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ABSTRACT

Background. Involved lateral lymph nodes (LLNs) have
been associated with increased local recurrence (LR) and
ipsi-lateral LR (LLR) rates. However, consensus regarding
the indication and type of surgical treatment for suspicious
LLNs is lacking. This study evaluated the surgical treatment
of LLNs in an untrained setting at a national level.
Methods. Patients who underwent additional LLN sur-
gery were selected from a national cross-sectional cohort
study regarding patients undergoing rectal cancer surgery
in 69 Dutch hospitals in 2016. LLN surgery consisted of
either ‘node-picking’ (the removal of an individual LLN)
or ‘partial regional node dissection’ (PRND; an incomplete
resection of the LLN area). For all patients with primar-
ily enlarged (>7 mm) LLNs, those undergoing rectal sur-
gery with an additional LLN procedure were compared to
those undergoing only rectal resection.

Results. Out of 3057 patients, 64 underwent additional
LLN surgery, with 4-year LR and LLR rates of 26% and
15%, respectively. Forty-eight patients (75%) had enlarged
LLNs, with corresponding recurrence rates of 26% and 19%,
respectively. Node-picking (n = 40) resulted in a 20% 4-year
LLR, and a 14% LLR after PRND (n = 8; p = 0.677). Multi-
variable analysis of 158 patients with enlarged LLNs under-
going additional LLN surgery (n = 48) or rectal resection
alone (n = 110) showed no significant association of LLN
surgery with 4-year LR or LLR, but suggested higher recur-
rence risks after LLN surgery (LR: hazard ratio [HR] 1.5,
95% confidence interval [CI] 0.7-3.2, p = 0.264; LLR: HR
1.9,95% CI1 0.2-2.5, p = 0.874).

Conclusion. Evaluation of Dutch practice in 2016 revealed
that approximately one-third of patients with primarily
enlarged LLNs underwent surgical treatment, mostly con-
sisting of node-picking. Recurrence rates were not signifi-
cantly affected by LLN surgery, but did suggest worse out-
comes. Outcomes of LLN surgery after adequate training
requires further research.

Lateral lymph nodes (LLNs) are located outside the mes-
orectal fascia in the internal iliac and/or obturator (lateral)
compartments, and are therefore not removed during stand-
ard total mesorectal excision (TME) surgery for rectal cancer
patients. LLNs seem to play an important role in the etiol-
ogy of (lateral) local recurrences ([L]LR).!-3 Recent studies
have established short-axis diameter to be a main predictor
of LLN involvement; LLNs with a short-axis diameter of
>7 mm were associated with a 5-year LLR rate of up to
19.5%.* This warrants improvement, but there is an ongo-
ing international debate regarding the optimal treatment of
LLNs.

Surgical treatment of LLNs can be either prophylactic or
therapeutic, the latter mostly following neoadjuvant (chemo)
radiotherapy ([C]RT). Japanese centers have traditionally
performed a prophylactic LLN dissection (LLND) for all
cases of advanced rectal cancer.®!! Formal LLND follows
anatomical borders in order to remove all lymphatic tissue
from within the lateral compartments. The associated risk
of bleeding and/or nerve damage is an important reason why
Western surgeons have been reluctant to perform LLND.
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Instead, they rely predominantly on neoadjuvant CRT to
sterilize the lateral compartments. However, neither strategy
is always sufficient.!>"14

Recent research has focused on the selective LLND
for ‘high-risk’ patients, such as those with primar-
ily enlarged LLNs (>7 mm)’ or persistently enlarged
LLNs after CRT.® Using this method instead of prophy-
lactic LLND would potentially reduce the total number
of LLNDs, thereby optimizing the harm-benefit ratio.
Several studies show the merits of this approach, with
reassuring long-term recurrence rates of around 6% or
lower.>® An entirely different approach is the singular
removal of only the ‘suspicious’ LLN, often referred to as
‘node-picking’. Only two studies with very small samples
have commented on node-picking and results suggest that
this approach is inadequate in reducing the LLR rates
sufficiently, with 5-year LLR rates up to 51%.7!> Inter-
estingly, in a recent survey of 62 Dutch colorectal sur-
geons, 16/62 (26%) responded that node-picking was their
routine practice for suspicious LLNs, while 27/62 (44%)
had performed an LLND at least once in the past 5 years.
When asked what the ideal treatment of suspicious LLNs
should be, 12/62 (19%) answered node-picking, 44/62
(71%) answered LLLND, and 6 (10%) would not perform
surgery at all.'®

This study aimed to evaluate the application of surgical
procedures for suspicious LLNs in an untrained setting at a
national level, and to compare associated recurrence rates
among patients with enlarged LLNs who underwent TME
surgery with or without any type of additional LLN surgery.

