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Abstract
Purpose Lateral lymph node (LLN) metastasis is one of the leading causes of local recurrence in patients with lower rectal
cancer. Unfortunately, no diagnostic biomarkers are currently available that can predict LLN metastasis preoperatively.
Accordingly, we investigated the relationship between the middle rectal artery (MR A) identified by contrast-enhanced magnetic
resonance imaging (ceMRI) and LLN metastases.
Methods Data from 102 patients with lower rectal cancer who underwent surgery, and were evaluated by preoperative ceMRI,
between 2008 and 2016 were reviewed retrospectively. Two expert radiologists evaluated the MRA findings. The diagnostic
performance of MRA for LLN metastasis was evaluated by a multivariate analysis with conventional clinicopathological factors.
Results The MRA was detected in 67 patients (65.7%), including 32 (31.4%) with bilateral MRA and 35 (34.3%) with unilateral
MRA. The tumor size, presence of the MRA, and clinical LLN status were significantly correlated with LLN metastasis. A
multivariate analysis demonstrated that the presence of MRA (P = 0.045) and clinical LLN status (P = 0.001) were independent
predictive factors for LLN metastasis. Furthermore, the sensitivity and negative predictive value of MRA for LLN metastasis
were 95% and 97.1%, respectively.
Conclusion We successfully demonstrated that MRAs could be clearly detected by ceMRI, and the presence of MRA robustly
predicted LLN metastasis in patients with lower rectal cancer, highlighting its clinical significance in the selection of more
appropriate treatment strategies.
Trial registration Trial registration number: retrospectively registered 2126

Trial registration date of registration: August 23, 2019
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Introduction low likelihood if salvage. Lateral lymph node (LLN) metastasis,
which occurs in approximately 15% of patients, is a leading cause

Local recurrence of rectal cancer remains an important clinical  of local recurrence in patients with lower rectal cancer [1]. In
problem associated with poor survival, severe morbidity, and recent years, total mesorectum excision with a clear circumferen-
tial resection margin has become an established procedure for
reducing local recurrence worldwide; however, the standard treat-
54 Fumikazu Koyama ment strategies for the LLN area, such as chemoradiotherapy and
fkoyama@naramed-u.ac.jp LLN dissection, differ between western countries and eastern
Asian countries in cases of lower rectal cancer [2—8]. Both neoad-
juvant chemoradiotherapy and LLN dissection can reduce local
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Kashihara 634-8522, Nara, Japan recurrence after surgery; however, even chemoradiotherapy in-
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Shijo-cho, Kashihara 634-8522, Nara, Japan postoperatively, including urinary, sexual, and bowel dysfunction
3 Department of Radiology, Nara Medical University, 840 Shijo-cho, [9-13]. This highlights the importance of pre-treatment diagnostic
Kashihara 634-8522, Nara, Japan tools for risk stratification of LLN metastasis, which can facilitate
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decision-making for reducing unnecessarily excessive treatment
for LLNSs in patients with lower rectal cancer.

However, the pre-treatment diagnosis of the presence of
LLN metastasis remains clinically challenging. Currently,
the identification of enlarged LLNs evaluated on computed
tomography (CT) and/or magnetic resonance imaging (MRI)
is reportedly a risk factor for LLN metastasis [14—16]; how-
ever, the clinical LLN status as diagnosed by preoperative
radiological modalities has not been established.

LLN metastasis has been considered associated with lateral
lymphatic drainage along the middle rectal artery (MRA) [17,
18]. Traditionally, the MRA has been described as an artery
that penetrates the pelvic plexus from the lateral side along the
lateral ligament. However, cadaveric anatomical studies have
shown the existence of other types of MRAs and a wide range
of MRA detection rates, ranging from 12 to 97% [19-25].

Recently, advances in diagnostic imaging have enabled the
visualization of the detailed vascular anatomy. Bilhim indicat-
ed that the prevalence and anatomical findings of the MRA
could be detected by CT angiography/digital subtraction an-
giography for male patients with lower urinary tract symptoms
[21]. However, it is not practical to routinely perform CT
angiography, as repeated exposure to radiation is required in
order to capture the MRA clearly, which is thin and small.

In the present exploratory study, for the first time, we inves-
tigated the frequency of the MRA detected by contrast-
enhanced MRI (ceMRI) and successfully confirmed the utility
of MRI-detectable MRAs for the identification of LLN metas-
tasis, thus highlighting the clinical significance of this biomark-
er for the management of patients with lower rectal cancer.

