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Simple Summary: Many studies have used histomorphological features to more precisely predict
the prognosis of patients with colon cancer, focusing on tumor budding, poorly differentiated
clusters, and the tumor-stroma ratio. Here, we introduce SARIFA: Stroma AReactive Invasion Front
Area(s). We defined SARIFA as the direct contact between a tumor gland/tumor cell cluster (>5 cells)
and inconspicuous surrounding adipose tissue in the invasion front. SARIFA shows an excellent
interobserver reliability and high prognostic value and is thus a promising histomorphological
prognostic indicator for adipose-infiltrative adenocarcinomas of the colon.

Abstract: Many studies have used histomorphological features to more precisely predict the prog-
nosis of patients with colon cancer, focusing on tumor budding, poorly differentiated clusters, and
the tumor-stroma ratio. Here, we introduce SARIFA: Stroma AReactive Invasion Front Area(s).
We defined SARIFA as the direct contact between a tumor gland /tumor cell cluster (>5 cells) and
inconspicuous surrounding adipose tissue in the invasion front. In this retrospective, single-center
study, we classified 449 adipose-infiltrative adenocarcinomas (not otherwise specified) from two
groups based on SARIFA and found 25% of all tumors to be SARIFA-positive. Kappa values between
the two pathologists were good/very good: 0.77 and 0.87. Patients with SARIFA-positive tumors had
a significantly shorter colon-cancer-specific survival (p = 0.008, group A), absence of metastasis, and
overall survival (p < 0.001, p = 0.003, group B). SARIFA was significantly associated with adverse fea-
tures such as pT4 stage, lymph node metastasis, tumor budding, and higher tumor grade. Moreover,
SARIFA was confirmed as an independent prognostic indicator for colon-cancer-specific survival
(p =0.011, group A). SARIFA assessment was very quick (<1 min). Because of low interobserver
variability and good prognostic significance, SARIFA seems to be a promising histomorphological
prognostic indicator in adipose-infiltrative adenocarcinomas of the colon. Further studies should
validate our results and also determine whether SARIFA is a universal prognostic indicator in
solid cancers.
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1. Introduction

Colorectal cancer is a major public health problem worldwide. In 2018, colorectal
cancer was estimated to cause 881,000 deaths [1]. The histopathological assessment of col-
orectal cancer is crucial to assess the prognosis and determine the therapeutic approach [2].
The established criteria include depth of infiltration/T stage, lymph node involvement,
histological subtype, histological grade, differentiation, venous and lymphatic invasion,
perineural invasion, and status of surgical resection margins [3]. Other histomorphological
features associated with colorectal cancer include tumor border configuration (according to
Jass/expansile versus indeterminate versus infiltrative) [4-7], tumor deposits [8,9], tumor
budding [10-15], poorly differentiated clusters [16-19] and the tumor-stroma ratio [20-27].
It would certainly be beneficial to include some of the features in the routine diagnostics.
However, defining their uniform criteria and reducing interobserver variability remain
challenging for some parameters [7,15,28-30].

In this study, we investigated a specific histopathological characteristic, which we
noticed during routine diagnostics. We observed that in cases with high-grade features,
tumor cells are often completely unresponsive in the adipose tissue in the invasion front
(Figure 1A-G).

| &
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Figure 1. Cont.
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Figure 1. H & E images of SARIFA-positive and SARIFA-negative cases: SARIFA-positive cases
(A,C: scale bar 500 um; B,D: scale bar 50 um) SARIFA-negative case at the invasion front with a PDC
(arrow) (E: scale bar 500 um, F; scale bar 50 um). Schematic representation of a SARIFA area with
tumor cells directly adjacent to adipocytes without a stromal reaction (G).

We termed this as the stroma-areactive invasion front area (SARIFA). Wen et al. iden-
tified that adipocytes in the tumor microenvironment serve as energy providers and
metabolic regulators to promote the growth and survival of colon cancer cells [31]. There-
fore, we investigated the prognostic significance of SARIFA in adipose-infiltrative colon
carcinomas and analyzed the interobserver variability.

We hypothesized that SARIFA is associated with high-grade features (e.g., vascular
invasion) and is independent prognostic factor. First, we conducted an orientational
analysis on 196 adipose-infiltrative adenocarcinomas (not otherwise specified, NOS) of the
colon. Next, we analyzed a different group to substantiate the results.