METHODS

Patients were selected from a national, cross-sectional
cohort study of all patients operated on for rectal cancer
in the Netherlands between 1 January and 31 December
2016. The short-term oncological outcomes registered
for these patients in the Dutch ColoRectal Audit (DCRA)
formed the basis of this study. These data were elaborated
to include additional diagnostic, therapeutic, and long-
term oncological outcomes. Local research teams were
formed in each participating center to collect data for
their patients, and included a surgeon, surgical residents,
radiologist, and radiation oncologist. Data were stored
anonymously in a dataset managed by Medical Research
Data Management (MRDM). More details can be found
in Appendix 1.

While this Snapshot study entails three sections, only
the first two are relevant here. During Part one, the sur-
gical team gathered baseline, procedural, and long-term

outcomes. Surgical reports were provided for patients
who underwent an additional procedure for LLNs and
these reports were later reviewed by the central research-
ers to classify the procedure that was performed. LLN
surgery was classified as either formal LLND with com-
plete removal of the internal and obturator compartments,
partial regional node dissection (PRND), or node-picking
in the case of removal of a single LLN. During Part two,
magnetic resonance imaging (MRI) scans of all patients
with low (<8 cm from the anorectal junction [ARJ]),
cT3-4 stage rectal cancer were re-reviewed by the par-
ticipating consultant radiologist in each center after dedi-
cated training. Additionally, MRI scans of all patients
with a registered surgical procedure for LLNs, but with a
primary tumor >8 cm from the ARJ and/or cT1/2, were
also re-reviewed.

Radiology Re-Review

Two expert radiologists (KH and RBT, with 17 and
24 years’ experience, respectively) provided a 2-h online
training session for all participating radiologists, prior to
the start of the study. During this session, various exam-
ples of LLNs were discussed, as well as the anatomical
definitions for the borders of the lateral compartments. The
internal iliac compartment contains the lymphatic tissue
situated medially of the lateral border of the main trunk of
the internal iliac artery. All lymphatic tissue located later-
ally of the main trunk, and tissue remaining in the lateral
compartments after the internal iliac artery exits the pelvis,
is considered part of the obturator compartment. External
iliac LLNs were defined as those located ventral of the
external iliac vessels. Participating radiologists received
two color atlases visually portraying these borders, one by
Ogura et al.® and one by the Snapshot team, of a complete
axial T2-weighted MRI. Both atlases were available dur-
ing re-review.

Primary and restaging MR images of all patients were
re-reviewed by the participating radiologists. The presence,
short-axis size, and location of LLNs, along with possible
malignant features (heterogeneity, irregular border, round
shape, loss of fatty center) were reported. In the case of LR,
relevant images were also re-reviewed. An LR was defined
as any return of disease situated in the pelvis. An ipsi-lateral
LR (LLR) relates specifically to an LR located in a lateral
compartment (internal iliac or obturator) on the same side
as the enlarged LLN, identified by the reviewing radiologist,
and, when applicable, the side that underwent additional
LLN surgery.
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Ethics

The Medical Ethics Board of Amsterdam UMC in the
Netherlands provided central approval of this study on 30
June 2020. Each center received local approval before partic-
ipating. Local review boards decided whether their patients
were required to provide written informed consent or were
given the opportunity to opt-out.

Statistical Analysis

Statistical analysis was conducted using SPSS Statis-
tics version 26.0 (IBM Corporation, Armonk, NY, USA).
Baseline data were evaluated using descriptive statistics.
Continuous data are presented as means and standard

3178 patients registered with a resection for primary
rectal cancer in the Dutch ColoRectal Audit (DCRA) 2016

3107 registered patients in the Snapshot Rectal Cancer
2016 study

3057 patients included in the Snapshot Rectal Cancer
2016 study

174 patients with enlarged (=7mm) LLNs and/or
underwent additional LLN surgery

48 Patients with primarily enlarged
(=7mm) LLNs who underwent TME
procedure and additional LLN

surgery

64 Patients with LLNs who
underwent additional LLN
surgery

16 Patients with primarily smaller
(<7mm) LLNs who underwent
TME procedure and additional

LLN surgery

deviations or medians and interquartile range (IQR),
while categorical data are presented as numbers with per-
centages. Comparative analyses were performed using
the Chi-square, Fisher’s exact or independent #-tests, as
appropriate. Univariable analysis was performed to exam-
ine predictors of oncological outcomes. Selected variables
included LLN size, anatomical location, and type of LLN
surgery. Four-year LR and LLR rates, distant metasta-
sis-free survival, and overall survival were determined
using Kaplan—Meier analysis with the log-rank test for
comparison.