Patients and methods

Patients

We retrospectively examined a total of 256 rectal cancer pa-
tients who underwent rectal resection at the Nara Medical

University Hospital between January 2008 and December
2016. Lower rectal cancer was defined as a tumor with a lower
end located below the middle Houston’s valve. Ninety-two
patients with upper rectal cancer were excluded from this
study. The exclusion criteria included absence of ceMRI (n
= 50), insufficient contrast imaging conditions (n = §), and
poor images caused by body movements (n = 4). Ultimately,
102 patients were included in this study (Fig. 1). All lower
rectal cancer patients underwent preoperative examinations
including computed tomography (CT), pelvic MRI, barium
enema, and colonoscopy. Bilateral LLN dissection was per-
formed for patients diagnosed with cT3/T4 or suspected of
having lymph node metastasis in the mesorectum and/or lat-
eral pelvic area. Preservation of the autonomic nerves of the
pelvic plexus was performed when LLN metastasis was not
suspected. Surgically resected specimens were fixed in 10%
phosphate-buffered formalin and embedded in paraffin.
Tumors were classified according to the TNM staging system
of'the International Union Against Cancer (UICC) 8th edition.
Two authorized pathologists evaluated the pathological
findings.

Postoperative follow-up was performed for 5 years. Tumor
markers were examined every 3 months, and all patients were
evaluated using chest/abdominal contrast enhanced CT or pel-
vic MRI every 6 months after surgery according to the
Japanese Society for Cancer of the Colon and Rectum
(JSCCR) guidelines [26]. The presence of LLN metastasis
was defined in the following cases: the patients who were
diagnosed by a postoperative pathological examination or
had LLN recurrence evaluated by imaging tests after surgery.
When a new lesion was found on postoperative imaging and
showed a gradual increasing trend, the lesion was diagnosed
as a recurrent lesion.

This study was approved by the ethics committee of the
Nara Medical University (No. 2126). All patients gave their
informed consent for the use of their anonymized data via an
opt-out method. Patients’ consent to participate was obtained
through an opt-out method.

Fig. 1 Flow diagram of this study
cohort. ceMRI, contrast-enhanced
magnetic resonance imaging

Rectal cancer patients, 2008-2016
N=256

§

Lower margin of the tumor is above
middle Houston’s valve N=92

Lower rectal cancer patients
N=164

.

Absent ceMRI N=50
Inadequate ceMRI N=12

Patient included in this study
N=102
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Contrast-enhanced magnetic resonance imaging

We have routinely used a 1.5-T MRI scanner (MAGNETOM
Avanto; SIEMENS Healthineers, Erlangen, Germany) or 3-T
MRI scanner (MAGNETOM Verio, Skyra; SIEMENS
Healthineers, Erlangen, Germany) for the diagnosis of the
depth of the primary rectal tumor and LLN swelling.
Patients underwent MRI examinations in the supine position
without preparation. T1-weighted gradient-echo sequencing
was performed for enhanced MRI. For contrast-enhanced
MRI, Gd-DTPA, Gd-DOTA, or Gd-BT-DO3A (0.1
mmol/kg) was infused into the vein. The slice thickness of
all sequences was 1 mm and with a mean total time of 30 min.

Definition and evaluation of MRA

Kiyomatsu et al. reviewed and classified MRAs into the
following three branches: (i) antero-lateral (AL) type, which
branches from the prostatic artery, inferior vesical artery, or
uterine artery; (ii) lateral (L) type, which runs into the
mesorectum via the lateral ligament; and (iii) postero-
lateral (PL) type, which runs into the rectosacral fascia
consisted of posterior rectal wall (Fig. 2) [27]. In the present
study, the MRA was defined as present when each artery
was observed as running into the rectum from the outside of
the mesorectum on axial slices of ceMRI. The presence of
MRA was evaluated by two expert radiologists blinded to
the clinicopathological data.

Definition of the clinical LLN status and adaptation of
LLN dissection

In this study, we defined as cases as having a positive clinical
LLN status when the LLN short axis exceeded 7 mm on preop-
erative pelvic MRI, with reference to previously reports [14, 15].

(1) AL type

(i) Ltype

LLN dissection was adapted for lower rectal cancer patients with
cT3/T4, suspected of having proximal lymph node metastasis, as
well as positive clinical LLN status. We performed neoadjuvant
chemotherapy (NAC) for such patients starting in 2014, and 21
patients received NAC in this study. Twenty-one patients re-
ceived NAC, among whom 20 underwent LLN dissection.

