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ARTICLE INFO ABSTRACT

Keywords: Background: Stroma AReactive Invasion Front Areas (SARIFA) is a novel prognostic histopathologic biomarker
Colorectal cancer measured at the invasive front in haematoxylin & eosin (H&E) stained colon and gastric cancer resection
Biomarker

specimens. The aim of the current study was to validate the prognostic relevance of SARIFA-status in colorectal
cancer (CRC) patients and investigate its association with the luminal proportion of tumour (PoT).

Methods: We established the SARIFA-status in 164 CRC resection specimens. The relationship between SARIFA-
status, clinicopathological characteristics, recurrence-free survival (RFS), cancer-specific survival (CSS), and PoT
was investigated.

Results: SARIFA-status was positive in 22.6% of all CRCs. SARIFA-positivity was related to higher pT, pN, pTNM
stage and high grade of differentiation. SARIFA-positivity was associated with shorter RFS independent of known
prognostic factors analysing all CRCs (RFS: hazard ratio (HR) 2.6, p = 0.032, CSS: HR 2.4, p = 0.05) and shorter
RFS and CSS analysing only rectal cancers. SARIFA-positivity, which was measured at the invasive front, was
associated with PoT-low (p = 0.009), e.g., higher stroma content, and lower vessel density (p = 0.0059)
measured at the luminal tumour surface.

Conclusion: Here, we validated the relationship between SARIFA-status and prognosis in CRC patients and pro-
vided first evidence for a potential prognostic relevance in the subgroup of rectal cancer patients. Interestingly,
CRCs with different SARIFA-status also showed histological differences measurable at the luminal tumour sur-
face. Further studies to better understand the relationship between high luminal intratumoural stroma content
and absence of a stroma reaction at the invasive front (SARIFA-positivity) are warranted and may inform future
treatment decisions in CRC patients.

Tumour stroma
Rectal cancer
Gastrointestinal oncology

Introduction

Colorectal cancer (CRC) is the third most common cancer worldwide,
contributing significantly to the global burden of disease [1]. Radio-
logical and/or pathological disease stage according to AJCC/UICC
tumour node metastasis (TNM) [2] is currently the most important tool
for therapeutic decision-making in CRC patients. However, TNM stage,

and other histological biomarkers such as grade of differentiation and
tumour budding [3], are unable to predict survival for individual pa-
tients resulting in potential under- or overtreatment of some patients
[4]. Molecular tumour characteristics such as DNA mismatch repair
status (MMR status) are becoming increasingly important, especially for
the treatment of patients with distant metastases [5] or when consid-
ering immunotherapy [6]. RNA expression-based approaches to classify
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CRC into different potentially clinically relevant subtypes such as the
consensus molecular subtypes (CMS) [7] or CINSARC [8] have been
proposed. However, this approach requires technically challenging as-
says which are expensive and difficult to introduce into daily clinical
routine. Therefore, there remains an urgent need for new robust, cheap
and easy-to-implement biomarkers in CRC.

There have been several studies highlighting the relevance of
tumour-stroma ratio/tumour cell proportion/tumour cell density/pro-
portion of tumour (PoT) for prognosis prediction in CRC patients: High
intra-tumour stroma content measured using different methods has been
shown to predict poor prognosis in several different CRC patient cohorts
[9-15] and other tumour types. Moreover, it has been suggested that
tumour stroma is actively involved in CRC development and progres-
sion, and that disruption of the tumour-stroma interaction may inhibit
tumour progression and metastasis formation [16].

Our group has been focussing on studying the stroma-tumour in-
teractions at the deep invasion front, and we were the first to identify the
presence of Stroma AReactive Invasion Front Areas (SARIFA) as a new
Haematoxylin & Eosin (H&E) based prognostic biomarker in patients
with colon or gastric cancer [17,18]. SARIFA-positivity is defined as the
direct contact between tumour cells and adipocytes at the invasion front
without intervening stroma (e.g. without the usually seen so-called
desmoplastic stroma reaction) or intervening inflammatory infiltrate,
i.e. absence of lymphocytes, plasma cells and granulocytes. We
demonstrated previously that SARIFA-status can be determined with
high interobserver agreement in a timely fashion [17,18], using routine
H&E slides. Moreover, we showed in gastric cancer that
SARIFA-positivity is associated with an upregulation of lipid metabolism
in tumour cells [17] and an altered immune response, especially a
substantial decrease in antitumoural natural killers cell in the peripheral
blood of patients with SARIFA-positive CRCs [19], suggesting distinct
tumour biology behind SARIFA. Targeting these particular biological
properties could provide new treatment opportunities for patients with
SARIFA-positive CRCs.

Although SARIFA-positivity is histologically only visible at the
tumour fat interface, SARIFA-positivity might be related to other fea-
tures related to a poor prognosis and measurable in the tumour centre or
at the luminal (e.g., endoscopically reachable) tumour surface. As both,
SARIFA-positivity and high intratumoural stroma content, are negative
prognostic factors related to the tumour microenvironment, we
hypothesised that SARIFA-positivity may be related to high intratumour
stroma content (low PoT), a histological biomarker with prognostic
value in colorectal cancer, which is — in contrast to SARIFA-status —
measurable at the luminal tumour surface [14].

The aims of the current study were (1) to validate the prognostic
relevance of the SARIFA-status in a series of patients with colorectal
cancers independent of our initial series [18], (2) to explore the prog-
nostic value of the SARIFA-status in the subgroup of patients with rectal
cancer and (3) to further characterise SARIFA-positive colorectal cancer
to better understand the underlying tumour biology, in particular by
investigating the intratumour stroma content (PoT).

Material & methods
Patients

Patients who had undergone potentially curative resection for colo-
rectal cancer (CRC) at the Marienhospital, Diisseldorf, Germany, be-
tween January 1990 and December 1995 were included in this
retrospective study of consecutive cases without matching or
randomization.