Multivariable Cox regression models were made to deter-
mine predictors of recurrence in patients with primary enlarged
LLNs, including whether or not LLN surgery was performed
as a variable. Propensity score matching was not possible due

71 excluded:
66 from non-participating hospitals
5 patients who opted-out

50 excluded:
4 untraceable patients
3 no data available
6 recurrent carcinomas
3 resections for regrowth after wait & see
9 anal or sigmoid carcinomas
3 patients registered twice
8 resections before 2016
8 palliative resections
3 no rectal carcinoma present
3 rectal carcinomas left in situ

2883 excluded:
2710 no lateral lymph nodes (LLNs) and/or no
additional LLN surgery
168 lateral lymph nodes <7mm without
additional LLN surgery
5 LLNDs for concurrent high-risk prostate
cancer

110 Patients with primarily enlarged
(=7mm) LLNs who underwent TME
procedure but no additional LLN

surgery

FIG. 1 Selection process of included patients. LLN lateral lymph node, LLND LLN dissection, TME total mesorectal excision
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TABLE 1 Baseline characteristics of the 64 patients who underwent
additional LLN surgery in 2016

Variable
Male 38 (59.4)
ASA classification 1-22 51 (79.7)
Age (mean [SD]) 62 [10.8]
Lower border of tumor on/below LOREC criteria® 38 (59.4)
Clinical T-stage
T2 7 (10.9)
T3a-d 36 (56.3)
T4a 6(9.4)
T4b 15 (23.4)
Mesorectal clinical N-stage
NO 4(6.3)
N1 23 (35.9)
N2 37 (57.8)
Positive mesorectal fascia 37 (57.8)

Extramural venous invasion (mrEMVI) present on primary 27 (42.2)
MRI

Tumor deposits present on primary MRI 12 (18.8)
Short-axis size of LLN present on primary MRI, mm

>7 48 (75.0)

<7 16 (25.0)
Anatomical compartment of LLN according to MRI re-

review

Internal iliac 20 (31.3)

Obturator 44 (68.8)
Neoadjuvant treatment

None 2 (3.1

Short-course radiotherapy 15(23.4)

Chemoradiotherapy 46 (71.9)

Monotherapy chemotherapy 1(1.6)
Operation®

Sphincter-sparing 30 (46.9)

Non-sphincter-sparing 34 (53.1)
Resection margins

RO 54 (84.4)

R1 10 (15.6)

Data are expressed as n (%) unless otherwise specified

ASA American Society of Anesthesiologists, LLN lateral lymph node,
LOREC low rectal cancer development program, MRI magnetic reso-
nance imaging, SD standard deviation

2ASA classification score based on physical status

®Lower border of the tumor is located beneath the attachment of the
levator ani (coronal plane)
“Sphincter non-sparing denotes abdominoperineal resections and

proctocolectomy cases, and sphincter-sparing includes (low) anterior
resections and local excisions

to >15% fall-out of cases, causing the group to become unac-
ceptably small. Variables identified during univariable analysis
(p < 0.1) were included in multivariable analyses. There were
too few events for the subsets of clinical T stage in relation to LR
and LLR, and they could therefore not be included in the final
multivariable analysis model. Statistical significance was set at
a p-value of <0.05.

RESULTS

In total, 67/69 (97%) Dutch hospitals who performed
rectal cancer surgery in 2016 participated, resulting in
3107/3178 (98%) eligible patients (Fig. 1). Of the 3057
patients included in the Snapshot study, 158 had enlarged
(=7 mm short-axis) LLNs, of whom 48 (30%) underwent
TME surgery and additional LLN surgery and 110 (70%)
received TME surgery only. Another 16 patients also
underwent additional LLN surgery, but for LLNs <7 mm
only. The 64 patients who underwent additional LLN sur-
gery came from 28 different Dutch hospitals. Five other
patients also underwent an LLND but this was performed
by the urologist due to synchronous, high-risk prostate
cancer, and these patients were therefore not included in
this study (Fig. 1). Median follow-up time was 46 months
(IQR 18-53 months). Baseline characteristics are displayed
in Table 1.

Lateral Lymph Node Surgery

After central review of surgical reports, LLN surgery
was classified as node-picking in 52/64 cases (81%). In
29/52 cases (56%) the report also stated the location of
this suspicious node, of which the majority were obtura-
tor nodes (23/29, 79%). In the remaining 23 cases (44%),
the location was not stated. For 11/29 cases (38%) where
a location was stated, the location of the surgical report
was discordant with the MRI re-review.