2. Materials and Methods
2.1. Case Groups

This study conforms to the REMARK [32] and STROBE [33] guidelines. Patient group
A comprised 196 consecutive patients with colon adenocarcinomas NOS, pT3/4, N+/—,
MO, RO, and >3 months survival after surgery. Surgeries were performed between January
2002 and December 2011 at the University Medical Center of Augsburg, Germany. Patient
group B comprised 253 consecutive patients with the same inclusion criteria, except that the
surgeries were performed between 2012 and 2016. None of the patients had received preop-
erative chemo- or radiotherapy. After surgery, patients’ tumor tissue was fixed immediately
in 4% buffered formalin for at least 12 h and then embedded in paraffin. The slides investi-
gated were made of 3 pum FFPE tissue block sections. The Cannon-Béhm point was used
to classify the sidedness (right versus left). Tumor budding was graded according to the
criteria of the international tumor budding consensus conference (ITBCC). In group A, con-
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sensus rating was used to define the budding grade, as recently published [15]. In group B,
tumor budding was assessed by a single investigator on the same slide on which SARIFA
was assessed. The Tumor Data Management, University Hospital of Augsburg, provided
the data on follow-up and adjuvant therapy, and these data were complemented with those
of the patient files. In general, adjuvant therapy was conducted according to the guidelines
in place at the time. The study protocol was approved by the Institutional Review Board
of University Hospital of Augsburg (5.5.2020, BKF 2017-12, and 2020-24). A population
size of approx. 250 patients for group B appeared to us to be sufficient in the study design
due to a calculated power of approx. 75% (assuming the observed parameters in group A:
SARIFA frequency 16%, colon cancer-specific death 26% versus 9%) [34]. Because SARIFA
was evaluated only in one slide of each case, the question had to be answered in which
slide based frequency SARIFA can be found. This was evaluated on a separate cohort
(group C) from 2017. A restriction to nodal positive cases yielded in an enrichment of
SARIFA-positive cases. Moreover, this cohort was used to evaluate the relation between
SARIFA and five other morphological biomarkers (tumor budding, poorly differentiated
clusters, stroma grading and infiltration classification according to Jass) [5,6,12,35,36].

2.2. Definition and Assessment of SARIFA and Other Morphological Biomarkers
2

SARIFA was evaluated based on entire slide sections that covered about 220 mm~.
We have defined SARIFA as an area located at the invasion front (IF) in which a tumor
gland or a group of at least five tumor cells directly approach adipocytes without a stromal
reaction, such as fibroblastic proliferation, collagen formation, or a histiocytic reaction.
We classified tumors that presented these characteristics as SARIFA-positive and the others
as SARIFA-negative. Even if only a single SARIFA was present (e.g., a single tumor
gland surrounded directly by inconspicuous adipose tissue), we classified the tumor as
SARIFA-positive. The first author (FA) and the last author (LA) independently assessed
all tumors. They were blinded to the results of each other, clinical data, and clinical
course. A representative tumor slide (Group A: highest degree of tumor budding; Group B:
greatest depth of infiltration) was used for assessment in each case. In the event of different
results, the cases were discussed on a double head microscope, and a consensus diagnosis
was made.

The biomarkers tumor budding, poorly differentiated clusters, stroma grading and
infiltration classification according to Jass were analyzed by LA. All parameters besides
the Jass classification were analyzed initially in three-tiered fashion and then transferred in
two tired grading by merging the grades one and two to a low-grade group and the grade
three cases to the high-grade group.

2.3. Statistical Analysis

All statistical analyses were performed using SPSS version 24.0 (SPSS, IBM, Chicago,
IL, USA) and R Version 4.0.3. Depending on the size of the proportions, the x? and the Fisher
Exact test were used to compare categorical data, and the Mann-Whitney U test was used
for comparisons continuous and ordinal variables between the two groups. p-values were
adjusted for multiple testing using the Bonferroni Holm method [37]. Kappa statistics were
used to measure interobserver agreement (<0.2: poor, 0.21-0.40: fair, 0.40-0.60: moderate,
0.61-0.80: good, and >0.80 very good [38]). The Spearman rank order correlation was
used to analyze the relation of ranked parameters. Kaplan-Meier estimates of survival
rates were compared using log-rank tests, and relative risks were estimated by hazard
ratios (HR) obtained from Cox proportional hazard models. Exploratory significance levels
(two-tailed) of 5% were used for hypothesis testing. Continuous variables are presented as
median with corresponding 25% and 75% quantile.
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3. Results
3.1. Duration of the Assessment and Interobserver Variability

In most cases, SARIFA could be assessed very quickly. To estimate the time required,
40 cases were reassessed by the FA, and the time was measured. The minimum time was
13 s, and the maximum time was 40 s. The mean time was 21 £ 6 s. There was a discrepancy
in the SARIFA assessment by the investigators in group A in 7 (4%) cases and in group B
in 25 (10%) cases. The corresponding kappa values were good/very good: 0.87 and 0.77
(group B), respectively.

