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Abstract

Background: Lymphovascular invasion (LVI) plays an important role in determining
the risk of lymph node metastasis (LNM) in T1 colorectal cancer (CRC) patients and
influencing treatment decisions and patient outcomes.

Objective: This study evaluated how the detection of LVI varies between Dutch
laboratories and investigated its impact on the treatment and oncological outcomes
of T1 CRC patients.

Methods: Pathology reports and clinical data of T1 CRC patients who underwent
local resection between 2015 and 2019 were obtained from the Dutch nationwide
pathology databank (Palga cohort, n = 5513). Data on the standard of LVI diagnosis
(H&E/Immunohistochemistry) were not available. We categorized laboratories as
low, average, or high detectors and evaluated the impact of LVI detection practice
on the surgical resection rate and the proportion of LNM-negative (LNM-) surgeries.
In the second part of the study, we used the Dutch T1 CRC Working Group cohort
(n = 1268) to evaluate the impact of LVI detection practice on cancer recurrences
during follow-up. Multivariable logistic regression analyses and Cox proportional
hazard regression were used to study the association between LVI detection
practice and the outcomes.

Results: In the PALGA cohort, the proportion of surgical resections after local
resection of a T1 CRC was significantly higher among patients diagnosed by labo-
ratories with a high LVI detection rate (high vs. low: adjusted OR [aOR] 1.87; 95%
confidence interval [Cl] 1.52-2.31) as was the proportion of LNM-surgeries (aOR
1.73; 95% Cl 1.39-2.15). In the second cohort, no significant difference was
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INTRODUCTION

Histopathological risk factors for lymph node metastasis (LNM) are
the cornerstones in the treatment decision-making process for T1
colorectal cancer (CRC). International guidelines recommend
completion surgery when one or more of these risk factors are
identified in a locally resected T1 CRC.>? Although this approach of
risk stratification is sensitive, specificity is known to be poor, with
only 10%-16% of patients classified as ‘high-risk’ actually having
LNM.2"7 Consequently, many patients receiving surgical interven-
tion do so without any clinical benefit. Nevertheless, given the
absence of validated, more precise prediction tools, the current risk
stratification of T1 CRCs still depends on conventional histopatho-
logical risk factors.

It has been established that the assessment of histopathological
features is subject to inter-observer variability.2-1° The extent of
the variability may be influenced by many factors, including lack of
clear definitions within guidelines, the type of staining applied, the
number of slides and levels assessed, and the experience of the
pathologists.>*"*? For lymphovascular invasion (LVI1), one of the most
important and extensively studied histological features in T1 CRC,
inter-observer agreement is reported to be poor.'® This may partly
explain the high variation in the reported detection rates of LVI in
T1 CRCs within the available literature, ranging from 6% to
42%.3,6,14717

It is unknown if and how the variation in the detection of LVI
within T1 CRCs affects patients' treatment and subsequent onco-
logical outcomes. It could be hypothesized that high detection
rates of LVI lead to higher rates of LNM-negative completion
surgery as it may overestimate the risk of LNM. Conversely, low
detection rates of LVI may be associated with increased risk of
cancer recurrence as it fails to accurately identify patients who
are at risk of LNM and consequently may withhold them from
receiving necessary surgical intervention. However, these hypoth-
eses have not yet been evaluated in routine clinical practice. In
the present study, we therefore aimed to study the impact of
variation in LVI detection among locally resected T1 CRCs on
patients' treatment strategies and oncological outcomes on a na-
tional level.

observed in cancer recurrences among patients diagnosed in laboratories with high
detection rates compared with low detection rates (aHR 2.23; 95% Cl 0.94-5.23).
Conclusion: These findings suggest that a high detection rate of LVI does not
improve oncological outcomes and may expose more patients to unnecessary

oncological surgery, emphasizing the need for standardization of LVI diagnosis.

bowel, CRC, histology, intestine, lymph node, metastasis, neoplasia, outcomes, stadiation,

Key summary

Summarize the established knowledge on this subject

e Lymphovascular invasion (LVI) is a risk factor for lymph
node metastasis (LNM) in T1 colorectal cancer (CRC) and
plays a crucial role in guiding treatment decisions.

e Inter-observer studies have revealed substantial vari-
ability among pathologists in the assessment of LVI.

e The extent to which detection levels of LVI vary in
everyday clinical practice and how this impacts treat-

ment patterns and oncological outcomes is unknown.