LLN surgery was classified as PRND in the remain-
ing 12 cases (19%). The area of dissection was only the
obturator compartment in seven patients, part of the obtu-
rator and internal iliac area in two cases, the obturator
and external iliac area in two cases, and only the inter-
nal iliac area in the remaining patient. There were no
discrepancies in location between surgical reports and
MRI re-review. None of the surgical reports described
which anatomical borders were followed. For the two
cases where the obturator and external iliac area were
removed together, it was stated that a urologist joined
the procedure.
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TABLE 2 .Baseline . Variable Node-picking PRND [n = 12] p-\’alueel
characteristics of tht.t §4 patients [n=52]
who underwent additional LLN
surgery in 2016 categorized into Male 32 (61.5) 6 (50.0) 0.525
;‘;flzvfgfl(‘;nf (1’;; Sandarea -y qp o 42 (80.8) 9.(75.0) 0.697
Age (mean [SD]) 62 [10.6] 61 [12.0] 0.888
Clinical T-stage 0.245
T2 7(13.5) 0
T3 27 (51.9) 9 (75.0)
T4 18 (34.6) 3(25.0)
Clinical mesorectal N-stage 0.253
NO 2 (3.8) 2 (16.7)
N1 19 (36.5) 4(33.3)
N2 31 (59.6) 6 (50.0)
Mesorectal fascia positive on primary MRI 29 (55.8) 8 (66.7) 0.491
Extramural venous invasion on primary MRI 22 (42.3) 541.7) 0.968
Tumor deposits on primary MRI 9 (18.0) 3(25.0) 0.582
Mean short-axis size of LLN, in mm [SD] 9.6 [3.9] 8.8[3.3] 0.484
Compartment of largest LLN® 0.085
Internal iliac 19 (36.5) 1(8.3)
Obturator 33 (62.5) 11 (91.7)
Neoadjuvant treatment 0.164
None 2 (3.8) 1(8.3)
Short-course radiotherapy 13 (25.0) 2(16.7)
Chemoradiotherapy 37 (71.2) 9 (75.0)
Operation® 0.810
Sphincter-sparing 24 (46.2) 6 (50.0)
Non-sphincter-sparing 28 (53.8) 6 (50.0)
Resection margins 0.912
RO 44 (84.6) 10 (83.3)
R1 8 (15.4) 2 (16.7)

Data are expressed as n (%) unless otherwise specified

ASA American Society of Anesthesiologists, LLN lateral lymph node, MRI magnetic resonance imaging,

SD standard deviation

#ASA classification score based on physical status

®According to MRI re-review by participating radiologists

“Sphincter non-sparing denotes abdominoperineal resections and proctocolectomy cases, and sphincter-
sparing includes (low) anterior resections and local excisions

dp-values calculated for categorical variables using the Chi-square or Fisher’s exact tests, or independent

t-tests for continuous variables

None of the described LLN procedures could be clas-
sified as a formal LLND. More details regarding the LLN
surgery that was performed are displayed in Table 2.

Complications

The status of the obturator nerve was not mentioned
in the operative report of 42/64 patients (66%). For the

remaining 22 patients, the nerve was spared in 17 cases,
damaged in 1 case, and deliberately transected in 4 cases.
Significant intraoperative bleeding was reported in six
cases (9%), with a mean blood loss of 2333 mL (range
1200-5000 mL). One patient required multiple blood
transfusions and admission to the intensive care unit
(ICU). In total, 21 (33%) patients required some type of
radiological or surgical re-intervention, and 19 (30%)
patients were re-admitted at least once.



5478

T. C. Sluckin et al.

Pathology

In 51/64 (80%) cases, LLNs were described separately in
the pathology reports. Pathologically positive LLNs were
found in 15 (29%) of those patients. The node-positivity
rate was 17% (2/12) in patients who underwent PRND
and 25% (13/52 patients) after node-picking. Of the 15

pathologically positive LLNs, 4/15 (27%) had a discordant
location between surgical report and MRI re-review, and
11/15 (73%) were congruent (p = 0.860). All 48 patients
with enlarged (>7 mm) LLNs described LLNs separately in
the pathology reports (100%), and 12 were pathologically
positive (25%). Node-positivity was 25% for both node pick-
ing (10/40) and PRND (2/8).

TABLE 3 Patients with lateral

. . Variable LLN surgery No LLN surgery p-Value!
lymph nodes \ylth short-axis [n = 48] [n=110]
>7 mm who did (n = 48) or
did not (n = 110) undergo Male 33 (68.8) 73 (66.4) 0.769
ilonl LY ey 0 a2 oos )
their enlarged lateral lymph Age (mean [SD]) 61.4[10.6] 64.0 [11.7] 0.185
node Distance of tumor from the anorectal junction 0.644
Low (04 cm) 35 (72.9) 84 (76.4)
High 13 (27.1) 26 (23.6)
Clinical T-stage < 0.001
T2 6 (12.5) 0
T3 26 (54.2) 80 (72.7)
T4 16 (33.3) 30 (27.3)
Mesorectal cN-stage 0.017
NO 0 16 (14.5)
N1 18 (37.5) 40 (36.4)
N2 30 (62.5) 54 (49.1)
Mesorectal fascia positive on primary MRI 29 (60.4) 65 (59.1) 0.876
Extramural venous invasion on primary MRI 25(52.1) 40 (36.4) 0.065
Tumor deposits present on primary MRI 11 (22.9) 15 (13.6) 0.148
Mean short-axis size of LLN, in mm [SD] 10.8 [3.3] 9.2[2.9] 0.006
Compartment of largest LLN® 0.523
Internal iliac 14 (30.4) 28 (25.5)
Obturator 32 (69.6) 82 (74.5)
Neoadjuvant treatment 0.611
None 2(4.2) 7(6.4)
Short-course 10 (20.8) 29 (26.4)
Chemoradiotherapy 36 (75.0) 74 (67.3)
Operation® 0.818
Sphincter-sparing 20 (41.7) 48 (43.6)
Non-sphincter-sparing 28 (58.3) 62 (56.4)
Resection margins 0.752
RO 41 (85.4) 96 (87.3)
R1 7 (14.6) 14 (12.7)