Patient who had received pre-operative chemo- or radiotherapy were
excluded. The median (range) age of all patients was 69.3 years (44.9 to
88.3 years). The follow-up time of SARIFA-positive and SARIFA-
negative CRC patients was similar (median range, SARIFA-positive:
6.0 years [2.7-9.3 years]) vs SARIFA-negative: 4.8 years (4.3-5.2
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years), p = 0.389). From all resection specimens, a single representative
tumour containing H&E stained tissue section was scanned at 40x
magnification (Aperio XT whole slide scanner, Aperio Technologies,
Vista, CA, USA). H&E and immunohistochemically stained slides from
this cohort have also been used in previous studies [14,20,21]. After
screening digitized slides from 237 resection specimens, 186 CRC cases
were deemed assessable for SARIFA-status (criteria used see below).
Clinicopathological data were available for 164 CRC cases (Fig. 1). The
Tumour-Node-Metastasis (TNM) classification used at the time of sur-
gery was TNV, 5th edition (Sobin and Wittekind, 1997, pp 66-69) [22].
Since the 5th edition, the definition of pT and pN has not changed
substantially [23]. Changes in TNM stage groupings in CRC mainly
affected the evaluation of tumour deposits, which occur only in a
comparably small subset of CRCs (around 20%) [24].

Primary study endpoints were cancer-specific survival (event =
death due to cancer), and recurrence-free survival (event = death to
cancer or local/distant disease recurrence). The study was performed in
accordance with local ethics regulation, the need for patient consent was
waived by the ethics committee.

In 51 (21.5%) of 237 whole slide images (WSI) of CRC resection
slides, SARIFA-status could not be assessed reliably. The main reason for
this was in particular a fragmentary invasion front; the tumour-fat
interface is necessary for a reliable assessment of the SARIFA-status.
Twenty-two CRC cases with SARIFA-status were excluded from further
analysis because of missing clinicopathological or survival data. Thus,
164 CRC were included in the final analyses (Fig. 1).

This study conforms to the REMARK [25] guidelines (refer to
Table S1), just like our initial internal biomarker discovery study on
SARIFA in colon cancer [18].

SARIFA assessment

SARIFA-positivity was defined as published in our previous studies in
colon cancer/CRC [18,19]: the presence of an area within the deep
tumour invasion front where at least a single tumour gland or group of >
5 tumour cells are located directly adjacent to adipocytes without
intervening stromal reaction or inflammatory infiltrate (Fig. 1). As soon
as one area was classified as SARIFA-positivity, the whole case was
classified as SARIFA-positive irrespective whether there were areas at
the invasion front which were SARIFA-negative. If no SARIFA-positivity
was present anywhere in the tissue section, the case was classified as
SARIFA-negative. All cases were classified by NGR as SARIFA-positive,
SARIFA-negative or non-assessable, a pathology trainee, who also
assessed SARIFA-status in one of our previous studies on CRCs [19].
NGR was blinded to any clinicopathological data including outcome
data. We have already shown that interobserver variability of SARIFA
scoring is low [18]. SARIFA-status was assessed on H&E stained sec-
tions, scanned at 40x magnification and reviewed digitally. One single
section (considered as most representative) of the primary tumour was
assessed.

Proportion of Tumour measurements

The luminal proportion of tumour (PoT) was morphometrically
measured in a previous study by a so-called point counting approach.
Details as well as visualisation of this technique can be found in the
methods section of our previous publication [14]. In short, a 9 mm? area
with highest tumour cell density by eyeballing was selected at the
luminal surface. A systematic random sample of 300 equally spaced
points was used to quantify the relative proportion of the different tissue
categories in the measurement area. Regions with ulcerations, extensive
necrosis and presence of surface mucus were avoided when choosing the
area of interest. The following categories were used for analyses in the
current study: tumour, stroma, tumour lumen, necrosis, vessel, and
inflammation. The dichotomisation of the PoT as high versus low was
the same as in the previous study '*: PoT-high was defined as >47% of
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186 CRCs assessed
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Fig. 1. Definition of SARIFA and study design.

40 (21.5%) SARIFA-positive
146 (78.5%) SARIFA-negative

Excluded: n=22
No clinicopathological data
and/or survival data available

164 CRCs assessed
regarding SARIFA-status

Crosstabulation Association Association
of clinico- with IHC with proportion
pathological markers (n=164 of tumour
features & and n=161) (n=110)
survival analysis
(n=164)

A. Left panel: Haematoxylin & Eosin stained tissue section of colorectal cancer classified as SARIFA-positive, as tumour cells at the invasion front are seen directly
adjacent to adipocytes at the invasion front. Right panel: SARIFA-negative colorectal cancer case with desmoplasia and/or immune infiltrate between tumour cells

and adipocytes at the invasion front.

B. Study flow chart: 237 digitized slides were initially screened; 186 were classifiable regarding SARIFA-status, of which 164 CRCs were included in the final analysis
regarding relationship with clinicopathological features, survival analysis and IHC markers (n = 161). For a subset of patients, proportion of tumour data from an
earlier study [14] was available. Overlap of CRC patients with SARIFA-status, PoT, and clinicopathological and survival data was n = 110. CRC: colorectal cancer,
IHC: immunohistochemistry, SARIFA: Stroma AReactive Invasion Front Area, WSI: whole slide image.

the area consists of tumour cells versus PoT-low with <47%.

Ki67 and MLH1/MSH2 immunohistochemistry

To further analysis the underlying tumour biology, immunohisto-
chemical data for Ki67 (proliferation marker) and MLH1/MSH2 (DNA
mismatch repair status) from a previous study were used to explore
potential associations with SARIFA-status. Details about the immuno-
histochemical procedures which were performed on tissue microarrays
(TMAs) can be found in our previous study [20]. Tumours with complete
nuclear loss of MLH1 or MSH2 expression, in the presence of internal
positive controls, were considered MMR deficient (AIMMR), whereas
tumours that expressed both MMR proteins were considered MMR
proficient (pMMR), as also described previously [23]. Cut offs for Ki67
low (<10% Ki67 positive tumour cells), moderate (>10% and <25%)
and high (>25%) were used as previously published by Melling et al.
[26].

