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locally advanced lower rectal cancer, without treatment by neoadjuvant chemoradia-

Methods: This single-center, retrospective cohort study evaluated 310 consecutive
patients diagnosed with lower rectal cancer (T: T3/T4, N: any, and M: M0) who un-
derwent curative surgery without neoadjuvant therapies between 2010 and 2018.
The harvested LPLNs were categorized into groups A (metastasis-positive lymph
nodes), B (metastasis-negative lymph nodes in the area bearing metastasis-positive
lymph nodes), C (metastasis-negative lymph nodes in a metastasis-negative area in
metastasis-positive patients), and D (lymph nodes in non-metastatic patients). The
main outcome measure was the relationship among lymph node size, aspect ratio, and
metastasis in the LPLNs.

Results: Overall, 3962 LPLNs were harvested. The long and short axes and the aspect
ratio were significantly longer and higher, respectively, in group A than in the other
groups (P<.001). The aspect ratio in group B was significantly higher than that in
groups C and D (P<.001). The aspect ratio in group C was significantly higher than
that in group D (P<.001). Furthermore, no metastasis-positive lymph nodes had
an aspect ratio of less than 0.4. Metastasis-positive LPLNs tended to be larger and
rounder than their metastasis-negative counterparts.

Conclusions: Metastatic LPLNs in patients with lower rectal cancer are significantly
larger and have a higher aspect ratio. Lymph nodes with aspect ratios of <0.4 were

metastasis negative.
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1 | BACKGROUND

Lateral pelvic lymph node (LPLN) metastasis leads to local recur-
rence of locally advanced lower rectal cancer (LALRC) in the pelvis.
Total mesorectal excision (TME) has markedly reduced the local re-
currence rate and increased the curative resection rate for LALRC.
Furthermore, the introduction of neoadjuvant chemoradiation
therapy (NACRT) has improved local control not only in the central
pelvic area but also in the lateral pelvic area.’™* However, local re-
currence after radical resection for LALRC remains a major problem
that affects prognoses and quality of life. Although a combination
of NACRT and LPLN dissection (LPLND) is more effective in reduc-
ing the incidence of local recurrence, performing both procedures is
too invasive in most cases owing to the low rate of LPLN metasta-
ses. The JCOGO0212 trial (randomized clinical trial: NCT00190541,
UMIN-CTR: CO00000034) reported that in patients with rectal can-
cer who underwent TME followed by LPLND when swollen LPLNs
were not identified on preoperative imaging, only 7.4% actually pre-
sented with LPLN metastases.®

A recent study reported that LPLND reduced the local recur-
rence rate in patients with an LPLN short axis of 25mm, even if they
had undergone NACRT.® Another study demonstrated a correlation
between local recurrence and an LPLN short-axis diameter >7 mm in
patients who received NACRT.” However, there are insufficient data
on the optimal methodology for detecting LPLN metastases accu-
rately, irrespective of whether the patients have received NACRT. In
general, LPLN metastasis is detected using the diameters of the long
and short nodal axes on preoperative magnetic resonance imaging
(MRI) or computed tomography (CT).82 However, although there
are existing reports on lymph node metastases of esophageal, bili-
ary, gynecological, and bladder cancers that discuss the nodal aspect

13-16 there are no reports

ratio on preoperative imaging modalities,
on the aspect ratio (i.e. the ratio of the short axis diameter to the
long axis diameter) of the lymph nodes in LALRC.

Given the importance of addressing the pathomorphological
characteristics of LPLN metastases, this study aimed to investigate
the potential of the size and aspect ratio of metastatic and non-
metastatic LPLNs as low-risk markers for LALRC without treatment
by NACRT or LPLND. Towards this goal, data from consecutive pa-
tients with LALRC who underwent curative resection of the rectum
with LPLND were analyzed. We also analyzed the impact of non-
metastatic lymph nodes surrounding the positive LPLN in each lat-

eral pelvic area.