What are the significant and/or new findings of this study?

e LVI detection rates in locally resected T1 CRCs vary
substantially between laboratories.

e Patients diagnosed by laboratories with high LVI detec-
tion rates (>22.4%) have a significantly higher proportion
of surgical resections and LNM-negative surgeries
following local resection of T1 CRC compared with those
diagnosed by laboratories with low or average detection
rates.

e The proportion of cancer recurrences after local resec-
tion of T1 CRC does not differ significantly among pa-
tients diagnosed by laboratories with low, average, or
high LVI detection rates.

o These results show that a higher LVI detection rate in T1
CRCs does not result in improved oncological outcomes,
and that more patients are unnecessarily exposed to the

side effects of oncological surgery.

MATERIALS AND METHODS
Study populations
Two separate retrospective study populations were used to address

the objectives of this study. The first cohort (hereafter referred to as

the Palga cohort) was used to study the impact of the inter-
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laboratory variation in the detection of LVI on the surgical resection
rate and on the proportion of LNM-negative surgeries. This cohort
included all synoptically reported locally resected T1 CRCs diag-
nosed between January 1, 2015 and December 31, 2019 from the
Dutch nationwide pathology databank (Palga). Primary surgical re-
sections were excluded upfront since histopathological evaluation of
risk factors in these specimens would not impact the choice of
treatment and are potentially subject to underreporting of histo-
pathological risk factors. Pathology reports of additional surgical
resections, when performed, were also extracted for each patient.
Exclusion criteria were: (1) non-adenocarcinomas, (2) fragmented T1
CRC specimens, (3) neo-adjuvant radiotherapy, (4) synchronous
second primary CRC, and (5) reports from laboratories with less than
five synoptically reported T1 CRCs per year. When patients had
multiple T1 CRCs during the study period, the tumour with the first
incidence date was included in the analyses. Fragmented T1 CRC
specimens were excluded because of the complexity and inaccuracy
of the assessment of histological risk factors in these specimens.
Further explanations of variables and definitions included in this
study are presented in Supporting Information S1. All data within
Palga are pseudonymised by a trusted third party (ZorgTTP). The
study protocol was approved by the scientific and privacy committee
of Palga, and all data were handled in accordance with the General
Data Protection Regulation Act.

To investigate the association between the LVI detection rate
and cancer recurrences in patients not referred for surgery, we used
our Dutch T1 CRC Working Group database (hereafter referred to as
the T1 CRC Working Group cohort). This choice was made because of
the insufficient coverage of cancer recurrence data in the Palga
database. The T1 CRC Working Group cohort includes detailed data
on follow-up and cancer recurrences, which were previously obtained
by reviewing the individual patient records (Medical Ethical Review
Committee reference number 15-487/C). From this multicenter
database, including all consecutive T1 CRCs diagnosed between 1
January 2014 and 31 December 2017 in 12 hospitals, we extracted
all locally resected T1 CRCs for the present study, with and without
additional surgical resection. Exclusion criteria in this database were:
(1) hereditary predisposition for CRC, (2) inflammatory bowel dis-
ease, (3) non-adenocarcinomas, (4) neo-adjuvant radiotherapy, (5)
missing endoscopy or pathology reports, (6) synchronous second
primary CRC, and (7) diagnosis of CRC within the previous 5 years.
As for the Palga cohort, further explanations of variables and defi-
nitions used for the T1 CRC Working Group cohort are presented in
Supporting Information S1.

Outcome measures

To assess the impact of variation in the detection of LVI on our outcome
measures, we categorized pathology laboratories within the Palga
cohort into three distinct groups based on their LVI detection rates.
The categories were low detectors, average detectors and high de-

tectors. The categorization was done by using the median proportion of

LVI detection across all participating laboratories, along with the
interquartile range (IQR) denoted by the first quartile (Q1) and the
third quartile (Q3). Low detectors were defined as laboratories with an
LVI detection rate lower than Q1, average detectors were considered
laboratories with detection rates between the first (Q1) and the third
quartile (Q3), and high detectors were defined as laboratories in which
the LVI detection rate exceeded Q3.

We then evaluated the impact of variation in LVI detection rates

on three outcome measures:

1. Surgical resection rate, defined as the proportion of patients who
underwent completion surgery after local resection of a T1 CRC.