3.2. Clinicopathological Characteristics

In group A, the mean age of the 196 patients at the date of diagnosis was 70.1 & 11.3 years,
the mean follow-up time was 5.3 &= 3.5 years, and the median follow-up time was 6.4 years [39].
The patients’ detailed clinicopathological characteristics are presented in Table 1. Of the
196 cases, 31 (16%) tumors were classified as SARIFA-positive and 164 (84%) as SARIFA-
negative. During the follow-up period, 81 (41%) patients died.

Table 1. Clinicopathological characteristics group A.

Variable " =19 SARI(:?;—I;;))sitive SARI(£A=-11\I6e5g)ative p-\ll;a(lil;leli;:;ga’}ue
Median Age [years] 71 (64-79) 70 (64-74) 72(64-79) 0.129/1.0
N([Sgl/a‘&;"[gzgrs‘]‘p 6.4 (5.6-7.1) 6.0 (5.5-6.6) 7.0 (5.0-9.1) 0.581/1.0
Median Lymph Node Harvest (1) 20 (13-30) 20 (15-40) 19 (13-29) 0.254/1.0
Positive Lymph Nodes (1) 0(0-1) 1(0-4) 0(0-1) 0.002/0.036
Sex 0.843/1.0
female 83 42% 14 45% 69 42%
male 113 58% 17 55% 96 58%
T status 0.229/1.0
pT3 172 88% 25 81% 147 89%
pT4 24 12% 6 19% 18 11%
N status 0.009/0.144
negative 119 61% 12 39% 107 65%
positive 77 39% 19 61% 58 35%
Grading 0.020/0.280
low grade 137 70% 16 52% 121 73%
high grade 59 30% 15 48% 44 27%
Vascular Invasion 0.098/1.0
negative 176 90% 25 81% 151 91%
positive 20 10% 6 19% 14 9%
Lymphatic Vessel Invasion 0.602/1.0
negative 164 84% 25 81% 139 84%
positive 32 16% 6 19% 26 16%
Tumor Budding 0.004/0.068
Bd1 161 82% 20 65% 141 86%
Bd2 23 12% 6 19% 17 10%
Bd3 12 6% 5 16% 7 4%
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Variable =196 SARI(iA;g%sitive SARI(I;A=-11\I6e5g)ative p-\;acll?lelgz;\cﬁlue

Location 0.841/1.0
right sided 120 61% 20 65% 100 61%
left sided 76 39% 11 36% 65 39%

MSS 0.773/1.0
stable 172 88% 28 90% 144 87%
instable 24 12% 3 10% 21 13%

Adjuvant Chemotherapy 0.123/1.0
no 107 55% 13 42% 94 57%
yes 89 45% 18 58% 71 43%

Distant Metastasis 0.624/1.0
no 158 81% 24 77% 134 81%
yes 38 19% 7 23% 31 19%

Death 0.113/1.0
no 115 59% 14 45% 101 61%
death 81 41% 17 55% 64 39%

Colon-Cancer-Specific Survival 0.014/0.210
no 173 88% 23 74% 150 91%
death 23 12% 8 26% 15 9%

Five Year Survival (n = 152) 0.272/1.0
survived 92 60% 13 50% 79 63%
death 60 40% 13 50% 47 37%

Legend: 95% CI, 95% confidence interval; p-values are shown for difference between SARIFA (Stroma AReactive Invasion Front Areas)
positive and SARIFA-negative tumors; Abbreviations: MSS: microsatellite stability status; * adjusted using Bonferroni Holm method [37].

In group B, the mean age of the 253 patients at the date of diagnosis was 69.1 & 11.3 years,
the mean follow-up time was 3.6 £ 1.9 years, and the median follow-up time was 4.2 years.
The patients’ detailed clinicopathological characteristics are presented in Table 2. Of the
253 cases, 79 (31%) tumors were classified as SARIFA-positive and 174 (69%) as SARIFA-
negative. During the follow-up period, 68 (27%) patients died.