2 | METHODS
2.1 | Study design and patients

This retrospective, single-center study evaluated consecutive pa-

tients who were diagnosed with LALRC and underwent curative

elective resection without NACRT and neoadjuvant chemotherapy
(NAC) at the National Cancer Center Hospital East (Japan) between
January 2010 and December 2018. LALRC was defined as the pres-
ence of a tumor (TNM stage; T: T3/T4, N: any, and M: M0) below the
second valve of Houston (within 8-10 cm from the anal verge), which
corresponds to the position of the peritoneal reflection. From this
initial population, patients who did not undergo LPLND after TME
or tumor-specific mesorectal excision were excluded. Furthermore,
patients who underwent preoperative treatment were also excluded
because treatment with NACRT and NAC may have affected the
pathomorphological findings on the associations between LPLN
and LPLN metastasis. In total, 310 patients who underwent cura-
tive resection of c-stage Il or Ill LALRC with LPLND and who did
not receive any type of NAC or radiation therapy were evaluated.
Data on the patients' age, sex, anal verge distance, clinical TNM clas-
sification, clinical circumferential resection margin (cCRM), type of
surgery, and pathological findings of the primary tumor were col-
lected for analysis. cCCRM positive was defined as when the distance
from the tumor or metastasis-positive lymph node to the mesorectal

fascia was <2mm upon MRI.

2.2 | Variable definition

Rectal resection and LPLND for internal iliac and obturator lesions
were performed as previously described.!” In this study, obturator
node metastasis was classified as a regional and not distant metas-
tasis of rectal cancer in accordance with the Japanese guidelines
for colorectal cancer.® The harvested lymph nodes from the lateral
pelvic area were removed from the dissected adipose tissue immedi-
ately postoperatively and before formalin fixation. LPLNs were char-
acterized by the presence of internal iliac and obturator lymph nodes
on both sides. After formalin fixation and paraffin embedding, the
LPLNs were placed at the maximum split surface for pathological ex-
amination and stained with hematoxylin and eosin. LPLNs were diag-
nosed as metastasis positive or metastasis negative according to the
presence of metastatic cancer cells. Accordingly, the patients were
categorized to have lateral metastasis-positive or lateral metastasis-
negative disease.

Figure 1 shows the harvested LPLNs (collected from the dis-
sected adipose tissue) classified into four groups (A, B, C, and D), ac-
cording to their positional relationship with the metastasis-positive
lymph nodes. Group A comprised metastasis-positive LPLNs. Group
B comprised metastasis-negative LPLNs in metastasis-positive pa-
tients, which were located on the same side and in the same area
(i.e. the internal iliac or obturator region) that contained a positive
node. Group C comprised metastasis-negative LPLNs in metastasis-
positive patients not belonging to groups A and B (i.e. metastasis-
negative LPLNs in areas other than the area with positive LPLNs).
Group D comprised metastasis-negative LPLNs in metastasis-

negative patients.
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FIGURE 1 Patientand LPLN inclusion flowchart. LPLN, lateral pelvic lymph node

2.3 | Pathological measurement

The long and short axes of all LPLNs were measured on histological
slides using a Vernier caliper. We first measured the maximum short
axis, followed by the long axis perpendicular to it. Furthermore, the
aspect ratio, calculated by dividing the short axes by the long axes,
had a value between 0 and 1. A larger aspect ratio corresponded to
arounder shape, and a smaller value corresponded to a more oval or

linear lymph node shape.

2.4 | Patient population with LALRC

There is a temporal evolution of treatment selection for LALRC in our
institution. In the first half of the study period, NAC was mainly se-
lected for patients with high-risk feature(s) of distant metastasis, such
as multiple swollen lymph nodes in the mesorectum, and NACRT was
rarely performed. All patients who underwent curative resection un-
derwent bilateral LPLND. However, in the second half of the study
period, NACRT to suppress the local recurrence rate was increasingly
performed in accordance with the risk factors for local recurrences,
such as cCRM and extramural vascular invasion on MRI. LPLND was
not performed in low-risk patients. Approximately 58% of all patients
with LALRC were selected for surgery in accordance with the first
strategy, and 94% of these patients received bilateral LPLND.