2. LNM-negative surgeries are defined as the proportion of patients
who underwent completion surgery after local resection of a T1
CRC and did not have tumour-positive lymph nodes in the
resection specimen (i.e, surgery that was unnecessary in
hindsight).

3. Cancer recurrences are defined as the proportion of locoregional
and/or distant cancer recurrences after local resection of a T1

CRC where no completion surgery was performed.

The first two outcomes were evaluated with the data from the
Palga cohort and the final outcome was studied based on data from
the T1 CRC Working Group cohort.

Statistical analyses

Baseline characteristics for patients with and without LVI were re-
ported using standard descriptive statistics. Differences in categori-
cal variables were analyzed by means of a chi-square test, and for
continuous data that were not normally distributed the Mann-
Whitney-U test was used.

Of each laboratory within the Palga cohort, the absolute
proportion of T1 CRCs with LVI was determined. As a benchmark,
the overall national proportion of LVI-positive T1 CRCs of all
laboratories was used. Since case-mix factors might influence the
detection of LVI and could differ per laboratory, we corrected for
these factors through multivariable logistic regression to calculate
case-mix adjusted proportions per laboratory.*®1? The variables
included were age at diagnosis, year of diagnosis, size of the polyp,
grade of differentiation and invasion depth. To visualize the inter-
laboratory variation in LVI detection, a funnel plot was used.

To evaluate the impact of LVI detection rate practice (low de-
tectors, average detectors, and high detectors) on the surgical
resection rate and the proportion of LNM-negative surgical re-
sections in the Palga cohort, we performed multivariable logistic
regression analysis. Cox proportional hazard regression was used to
study the association between LVI detection rate practice and cancer
recurrence during follow-up within the T1 CRC Working Group
cohort. In these analyses, low detectors were used as the reference
category and we corrected for age, polyp location, year of diagnosis,

grade of differentiation, and resection margin status.
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To study what the impact of the variation in LVI detection would
be in the group of patients where LVI would have been the decisive
factor in histological risk stratification, we performed sensitivity an-
alyses in a subgroup of patients without other histological high-risk
factors included in the Dutch guideline at the time of the study
period (high-grade differentiation and/or positive [R1] or unassess-
able [Rx] resection margin). This subgroup had no other (histopath-
ological) indication for completion surgery other than LVI (i.e., if LVI
was absent, a T1 CRC would be classified as low-risk and if LVI was
present, a T1 CRC would be classified high-risk).

For the Palga cohort, missing date were Missing Completely At
Random (MCAR). Therefore, listwise deletion was performed when
performing the analyses. For the T1 CRC Working Group cohort,
missing data were not MCAR; thus, we performed multiple imputa-
tion before data analysis (using multivariate imputation by chained
equations with 22 variables, 10 imputation data sets and 21 itera-
tions). Rubin's rules were used to pool results across imputed data-
sets. All statistical analyses were performed using R version 4.0.3

(RStudio Inc.). A two-sided p value <0.05 was considered significant.

RESULTS
Patient and tumour characteristics

Of all 6135 local CRC excisions from 6050 patients within the Palga
cohort, 5513 individual patients were included in the final analyses
(Figure 1). The final 5513 T1 CRCs were diagnosed within 36 of all 41
Dutch pathology laboratories between 2015 and 2019, ranging from
52 to 363 (median 133) locally excised T1 CRCs per laboratory.
Patient and tumour characteristics of the 5513 included patients are
shown in Table 1.

Inter-laboratory variation in detection of LVI

The overall national proportion of T1 CRC cases with LVI was
18.4%. Laboratory-specific detection rates ranged from 8.0% to
43.9%. Fourteen laboratories (38.9%) reported proportions of LVI
outside the 95% confidence interval (Cl) of the national proportion.

After correction for case-mix, still 12/36 laboratories (33.3%)
fell outside the 95% CI of the national proportion and thus had
significantly higher or lower detection rates than expected. Of the
12 laboratories outside the 95% Cl, 6 (16.7%) reported a signifi-

cantly, but only a slightly, lower proportion of LVI than the overall

6272 local CRC resections
of 6181 patients

5513 local pT1 CRC
resections of 5513 patients

national proportion, while in 6 laboratories (16.7%) the proportion
of LVI detection in T1 CRCs was significantly higher and more

prominent (Figure 2).