Statistical analyses

Statistical analyses were performed using the SPSS software
program, version 25.0 (IBM, Armonk, NY, USA).
Categorical variables were expressed as numbers and percent-
ages. In order to evaluate the relationship between the presence
of the MRA and LLN metastasis, the sensitivity, specificity,
positive predictive value, and negative predictive value were
calculated. Fisher’s exact test and the chi-squared test were used
as appropriate to analyze the significantly different clinical fac-
tors between LLN metastasis-positive and metastasis-negative
patients. Statistical analyses of all variables were considered
significant at P<0.05. Multivariate logistic regression analysis
was employed to evaluate clinicopathological variables and the
presence of MRA that were significant on a univariate analysis
for the detection of LLN metastasis.

Results
Patients’ characteristics

Patients’ clinicopathological characteristics are shown in
Table 1. The 102 total patients with a median age of 64 (range
30-82) years old included 64 men and 38 women. The median
postoperative follow-up period was 49.1 months. A total of 16
(15.7%) patients were diagnosed as LLN metastasis by path-
ological examination after surgery. Right and left LLN

(11 ) PL type

Fig.2 Three types of middle rectal artery detected by contrast-enhanced MRI axial slices. (i) AL type, antero-lateral type; (ii) L type, lateral type; (iii) PL

type, postero-lateral type
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Table 1 Clinicopathological
characteristics of clinical cohort

No. of patients

N=102
Median age, years (range) 64 (30-82)
Sex (male/female), n (%) 64 (62.7)/38 (37.2)
Tumor location (Ra/Rb/P), n (%) 18 (17.6)/82 (80.4)/2 (2.0)
Distance from anal verge, cm (range) 4.0 (0-12.0)

CEA level, ng/mL (range)
CA19-9 level, U/mL (range)

Lateral lymph node dissection, n (%)

Median tumor size, mm (range)
cT status, n (%)
cT1b/cT2/cT3/cT4

3.95 (0.8-82.3)
11.5 (1-1823)
69 (67.6)

44 (5-130)

7 (6.9)/17 (16.7)/54 (52.9)/24 (23.5)

cN status (proximal lymph node area), n (%)

cNO/cN1/cN2

30 (29.4)/52 (51.0)/20 (19.6)

Clinical lateral lymph node status, n (%)

cLLN positive/cLLN negative
Distant metastasis, 7 (%)
cM0/cM1

Neoadjuvant chemotherapy, n (%)

Yes/mo

Median postoperative period, months (range)

(y)pT status, n (%)

(VpTO/y)pT1b/(y)pT2/y)pT3/(y)pT4

26 (25.5)/76 (74.5)

91 (89.2)/11 (10.8)

21 (20.6)/81 (79.4)
49.1 (3.8-121.9)

1 (1.0)/7 (6.9)/24 (23.5)/56 (54.9)/14 (13.7)

Proximal lymph node metastasis, # (%)

(y)pNO/(y)pN1/(y)pN2

Lateral lymph node metastasis, n (%)

Right side/left side
Lymphatic invasion, 7 (%)
Positive/negative

Venous invasion, 7 (%)
Positive/negative
Histopathological grade, n (%)
G1/G2/G3

Tumor resection margin, n (%)
RO/R1

Lateral lymph node recurrence, n (%)

Present/absent

43 (42.2)/29 (28.4)/30 (29.4)
16 (15.7)

13 (12.7)/7 (6.9)

84 (82.4)/18 (17.6)

78 (76.5)/24 (23.5)

32 (31.4)/55 (53.9)/15 (14.7)

93 (91.2)/9 (8.8)

4 (3.9)/98 (96.1)

LLN lateral lymph node, CEA carcinoembryonic antigen, CA/9-9 carbohydrate antigen 19-9

metastasis was observed in 13 and 7 patients, respectively.
LLN recurrences after surgery were occurred in 4 (3.9%) pa-
tients. Taken together, LLN metastasis was confirmed in a
total of 20 (19.6%) patients in this study.

The detection rate of MRA by ceMRI

Using the ceMRI examinations, MRAs were detected in 67
(65.7%) patients, and the numbers of AL/L/PL MRAs on the
right side were 28 (27.5%)/35 (34.3%)/22 (21.6%), while that
on the left side were 16 (15.7%)/25 (24.5%)/18 (17.6%),

@ Springer

respectively. There were 32 (31.4%) patients with bilateral
MRAs and 35 (34.3%) with unilateral MRAs. Thirty-five
(34.3%) patients had no detectable MRAs (Table 2). The
number of identified MRAs was 1 vessel in 24 cases, 2 in
21,3in 12,4 in 7,5 in 2, and 6 in 1, respectively.