2.5 | Statistical analysis

Data are expressed as median, mean, and range. The Kolmogorov-
Smirnov test was used to test the normality of the data. Nonnumerical

data were analyzed using the Kruskal-Wallis test. Multiple compari-
sons among the four groups were adjusted using the Bonferroni cor-
rection (P<.0083). P<.05 was considered significant.

3 | RESULTS

In total, 48 patients had metastasis-positive LPLNs. The patient
and tumor characteristics are presented in Tables 1 and 2, respec-
tively. Overall, 3962 LPLNs were harvested; of these, 107, 171,
387, and 3297 LPLNs were classified into groups A (metastasis-
positive LPLNs), B (metastasis-negative LPLNs in the area contain-
ing metastasis-positive LPLNs), C (metastasis-negative LPLNs in
a metastasis-negative area in metastasis-positive patients), and D
(metastasis-negative LPLNs in metastasis-negative patients), respec-
tively. LPLNs of groups A, B, and C were from 48 metastasis-positive
patients, and LPLNs of group D were from 262 metastasis-negative
patients. Some pathological stage IV patients were included.
Although these cases were in clinical stage lll, they were small liver
metastases or small areas of peritoneal dissemination cases found
intraoperatively, and para-aortic lymph node metastasis or inguinal
lymph node metastasis cases diagnosed postoperatively. All cases
underwent curative resection as planned.

Table 2 shows the mean values and ranges of the long axis length,
short axis length, and aspect ratio of the lymph nodes in each group.
The average values (ranges) of the aspect ratio for groups A, B, C,and D
are 0.68(0.40-1.00), 0.60 (0.14-1.00), 0.49 (0.08-1.00), and 0.39 (0.05-
1.00), respectively. And the aspect ratio in the (B+C+D) group of
whole metastasis-negative lymph nodes was 0.42 (0.05-1.00). Figure 2
shows the group-wise distribution of the long axis length, short axis
length, and aspect ratios of the lymph nodes. The mean lengths of the
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Sex
Male
Female

Age (years), median
(range)

Approach
Open
Laparoscopy

Type of LPLND
Bi
Right
Left

T-stage
1
2
3
4

N-stage
No LNM
MLNM
LPLNM
MLNM +LPLNM

M-stage
0
1

TNM stage
|
1l
1
\Y

Histopathological type

tubl

tub2

Por/sig

Others
Lymphatic invasion

None

Moderate

Severe
Vascular invasion

None

Moderate

Severe

Abbreviations: LNM, lymph node metastasis; LPLN, lateral pelvic lymph node; LPLND, lateral pelvic
lymph node dissection; LPLNM, lateral pelvic lymph node metastasis; MLNM, mesenteric lymph

node metastasis.

N

With metastatic LPLNs (%)
(n =48)

34(71)
14 (29)
64 (34-83)

15(31)
33 (69)

45 (94)
2(4)
1(2)

1(2)
6(12)
31(65)
10 (21)

0(0)

0(0)

3(6)
45 (94)

40(83)
8(17)

0(0)
0(0)
40 (83)

8(17)

10 (21)
33(69)
2 (4)
3(6)

9(19)
27 (56)
12 (25)

3(6)
35(73)
10 (21)

SUZUKI eT AL.