Impact of variation on patients' treatment and
oncological outcomes

We categorized the laboratories into three groups based on their LVI
detection rates: low detectors, average detectors, and high detectors.
Low detectors included laboratories with less than 13.7% of T1 CRCs
with positive LVI, average detectors had LVI detection rates between
13.7% and 22.4%, and high detectors had LVI detection rates of more
than 22.4%.

Surgical resection rate

Of all 5513 patients, 1337 (24.3%) underwent completion surgery
after local resection. Through multivariable logistic regression, we
found that patients whose T1 CRCs were analyzed in laboratories
with high LVI detection rates were treated significantly more often
with completion surgery compared to patients whose T1 CRCs were
analyzed in laboratories with low LVI detection rates (30.9% vs.
22.2%; adjusted OR [aOR] 1.87, 95% CI 1.52-2.31). No significant
difference in treatment was observed between low and average de-
tectors (22.2% vs. 23.0%; aOR average vs. low 1.05, 95% Cl 0.89-
1.25) (Table 2) (Figure 3).

In the sensitivity analysis of a subset of 4026 patients without
other known histological risk factors other than LVI (i.e., high-grade
differentiation or an R1 or Rx resection margin), results were
consistent with the findings in the complete cohort (Supporting
Information S1: Supplementary Results).

LNM-negative surgeries

In 1139/5513 (20.7%) T1 CRC patients, completion surgery was per-
formed without LNM being detected in the resection specimen. No
difference in the percentage of —what afterwards turned out to be—
unnecessary surgery was found between average detectors and low
detectors (19.4% vs. 19.3%; aOR 1.00; 95% Cl 0.84-1.20). However,
LNM-negative surgeries were significantly more common in patients
who were diagnosed by laboratories with high LVI detection rates
(26.5% vs. 19.3%; aOR 1.73; 95% Cl 1.39-2.15) (Table 2) (Figure 3).

Exclusions (N = 756)

« Fragmented T1 CRC (N = 137)

« Synchronous CRC (N =177)

——————— «Final pT-stage > pT1 (N =217)

y « Non-adenocarcinoma (N = 18)

+ More than 1 T1 CRC during study period (N = 5)

« Laboratories with <5 locally resected T1 CRCs per year (N = 105)

FIGURE 1 Flowchart of included and excluded patients of the Palga cohort. CRC, colorectal cancer.
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TABLE 1 Characteristics of the 5513 included patients with locally resected T1 CRCs from the Palga cohort.

Total LVI absent LVI present
n = 5513 n = 4499 n = 1014 p Value
Age, in years, median (IQR) 67 (12) 67 (12) 67 (12) 0.212
Gender, n (%) 0.477
Male 3453 (62.6) 2808 (62.5) 645 (63.6)
Female 2060 (37.4) 1691 (37.5) 369 (36.4)
Type of laboratory, n (%) <0.001
Non-academic 4908 (89.0) 4078 (90.6) 830 (81.9)
Academic 605 (11.0) 421 (9.4) 184 (18.1)
Year of diagnosis, n (%) <0.001
2015 1074 (19.5) 910 (20.2) 164 (16.2)
2016 1206 (21.9) 1004 (22.3) 202 (19.9)
2017 1102 (20.0) 905 (20.1) 197 (19.4)
2018 1177 (21.3) 942 (20.9) 235 (23.2)
2019 954 (17.3) 738 (16.5) 216 (21.3)
Screen-detected, n (%) 0.104
No 2505 (45.4) 2021 (44.9) 484 (47.7)
Yes 3008 (54.6) 2478 (55.1) 530 (52.3)
Location, n (%) 0.825
Colon 3513 (64.2) 2863 (64.2) 650 (64.5)
Rectum 1955 (35.8) 1598 (35.8) 357 (35.5)
Missing 45 38 7
Diameter polyp, in mm, median (IQR) 15 (10) 15 (10) 16 (12) <0.05
Differentiation, n (%) <0.001
Low-grade 5246 (98.3) 4304 (98.8) 942 (95.9)
High-grade 91 (1.7) 51(1.2) 40 (4.1)
Missing 176 144 32
Invasion depth, n (%) <0.001
sm1/Haggitt 1-2/<1 mm 2413 (48.3) 2029 (50.0) 384 (50.0)
sm2/Haggitt 3/1-2 mm 1135 (22.7) 859 (21.2) 276 (29.5)
sm3/Haggitt 4/>2 mm 541 (10.8) 416 (10.2) 125 (13.3)
Could not be assessed 906 (18.1) 754 (18.6) 152 (16.2)
Missing 518 441 77
Resection margin, n (%) 0.555
RO 4185 (76.0) 3408 (75.8) 777 (76.7)
R1 782 (14.2) 636 (14.2) 146 (14.4)
Rx 540 (9.8) 450 (10.0) 90 (8.9)
Missing 6 5 1
Treatment strategy, n (%) <0.001
Local resection only 4176 (75.7) 3750 (83.4) 426 (42.0)
Completion surgery 1337 (24.3) 749 (16.6) 588 (58.0)