Data are expressed as n (%) unless otherwise specified

ASA American Society of Anesthesiologists, LLN lateral lymph node, MRI magnetic resonance imaging,

SD standard deviation

2ASA classification score based on physical status

®According to MRI re-review by participating radiologists

“Sphincter non-sparing denotes abdominoperineal resections and proctocolectomy cases, and sphincter-
sparing includes (low) anterior resections and local excisions

dpP-values calculated for categorical variables using the Chi-square or Fisher’s exact tests, or independent

t-tests for continuous variables
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TABLE 4 Multiyariable Variable N Univariate analysis Multivariate analysis
regression analysis of local
recurrence in 158 patients with HR 95% C1 p-Value HR 95% CI p-Value
lateral lymph nodes with short-
axis diameter >7.0 mm who Surgical procedure for LLN 0.260 0.264
either did (n = 48) or did not No 110 1 1
n = 110) undergo additional Yes 48 1.509  0.737-3.087 1.533  0.724-3.244
surgical treatment for these .
lateral lymph nodes Mesorectal clinical N stage 0.490
NO 16 1
N1 58 1.006 0.272-3.716
N2 84 1.553  0.461-5.231
Extramural venous invasion 0.031 0.054
Present 65 2.161 1.074-4.346 2.107  0.986-4.502
Tumor deposits 0.012 0.053
Present 26 2.798  1.254-6.247 2467  0.990-6.152
Neoadjuvant radiotherapy 0.006 <0.000
None 9 1 1
Short-course radiotherapy 39 0.296  0.099-0.882 0.143  0.042-0.490
Chemoradiotherapy 110 0.296  0.090-0.56 0.134  0.050-0.355
Margin status 0.032 0.011
RO 137 1 1
R1 21 2517  1.083-5.848 3317  1.309-8.404
HR hazard ratio, CI confidence interval, LLN lateral lymph node
TABLE S Multivariable Variable N Univariate analysis Multivariate analysis
regression analysis of lateral
local recurrence in 158 patients HR 95% C1 p-Value HR 95% CI p-Value
with lateral lymph nodes with
short-axis diameter >7.0 mm Surgical procedure for LLN 0.145 0.874
who either did (n = 48) or No 110 1 1
did not (n = 110) undergo Yes 48 1901 0.801-4.512 1924 0.247-2.463
additional surgical treatment for .
these lateral lymph nodes Mesorectal clinical N stage
NO 16 1 0.402
N1 58 0.830 0.161-4.282
N2 84  1.622 0.368-7.144
Extramural venous invasion 0.001 0.010
Present 65 5348 1.959-14.600 3992 1.393-11.444
Tumor deposits 0.015 0.062
Present 26 3249 1.255-8.413 2.590 0.952-7.047
Neoadjuvant radiotherapy 0.211
None 9 1
Short-course radiotherapy 39  0.884 0.183-4.266
Chemoradiotherapy 110 0.418 0.093-1.868
Margin status 0.193
RO 137 1
R1 21 2.067 0.692-6.172

HR hazard ratio, CI confidence interval, LLN lateral lymph node
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Recurrence Rates

In total, nine LLRs occurred after LLN surgery. The pri-
mary short-axis diameter of the ipsilateral LN was >7 mm in
all cases, with a mean size of 10.5 mm. LLR was located in
the obturator compartment in six patients and node-picking
was performed in eight patients. Excised LLNs harbored
metastases in two cases (Appendix 2).

For 64 patients who underwent LLN surgery, the 4-year
LR and ipsi-lateral LR rates were 26% and 15%, respec-
tively. When examined according to technique, the 4-year
LR rate was 22% for node-picking and 46% after PRND
(p = 0.104). Corresponding 4-year LLR rates were 16% and
9%, respectively (p = 0.582). LLR rates were not signifi-
cantly different for the 44 patients who underwent a restag-
ing MRI and had LLNs that disappeared, shrunk, or grew on
the restaging MRI after neoadjuvant treatment (0%, 15.4%,
20.0%, respectively; p = 0.293). For these 64 patients who
underwent additional LLN surgery, the 4-year distant metas-
tasis-free and overall survival rates were 58.1% and 58.4%,
respectively.