Without metastatic LPLNs (%)

(n=262)

183 (70)
79 (30)
63(32-86)

86 (33)
176 (67)

261 (99)
1(1)

111 (43)
145 (55)
6(2)

43(16)
193 (74)
26 (10)

pathological results

TABLE 1 Patient characteristics and
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TABLE 2 Lymph node morphology

A B

Group (LPLN = 107) (LPLN = 171)

Size of the LPLNs (mm)
8.6 (1-30)
5.8 (1-18)
0.68 (0.40-1.00)

4.7 (1-20)
2.4(0.5-13)
0.60 (0.14-1.00)

Long axis
Short axis

Aspect ratio®

- - : 799
1"/’ ) AG Surg Annals of Gastroenterological S\vrgry _Wl LEYJ_

© D
(LPLN = 387) (LPLN = 3297)

B+C+D
(LPLN = 3855)

4.9 (0.5-27)
2.0 1.3(0.5-10)
0.49 (0.08-1.00)

4.9 (0.5-29)
1.7 (0.5-14)
0.39 (0.05-1.00)

4.9 (0.5-29)
1.7 (0.5-14)
0.42(0.05-1.00)

Note: Values are expressed as average (range). Group A: Positive metastasis lymph node. Group B: Negative metastasis lymph node in areas with
metastatic LPLNs. Group C: Negative metastasis lymph node in areas without metastatic LPLNs. Group D: Negative metastasis lymph node of
patients without metastatic LPLNs. Group B+ C+ D: Negative metastasis lymph node.

Abbreviation: LPLN, lateral pelvic lymph node.
aShort axis/long axis.

long and short axes in group A were significantly longer than those in
the other groups (P<.001). Meanwhile, no significant differences in
the mean lengths of the long axes were observed among groups B, C,
and D. However, the short axis in group B was significantly longer than
that in group D (P<.001); it was also longer than that in group C, but
the difference was not significant (P = .017). The short axis was signifi-
cantly longer in group C than in group D (P<.001). Similarly, the mean
aspect ratio was significantly higher (rounder shape) in group A than
in the other groups (P<.003). The mean aspect ratio was significantly
higher in group B than in groups C and D and was significantly higher
in group C than in group D (P<.001).

An aspect ratio cut-off of 0.4 had negative predictive value, pos-
itive predictive value, false-positive rate, and false-negative rate of
100%, 5.5%, 48%, and 0%, respectively. Meanwhile, a cut-off of 0.5
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had rates of 99.8%, 7.4%, 32.6%, and 5.6%, respectively. Based on
these results, the cut-off value of the aspect ratio for determining
negative LPLNs was determined to be approximately 0.4. Group A
did not contain any lymph nodes with an aspect ratio lower than
0.4 (oval or linear shape). The metastasis-positive LPLNs tended
to be larger and more circular in shape than metastasis-negative
LPLNs. Furthermore, the metastasis-negative LPLNs in the area
containing metastasis-positive LPLNs (i.e. existing nearby) tended to
have a larger short axis and a higher aspect ratio (roundness) than
metastasis-negative LPLNs located elsewhere. Figure 3 shows a plot
of the sizes of the long and short axes in each group, and a plot of the
aspect ratio on the vertical axis and the size of the short axes on the
horizontal axis, which allows a visual comparison of the morphology

and size of the LPLNs between all groups.
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FIGURE 2 (A) Relationship between the long-axis diameter of the LPLNs and each group. (B) Relationship between the short-axis
diameter of the LPLNs and each group. (C) relationships between the aspect ratios of the LPLNs and each group. LPLN, lateral pelvic lymph
node; A, metastasis-positive lymph node; B, metastasis-negative lymph node in areas with metastatic LPLNs; C, metastasis-negative lymph
nodes in areas without metastatic LPLNs; (D), metastasis-negative lymph nodes in patients without metastatic LPLNs
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FIGURE 3 Relationship between the long and short axes
diameters of the LPLNs in each group, and the relationship between
the short-axis diameter and the aspect ratio of LPLN in each group.
LPLN, lateral pelvic lymph node; (A), metastasis-positive lymph
node; (B), metastasis-negative lymph node in areas with metastatic
LPLNs; (C), metastasis-negative lymph nodes in areas without
metastatic LPLNSs; (D), metastasis-negative lymph nodes in patients
without metastatic LPLNs

Table 3 shows the accuracy of the LPLN metastasis diagnosis
when the cut-off values were 4, 7, and 10mm for the short axis and
4,7, and 10mm for the long axis. When calculations were performed
using the globally used 7-mm short-axis size criterion,'’ the diagnos-
tic accuracy of positive lateral metastasis was 35.6% in lymph nodes
with a short axis of 27mm. There were 76 metastasis-positive lymph
nodes and 3875 lymph nodes with a short axis of <7 mm.