Statistical analyses

For hypothesis testing of differences between relative frequencies of
categorial variables Chi-squared or Fisher’s exact tests were used.
Continuous variables were compared using the Mann-Whitney-U test.
Estimates of Kaplan-Meier survival probabilities were compared using
log-rank tests. The median follow up was calculated using the reverse
Kaplan-Meier method [27]. Relative risks were estimated by hazard
ratios (HRs), obtained by Cox proportional hazard models. In multi-
variate Cox regression analysis, the following variables (all known risk
factors) were included in the model: pT category, pN category, grade of
differentiation, PoT and SARIFA-status. We tested for the proportional
hazards assumption of our Cox proportional hazards regression model
using the ‘cox.zph’ function of the survival package. We tested for mul-
ticollinearity using the ‘vif’ function of the car package, and added the
variance inflation factors (VIF). The results of these tests can be found in
Table S2, and indicate that our model meets the assumption of propor-
tional hazards. Furthermore, multicollinearity does not seem to be a
limitation here. For statistical analyses, IBM SPSS Statistics (Version
29.0.0.0, IBM, Armonk, NY, USA) and R, version 4.2.2 (R Foundation for
Statistical Computing, Vienne, Austria) were used. P-values < 0.05 were

considered statistically significant. R packages used were survival
(version 3.5-7), survminer (version 0.4.9), car (version 3.1-2), ggplot2
(version 3.4.4), ggpubr (version 0.6.0), ggsci (version 3.0.0), ggrepel
(version 0.9.4), and dplyr (version 1.1.4).

Results
SARIFA-status is associated with high-risk features in colorectal cancer

77.4% (n = 127) colorectal cancer (CRC) cases were classified as
SARIFA-negative, 22.6% (n = 37) as SARIFA-positive. In the subgroup of
patients with rectal cancers, 29.7% (11 out of 60) rectal cancers were
classified as SARIFA-positive. SARIFA-positive CRCs had more
frequently a higher pT category, a higher pN category, a higher TNM
stage and were more frequently poorly differentiated (all p-values
<0.001). Only one of the 49 pT1/pT2 CRCs was classified as SARIFA-
positive as tumour cells were seen next to submucosally located adipo-
cytes. Because of the higher TNM stage, patients with SARIFA-positive
CRCs were more likely to be treated with adjuvant chemotherapy (fre-
quency of adjuvant chemotherapy, SARIFA-positive: 27% versus
SARIFA-negative: 9.4%, p = 0.006). Furthermore, there was a rela-
tionship between SARIFA-status measured at the invasion front and
proportion of tumour measured at the luminal tumour surface: SARIFA-
positive CRCs were more often found to be luminal PoT-low (e.g. stroma
proportion high) (p = 0.009). There was no relationship between
SARIFA-status and age, sex, tumour location (colon vs rectum) or lym-
phovascular invasion status (all p-values >0.05). There was no SARIFA-
status related difference in age (median age [range] in years; all pa-
tients: 69.3 [44.9-88.3], SARIFA-positive patients: 69.35 [44.9-86.0],
SARIFA-negative patients: 69.25 (47.5-88.3], p = 0.612). For a detailed
overview of the clinicopathological characteristics of patients with
SARIFA-positive and SARIFA-negative CRC, see Table 1.

Exploratory analysis of the relationship between luminal tumour
composition and SARIFA-status

To address whether SARIFA-status defined as ‘no stroma reaction’
and measured at the invasion front is associated with distinct histolog-
ical findings measurable at the luminal surface, we investigated the



N.G. Reitsam et al.

Table 1
Relationship between Stroma AReactive Invasion Front Areas (SARIFA) and
clinicopathological characteristics.

All SARIFA- SARIFA-
colorectal positive negative
cancer CRC CRC
n % n % n % p-value
164 100 37 226 127 77.4
Sex
Male 73 433 20 541 51 40.2  0.133
Female 93 56.7 17 459 76 59.8
Tumour
location
Colon 104 634 26 703 78 61.4  0.325
Rectum 60 36.6 11 29.7 49 38.6
pT category
pT1/ 49 299 1 2.7 48 37.8  <0.001
pT2
pT3/ 115 701 36 973 79 62.2
pT4
PN category
pNO 105 64.0 13 35.1 92 72.4 <0.001
pN1 37 226 12 324 25 19.7
pPN2 22 13.4 12 32.4 10 7.9
TNM* stage
/1 104 634 13 351 91 71.7  <0.001
/v 60 36.6 24 649 36 28.3
Adjuvant treatment
No 142 86.6 27 73.0 115 90.6 0.006
Yes 22 134 10 27.0 12 9.4
Lymphovascular invasion
No 115 70.1 24 64.9 91 71.1 0.427
Yes 49 299 13 351 35 28.3
Grade of differentiation
Low 125 76.2 19 51.4 106 83.5 <0.001
High 39 238 18 486 21 16.5
Proportion of tumour”
Low 26 23.6 12 41.4 14 17.3 0.009
High 84 76.4 17 58.6 67 82.7

p-values that are statistically significant are highlighted in bold.
" Tumour-Node-Metastasis stage grouping was obtained using TNM, 5th edi-
tion (Sobin and Wittekind, 1997, pp 66-69) [22].
# PoT data were available for 110 patients only
pT: depth of invasion, pN: lymph node status.

relationship between SARIFA-status and previously measured propor-
tion of tumour (PoT) and proportion of other components (stroma,
inflammation, necrosis, vessels, and tumour lumen) at the luminal sur-
face in the same slide [14]. PoT and related data were available for 110
CRC cases (67.07% of the entire cohort). Hereof, 81 (73.6%) were
classified as SARIFA-negative and 29 (26.4%) as SARIFA-positive.
Interestingly, SARIFA-positive CRCs seem to have lower tumour cell
and higher stroma density at the luminal surface, although statistical
significance was not reached, which is most likely related to the rela-
tively small cohort size (p = 0.058 and p = 0.073, respectively, Fig. 2A,
B). This is in line with the finding that SARIFA-positive CRCs more often
belong to the PoT-low category [14] (see Table 1, PoT-low category:
SARIFA-positive 41.4% versus SARIFA-negative 17.3%). Additionally,
SARIFA-positive CRCs were characterized by a lower luminal proportion
of vessels (p = 0.0059, Fig. 2C). No differences were observed regarding
percentage of tumour lumen, necrosis, or inflammation (all p > 0.05).

