)
19 (37)
 1 (2)

0.63

Tumor location
     GEJ
     Middle
     Low

11 (12)
 9 (10)
74 (79)

 3 (7)
 4 (10)

35 (83)

 8 (15)
 5 (10)

39 (75)

0.46

Median length tumora (cm) [range]  5 [1-11]  5 [2-11]  6 [1-10] 0.53
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Table 1. Continued.

Total
N = 94 (%)

TRG 1-2
N = 42 (%)

TRG 3-5
N = 52 (%)

P-value

Histology
     Adenocarcinoma
     Squamous cell carcinoma

75 (80)
19 (20)

32 (76)
10 (24)

43 (83)
 9 (17)

0.44

Cycles of chemotherapy
     <5 cycles
     5 cycles

13 (14)
81 (86)

 4 (10)
38 (91)

 9 (17)
43 (83)

0.28

Median time interval between nCRT
 and surgery (days)[range] 44 [25-85] 43 [25-58] 47 [31-85] 0.12

cT status
     cT2
     cT3
     cTx

16 (17)
72 (77)
 6 (6)

 7 (20)
33 (74)
 2 (7)

 9 (6)
39 (89)
 4 (6)

0.84

cN status
     cN0
     cN1
     cN2
     cN3

23 (25)
42 (45)
28 (30)
 1 (1)

 8 (19)
19 (45)
14 (33)
 1 (2)

15 (29)
23 (44)
14 (27)
 0 (0)

0.48

Differentiation grade
     Well/Moderate
     Poor

44 (47)
50 (53)

20 (48)
22 (52)

24 (47)
28 (53)

0.98

Abbreviations: GEJ: Gastro-esophageal junction

aTumor length was determined by endoscopy. If tumor length by endoscopy was not reported, tumor length on CT scan 

was used instead.

Histopathology

A total of 142 H&E biopsy sections of 94 patients were available and evaluated. Seventy-six 

patients (81%) were categorized as stroma-low and 18 patients (19%) as stroma-high. Figure 1 

shows examples of stroma-low and -high tumor biopsies. Intra-observer agreement was good 

(Κ = 0.81, 93% agreement), whereas a substantial inter-observer agreement was found for the 

assessment of TSR (Κ = 0.73, 91% agreement). In 5 out of 9 discrepant cases, consensus could 

not be reached and the pathologists’ assessment was decisive.

The assessment of the pathological response revealed 28 cases (29.8%) to have a complete 

pathologic response (TRG 1) whereas 2 cases did not show any regressive changes at all (TRG 

5). The other cases were categorized as TRG 2 (N  = 14), TRG 3 (N  = 31) and TRG 4 (N  = 19), 

respectively. After dichotomization, 42 cases were classified as major pathologic responders 

(TRG 1-2), whereas 52 cases were considered non-responders (TRG 3-5). The distribution of 

TRG categories versus TSR classification is shown in table 2 and figure 2.

8
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Table 2. Distribution of TRG categories versus TSR categories.

Major
pathologic responders

Non-responders

TRG 1 TRG 2 TRG 1-2 TRG 3 TRG 4 TRG 5 TRG 3-5 Total

Stroma-low 25 13 38 (50%) 23 13 2 38 (50%) 76

Stroma-high  3  1  4 (22%)  8  6 0 14 (78%) 18

Total 28 14 42 (45%) 31 19 2 52 (55%) 94

Figure 1. H&E stained biopsy sections of esophageal carcinoma. (A) represents a tumor with high stromal 

proliferation (stroma-high). As shown by the magnifi cation on the right there is evident stromal proliferation 

between the tumor cells. (B) shows a tumor with few spots of stromal tissue (stroma-low). The magnifi cation 

shows almost no stromal proliferation between tumor cells.
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Figure 2. The distribution of pathologic major responders within the stroma categories. The percentage 

of responders (in green) versus non-responders (in blue) within stroma-low and stroma-high categories, 

respectively.

TSR and other predictive factors for pathologic response

No signifi cant diff erences in baseline characteristics and possible predictors of pathologic 

response were seen between both TRG groups (Table 1). However, there was a signifi cant 

diff erence for TSR between the group TRG 1-2 and the group TRG 3-5 (P = 0.033).

As shown in table 2, 78% (14/18) of the patients with a stroma-high tumor did not have a 

response to nCRT, whereas patients with a stroma-low tumor have only a 50% chance on a 

pathologic major response. In univariable analyses TRG 3-5 was used as reference category for 

all factors that potentially could infl uence pathologic response. Univariable analyses showed a 

signifi cant higher chance for patients with a stroma-high tumor to have no response to nCRT (OR 

3.50, 95%CI 1.06-11.61, P = 0.04). In multivariable analysis, after adjusting for gender, histology, 

diff erentiation grade and clinical T-stage, a stroma-high tumor remained an independent 

predictive factor for a higher chance of no response to nCRT (OR 3.57, 95%CI 1.03-12.31, P = 0.04) 

(Table 3).

8
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Table 3. Uni- and multivariable logistic regression analyses for TRG group 3-5.