Table 4 shows the accuracy of the LPLN metastasis diagnosis
in each patient according to the different maximum short axes of
the LPLN (11 groups, each differing by 1 mm). Figure 4 depicts the
photomicrographs of typical lymph nodes from each group. The

visual appearance of the metastasis-negative lymph nodes (black

TABLE 3 Accuracy of the diagnosis of metastatic LPLNs

Size of Metastatic All Accuracy

LPLNs (mm) LPLNs LPLNs (%)
Short axis <0 107 3962 2.7

<4 64 361 17.7

<7 31 87 35.6

<10 19 28 67.9
Long axis <0 107 3962 2.7

<4 87 1953 4.5

<7 61 860 71

<10 37 412 9.0

Abbreviation: LPLN, lateral pelvic lymph node.

TABLE 4 Accuracy of metastasis diagnosis by different
maximum short axes of the LPLN

Patients with
Maximum LPLN metastatic All patients Metastasis
short axis (mm) LPLNs (n = 48) (n = 310) rate (%)
20, <1 0 4 0
21, <2 0 12 0
22,<3 0 67 0
>3, <4 3 57 5.3
24, <5 2 52 3.8
25, <6 3 36 8.3
26, <7 9 21 42.9
27,<8 9 19 47.4
28, <9 2 12 16.7
29, <10 3 8 37.5
210 17 23 739

Abbreviation: LPLN, lateral pelvic lymph node.
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triangles [A]) in the areas containing metastasis-positive lymph
nodes (white triangles [A\]) shows that the lymph nodes in group
A had a greater tendency to be round in shape than those in other
groups. Metastasis-negative LPLNs were more likely to have higher
aspect ratios in metastasis-positive patients (black triangles, white
arrows) than in metastasis-negative patients (black triangles).

4 | DISCUSSION

Data on the aspect ratio of the lymph nodes in LALRC, which
may influence local recurrence, are limited. This study found that
metastasis-positive LPLNs were significantly larger and had a higher
aspect ratio than did metastasis-negative LPLNs, indicating that a
greater amount of metastasis occurred in larger and more circular
LPLNs than in metastasis-negative LPLNs. Although small metastatic
LPLNs containing cancer cells were detected, most metastasis-
positive LPLNs had aspect ratios >0.5. Moreover, all LPLNs with an
aspect ratio <0.4 (oval or linear shape) were metastasis negative.
To our knowledge, there are no previous reports on the aspect
ratios of LPLNs in LALRC. Most studies on the diagnosis of LPLN
metastases in LALRC are primarily size-related analyses; however,
some have used morphological criteria.t*22021 Akasu et al used
criteria such as an irregular border, mixed signal intensity, and the
presence of a high-intensity nodule within the lymph node on MRI.?*
Matsuoka et al reported that LPLNs with an “ovoid shape” tend to
be metastasis positive, without analysis using aspect ratio crite-
ria.®12 On the other hand, similar pelvic malignancies have been
reported based on the aspect ratio of pelvic lymph nodes in gyne-
cological and bladder cancers. Nakai et al found no differences in

FIGURE 4 LPLNs in each group. White
arrowhead: Group A; black arrowhead:
Group B; white arrow: Group C; black
arrow: Group D. LPLN, lateral pelvic
lymph node; A, metastasis-positive lymph
node; B, metastasis-negative lymph