SARIFA-status as independent prognostic biomarker in patients with
colorectal cancer

We used univariate Kaplan-Meier analyses to establish the relation-
ship between SARIFA-status and recurrence-free survival (RFS) or
cancer-specific survival (CSS). There was a significant difference in RFS
comparing SARIFA-positive and SARIFA-negative CRC (median RFS:
SARIFA-negative CRC not reached, SARIFA-positive CRC 2.9 years;
SARIFA-positive CRC 5-year RFS 46% versus 80% in patients with
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SARIFA-negative CRC; HR: 3.665, 95% CI: 1.949-6.890, p < 0.001.). As
SARIFA-positive CRCs were almost exclusively locally advanced (see
Table 1), we explored RFS in the subgroup of patients with pT3/pT4
CRGCs. Patients with pT3/pT4 SARIFA-positive CRC also had a signifi-
cantly shorter RFS compared to patients with SARIFA-negative pT3/pT4
CRCs (p = 0.0026). Furthermore, we explored the relationship between
SARIFA-status and RFS in the subgroup of patients with rectal cancers (n
= 60). Patients with SARIFA-positive rectal cancers (n = 11) had a
significantly shorter RFS compared to patients with SARIFA-negative
rectal cancers (all pT categories p < 0.0001; only pT3/pT4 p =
0.0006, respectively). Kaplan-Meier curves for RFS of locally advanced
(pT3/pT4) CRCs and the subgroup of patients with rectal cancers can be
found in Fig. 3. Kaplan-Meier curves for RFS including all CRCs and
rectal cancers regardless of pT category and for cancer-specific survival
(CSS) can be found in the supplement (Figure S2 and S3). In univariate
Cox regression RFS analysis, higher pT category (pT3/pT4 vs pT1/pT2),
higher pN category (pN1/pN2 vs pNO), higher pTNM stage (IIL/1V vs 1/
II) and SARIFA-positivity were related to shorter RFS (Table 2). In
multivariate Cox regression analysis (Table 2), pT category, pN cate-
gory, grade of differentiation, PoT and SARIFA-status were included in
the model. SARIFA-status remained significantly associated with shorter
RFS upon multivariate analysis (p=0.032). SARIFA-positivity as well as
low PoT were significantly associated with shorter CSS in univariate
analysis (PoT: p=0.023, SARIFA: p<0.001, supplementary Table S2).
However, in multivariate analysis neither SARIFA-status nor PoT
remained statistically significant (PoT: p=0.091, SARIFA: p=0.051,
supplementary Table S3).

Proliferation marker Ki67 and MMR status in relation to SARIFA-status

To evaluate further aspects of tumour biology with respect to
SARIFA-status and to better characterize SARIFA-positive CRCs, we
investigated the association between SARIFA-status, percentage of Ki67
positive tumour cells and MMR status. There was no association between
SARIFA-status and percentage of Ki67 positive tumour cells (p = 0.251).
SARIFA-status was not associated with MMR status (p = 0.565). The
results of these immunohistochemical studies are summarized in sup-
plementary Table S4.

Discussion

The stratification of patients with colorectal cancer (CRC) to identify
individual patients at higher risk of recurrent disease remains chal-
lenging [4]. To address this pressing clinical need, we validated the
prognostic value of our recently established biomarker SARIFA (Stroma
AReactive Invasion Front Areas) in an independent external validation
cohort of 164 CRC resection specimens. SARIFA-status is assessed using
routine Haematoxylin & Eosin (H&E) stained tissue sections from CRC
resection specimens. Another known H&E based prognostic biomarker
in CRC [9-14] is the intratumoural stroma content. Whilst
SARIFA-status can only be assessed in tissue regions where tumour cells
have the opportunity to get into contact with fat cells (especially in the
submucosa and subserosa/adventitia), the intratumoural stroma content
can be measured in all regions of the tumour including in material from
the luminal tumour surface e.g. endoscopic biopsies, see our previous
study [14]. Therefore, we investigated the hypothesis that
SARIFA-status measured at the invasion front is related to the intra-
tumoural stroma content measured at the endoscopically reachable,
luminal tumour surface. Furthermore, we investigated whether
SARIFA-status was associated with the percentage of Ki67 positive
tumour cells and DNA mismatch repair (MMR) status.

In the current study, SARIFA-status was not associated with MMR
status, which is consistent with our own previous reports on CRC as well
as gastric cancer (GC) [17,18,19]. SARIFA-status was also not associated
with the percentage of Ki67 positive tumour cells which is similar to our
findings in GC [17].
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Fig. 2. Bar charts illustrating the relationship between luminal tumour components and SARIFA-status (n = 110).
A. SARIFA-negative CRCs show a trend towards higher tumour percentage (median (range), proportion of tumour in%: SARIFA-positive 51.86 (25.58-84.30) versus
SARIFA-negative 59.46 (21.62-83.10), p = 0.058),
B. SARIFA-positive CRCs show a trend towards higher stroma percentage (median (range), proportion of stroma in%: SARIFA-positive 35.69 (8.19-64.01) versus
SARIFA-negative 28.97 (10.95-76.69), p = 0.073),
C. SARIFA-positive CRCs show decreased vessel density (median (range), area covered by vessels in%: SARIFA-positive 0.36 (0.00-6.32) versus SARIFA-negative 1.07
(0.00-6.57).
x-Axis: SARIFA-status (A-C), y-Axis: Percentage of luminal tumour component, 0-100% (A, B), 0-10% (C).
Boxplots depict the interquartile range (IQR, Q1-Q3) with the median (Q2) also highlighted. The whiskers extend from the edges of the box to the minimum and
maximum values within 1.5 x IQR; any data points beyond the whiskers are considered as outliers and shown as individual data points. SARIFA: Stroma AReactive
Invasion Front Area.
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Fig. 3. Kaplan-Meier curves for recurrence-free survival (RFS) stratified by SARIFA-status.

A. Patients with locally advanced (pT3/pT4) SARIFA-positive colorectal cancer (n = 36) have a significantly shorter RFS (HR 2.63, 95% CI: 1.371-5.046, p = 0.0026).
B. Patients with locally advanced (pT3/pT4) SARIFA-positive rectal cancer (n = 10) have a significantly shorter RFS (HR 5.143, 95% CI: 1.859-14.24, p = 0.0006).
HR: hazard ratio. CI: confidence interval. SARIFA: Stroma AReactive Invasion Front Area.

We provide first evidence that SARIFA-status might be a prognostic
biomarker in patients with rectal cancer. Currently, involvement of the
circumferential resection margin (CRM) is one of the key prognostic
factors in rectal cancer patients. Considering that many rectal cancers
are nowadays CRM-negative due to improved surgical techniques and
widespread introduction of neoadjuvant chemoradiotherapy [28],
SARIFA-status may be able to substratify patients with CRM-negative
rectal cancer. In our view, further studies in larger series of rectal

cancers are warranted to investigate this in more detail.