Note: Significance for italic value is ‘These data were missing in the original pathology report’.

Abbreviations: CRC, colorectal cancer; IQR, inter quartile range; LVI, lymphovascular invasion; RO, free resection margin; R1, positive resection margin;
Rx, unassessable resection margin.
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Percentage of T1 CRCs with LVI per labaratory

T T T
0 100 200 300 400
Number of T1 CRCs per laboratory

— National overallmean —95% Cl @ Individual laboratories

FIGURE 2 Funnel plot showing the percentage of T1 CRCs
with positive LVI per laboratory from the Palga cohort adjusted for
case-mix factors, plotted against the total number of T1 CRCs from
the corresponding laboratory. Cl, confidence interval; CRC,
colorectal cancer; LVI, lymphovascular invasion.

TABLE 2 Multivariable logistic regression analysis for the
association between LVI detection practice and surgical resection
rate or LNM-negative surgeries in a nationwide Palga cohort of
5513 locally resected T1 CRCs.

Multivariable OR (95% CI)
Surgical resection rate
LVI detection practice®
Low detectors Ref
Average detectors 1.05 (0.89-1.25)
High detectors 1.87 (1.52-2.31)
Differentiation
Low-grade Ref
High-grade 5.57 (3.52-8.90)

Resection margin

RO Ref

R1 6.66 (5.57-7.95)

Rx 3.01 (2.44-3.70)
Age 0.96 (0.95-0.97)

Tumour location

Colon

Rectum

Year of diagnosis

Ref
0.46 (0.39-0.53)

2015 Ref

2016 0.92 (0.75-1.13)
2017 0.82 (0.66-1.02)
2018 0.81 (0.66-1.01)
2019 0.69 (0.55-0.87)

TABLE 2 (Continued)

Multivariable OR (95% Cl)
LNM-negative surgeries
LVI detection practice®
Low detectors Ref
Average detectors 1.00 (0.84-1.20)
High detectors 1.73 (1.39-2.15)
Differentiation
Low-grade Ref
High-grade 3.91 (2.50-6.13)

Resection margin

RO Ref

R1 5.39 (4.50-6.44)

Rx 2.92 (2.35-3.60)
Age 0.97 (0.96-0.98)

Tumour location
Colon Ref
Rectum 0.47 (0.40-0.55)

Year of diagnosis

2015 Ref

2016 0.90 (0.73-1.11)
2017 0.76 (0.60-0.95)
2018 0.77 (0.62-0.97)
2019 0.64 (0.50-0.81)

Abbreviations: Cl, confidence interval; CRC, colorectal cancer; LNM,
lymph node metastasis; LVI, lymphovascular invasion; OR, odds ratio;
Ref, reference category; RO, microscopically free resection margin; R1,
microscopically positive resection margin; Rx, resection margin could
not be assessed.

“Low detectors: proportion of LVI positive T1 CRCs is lower than Q1 of
the national median proportion, average detectors: proportion of LVI
positive T1 CRCs is between Q1 and Q3 of the national median
proportion, high detectors: proportion of LVI positive T1 CRCs is higher
than Q3 of the national median proportion.

These results were confirmed in the sensitivity analyses, which
included 4026 patients in whom LVI would have been the decisive
factor in histological risk stratification (Supporting Information S1:
Supplementary Results).