The correlation between LLN metastasis and the
frequency and trajectory of MRA

The incidence of LLN metastasis in the patients with MRA
was higher than in those without MRA (P=0.002, Table 3).
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Table2 MRA detection rate using contrast-enhanced MRI

MRA detection rate (%)

N=102

Right side, n (%)

Antero-lateral type 28 (27.5)
Lateral type 35(34.3)
Postero-lateral type 22 (21.6)
Left side, n (%)

Antero-lateral type 16 (15.7)
Lateral type 25(24.5)
Postero-lateral type 18 (17.6)

The number of patients who have detectable MRA, n (%)

Bilateral 32 (314)
Unilateral 35(34.3)
Absent 35(34.3)
The number of pelvic-halves of MRA, n (%)

Present 99 (48.5%)
Absent 105 (51.5%)

MRA middle rectal artery, MRI magnetic resonance image

Furthermore, LLN metastasis was significantly more frequent
in the patients with bilateral MRAs (43.8%) than in those
without any MRAs (2.9%) (P<0.001). Importantly, regardless
of the tumor side in rectum, LLN metastasis frequently devel-
oped on the same side with MRAs (21/99, 21.2%). On the
other hand, there were few instances of LLN metastasis on the
without side (3/105, 2.9%).

Multivariate analysis of predictive factors associated
with LLN metastasis

The correlation between the clinical factors and LLN metas-
tasis is shown in Table 3. The tumor size, presence of MRA,
and clinical LLN status were significantly correlated with
LLN metastasis. A multivariate analysis revealed that the
presence of MRA (P=0.045) and clinical lateral lymph node
status (P=0.001) emerged as significantly independent predic-
tive factors for LLN metastasis.

The diagnostic accuracy of the MRAs detected by
ceMRI examination for predicting LLN metastasis

In this study, the diagnostic performance of the presence of
MRASs detected by ceMRI is an important predictive factor for
LLN metastasis. The sensitivity, specificity, accuracy, posi-
tive predictive value, and negative predictive value of the
presence of MRAs detected by MRI for LLN metastasis were
95% (19/20), 41.5% (34/82), 61.8% (63/102), 28.4% (19/67),
and 97.1% (34/35), respectively (Table 4).

Discussion

In order to advance cancer treatment into a new era of preci-
sion medicine, the development of individualized treatment
strategies for cancer patients is essential. In this exploratory
study, we investigated for the first time the presence of MRAs
using ceMRI and identified a significant correlation between
MRAs and LLN metastasis. MRAs have been investigated
anatomically using cadavers in several previous studies; how-
ever, clinical and radiological studies have not been conduct-
ed. The cadaveric studies mainly discussed the frequency,
origin, and/or trajectory of MRAs. These anatomical studies
have shown a wide range of detection rates because of varia-
tion in the definition of MRA. Kiyomatsu et al. reviewed the
frequency and trajectory of MRA in detail and described three
types of MRAs [27]. We therefore adapted this classification
for the definition of MRAs in the present study because it
covers almost all reported running patterns of MRAs.

For the preoperative evaluation of lower rectal cancer,
high-resolution T2-weighted turbo spin-echo images are gen-
erally used for assessing the depth of tumor invasion, circum-
ferential resection margin, and lymph node metastasis [28,
29]. In addition, gadolinium-enhanced and multiparametric
MRI is used for staging the T status and evaluation of the
efficacy of preoperative treatment [30, 31]. Since T1-
weighted gradient-echo sequences can counteract the effects
of adipose tissue and calcification in the mesorectum, ceMRI
reveals a satisfactory performance for the identification of
MRAs. Since MRAs were clearly visualized in the arterial
phase of ceMRI, we used their presence as an indicator of
lymphatic flow to the LLN region. While veins can be visu-
alized with ceMRI, they are more difficult to evaluate than
arteries because they are complex and ambiguous.
Therefore, we thought that it was simpler and more practical
to use MRA identified by ceMRI as a potent predictor of LLN
metastasis.

In the present study, the prevalence of LLN metastasis was
19.6%, which is consistent with previous reports [2, 32, 33].
From a clinical viewpoint, regarding LLN metastasis in lower
rectal cancer, preoperative biomarkers for predicting LLN me-
tastasis should have excellent negative predictive values, that
is because it can facilitate to reduce unnecessary lymph node
dissection and/or chemoradiotherapy. The MRA status dem-
onstrated an adequate predictive performance for LLN metas-
tasis in this study, with a sensitivity and negative predictive
value of 95% and 97.1%, respectively. Furthermore, in cases
with no MRASs on one side, the rate of LLN metastasis on the
same side was extremely limited to 2.9%. These results high-
light that MRA may help physicians and patients make deci-
sions to avoid invasive treatments for LLN metastasis.