Our current study validated the prognostic value of SARIFA-status in
colon cancer patients. Whereas we evaluated H&E stained resection
slides manually to determine the SARIFA-status, other investigators
using unsupervised deep-learning methodology also identified tumour
cells close to adipocytes as a prognostically relevant feature in CRC
[29-31], independently supporting our findings. With respect to po-
tential clinical implementation in the near future, it is noteworthy that
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Table 2
Uni- and Multivariate Cox regression analysis of recurrence-free survival.

Univariate Cox regression Multivariate Cox

regression”
Hazard Ratio p-value Hazard Ratio p-
(95% CI) (95% CI) value
Age>65 0.867 0.672
(0.447-1.680)
Sex (Female versus 0.671 0.207
male) (0.361-1.247)
Location (Colon 1.310 0.398
versus rectum) (0.700-2.452)
pT* (pT1/pT2 versus 6.154 0.002 3.951 0.070
pT3/pT4) (1.897-19.965) (0.894-17.464)
pN* (pNO versus 2.949 <0.001 1.572 0.282
pN1/pN2) (1.574-5.524) (0.690-3.588)
TNM** (I/1I versus 2.824 0.001
1I1/1V) (1.517-5.324)
Lymphovascular 1.030 0.932
invasion (no versus  (0.524-2.025)
yes)
Grade of 1.644 0.150 1.099 0.844
differentiation* (0.835-3.235) (0.430-2.810)
(low versus high)
Proportion of 0.708 0.412 1.024 0.957

tumour® (low (0.310-1.617) (0.436-2.402)
versus high)
SARIFA* (negative 3.665

versus positive) (1.949-6.890)

<0.001 2.595 0.032
(1.085-6.205)

p-values that are statistically significant are highlighted in bold.
* Multivariate Cox model was adjusted for pT, pN, grade of differentiation,
proportion of tumour.
“ Tumour-Node-Metastasis was obtained using TNM, 5th edition (Sobin and
Wittekind, 1997, pp 66-69) [22].
CL: confidence interval, pT: depth of invasion, pN: lymph node status,
SARIFA: Stroma AReactive Invasion Front Areas.

manual SARIFA-status assessment does not require digital slides or high
performance computing power for the analyses, takes on average less
than a minute, has shown low interobserver variation [17,18], and
hence can be assessed in any pathology laboratory in the World at
minimal extra cost (pathologist’s time) and no delay in turnaround time.
Whereas our initial SARIFA study only included patients with locally
advanced (pT3/pT4) colon cancer [18], the current study also investi-
gated SARIFA-status in early CRCs (pT1/pT2). However, probably not
unexpected, only one of 49 (2.0%) CRC showed SARIFA-positivity due to
direct contact of tumour cells with submucosal adipose tissue. Our
findings could suggest that SARIFA-positivity might be rare in CRCs
infiltrating the submucosa. This might simply be related to the amount
of fat present in the submucosa (lack of opportunity) or to different
underlying biology of tumours infiltrating submucosal fat compared to
those infiltrating subserosal fat. Future studies in larger cohorts of early
CRCs including malignant polyps are necessary to investigate the po-
tential relevance of SARIFA-status as biomarker in early CRCs.
Interestingly, SARIFA-positive CRCs were characterized by a lower
vessel content at the luminal tumour component. Even though there are
some studies investigating the relationship between vessel density and
outcome in CRC [32-36], further studies are necessary to explore the
exact role of vessel density on tumour biology in CRCs, especially with a
focus on changes between luminal component and invasion front.
SARIFA-positivity determined at the invasion front was significantly
related to low proportion of tumour (PoT) per tumour area measured at
the luminal surface. Low PoT is equivalent to high intratumoural stroma,
which has been consistently associated with poorer outcomes in CRC
[9-14]. SARIFA-positive CRCs are characterized by a lack of desmo-
plastic stroma reaction when the tumour cells get into contact with fat
cells. Nevertheless, our results suggest that SARIFA-positive tumours are
characterised by a higher stroma content at the luminal surface, e.g.
opposite to the invasion front. One could speculate that in some CRCs
tumour cells benefit from adipocytes as energy providers and by using
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lipids in numerous signalling pathways, and do not induce a desmo-
plastic stroma reaction when contacting adipocytes, which, if to say,
serve as their ‘partners in crime’ in tumour progression [37-39]. We
have shown previously in gastric cancer that SARIFA-positivity is asso-
ciated with upregulation of fatty acid metabolism in tumour cells [17].
Alexander et al. recently demonstrated that CRCs with a high stroma
percentage and low peritumoral inflammation at the invasion front,
both features of SARIFA-positive cancers, are characterized by high
recurrence rates [40], supporting our hypothesis that SARIFA-positive
CRC are characterised by a different tumour microenvironment. If this
hypothesis can be confirmed in independent series, this might allow to
predict SARIFA-status in pre-treatment/diagnostic endoscopic biopsies —
especially considering that also the relative number of vessels measured
at the luminal tumour component was also associated with
SARIFA-positivity in the current study.

The current study has some limitations. The overall number of CRC
patients is relatively small, and especially the relationship between
SARIFA-status and prognosis in rectal cancer patients needs to be
considered as hypothesis generating result. As only 22 patients received
adjuvant therapy, analysis of the relationship between adjuvant therapy,
SARIFA-status and patient outcome was not feasible. Additionally, the
rates of adjuvant therapy usage are likely to be different in modern
cohorts. Surgical techniques, chemotherapy regimens as well as sup-
portive care may also have improved over time, leading to generally
better survival nowadays. However, conventional cytotoxic chemo-
therapy is still standard of care in the adjuvant setting in CRC patients as
targeted or immunotherapeutic approaches are generally only consid-
ered in the metastatic setting. Moreover, pathologic specimen work up
has been improved resulting in a potentially higher lymph node yield in
a more recent CRC cohort [41,42]. Another limitation of the study is that
only one single representative tumour slide was investigated for
SARIFA-status, as described in the methods. However, we do not expect
that selection of a representative slide would be different nowadays.
Furthermore, we have already demonstrated (at least for a small cohort)
that in most SARIFA-positive CRCs the majority of slides show the
presence of SARIFA [18]. Immunohistochemical data (MLH1, MSH2,
Ki67) was generated using TMAs constructed from regions with highest
tumour cell content and not specifically from tumour located next to fat
cells. Thus, considering the known heterogeneity of Ki67 staining in
different areas in CRC, the Ki67 status might not be representative of the
tumour cells that were assessed for the SARIFA-status [43,44].