node in areas with metastatic LPLNs; C,
metastasis-negative lymph nodes in areas
without metastatic LPLNs; D, metastasis-
negative lymph nodes in patients without
metastatic LPLNs
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the MRI-measured lymph node parameters (i.e. the long axis, short
axis, and aspect ratio) between gynecological cancer patients with
and without metastasis.'® In contrast, in cases of bladder cancer, all
elongated lymph nodes with an aspect ratio <0.4 were metastasis
negative, and consistent findings were found in the present study.
We measured the morphology of over 3000 LPLNs, including small
lymph nodes that could not be analyzed by imaging. Moreover,
to our best knowledge, this study is the first to report that lymph
nodes in metastasis-positive regions have a higher aspect ratio (i.e.
are closer to a rounder shape) even if they are metastasis negative. It
can be surmised that lymph nodes surrounding the metastatic lymph
nodes have some type of immune response similar to that of sentinel

lymph nodes,??23

which may also aid in diagnosing metastasis during
imaging. That is, multiple rounded lymph nodes identified in the lat-
eral pelvic region on imaging examinations may indicate a possibility
that these could include metastatic lymph nodes. Conversely, lymph
nodes with diameters >2 cm with a low aspect ratio may be consid-
ered as metastasis-negative.

The rate of accurate preoperative diagnosis for LPLNs has been
improved using various size criteria (cut-off values); however, using
the generally used criterion of a short axis 24mm and a long axis
27mm did not significantly improve the accuracy of diagnosis be-
yond 80%, despite the differences in sensitivity and specificity.
When the same criteria were applied to this study, 64 of the 361
lymph nodes (17.7%) with a short axis 24mm were metastasis-
positive, and 43 of the 3601 lymph nodes (1.2%) with a short axis
<4mm were metastasis-positive. However, as seen in Table 4, of
the 140 cases with a maximum minor axis <4mm, 3 (2.1%) were

metastasis-positive cases. In total, three out of 310 cases (0.9%) were

metastasis-positive. Furthermore, among the 61 lymph nodes with a
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long axis 27 mm, 7.1% were metastasis-positive; meanwhile, among
the lymph nodes with a long axis <7 mm, 46 (1.5%) were metastasis-
positive. Therefore, the rate of accurate diagnosis according to size
was 17.7% for a cut-off value of 4mm for the short axis and 7.1%
for a cut-off value of 7mm for the long axis. Meanwhile, combining
the size and aspect ratio of the lymph nodes improved the negative
predictive value to almost 100%.

In the current study, we used clinical and pathological data
from patients not treated by NACRT. The reasons for exclusion are
as follows: (a) In NACRT cases, metastasis-positive LPLNs often
disappear, and the size and aspect ratio change at that time. (b)
This study aimed to investigate the potential of the size and aspect
ratio of metastatic and non-metastatic LPLNs as low-risk mark-
ers for LALRC without treatment by NACRT or LPLND. However,
in the next step, similar studies are needed for the positive and
negative LPLNs (metastasis-negative nodes include both initially-
metastasis-negative and cancer-disappeared nodes) in NACRT
treated patients.

The present study has the following limitations. First, we in-
cluded only the surgery-first cases that did not receive any pre-
operative therapy. Therefore, the findings on diagnostic accuracy
with respect to the presence or absence of metastasis were not
affected by preoperative treatment. Consequently, the extent
to which cancerous tissue is eliminated by chemoradiotherapy is
unknown. Given that the analysis did not include a preoperative
treatment group, some high-risk patients were excluded from the
analysis because of changes in the indications for preoperative
treatment over time. Second, LPLNs were categorized according
to their largest diameter. However, this maximum secant plane
does not necessarily coincide with the axial plane, which is com-
monly used for MRI diagnosis. When the slides were prepared,
the lymph nodes were compressed for fixation, resulting in some
changes in size. Third, we did not include small LPLNs that would
not be recognized on MRI, given that a thorough identification of
the lymph nodes is performed by the surgeon in charge of the sur-
gery before formalin fixation of the excised fatty tissue. Lastly,

this was a single-center, retrospective study.

5 | CONCLUSIONS

Metastatic LPLNs in LALRC are significantly larger and rounder in
shape. All lymph nodes with an aspect ratio <0.4 were metastasis-
negative. These findings may be important for determining the indi-

cations for LPLND in rectal cancer.
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