Forty-eight patients who underwent LLN surgery (75%)
had at least one LLN with a short-axis diameter >7 mm. A
total of 110 patients with enlarged internal iliac and/or obtura-
tor LLNs underwent TME surgery only. The baseline charac-
teristics of patients with enlarged LLNs who underwent TME
surgery with or without LLN surgery are displayed in Table 3.
In the TME-alone group, a higher proportion of patients had
¢T3 stage, a lower proportion had N2 stage, and the mean
short-axis diameter was slightly smaller (9.2 vs. 10.8 mm).
Otherwise, the groups were comparable. The 4-year LR rate
was 26% for patients who underwent additional LLN sur-
gery, compared with 20% for those without additional sur-
gery (p = 0.256). The 4-year LLR rates were 19% and 13%,
respectively (p = 0.138). Multivariable analysis did not reveal
a significant association between type of surgical treatment
and LR (Table 4) or LLR (Table 5). Additional LLN sur-
gery resulted in a hazard ratio (HR) >1 (LR: HR 1.533,95%
confidence interval [CI] 0.724-3.244, p = 0.264; LLR: HR
1.924, 95% CI 0.247-2.463, p = 0.874) [Tables 4 and 5]. A
subanalysis of the same patient groups, but only for patients
with tumors <4 cm from the ARJ, revealed similar results,
with 4-year LR and LLR rates of 34% versus 26% (p = 0.518)
and 18% versus 14% (p = 0.700), respectively (Appendix 3).

The 48 patients with LLNs >7 mm who underwent LLN
surgery had significantly lower distant metastasis-free sur-
vival (§6.9% vs. 64.6%, p = 0.044), but statistically similar
overall survival rates (59.8% vs. 74.4%, p = 0.141) com-
pared with the 110 patients with enlarged LLNs who did
not undergo LLN surgery. Overall survival rates dropped
in the non-LLN surgery group after 4 years, to reach simi-
lar levels as the LLN surgery group, which explains the
p-value.

DISCUSSION

The current study provides insights into LLN procedures
during current daily practice for rectal cancer in the Nether-
lands. Some form of LLN surgery was performed in 2% of
the patients in 28 Dutch centers. Of all patients with primary
enlarged LLNs, one-third underwent LLN surgery, mainly
consisting of node-picking. The LLR rate after node picking/
PRND in patients with primary enlarged LLNs was 19%, and
13% in similar patients who underwent TME surgery alone.
HRs >1 suggested that incomplete LLN surgery was associ-
ated with a higher risk of (L)LR in multivariable analyses,
although not reaching statistical significance. Considering
that multiple studies show an LLND significantly lowers the
LLR risk to rates of around 6%,>"'7!8 the current results
indicate that LLN surgery in an untrained setting consisting
of node-picking or PRND does not result in adequate local
control.

There are multiple possibilities as to why the LLR rate was
high after LLN surgery in this cohort. If a formal complete
LLND is not performed, tissue with micrometastases can be
left behind, which later develops into a recurrence. None of
the operative reports described whether specific anatomical
borders were followed, insinuating that likely not all tissue
from the lateral compartments was removed. One study of
66 patients who underwent LLND, with a total of 892 exam-
ined LLNs, found positive cytokeratin-staining for micro-
metastases of initially negative LLNs in 19% of patients. '’
These patients had similar survival outcomes compared with
those with positive LLNs, and significantly worse outcomes
than the patients without positive LLNs. A similar study of
67 patients with 726 examined LLNs found that 10 patients
with micrometastases and 12 patients with positive LLNs
had similarly high recurrence and poor survival outcomes,
compared with the 45 patients with negative LLNs (LR:
33%, 30%, and 6.7%, respectively; p < 0.001).1g Another
possibility is that dissection of a single node, or a few nodes,
may have caused tumor spill because such dissections do not
follow oncological principles by not respecting anatomical
planes and potentially compromising margins around grossly
involved nodes.*

Alternatively, it is possible that the wrong areas were
removed. For example, in only two cases, the obturator and
internal iliac areas were supposedly removed, while in the
remaining 10 cases, other areas such as the obturator and
external iliac were removed, or only the obturator com-
partment was removed. Previous studies show that obtu-
rator and internal iliac LLNs are the most anatomically
and clinically relevant for rectal cancer patients with LLN
metastases.®’”?1*2> Removal of the obturator and external
iliac areas together is likely not satisfactory in rectal can-
cer cases, in contrast to prostate cancers for which these
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areas are the primary lymphatic drainage areas belong-
ing to the primary tumor site. This is why an LLND in
rectal cancer cases should be performed by a colorectal
surgeon and not an urologist.! Furthermore, eight of the
nine patients who developed an LLR (Appendix 2) under-
went node-picking. Considering the development of LLR
in these patients, it is possible that the wrong LLN was
removed. Only two other studies with very small samples
investigated node-picking and reported LLR rates rang-
ing up to 51%.7!> This again suggests that node-picking
is insufficient in procuring lower LLR rates. In fact, an
overall trend towards higher LR and LLR rates was found
when performing additional LLN surgery, compared with
patients with enlarged LLNs who did not. We were able
to define a control group with TME surgery alone, and
the unfavorable LR and LLR rates support the hypoth-
esis that untrained incomplete LLN surgery might have
even worsened the outcomes. The lack of standardization
and consensus regarding the (surgical) treatment of LLNs
is problematic and needs to be addressed by introducing
appropriate training.