Conclusion

In summary, the current study was able to validate the prognostic
value of the SARIFA-status in a CRC series which was independent of our
initial discovery colon cancer series. The current study provides first
evidence that SARIFA-status might be also prognostically relevant in the
subgroup of rectal cancer patients. Our results suggest that SARIFA-
status in combination with luminal tumour composition may reflect a
subset of morphologically (and most likely biologically) distinct CRCs
with particular clinical importance. Both parameters can be determined
in routine H&E stained sections with low interobserver variability [17],
[18]. Consequently, as stromal morphometry (e.g., PoT) alone failed to
predict response to adjuvant fluorouracil/folinic acid based chemo-
therapy in the QUASAR trial [10], it would be interesting to investigate
whether a combined score of the characteristics of the tumour micro-
environment (PoT, stroma content, vessel density) and SARIFA-status
may improve therapy response prediction. Identifying CRC patients at
risk, who are likely to benefit from adjuvant therapy, is still a pressing
clinical need [45], where assessment of SARIFA-status could be a
cost-effective and potent option.

Author contributions

All authors revised the article critically, contributed to it with



N.G. Reitsam et al.

reflective improvements, and approved the final version. HG, BM, and
NR contributed to the study’s conception and design. NW, PQ, AW, WM,
HG, and NR contributed to the data acquisition process. BM, HG, JE, BG
and NR contributed to the data analysis and interpretation. Finally, BM,
HG, BG, and NR wrote the manuscript, and all authors revised the
manuscript and approved its final version.

Data availability

The datasets analysed during the current study are available from the
corresponding author upon reasonable request.

Ethical approval and consent to participate

The study was conducted in compliance with the Declaration of
Helsinki. The study was performed in accordance with local ethics
regulation, the need for patient consent was waived by the ethics
committee.

CRediT authorship contribution statement

N.G. Reitsam: Conceptualization, Data curation, Investigation,
Visualization, Writing — original draft, Writing — review & editing. B.
Grosser: Data curation, Formal analysis, Writing — original draft,
Writing — review & editing. J.S. Enke: Formal analysis, Writing — review
& editing. W. Mueller: Data curation. A. Westwood: Data curation. N.
P. West: Data curation, Writing — review & editing. P. Quirke: Data
curation, Writing — review & editing. B. Markl: Conceptualization, Su-
pervision, Validation, Writing — original draft, Writing — review &
editing. H.I. Grabsch: Conceptualization, Data curation, Supervision,
Validation, Writing — original draft, Writing — review & editing.

Declaration of competing interest

HG received honoraria from Astra Zeneca and Bristol Myers Squibb
not related to the study. BM has received compensations of travel ex-
penses and fees for advisory board activities by Astra Zeneca, Boehringer
Ingelheim, MERCK, MSD, BMS, Bayer and Novartis, not related to this
study. NW has undertaken paid consultancy for Bristol Myers Squibb,
GSK, Astellas and Amgen not related to this study. PQ declares research
funding from Roche and honoraria for lectures by Roche, Bayer, Amgen,
not related to the study.

Funding

HIG, PQ and NW are supported in part by the National Institute for
Health and Care Research (NIHR) Leeds Biomedical Research Centre
(BRC) (NIHR203331). The views expressed are those of the author(s)
and not necessarily those of the NHS, the NIHR or the Department of
Health and Social Care. NR is supported by the Manfred-Stolte-
Foundation (gastrointestinal pathology research support). AW is
suported by a Cancer Research UK Clinical Research Training Fellow-
ship (award reference S4154).

Acknowledgements

We thank all study participants for supporting our research.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.tranon.2024.101913.

Translational Oncology 44 (2024) 101913
References

[1] H. Sung, J. Ferlay, R.L. Siegel, M. Laversanne, I. Soerjomataram, A. Jemal, et al.,
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries, CA Cancer J. Clin. 71 (3) (2021)
209-249. May 01.

[2] 1.D. Nagtegaal, R.D. Odze, D. Klimstra, V. Paradis, M. Rugge, P. Schirmacher, et al.,
The 2019 WHO classification of tumours of the digestive system, Histopathology
76 (2) (2020) 182-188. January 01.

[3] A. Lugli, R. Kirsch, Y. Ajioka, F. Bosman, G. Cathomas, H. Dawson, et al.,
Recommendations for reporting tumor budding in colorectal cancer based on the
international tumor budding consensus conference (ITBCC) 2016, Mod. Pathol. 30
(9) (2017) 1299-1311. September 01.

[4] H.S. Kim, K.M. Kim, S.B. Lee, G.R. Kim, Y.D. Han, M.S. Cho, et al.,
Clinicopathological and biomolecular characteristics of stage IIB/IIC and stage IIIA
colon cancer: insight into the survival paradox, J. Surg. Oncol. 120 (3) (2019)
423-430. September 01.

[5] T. Andre, K. Shiu, T.W. Kim, B.V. Jensen, L.H. Jensen, C. Punt, et al.,
Pembrolizumab in microsatellite-instability-high advanced colorectal cancer,

N. Engl. J. Med. 383 (23) (2020) 2207-2218. December 03.

[6] M. Chalabi, L.F. Fanchi, K.K. Dijkstra, J.G. Van den Berg, A.G. Aalbers, K. Sikorska,
et al., Neoadjuvant immunotherapy leads to pathological responses in MMR-
proficient and MMR-deficient early-stage colon cancers, Nat. Med. 26 (4) (2020)
566-576. April 01.

[7] J. Guinney, R. Dienstmann, X. Wang, A. de Reynies, A. Schlicker, C. Soneson, et al.,
The consensus molecular subtypes of colorectal cancer, Nat. Med. 21 (11) (2015)
1350-1356. November 01.

[8] A. Brunac, J. Fourquet, G. Perot, M. Jaffrelot, J. Meilleroux, M. Danjoux, et al.,
CINSARC signature outperforms gold-standard TNM staging and consensus
molecular subtypes for clinical outcome in stage II-III colorectal carcinoma, Mod.
Pathol. 35 (12) (2022) 2002-2010. December 01.

[9] A. Huijbers, R.A.E.M. Tollenaar, G.W. v Pelt, E.C.M. Zeestraten, S. Dutton, C.