The gender, tumor location, proximal lymph node metas-
tasis, tumor depth of invasion, lymphatic or venous invasion,
histological tumor differentiation, and tumor size have been

@ Springer
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Table 3 Correlation between

LLN metastasis and clinical and LLN metastasis Univariate ~ Multivariate analysis
MRA status analysis
Negative Positive P value Odds  95% C.1. P
(n=282) (n=20) ratio value
Clinical status
Age (<64/>64 years) 39/43 14/6 0.072
Sex (male/female) 53/59 11/9 0.424
Tumor central location (Ra/Rb, 15/67 3/17 0.510
P)
Distance from anal verge (<5/>5  40/42 14/6 0.088
cm)
CEA level (<5/>5 ng/mL) 52/30 13/7 0.895
CA19-9 level (<38/>38 U/mL) 75/7 16/4 0.141
Tumor size (<44/>44 mm) 37/45 14/6 0.046 1.328  0.389-4.537 0.651
cT status (<cT1, T2/>cT3, T4) 21/61 317 0.245
cN status (proximal lymph node ~ 56/26 16/4 0.303
area) (positive/negative)
Clinical LLN status 13/69 13/7 <0.001 7409  2.316-23.697 0.001
(positive/negative)
Neoadjuvant chemotherapy 13/69 8/12 0.023
(yes/no)
Distant metastasis (cM0/cM1) 74/8 17/3 0.369
Tumor resection margin (RO/R1)  75/7 1872 0.561
MRA status evaluated by ceMRI
MRA (positive/negative) 48/34 19/1 0.002 8.922  1.045-76.159  0.045
Laterality of MRA <0.001
Bilateral/unilateral/absent 18/30/34 14/5/1

LLN lateral lymph node, MRA middle rectal artery, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen
19-9, AL type antero-lateral type, L type lateral type, PL type postero-lateral type

reported as risk factors for LLN metastasis in previous reports
[2, 3]. Based on our multivariate analysis, the clinical LLN
status and MRA identification on ceMRI were extracted as
independent risk factors. In the present study, we defined
LLN with a short axis of more than 7 mm as clinical LLN
metastasis on preoperative pelvic MRI. The sensitivity and
negative predictive value were 65.0% and 90.8%, respective-
ly. Fujita recently reported that the LLN diameter exceeding
5 mm was a risk factor for LLN metastasis [34]. However, the
sensitivity and negative predictive value in that report were
limited at 62% and 89%, respectively. Fujita’s findings and

Table 4 Diagnostic accuracy of MRA detected by contrasted-enhance
MRI for LLN metastasis

LLN metastasis PPV (%) NPV (%)
Positive Negative Total
MRA Positive 19 48 67 28.4 97.1
Negative 1 34 35

MRA middle rectal artery, LLN lateral lymph node, PPV positive predic-
tive value, NPV negative predictive value

@ Springer

our own indicate that there are a certain number of patients
who have LLN metastasis without LLN swelling. Micro-
metastasis without LLN swelling cannot be identified using
the selection criteria based on the lymph node diameter. Coy
et al. and Shimoyama reported that about 20% of patients with
negative LLN metastasis had micro-metastasis detected using
immunohistochemical staining [35, 36]. Our results indicate
that the assessment of the presence of MRAs by ceMRI pre-
cisely predicts LLN metastasis (including micro-metastasis)
on each side in patients with lower rectal cancer.

Several limitations associated with the present study war-
rant mention. First, this study was a single-center, retrospec-
tive study. Second, we analyzed MRAs in a moderately sized
clinical cohort. Third, no all MRAs are always going to be
detected by ceMRI, although most of them may be visualized
on 1-mm slice pelvic images. Finally, we need to prove the
reproducibility of MRAs, since this is the first study. Further
prospective studies are therefore needed in order to verify the
detectability of MRAs by MRI via an anatomical approach
and its validity as a significant predictor of LLN metastasis.

In conclusion, we successfully showed that MRAs could
be clearly detected by ceMRI, and MRAs robustly predict
LLN metastasis in patients with lower rectal cancer,
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highlighting their clinical significance in the selection of more
appropriate treatment strategies. Furthermore, our study pro-
vides a framework for developing individualized treatment
strategies for LLN and designing future clinical trials for pa-
tients with lower rectal cancer.
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