Another issue is the low rate of pathologically posi-
tive LLNs. Earlier research indicated that after complete
LLND, pathological positivity rates range up to 75%.° In
that case, the 20% positivity rate found here is low. One
important point is that the Consortium study was per-
formed in expert centers only, with most likely high expo-
sure of surgeons and pathologists to the LLND procedure
and specimens. Pathologists in these centers may there-
fore have more knowledge and awareness to investigate and
report them separately compared with the current untrained
setting. Another possibility is that an ‘incorrect’ node or
area was removed. In that case, other malignant LLNs were
left behind to potentially cause an LLR. In a previous node-
picking study, it was found that the tissue removed did
not always contain an LLN,' explaining the occurrence
of pathological negativity.

It is important to realize that in this study there might
be some selection bias. It is possible that in 2016, patients
with more aggressive tumors underwent LLN surgery
more often, which may be reflected by the lower distant
metastasis-free survival in these patients. However, results
from a larger cohort (1109 patients with low [<8 cm],
locally advanced [cT3+] tumors) from this same Snapshot
study found that only one-third of patients metastasized
during the 4-year follow-up period, and overall survival
was not significantly different for patients with enlarged
LLNs versus those without.?! This would suggest that

disease advancement is not solely or directly related to
lateral node status. Similarly, no statistically significant
difference was found for the current cohort in terms of
overall survival for patients with versus without LLNGs.
However, even if the patients who underwent LLN surgery
had more aggressive tumors, a proper LLND would have
to prevent LLR and this risk rate should be around 6%, as
published in previous literature®"!"-18

Ultimately, the surgical techniques used in 2016 for
these 64 patients with LLNs did not seem sufficient to
prevent lateral nodal recurrences. These rates may be
influenced by the increase in total neoadjuvant therapy
(TNT) with systemic chemotherapy, combined with
CRT, which has demonstrated promising effects on LR
rates. However, surgical training and standardization may
improve rates further, as many trials investigating LLND
demonstrate better long-term LLR results. A number of
published reports discuss the removal of lateral lymphatic
tissue according to standardized anatomical borders.
This would ensure that all tissue, including areas with
possible micrometastases, can be removed and reduces
the chances of tumor spill or micrometastases being left
behind. LLND following anatomical borders via train-
ing with a sufficient learning curve may improve these
rates. Similar surgical training programs have been cre-
ated for other niche operations>® with positive results.
LLNDs performed in the prospective LaNoReC study are
only performed by trained surgeons, which hopefully will
result in lower LR rates.

There are several limitations to this study, primarily
the retrospective design with only operative reports and
without surgical videos, and the limited number of LLN
procedures. Furthermore, the operations were performed
in 2016, and hence the situation may already be very
different in the present day. It is also possible that the
anatomical location according to the operation report is
not wholly trustworthy, as exact consensus for the defini-
tions for the borders of the compartments was lacking in
2016, making variation very possible. There was also no
re-review of the pathology outcomes, only details from
the reports. Furthermore, the current cohort may reflect
a patient selection with more aggressive cancer biology,
potentially contributing to the higher (L)LR outcomes.
However, in the literature, even in these more advanced
cancers, acceptable LLR rates can be achieved with for-
mal LLND.
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CONCLUSION

In a Dutch rectal cancer population treated in 2016, only
2% of patients underwent some form of additional LLN
surgery, mainly consisting of node-picking. Patients with
primarily enlarged (>7 mm) LLNs who underwent TME
with additional LLN surgery had a 4-year LLR rate of 19%,
while in similar patients who underwent TME only, this rate
was 13%. Previous literature suggests that a formal LLND
is able to improve long-term oncological outcomes and this
should be investigated after thorough training.

APPENDIX 1: DATA MANAGEMENT

Data were stored and processed anonymously by Medi-
cal Research Data Management (MRDM, Deventer, the
Netherlands). MRDM is also responsible for the man-
agement of the Dutch Colorectal audit (DCRA) data and
is NEN7510 and ISO27001 certified. The DCRA holds
information regarding all patients operated on for colo-
rectal cancer in the Netherlands and includes short-term
oncological follow-up outcomes.

The current Snapshot study collected data from each
participating centre who gathered the data of their own
patients. Data collection was separated into three parts and
the data was also restricted within each section so that each
specialist only had access to their own data and patients.
Isolated data extracts were performed once each part was
complete. Patients eligible for multiple parts had a study
number in all three sections so that their data could be
combined at a later stage.

Only one-way, fully anonymized, data was sent to the
central coordinating researchers. One-way configuration
means that it was impossible to retrace/decode informa-
tion at a later stage once the data was coded. Dates of birth
were only provided as a year of birth which all other dates
were given a possible ten day spread, to minimize any
breaches in privacy of traceability. Any provided reports
were copied by the local collaborative team into the data-
base anonymously and were checked by MRDM to ensure
that no patient-specific information was included before
being included in the final dataset.