C. McConkey, 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. 24
(1) (2013) 179-185. January 01.

[10] G.G.A. Hutchins, D. Treanor, A. Wright, K. Handley, L. Magill, E. Tinkler-Hundal,
et al., Intratumoral stromal morphometry predicts disease recurrence but not
response to 5-fluorouracil-results from the QUASAR trial of colorectal cancer,
Histopathology 72 (3) (2018) 391-404. February 01.

[11] B. Martin, B.M. Banner, E. Schafer, P. Mayr, M. Anthuber, G. Schenkirsch, et al.,
Tumor proportion in colon cancer: results from a semiautomatic image analysis
approach, Virchows Arch. 477 (2) (2020) 185-193. August 01.

[12] K. Zhao, Z.1i, S. Yao, Y. Wang, X. Wu, Z. Xu, et al., Artificial intelligence quantified
tumour-stroma ratio is an independent predictor for overall survival in resectable
colorectal cancer, EBioMedicine. 61 (2020) 103054. November 01.

[13] J. Gao, Z. Shen, Z. Deng, L. Mei, Impact of tumor-stroma ratio on the prognosis of
colorectal cancer: a systematic review, Front. Oncol. 11 (2021) 738080. November
16.

[14] N.P. West, M. Dattani, P. McShane, G. Hutchins, J. Grabsch, W. Mueller, et al., The
proportion of tumour cells is an independent predictor for survival in colorectal
cancer patients, Br. J. Cancer 102 (10) (2010) 1519-1523. May 11.

[15] H.J.S. Jones, C. Cunningham, H.A. Askautrud, H.E. Danielsen, D.J. Kerr,

E. Domingo, et al., Stromal composition predicts recurrence of early rectal cancer
after local excision, Histopathology 79 (6) (2021) 947-956. December 01.

[16] A. Calon, E. Lonardo, A. Berenguer-Llergo, E. Espinet, X. Hernando-Momblona,
M. Iglesias, et al., Stromal gene expression defines poor-prognosis subtypes in
colorectal cancer, Nat. Genet. 47 (4) (2015) 320-329. April 01.

[17] B. Grosser, M. Gluckstein, C. Dhillon, S. Schiele, S. Dintner, A. VanSchoiack, et al.,
Stroma AReactive invasion front areas (SARIFA) - a new prognostic biomarker in
gastric cancer related to tumor-promoting adipocytes, J. Pathol. 256 (1) (2022)
71-82. January 01.

[18] B. Martin, B. Grosser, L. Kempkens, S. Miller, S. Bauer, C. Dhillon, et al., Stroma
AReactive invasion front areas (SARIFA)-a new easily to determine biomarker in
colon cancer-results of a retrospective study, Cancers. (Basel) 13 (19) (2021),
https://doi.org/10.3390/cancers13194880.

[19] N.G. Reitsam, B. Mérkl, S. Dintner, E. Sipos, P. Grochowski, B. Grosser, et al.,
Alterations in natural killer cells in colorectal cancer patients with stroma
AReactive invasion front areas (SARIFA), Cancers. (Basel) 15 (3) (2023) 994,
https://doi.org/10.3390/cancers15030994.

[20] H. Grabsch, M. Dattani, L. Barker, N. Maughan, K. Maude, O. Hansen, et al.,
Expression of DNA double-strand break repair proteins ATM and BRCA1 predicts
survival in colorectal cancer, Clin. Cancer Res. 12 (5) (2006) 1494-1500. March
01.

[21] H. Grabsch, K. Lickvers, O. Hansen, S. Takeno, R. Willers, W. Stock, et al.,
Prognostic value of cyclin B1 protein expression in colorectal cancer, Am. J. Clin.
Pathol. 122 (4) (2004) 511-516. October 01.

[22] L.H. Sobin, 1.D. Fleming, union internationale contre le cancer and the american
joint committee on cancer, Cancer 80 (9) (1997) 1803-1804, 1997 November 01.

[23] K. Offermans, J.C. Jenniskens, C.C. Simons, I. Samarska, G.E. Fazzi, K.M. Smits, et
al., Expression of proteins associated with the warburg-effect and survival in
colorectal cancer, J. Pathol. Clin. Res. 8 (2) (2022) 169-180. March 01.

[24] H. Ueno, L.D. Nagtegaal, P. Quirke, K. Sugihara, Y. Ajioka, Tumor deposits in
colorectal cancer: refining their definition in the TNM system, Ann. Gastroenterol.
Surg. 7 (2) (2023) 225-235. January 12.


https://doi.org/10.1016/j.tranon.2024.101913
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0001
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0001
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0001
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0001
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0002
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0002
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0002
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0003
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0003
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0003
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0003
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0004
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0004
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0004
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0004
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0005
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0005
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0005
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0006
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0006
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0006
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0006
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0007
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0007
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0007
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0008
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0008
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0008
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0008
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0009
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0009
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0009
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0009
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0010
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0010
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0010
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0010
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0011
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0011
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0011
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0012
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0012
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0012
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0013
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0013
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0013
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0014
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0014
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0014
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0015
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0015
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0015
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0016
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0016
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0016
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0017
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0017
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0017
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0017
https://doi.org/10.3390/cancers13194880
https://doi.org/10.3390/cancers15030994
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0021
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0021
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0021
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0021
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0022
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0022
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0022
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0023
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0023
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0026
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0026
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0026
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0024
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0024
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0024

N.G. Reitsam et al.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

L.M. McShane, D.G. Altman, W. Sauerbrei, S.E. Taube, M. Gion, G.M. Clark, et al.,
REporting recommendations for tumor MARKer prognostic studies (REMARK),
Nat. Clin. Pract. Urol. 2 (8) (2005) 416-422. August 01.

N. Melling, C.M. Kowitz, R. Simon, C. Bokemeyer, L. Terracciano, G. Sauter, et al.,
High Ki67 expression is an independent good prognostic marker in colorectal
cancer, J. Clin. Pathol. 69 (3) (2016) 209-214. March 01.

M. Schemper, T.L. Smith, A note on quantifying follow-up in studies of failure time,
Control. Clin. Trials 17 (4) (1996) 343-346. August 01.

1.D. Nagtegaal, P. Quirke, What is the role for the circumferential margin in the
modern treatment of rectal cancer? J. Clin. Oncol. 26 (2) (2008) 303-312. January
10.

E. Wulczyn, D.F. Steiner, M. Moran, M. Plass, R. Reihs, F. Tan, et al., Interpretable
survival prediction for colorectal cancer using deep learning, NPJ. Digit. Med. 4 (1)
(2021) 71-72. April 19.