Group C comprised 49 nodal positive cases. The clinicopathological characteristics
are summarized in Table S1.

3.3. Characteristics of SARIFA-Positive Adenocarcinomas

SARIFA-positive tumors were associated with histopathological indicators of an
adverse prognosis. Tables 1 and 2 present an overview for groups A and B. In group A,
SARIFA-positive tumors were associated with more frequent lymph node metastasis,
higher count of metastasized lymph nodes, tumor budding, and higher grades (p = 0.009,
p =0.002, p = 0.004, and p = 0.02, respectively).

In group B, SARIFA-positive tumors also had more frequent lymph node metastasis,
higher count of metastasized lymph nodes, higher vascular and lymphatic vessel invasion,
high grades, and higher T stage (p < 0.001, p < 0.001, p = 0.016, p < 0.001, p = 0.015,
and p < 0.001, respectively). Furthermore, patients with SARIFA-positive tumors were
more likely to be women (p = 0.020) who received adjuvant chemotherapy more often
(47% vs. 30% p = 0.009).
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Table 2. Clinicopathological characteristics group B.

SARIFA-Positive

SARIFA-Negative

Variable n =253 (1 = 79) (= 174) p-Value *
Median Age [years] 71 (61-77) 72 (61-78) 71 (61-77) 0.658/1.0
Median Follow-up [years] 42 (4.044) 4.2 (3.9-4.5) 4.2 (3.7-4.7) 0.094/0.595
Median Lymph Node Harvest (1) 38 (29-49) 36 (28-53) 39 (30-49) 0.695/1.0
Positive Lymph Nodes (1) 0(0-2) 1(0-4) 0(0-1) <0.001/0.009
Sex 0.02/0.160
female 110 44% 43 54% 67 39%
male 143 57% 36 46% 107 62%
T status <0.001/0.009
pT3 179 71% 43 54% 136 78%
pT4 74 29% 36 46% 38 22%
N status <0.001/0.009
negative 144 57% 25 32% 119 68%
positive 109 43% 54 68% 55 32%
Grading 0.015/0.150
low grade 213 84% 60 76% 153 88%
high grade 40 16% 19 24% 21 12%
Vascular Invasion 0.016/0.150
negative 218 86% 62 79% 156 90%
positive 35 14% 17 21% 18 10%
Lymphatic Vessel Invasion <0.001/0.009
negative 197 78% 50 63% 147 85%
positive 56 22% 29 37% 27 16%
Tumor Budding <0.001/0.009
Bd1 161 63% 33 42% 128 74%
Bd2 50 20% 27 34% 23 13%
Bd3 42 17% 19 24% 23 13%
Location 0.785/1.0
right 139 55% 42 53% 97 56%
left 114 45% 37 47% 77 44%
MSS 0.580/1.0
stable 213 84% 68 86% 145 83%
instable 40 16% 11 14% 29 17%
Adjuvant Chemotherapy 0.009/0.108
no 164 65% 42 53% 122 70%
yes 89 35% 37 47% 52 30%
Distant Metastasis <0.001/0.009
no 192 76% 48 61% 144 83%
yes 61 24% 31 39% 30 17%
Death 0.009/0.108
no 185 73% 49 62% 136 78%
death 68 27% 30 38% 38 22%
Colon-Cancer-Specific Survival 0.105/0.595
no 229 90% 68 86% 161 92%
death 24 10% 11 14% 13 8%
Five Year Survival (n = 117) 0..085/0.595
survived 65 56% 20 44% 45 63%
death 52 44% 25 56% 27 38%

Legend: 95% CI, 95% confidence interval; p-values are shown for difference between SARIFA (Stroma AReactive Invasion Front Areas)
positive and SARIFA-negative tumors; Abbreviations: MSS: microsatellite stability status; * adjusted using Bonferroni Holm method [37].