APPENDIX 2: CASE DESCRIPTIONS OF PATIENTS WHO DEVELOPED AN IPSI-LATERAL LOCAL

RECURRENCE DURING FOLLOW-UP PERIOD

Gender Age cT c¢cN LLNsize Location accord- EMVITumour MRFType of neoad- RestagingPrimary Resec- pT pN LLN
stage stage according ing to surgical pre- deposits posi- juvant treatment LLN size opera- tion stage stage PA+*
to MRI  report & MRI  sent present tive tion margins
re-review re-review
Case 1 Female <553 2 16.4mm  Obturator Yes Yes Yes CRT (25x2Gy) 17.5mm SNS RO 3 2 Yes
Case 2 Female 55- 3 12.0mm Internal iliac No No No None 12.0mm SS RO 3 2 No
75
Case 3 Male 55- 4 1 10.7mm Internal iliac Yes Yes Yes CRT 7.6mm  SNS R1 4 1 No
75 (28x1.8Gy)
Case4 Male >753 1 9.0mm Internal iliac No No Yes CRT 9.0mm SS RO 0 2 No
(28x1.8Gy)
Case5Male >753 9.7mm  Obturator No No Yes 5x5 Gy 41mm SNS RO 0 0 No
Case6Male 55-3 2 7.8mm  Obturator Yes No No CRT (25x2 Gy 9.2mm SS RO 3 2 Yes
75 + boost to
60Gy on LLN)
Case 7 Female <554 2  8.0mm  Obturator Yes No Yes CRT (25x2Gy) 8.0mm SS RO 4 0 No
Case8 Male <553 2 10.0mm  Obturator Yes Yes Yes 5x5 Gy 4.0mm SS RO 3 2 No
Case 9 Male 55754 2 11.0mm  Obturator Yes Yes No 5x5 Gy 6.0mm SNS RO 3 1 No

CRT: chemoradiotherapy, SCRT: short-course radiotherapy, SNS: sphincter-non sparing (abdominoperineal resection or proctocolectomy), SS:
sphincter-sparing (low anterior resection/total mesorectal excision). *PA+: positive LLN found during pathology analysis.
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APPENDIX 3: SUB-ANALYSIS ACCORDING
TO TUMOR LOCATION

When considering the patients with enlarged (>7mm) lat-
eral lymph nodes who did undergo additional LLN surgery
or did not, but were also located <4cm of the anorectal junc-
tion, this results in a total of 119 patients; 35 underwent LLN
surgery and 84 did not.

For these 119 patients, there were no significant differ-
ences in oncological survival outcomes for the 35 patients
who underwent additional LLN surgery compared to the 84
patients who did not. Four-year overall survival was 52.8%
versus 71.8% (p=.700) and distant metastasis free survival was
56.9% versus 62.5% (p=.074), respectively.

Local recurrence rates were as follows: local recurrence
occurred in 26.3% of patients undergoing additional LLN sur-
gery compared to 34.1% without LLN surgery (p=.518), while
lateral local recurrence rates were 14.1% versus 18.8% (p=.700),
respectively.

Variable (only <4cm from LLN surgery No LLN surgery p-Value

anorectal junction) N (%) (n=35) N% (n=84)

Male 29 (82.9) 52(61.9) .025

ASA 1-2 28 (80.0) 69 (82.1) 784

Age (mean, SD) 67 (10.9) 69 (11.4) .309

Clinical T-stage .001
T2 5(14.3) 0
T3 17 (48.6) 61 (72.6)

T4 13 (37.1) 23 (27.4)

Mesorectal cN-stage .031
NO 0 12 (14.3)

N1 11 (31.4) 31(36.9)
N2 24 (68.6) 41 (48.8)

Mesorectal fascia positive on primary MRI 22 (73.3) 53 (63.1) 112

Extramural venous invasion on primary MRI 17 (50.0) 30 (35.7) 151

Tumour deposits present on primary MRI 8 (23.5) 8(9.5) 071

Mean short-axis size of LLN in mm (SD) 11.0 (3.3) 94 (3.1) .013

Compartment of largest LLN® 602
Internal iliac 11 (31.4) 19 (22.6)

Obturator 24 (68.6) 65 (77.4)

Neoadjuvant treatment 104
None 0 7(8.3)

Short-course or chemoradiotherapy 35 (1001.0) 77 (91.7)

Operation® 451
Sphincter-sparing 12 (34.3) 23 (27.4)
Non-sphincter sparing 23 (65.7) 61 (72.6)

Resection margins 438
RO 28 (80.0) 72 (85.7)

R1 7 (20.0) 12 (14.3)

2ASA classification score based on physical status
®According to MRI re-review by participating radiologists

“Sphincter non-sparing denotes abdominoperineal resections and
proctocolectomy cases, and sphincter-sparing includes (low) anterior
resections and local excisions
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