Cancer recurrences

To evaluate if low LVI detection practice was associated with an
increased risk of cancer recurrence after local resection of T1 CRCs
without additional surgery, we used data from the T1 CRC Working
Group cohort. Intotal, 1268 locally resected T1 CRCs were included in
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LVI detection rate

Surgical resection rate*
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LNM-negative surgeries**

*High detection rate vs. low detection rate: aOR 1.87,95% Cl 1.52 - 2.31 (p<.001)
**High detection rate vs. low detection rate: aOR 1.73, 95% CI 1.39 - 2.15 (p<.001)
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FIGURE 3 Percentage of T1 CRC patients treated with surgical resection after local excision and the percentage of patients who had
LNM-negative surgery in laboratories with low, average and high LVI detection rates (Palga cohort). aOR, adjusted odds ratio; Cl, confidence
interval; CRC, colorectal cancer; LNM, lymph node metastasis; LVI, lymphovascular invasion.

this study (Figure S1). The overall proportion of T1 CRCs with LVI was
18.6% and laboratory-specific proportions ranged from 8.2% to 34.7%.

The median follow-up of this cohort was 51 months (IQR 32) and
did not differ between patients from laboratories with low, average,
and high LVI detection rates (52, 49, and 51 months, respectively).

Local resection without completion surgery was the final treat-
ment in 847/1268 patients (66.8%). Recurrences after local resection
only occurred in 35/847 (4.1%) T1 CRC patients. In both univariable
and multivariable Cox proportional hazards regression analyses, no
significant difference in the proportion of recurrences was observed
between low (3.2%), average (4.0%), and high (5.2%) LVI detectors
(high vs. low: unadjusted hazard ratio [HR] 1.78; 95% Cl 0.80-3.97;
adjusted HR 2.23; 95% Cl 0.94-5.23) (Table 3). Stratification ac-
cording to histopathological risk group and the type of recurrence did
not reveal any significant differences between the low, average and
high detectors (Table 4).

DISCUSSION

With this nationwide data of 5513 locally resected T1 CRCs, we
studied the inter-laboratory variability in the detection of LVI and
examined its impact on patient treatment. Our findings indicate that
the detection of LVI varies substantially between laboratories, and
that patients treated at hospitals working with laboratories with high

TABLE 3 Multivariable Cox regression analysis for the
association between LVI detection practice and cancer
recurrences in the T1 CRC Working Group cohort of 847 locally

resected T1 CRCs.

LVI detection practice®

Low detectors
Average detectors
High detectors
Differentiation
Low-grade
High-grade
Resection margin
RO
R1
Rx
Age
Location
Colon

Rectum

Multivariable HR (95% Cl)

Ref
1.36 (0.54-3.45)

2.23 (0.95-5.23)
Ref

0.00 (0.00 - o)
Ref

1.03 (0.30-3.58)
1.78 (0.77-4.12)
1.04 (0.99-1.09)

Ref
3.91 (1.83-8.34)

(Continues)
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TABLE 3 (Continued)

Multivariable HR (95% CI)

Year diagnosis

2014 Ref

2015 141 (0.47-4.21)
2016 2.00 (0.70-5.73)
2017 1.64 (0.51-5.25)

Abbreviations: Cl, confidence interval; CRC, colorectal cancer; HR,
hazard ratio; LVI, lymphovascular invasion; Ref, reference category; RO,
microscopically free resection margin; R1, microscopically positive
resection margin; Rx, resection margin could not be assessed.

®Low detectors: proportion of LVI positive T1 CRCs is lower than Q1 of
the national median proportion, average detectors: proportion of LVI
positive T1 CRCs is between Q1 and Q3 of the national median
percentage, high detectors: proportion of LVI positive T1 CRCs is higher
than Q3 of the national median proportion.

LVI detection rates have significantly higher rates of completion
surgery without clinical benefit, as compared to patients in hospitals
working with laboratories with low or average LVI detection rates. In
contrast, the patients in the hospitals working with laboratories with
low LVI detection rates were not at higher risk of developing local
and distant recurrences after only local excision. This shows that a
higher LVI detection rate does not result in improved oncological
outcomes, and that more patients are unnecessarily exposed to the
side effects of oncological surgery.