3.4. Univariate Prognostic Analyses

In group A, patients with SARIFA-positive tumors had a significantly shorter colon-
cancer-specific survival (p = 0.008, Figure 2B). During the study period, 26% and 9% of
patients with SARIFA-positive and SARIFA-negative tumors, respectively, died because of
colon cancer (p = 0.100, Figure 2A). No significant association between SARIFA positivity
and the occurrence of distant metastasis (p = 0.650, Figure 2B).
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tumors are shown. p-value of log-rank test.
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In group B, patients with SARIFA-positive tumors had a significantly shorter metastasis-
free survival (p < 0.001) and shorter overall survival (p = 0.003) and tended to have a
shorter colon-cancer-specific survival (p = 0.065, Figure 3A-C). The relative risk of dying or
developing metastasis was about twice as high for patients with SARIFA-positive tumors
(Table 1). The 5-year survival rate was 44% in patients with SARIFA-positive tumors
and 63% in patients with SARIFA-negative tumors (p = 0.085). In subgroup analyses the
negative prognostic effect of SARIFA was especially seen in stage III tumors (Table S3).
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Figure 3. Discrimination of
based on SARIFA status in

patient overall survival (A), colon-cancer-specific survival (B), and metastasis-free survival (C)
group B. The Kaplan-Meier curves of patients with SARIFA-positive and SARIFA-negative

tumors are shown. p-value of log-rank test.

3.5. Multivariate Cox Regression

We performed multivariate Cox regression analyses (inclusion) for colon-cancer-
specific survival (group A), overall survival (group B), and distant metastasis (group B).
Each model was adjusted for the following parameters: age, pT, pN (positive versus nega-
tive), grading (low versus high), vascular and lymphatic vessel invasion, tumor budding,
microsatellite stability status, sidedness, and SARIFA. The detailed results are summarized
in Table 3. SARIFA was an independent prognostic indicator for colon-cancer-specific
survival (p = 0.012, group A) after adjustment. The hazard ratio was 3.5 (CI 95%: 1.3-9.1).
However, SARIFA could not be confirmed as an independent prognostic indicator for
overall survival and distant metastasis (Table 3).
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Table 3. Cox regression analyses.

Group A (n =196) Group B (n = 253)
Variation Colon-Cancer-Specific Survival Metastasis Overall Survival
HR CI p HR CI p HR CI p
T-status 1.4 0.4-5.0 0.57 2.1 1.9-3.6 0.01 1.4 0.8-24 0.20
N-status 1.8 0.7-4.6 0.26 3.1 1.6-5.7 <0.001 2.0 1.2-3.5 0.01
Age 1.1 1.0-1.1 0.02 1.0 0.9-1.0 0.15 1.05 1.0-1.1 <0.001
\% 0.9 0.3-3.2 0.89 1.0 0.5-2.0 0.99 0.9 0.4-1.7 0.65
L 1.3 0.4-4.1 0.65 1.6 0.9-2.8 0.14 1.5 0.9-2.7 0.13
Grading 0.9 0.4-2.2 0.82 15 0.8-3.0 0.23 2.0 1.0-3.8 0.04
Tumor Budding 0.9 0.5-1.9 0.88 0.9 0.7-1.3 0.59 1.1 0.8-1.5 0.71
Location 1.9 0.8-4.5 0.14 0.9 0.5-1.5 0.64 1.2 0.7-2.0 0.52
MSS 0.3 0.0-2.6 0.29 0.7 0.3-1.6 0.39 0.7 0.3-1.5 0.40
SARIFA 3.5 1.3-9.1 0.01 1.5 0.8-2.6 0.18 1.5 0.9-2.5 0.14

Legend: CI: Confidence interval (95%), MSS: microsatellite stability status.

3.6. Analysis of SARIFA in T Stage Subgroups

To investigate the effect of SARIFA for both T stages (pT3 and pT4) separately, we
conducted univariate and multivariate Cox regression analyses for overall survival and
distant metastasis for group B in both subgroups. We adjusted for all variables as de-
scribed above. In the pT3 stage, patients with SARIFA-positive tumors had a shorter
absence of metastasis (p = 0.006) and a shorter overall-survival (p = 0.026). SARIFA was
slightly not significant in both adjusted multivariate Cox regressions (metastasis: p = 0.058,
overall-survival: p = 0.082). In comparison, we found no association between SARIFA and
occurrence of metastasis (p = 0.132) or overall-survival (p = 0.193) in the higher T stage and
SARIFA could not be shown to be an independent prognostic factor.

3.7. Slide-Based Frequency of SARIFA and Correlation with Other Morphological Biomarkers

Group C compromises a total number of 49 cases. From the 29 (59%) SARIFA-positive
cases a total number of 91 histological tumor slides were available. SARIFA could be
identified in 74 (76%) slides out of 91 slides. In 21 (72%) cases more than the half of the
tumor slides were SARIFA-positive.