Univariable analysis Multivariable analysis

OR 95% CI P-value AOR 95% CI P-value

Gender
 Male
 Female

Ref
2.39 0.91-6.26 0.08

Age (years) 0.99 0.95-1.04 0.85

Weight loss at presentation
 None
 ≤ 10 %
 ˃ 10%

Ref
0.31
0.47

0.11-0.82
0.15-1.43

0.02
0.18

Alcohol consumption
 None or stopped
 Yes

Ref
0.73 0.30-1.78 0.49

Smoking
 Never or stopped
 Yes

Ref
1.15 0.50-2.65 0.75

Tumor location
 GEJ
 Middle
 Low

Ref
2.13
2.39

0.33-13.81
0.59-9.74

0.43
0.22

Length tumor (cm) 0.97 0.81-1.17 0.78

Histology
 Adenocarcinoma
 Squamous cell carcinoma

Ref
1.49 0.54-4.10 0.44

Cycles of chemotherapy
 <5 cycles
 5 cycles

Ref
1.99 0.57-6.98 0.28

cT status
 cT2
 cT3

Ref
1.05 0.35-3.09 0.93

cN status
 cN0
 cN+

Ref
1.72 0.65-4.57 0.28

Differentiation grade
 Well/Moderate
 Poor

Ref
0.94 0.42-2.13 0.89

Tumor-stroma ratio
 Stroma-low
 Stroma-high

Ref
3.50 1.06-11.61 0.04

Ref
3.57 1.03-12.31 0.04

Abbreviations: OR: Odds ratio; CI: Confidence interval; TRG: Tumor regression grade;

GEJ: Gastro-esophageal junction; AOR: Adjusted odds ratio.
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Discussion

Our results show that patients with high stromal tumors have a significantly higher chance 

to not respond on nCRT (TRG 3-5) compared to patients with tumors with a low amount of 

stroma. Seventy-eight percent of the stroma-high patients did not have a response on nCRT. 

This suggests that assessment of TSR could fulfill a role in identifying patients that will or will 

not respond well to nCRT, next to currently used (imaging) methods, adding to the realization 

of personalized medicine. It could be possible that stroma-high tumors represent a group 

of tumors with an environment that is well armed against chemoradiation, or even become 

resistant to therapy 34. This might indicate that, for obtaining a pathologic response in stroma-

high tumors, it might be necessary to adjust the current therapy strategy. For instance, these 

tumors could be future candidates for therapies targeting the stromal compartment of 

the tumor, by targeting activated oncogenic pathways (e.g. the TGF-β or PDGFR pathway), 

angiogenesis (VEGF) or cancer associated fibroblasts 35. Another option could be not to treat 

these patients with nCRT and continue with resection instead, thereby avoiding exposing the 

patients to the side effects of chemoradiation treatment. 

There is evidence that the interaction between cancer cells and the TME can affect sensitivity 

of the cancer cells to chemotherapy 36 and radiotherapy 37. However, the exact underlying 

mechanisms and interactions within the TME and their role in protection of cancer cells from 

eradicating therapy have to be further explored. 

Several phase I and II studies are currently ongoing targeting different components of the TME 

of advanced esophageal carcinoma, e.g. angiogenesis, immune cells and stroma. However, 

as the TME has the paradoxical capacity to both promote and inhibit tumor growth and 

progression, effective intervention can be challenging 38. 

Our results are in contrast with those of the study of Hale et al., who found a high proportion of 

tumor (PoT) ( = stroma-low) in the diagnostic biopsy to be associated with no evidence of tumor 

regression (TRG 4 or 5) after neoadjuvant chemotherapy 27. However, this relationship was only 

found when the PoT was analyzed as continuous variable. Furthermore, the assessment of PoT 

was performed with a different (semi-automated) method. In addition, the TRG was categorized 

into different categories compared to our study (TRG 1, 2, 3 / TRG 4, 5 versus TRG 1, 2 / TRG 3, 4, 

5, respectively). Previous studies identified female gender, squamous cell carcinoma and cT1-2 

stage as favorable factors in the prediction of complete pathologic response 32, 33. However, in 

our current study none of these factors were significantly associated with pathologic tumor 

response grading. This might be explained by the smaller number of cases in our study.

8
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We showed that assessment of TSR is simple and reliable as demonstrated by the substantial 

to good inter- and intra-observer agreement, allowing it to be easily implemented in routine 

pathology diagnostics. 

A limitation of this study is the retrospective nature and the small sample size (N = 94) which 

means that results should be interpreted with caution. Furthermore, not all biopsy material 

suitable for diagnosing cancer, is suitable for assessment of TSR. Stroma has to be surrounded 

by tumor cells at four sides of the microscopic field in order to score TSR, which is not always 

possible with biopsy specimens. This might be solved by visually diminishing the field of 

vision and determine whether more stroma is present in comparison to tumor or vice versa. 

Still, approximately 11-18% of the biopsies are not suitable for TSR scoring (this study and 26). 

Nevertheless, it seems that TSR predicts pathologic response after nCRT independently of 

other well-known factors. 

In conclusion, this study shows that TSR might be an additional parameter in the prediction 

of pathologic response in esophageal cancer patients treated with nCRT. This relationship 

needs further exploration and validation in a larger population, preferably prospective, before 

implementing TSR as a novel predictor of pathologic response in daily practice.
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