The underlying causes of this variability in LVI detection are
likely diverse, existing both at the level of individual pathologists and
at the laboratory level. One of the problems is the absence of stan-
dardized criteria for the assessment of LVI, for example, regarding
the evaluation of deeper levels and the utilization of additional
(immuno-)histochemical staining (IHC). While several guidelines
recommend the use of additional staining, none of these guidelines
provide explicit instructions on when to apply them, what type of
staining discriminates best and how to interpret the results of the
staining.22°-2% Studies have demonstrated that the application of
additional staining leads to an increase in the detection rate of
LVI.}224 And although we acknowledge that staining techniques can
facilitate the differentiation between genuine LVI and LVI-mimicking
artefacts, concerns arise regarding the reflex application of additional
staining for LVI detection in every T1 CRC case. Such a strategy
might identify more insignificant foci of LVI and lead to an increase in
false-positive staining results, potentially leading to an increase in
overtreatment and significant costs. Considering this, we endorse the
recommendation specified in some guidelines, which advocates for
diagnosing LVI based on the H&E and reserving additional staining
for equivocal cases where LVI is suspected but lacks conclusive
affirmation on the H&E.2>2¢ Although the dataset used in our study
unfortunately lacks specific data on the utilization of additional
staining, other cohort studies have demonstrated lower LVI detection
rates with higher positive predictive values for LNM when LVI was
solely assessed on H&E, as compared to studies using standard IHC
alongside H&E.>*?728 Given the low positive predictive value of

histological risk stratification in T1 CRCs in general, these findings
might support the recommendation to refrain from routine applica-
tion of additional staining techniques for the detection of LVI. Other
factors likely to contribute to the inter-laboratory variation include
the interchangeable use of different terminologies for LVI (e.g., small
vessel invasion or large vessel invasion, lymphatic or venous invasion,
vascular invasion, LVI), and differences in pathologists' expertise,
experience, caseload, and personal beliefs. However, investigating
the causal relationships between these factors and the observed
variation was beyond the scope of our current study, warranting
future research to address these important aspects. Efforts to
enhance inter-observer agreement and decrease inter-laboratory
variation in the reporting of histopathological features have shown
promising results in other fields and should be encouraged for the
assessment of T1 CRCs.??~3% We believe that creating awareness is a
crucial first step. Findings from a study by Dooijeweert et al. suggest
that reduction of variation can be effectively achieved through simply
providing laboratory- and pathologist-specific feedback regarding
detection rates.3° Furthermore, it is imperative to refine and stan-
dardize the definitions and criteria for detecting LVI, as the current
guidelines leave room for different interpretations, which in turn
likely contributes to the observed variation in clinical practice.
Under the assumption that the true prevalence of LVI in locally
resected T1 CRCs aligns with the national percentage of 18.4%, one
can hypothesize that LVI was underdetected in a subset of patients
within the group of low detectors. If this hypothesis holds true, one
might expect that patients classified as low-risk within this subgroup,
who solely underwent local resection as a treatment, may face a higher
risk of cancer recurrence owing to an unrecognized risk of LNM.
However, our results show that after a median follow-up of 51 months,
no significant differences were found in cancer recurrences between
patients from low-, average-, and high-detector laboratories. A po-
tential explanation for this finding is the recent evidence that metas-
tases of CRC do not solely arise from spread via locoregional lymph
nodes, but that in fact most distant metastases follow a direct route via
the venous system, independent of LNM.>**3> Together with our
observation that oncological long-term outcomes did not differ be-
tween patients whose polyps were analyzed in low-, average-, and
high-detector laboratories, despite potential differences in classifica-
tion of the risk of LNM, this challenge the current role of LNM in being
the most important prognostic factor for T1 CRC. As opposed to the
similar oncological outcomes independent of LVI detection rate, we did
observe a significantly higher surgical resection rate in the patients
treated at hospitals with high LVI detection. Most importantly, more
than one-fourth of the patients whose polyps were analyzed in high
detector laboratories were unnecessarily put at the risk of surgery
since no LNM was found in the resection specimen of these patients.
For the low and average detectors, although still substantial, this was
less than one-fifth and significantly lower. The issue of surgical over-
treatment in T1 CRC is widely recognized, and despite advancements
in surgical techniques and perioperative care, the risks of surgical
mortality and morbidity cannot be ignored.3® Another interesting

observation beyond the scope of our initial research objectives was
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TABLE 4 Recurrences within the group of 847 T1 CRCs from the T1 CRC Working Group cohort that were treated with local resection

only were stratified by LVI detection group.