SARIFA showed a weak positive correlation with tumor budding and poorly differen-
tiated clusters that just failed significancy with correlation coefficients of 0.267 (p = 0.063)
and 0.281 (p = 0.050), respectively. Stroma grading and Jass’ infiltration grading showed
no correlation. A strong correlation could be shown between tumor budding and poorly
differentiated clusters (0.710; p < 0.0001). All calculations are given Table S2 (supplement).
Simultaneous high-grade classification of the other morphological markers in SARIFA-
positive cases occurred in a range between 28% (stroma grading) and 52% (Tumor budding)
(Figure S1).

4. Discussion

In this study, we introduce a new biomarker in colon cancer—SARIFA (Figure 1).
SARIFA has excellent interobserver reliability and high prognostic value and is thus a
promising histomorphological prognostic indicator for adipose-infiltrative adenocarci-
nomas (NOS) of the colon. Patients with SARIFA-positive tumors had a significantly
adverse prognosis: they had a significantly shorter colon-cancer-specific survival (p = 0.008,
group A), absence of metastasis (p < 0.001, group B), and overall survival (p = 0.003, group B).

These results are particularly promising, given the low interobserver variability
(kappa: 0.87 and 0.77 in groups A and B, respectively), which was likely due to the
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simple and clear definition of SARIFA-positive tumors—a single tumor gland /tumor cell
cluster (>5 cells) surrounded directly by inconspicuous adipose tissue. With this definition,
no quantification of the characteristic is required (which may increase the interobserver
variability). In our experience, the SARIFareas were usually considerably larger than one
gland/ tumor cell cluster (>5 cells) (see Figure 1) and therefore easy to assess. Among
other things, we have used this definition to achieve an absolutely clear differentiation
from tumor budding. SARIFA could be assessed with hardly any additional cost in routine
diagnostics. The assessment is made on a standard hematoxylin—eosin slide from routine
diagnostics and takes very little time. In most cases, SARIFA can be assessed extremely
quickly (mean duration: 21 &+ 6 s). Analyzing group C, we identified an uneven distribution
of SARIFA areas among the analyzed slides of SARIFA positive cases. In the majority of
cases more than a half of tumor slides are diagnostic for SARIFA positivity. Whether an
increase in the number of examined slides leads to an improvement in sensitivity has to be
clarified in further studies. If this were to be confirmed, the effort would nevertheless be
limited due to the simplicity of the evaluation.

Currently, there are no uniform, established classification criteria for assessing the
tumor border configuration at the invasion front. Depending on the definition, 17-70% of
the tumors show an infiltrative growth [7,40,41]. Investigations of the tumor border
configuration (as defined by Jass) indicated suboptimal interobserver agreement [6]. Tumor
budding might also have considerable interobserver variability [15,29,42,43]. However,
the tumor-stroma ratio indicated a similarly low interobserver variability as SARIFA, and
the assessment was also relatively simple and quick (<2 min) [26]. In addition, a high
reproducibility was reported for PDC grade [44]. SARIFA thus stands out in terms of
interobserver variability, as PDC grade, and tumor-stroma ratio.

SARIFA may also allow risk stratification of patients with colon cancer. The hazard
ratio for colon-cancer-specific survival was 3.5 (CI 95%: 1.3-9.1, p = 0.011, group A) after
adjustment for age, pN, pT, grading, L, V, tumor budding, sidedness, and microsatellite
status. Despite the numerous associations of SARIFA with a poor prognosis, significant
association of SARIFA with colon-cancer-specific survival (p = 0.008) could be solely
demonstrated in group A, whereas group B only exhibited a trend toward significance
(p = 0.065). SARIFA was an independent risk factor only in group A. These differences
are likely due to the differences between the two groups. A very likely main point is that
the follow-up was relatively short in group B, with a mean follow-up of 3.6 &= 1.9 years.
Furthermore, there was a lower proportion of pT3 tumors in group B. In the pT3 subgroup
analysis of group B, SARIFA was a highly significant prognostic marker in the univariate
analysis and just failed significance in the multivariate analysis (metastasis: p = 0.058,
overall-survival: p = 0.082). Prospective large-scale studies with longer follow-up are
needed for more consistent results. There was also a difference in the frequency of SARIFA-
positive tumors between the two groups (16% versus 31%). All adenocarcinomas (NOS)
were consecutively included according to the same criteria, and they were processed by
the same institute, so differences in assessment become unlikely. Furthermore, FA assessed
both groups simultaneously (mixed), ruling out the assessment order as a cause of the
discrepancy. SARIFA-positive tumors had significantly more frequent histopathological
features that were associated with an adverse prognosis, such as pT4 stage, lymph node
metastasis, vascular and lymphatic vessel invasion, higher grade (p < 0.001, p < 0.001,
p = 0.016, p <0.001, and p = 0.015, respectively, group B), tumor budding (p < 0.001 (group B),
p =0.004 (group A)), and higher grade (p = 0.004, p = 0.02, group A), respectively. Therefore,
further studies should consider these important features and elucidate the relationship
between them.