S. Foersch, C. Glasner, A. Woerl, M. Eckstein, D. Wagner, S. Schulz, et al.,
Multistain deep learning for prediction of prognosis and therapy response in
colorectal cancer, Nat. Med. (2023). January 09.

V. L'Imperio, E. Wulczyn, M. Plass, H. Muller, N. Tamini, L. Gianotti, et al.,
Pathologist validation of a machine learning-derived feature for colon cancer risk
stratification, JAMa Netw. Open. 6 (3) (2023) e2254891. March 01.

V. Barresi, L. Reggiani-Bonetti, C. Di Gregorio, M.P. De Leon, G. Barresi, Lymphatic
vessel density and its prognostic value in stage I colorectal carcinoma, J. Clin.
Pathol. 64 (1) (2011) 6-12. January 01.

G. Des Guetz, B. Uzzan, P. Nicolas, M. Cucherat, J. Morere, R. Benamouzig, et al.,
Microvessel density and VEGF expression are prognostic factors in colorectal
cancer. meta-analysis of the literature, Br. J. Cancer 94 (12) (2006) 1823-1832.
June 19.

A. Algars, L. Kemppinen, R. Fair-Makela, H. Mustonen, C. Haglund, S. Jalkanen,
Stage I-IV colorectal cancer prognosis can be predicted by type and number of
intratumoral macrophages and CLEVER-1(+) vessel density, Cancers. (Basel) 13
(23) (2021) 5988, https://doi.org/10.3390/cancers13235988.

C. Cacchi, H.M. Arnholdt, H. Jahnig, M. Anthuber, A. Probst, D.V. Oruzio, et al.,
Clinical significance of lymph vessel density in T3 colorectal carcinoma, Int. J.
Colorectal. Dis. 27 (6) (2012) 721-726. June 01.

[36]

[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Translational Oncology 44 (2024) 101913

J. Gao, A. Knutsen, G. Arbman, J. Carstensen, B. Franlund, X.F. Sun, Clinical and
biological significance of angiogenesis and lymphangiogenesis in colorectal cancer,
Dig. Liver. Dis. 41 (2) (2009) 116-122. February 01.

Y. Wen, X. Xing, J.W. Harris, Y.Y. Zaytseva, M.I. Mitov, D.L. Napier, et al.,
Adipocytes activate mitochondrial fatty acid oxidation and autophagy to promote
tumor growth in colon cancer, Cell Death. Dis. 8 (2) (2017) e2593. February 02.
S. Vasseur, F. Guillaumond, Lipids in cancer: a global view of the contribution of
lipid pathways to metastatic formation and treatment resistance, Oncogenesis 11
(1) (2022) 46-48. August 09.

A. Mukherjee, A.J. Bilecz, E. Lengyel, The adipocyte microenvironment and cancer,
Cancer Metastasis Rev. 41 (3) (2022) 575-587. September 01.

P.G. Alexander, A.K. Roseweir, K.A.F. Pennel, H.C. van Wyk, A.G.M.T. Powell, D.
C. McMillan, et al., The glasgow microenvironment score associates with prognosis
and adjuvant chemotherapy response in colorectal cancer, Br. J. Cancer 124 (4)
(2021) 786-796. February 01.

B. Markl, T.G. Kerwel, T. Wagner, M. Anthuber, H.M. Arnholdt, Methylene blue
injection into the rectal artery as a simple method to improve lymph node harvest
in rectal cancer, Mod. Pathol. 20 (7) (2007) 797-801. July 01.

B. Mérkl, T. Kerwel, H. Jahnig, M. Anthuber, H. Arnholdt, Lymph node preparation
in colorectal cancer. ex vivo methylene blue injection as a novel technique to
improve lymph node visualization, Pathologe 29 (4) (2008) 274-279. July 01.
M. Kyndi, F.B. Sorensen, H. Knudsen, M. Overgaard, H.M. Nielsen, J. Andersen, et
al., Tissue microarrays compared with whole sections and biochemical analyses. A
subgroup analysis of DBCG 82 b&c, Acta Oncol. 47 (4) (2008) 591-599.

P. Kundig, C. Giesen, H. Jackson, B. Bodenmiller, B. Papassotirolopus, S.

N. Freiberger, et al., Limited utility of tissue micro-arrays in detecting intra-
tumoral heterogeneity in stem cell characteristics and tumor progression markers
in breast cancer, J. Transl. Med. 16 (1) (2018) 118. May 08-6.

L. Yang, J. Yang, A. Kleppe, H.E. Danielsen, D.J. Kerr, Personalizing adjuvant
therapy for patients with colorectal cancer, Nat. Rev. Clin. Oncol. 21 (1) (2024)
67-79. January 01.


http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0025
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0025
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0025
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0027
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0027
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0027
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0028
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0028
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0029
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0029
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0029
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0030
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0030
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0030
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0031
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0031
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0031
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0032
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0032
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0032
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0033
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0033
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0033
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0034
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0034
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0034
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0034
https://doi.org/10.3390/cancers13235988
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0036
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0036
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0036
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0037
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0037
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0037
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0038
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0038
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0038
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0039
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0039
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0039
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0040
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0040
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0041
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0041
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0041
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0041
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0042
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0042
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0042
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0043
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0043
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0043
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0044
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0044
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0044
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0045
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0045
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0045
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0045
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0046
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0046
http://refhub.elsevier.com/S1936-5233(24)00038-X/sbref0046

	Stroma AReactive Invasion Front Areas (SARIFA): a novel histopathologic biomarker in colorectal cancer patients and its ass ...
	Introduction
	Material & methods
	Patients
	SARIFA assessment
	Proportion of Tumour measurements
	Ki67 and MLH1/MSH2 immunohistochemistry
	Statistical analyses

	Results
	SARIFA-status is associated with high-risk features in colorectal cancer
	Exploratory analysis of the relationship between luminal tumour composition and SARIFA-status
	SARIFA-status as independent prognostic biomarker in patients with colorectal cancer
	Proliferation marker Ki67 and MMR status in relation to SARIFA-status

	Discussion
	Conclusion
	Author contributions
	Data availability
	Ethical approval and consent to participate
	CRediT authorship contribution statement
	Declaration of competing interest
	Funding
	Acknowledgements
	Supplementary materials
	References