Low LVI detectors

N = 312 patients
Recurrences, total 10/312 (3.2%)

Recurrences per histopathological risk group®

Low-risk 5/217 (2.3%)
High-risk 5/90 (5.6%)
Unknown 0/5 (0.0%)

Type of recurrence
Locoregional only 4/312 (1.3%)
Distant metastasis only 2/312 (0.6%)

Both 4/312 (1.3%)

Average LVI detectors

High LVI detectors

N = 248 patients N = 287 patients p Value
10 (4.0%) 15 (5.2%) 0.46
2/151 (1.3%) 8/186 (4.3%) 0.24
8/86 (9.3%) 7/89 (7.9%) 0.62
0/11 (0.0%) 0/12 (0.0%) -
2/248 (0.8%) 5/287 (1.7%) 0.64
4/248 (1.6%) 5/287 (1.7%) 0.44
4/248 (1.6%) 5/287 (1.7%) 0.88

?High-risk was defined as T1 colorectal cancers (CRCs) with the presence of one or more of the following risk-factors: lymphovascular invasion (LVI),
high-grade differentiation, positive resection margin (R1), or unassessable (Rx) resection margin. Low-risk was defined as the absence of all these risk
factors. Unknown risk was applied to T1 CRCs for which data on one or more risk factors were missing.

that a considerable proportion of patients (42.0%) with a T1 CRC in
which LVI was detected, did not undergo completion surgery, sug-
gesting that clinicians often accept the risk of leaving LNM behind
when weighing it against the risk of surgery associated morbidity and
mortality. Location of the primary tumour seems to play a role in this
decision, which is demonstrated by our multivariable analysis showing
that rectal location was independently negatively associated with
completion of surgery.

The substantial variation in the detection of LVI observed in our
study underscores the challenges and subjectivity inherent in patho-
logical assessment. Clinicians working together with pathologists must
acknowledge the complexity of histopathological evaluation and
recognize that it is a nuanced process that requires a comprehensive
understanding of the pathologist's rationale behind their conclusions.
We strongly advocate for the discussion of each T1 CRC during
multidisciplinary meetings. This facilitates a careful consideration of
the different treatment options, enabling a more precise evaluation of
the risks and benefits associated with additional surgical resection.

A few limitations of our study need to be considered when
interpreting the results. First, although we adjusted for most clinical
and histopathological variables, we were not able to include tumour
budding and polyp morphology as case-mix variables. Tumour
budding was introduced as a non-mandatory factor in the synoptic
report only in mid-2016 in the Netherlands; therefore, this variable
was missing in 72% of cases. Polyp morphology could only be
extracted from the pathology reports, while it is known that
morphology can alter during histological processing and was there-
fore considered unreliable. Still, all other variables important in the
variation of case-mix were included and adjusted for. Second, reports
from fragmented resection specimens were excluded from this study
because assessment of histopathological features is hampered in
these specimens. It is conceivable that exclusion of piecemeal
resected T1 CRCs in our study led to exclusion of the ones that were

less amenable for en bloc resection, and thus may have introduced a

selection bias towards smaller tumours with potentially a different
LVI detection rate. Therefore, the numbers of T1 CRCs with LVI in
this study may not be representative of piecemeal resected T1 CRCs.
Finally, as mentioned earlier, specific details on the method of LVI
diagnosis (H&E or IHC) were lacking in our dataset, thereby impeding
us to draw a more robust conclusion regarding the impact of the use
of additional staining on LVI detection rates and treatment.

In conclusion, the findings of this study demonstrate a sub-
stantial variation in the detection of LVI among locally resected T1
CRCs at a national level. Moreover, the study reveals that higher
levels of LVI detection are associated with an increased risk of
unnecessary completion surgery, as compared to low and average
detection levels. Notably, there were no significant differences in
cancer recurrence rates after local excision among the three LVI
detection groups, implying that lower levels of LVI detection
accompanied by fewer completion surgeries do not compromise
oncological outcomes. These findings challenge that, concerning LVI
detection in T1 CRCs, ‘more is better’ and in fact suggest that ‘less
may not matter’. For clinicians, this study highlights the importance
of possessing a comprehensive understanding of how the LVI was
detected and what brought the pathologist to his or her conclusions,
so that the actual risk of LNM can be weighed against the risk of
surgical morbidity and mortality, while also considering the indi-
vidual preferences of the patient.
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