Our study limitations include the retrospective single-center design of our study.
Notably, however, Wulczyn et al. recently identified a similar pattern in colorectal cancer
to be prognostic by using deep learning [45]. They identified that poorly differentiated
tumor cell clusters adjacent to adipose tissue (TAF) can predict disease-specific survival
for stage II-1II colorectal cancer. Their results agree with ours. Most of their TAF examples
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in Figure 510 are SARIFAs. However, some of their presented cases were ambiguous,
and some clearly had no SARIFAs (see representative images of Wulczyn et al. S10: no
SARIFAS: first row, first image and last row, second, and third image). Considering the
literature and our data, the tumor cells in the vicinity of adipose tissue may be of previously
underestimated prognostic relevance.

Regarding the relation between SARIFA and other morphological markers like tumor
budding, poorly differentiated clusters, stroma grading and infiltration classification ac-
cording to Jass [5,6,12,35,36] we identified no or only weak correlations (tumor budding
and poorly differentiated clusters). On the other hand, the latter correlated strongly with
each other and reflect very likely the same biological background. Although SARIFA is
found simultaneously with one or more of these five analyzed morphological features,
we consider it highly probable that it is an expression of a biological property of its own.
Jass’ classification might be an exemption in this regard because he described SARIFA-
similar features in his classification before. Nevertheless, we found no relevant correlation
between these parameters. Moreover, the Jass classification was hampered by a poor
reproducibility [6].

From a biological point of view, it seems logical that SARIFA can have prognostic
significance. Koelzer et al. stated that the invasion front of colorectal cancer embodies
the tumor-host interface [14]. The interaction between tumor cells and adipose tissue
received an increasing interest in the last ten years outgoing from the fact that obesity is
associated with both increased rates of malignancy and increased aggressiveness of tumor
diseases. This rapidly expanding field is particularly relevant for future therapy strategies
including the recognition of resistance mechanisms and new targets [46]. SARIFA has a
distinct feature of this tumor-host interface with striking morphology. Currently unknown
variables of the tumor, tumor microenvironment, or even their interaction of both might
lead to this characteristic morphology. Adipocytes can serve as energy providers and
metabolic regulators to promote the growth and survival of colon cancer cells [31], but this
explanation does not sufficiently explain the prognostic effect observed here. We observed
increased CD68-positive macrophages at the invasion front of SARIFA tumors. It is,
therefore, probable that macrophages play a role in preventing the tumor glands from being
entrapped by desmoplastic fibers and induce a reduced response of the immune system in
SARIFA-tumors [47]. We therefore think that tumor-associated macrophages play a role
here, but this requires investigation in further studies. This study explored the prognostic
significance of SARIFA. However, further studies are required to investigate the details of
the underlying molecular biological background as well as potential associations to other
histopathological prognostic indicators (for example, stroma differentiation grading, PDC
grade and tumor—stroma ratio), which have not been fully determined. Independent of
colon carcinomas, whether SARIFA is a universal feature of malignancy remains unclear.
After tumor budding was established as prognostic parameter in colorectal carcinomas,
it was also demonstrated in numerous solid cancers [48]. In general, tumor budding is
primarily interpreted as an expression of epithelial-mesenchymal transition (EMT) [49-51],
whereby the concept of EMT is also controversially discussed [52]. Future studies should
validate our results to better characterize the importance of SARIFA.

5. Conclusions

We introduced a new biomarker in colon cancer: the Stroma AReactive Invasion
Front Area (SARIFA). Our results provide first evidence that SARIFA is a promising
histomorphological prognostic indicator in adipose-infiltrative adenocarcinomas (NOS)
of the colon. Further research is warranted to examine whether SARIFA can serve as a
prognostic indicator in solid cancers as well.
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