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Log odds of positive lymph nodes is an excellent prognostic
factor for patients with rectal cancer after neoadjuvant
chemoradiotherapy
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Background: Neoadjuvant chemoradiotherapy (NCRT) results in fewer lymph nodes harvested and causes
staging migration. Therefore, we compared the prognostic value of the logarithmic odds of positive lymph
nodes (LODDS) with the lymph node ratio (LNR) and the American Joint Committee on Cancer (AJCC)
ypN stage in patients with locally advanced rectal cancer (LARC) after NCRT.

Methods: A total of 445 patients with LARC who received NCRT and underwent radical surgery between
January 2004 and December 2015 were recruited, and data from 4881 patients included in the Surveillance,
Epidemiology and End Results (SEER) database between 2010 and 2013 were analyzed to verify our results.
The time-dependent area under the receiver operating characteristic curve (TimeROC) was used to evaluate
the discriminative ability of the different lymph node staging systems.

Results: ypN staging failed to satisfactorily stratify the patients treated with NCRT [the 3-year disease-free
survival (DFS) rates were 65.7% and 55.4% for the ypN1 and ypN2 groups, respectively, P=0.252]. The LODDS
classification was significantly associated with DFS, and the 3-year DFS rates for the LODDSO0, LODDSI, and
LODDS?2 groups were 89.9%, 72.4%, and 53.9%, respectively (P<0.05 across all groups). Furthermore, the
LODDS classification system was able to subclassify patients with ypNO stage tumors regardless of whether >12 or
<12 total lymph nodes (TLNs) were harvested. TimeROC analysis showed that the LODDS classification (AUC,
median: 0.722, range: 0.692-0.754) had a higher accuracy for determining the prognosis than the ypN stage
(AUC, median: 0.691, range: 0.684-0.712) or the LNR (AUC, median: 0.703, range: 0.685-0.730) classification,
regardless of lymph node status. These results were verified using the SEER database.

Conclusions: The LODDS was a better prognostic factor for DFS than ypN staging or the LNR-based
approach in patients with LARC after NCRT, particularly those with <12 TLNs harvested or ypINO stage disease.
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Introduction

Currently, neoadjuvant chemoradiotherapy (NCRT) is
the standard treatment for locally advanced mid-low rectal
cancer (LARC) (1). The American Joint Committee on
Cancer (AJCC) 8" TNM staging system is currently used
to determine the prognosis of patients who receive NCRT,
but it employs the same categorical definitions used for
patients who do not receive NCRT (2). The ypN stage
is still determined according to the number of positive
lymph nodes (PLNs) and is regarded as the most important
prognostic factor for patients with LARC who are treated
with NCRT (3). However, NCRT may result in fewer total
lymph nodes (TLNs) harvested and PLNSs retrieved, as well
as N downstaging (3,4). According to Mechera et 4l., there
is a reduction in the mean number of TLNs and PLNs
harvested (3.9 and 0.7, respectively) from patients treated
with NCRT compared to those treated without NCRT (4).
Furthermore, fewer than 12 lymph nodes are harvested after
NCRT in approximately 30-50% of patients (5,6). NCRT
usually exerts an N downstaging effect due to the treatment
response. Therefore, NCRT may also result in ypN stage
migration, which may not provide an accurate assessment of
lymph node staging (4,7,8).

The lymph node ratio (LNR), which is defined as
the ratio of PLNs to TLNSs, has functioned as a novel
prognostic factor in various cancer types (9,10). Because the
LNR includes information on both the PLNs and TLNs
retrieved, some authors have proposed that the LNR may
help to reduce the number of lymph nodes harvested and
address the limitation of the ypN staging system in patients
with rectal cancer after NCRT. However, the LNR does not
provide a better prognostic evaluation than the ypN staging
system for patients without lymph node metastases (ypNO
patients). In addition, many studies have confirmed that
the number of negative lymph nodes (NLNs) significantly
affects prognosis (11,12). The LNR, similar to ypN staging,
does not consider the effect of NLNs on patient prognosis.

The logarithmic odds of positive lymph nodes
(LODDS), which is defined as the log of the ratio of
the number of PLNs to the number of NLNs (13), has
recently been introduced and confirmed as a prognostic
factor in colorectal cancer (CRC), pancreatic cancer and
gastric cancer (10,13,14). Because NCRT frequently
leads to a decrease in the number of TLNs harvested and
PLNSs retrieved, the LODDS is estimated using a method
that considers the effects of both PLNs and NLNs on
prognosis. Hence, LODDS may provide a more accurate
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assessment of the prognosis for patients with LARC after
NCRT than ypN and LNR. As shown in the study by
Huang ez al.,, LODDS shows superior power to the LNR in
discriminating the cancer-specific survival (CSS) of patients
with LARC and lymph node metastases after NCRT (ypN+
patients). However, this study was based on the Surveillance,
Epidemiology and End Results (SEER) public database and
did not include a validation cohort; in addition, it explored
only the prognostic role of LODDS in ypN+ patients.
Moreover, after neoadjuvant treatment, approximately
60% of the patients exhibited no lymph node metastasis,
but fewer than 12 TLNs were harvested in approximately
30-50% of the patients (15,16). Furthermore, patients with
<12 TLNs harvested do not typically present with lymph
node metastasis (17). The prognostic value of the LODDS
for patients with rectal cancer treated with NCRT has
rarely been reported, and thus, the prognostic value of the
LODDS for patients without lymph node metastasis or
with different numbers of harvested lymph nodes remains
unclear.

In the present study, we compared the prognostic values
of ypN, the LNR, and the LODDS in 445 patients with
rectal cancer who received NCRT and underwent radical
surgery, particularly patients with <12 TLNs harvested and
those with no lymph node metastasis. We also verified the
results using the data from patients included in the SEER
database.

We present the study in accordance with the REMARK
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-7590).

Methods

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This study was reviewed
and approved by the Ethics Committee of Cancer
Hospital, Chinese Academy of Medical Sciences (No.
NCC2019C-96). Because of the retrospective nature of the
study, the requirement for informed consent was waived.

Single-center patient cobort

Four hundred forty-five consecutive patients with LARC who
received NCRT and underwent radical surgery at the Cancer
Hospital, Chinese Academy of Medical Sciences (CICAMS)
between January 2004 and December 2015 were recruited.
The inclusion criteria were as follows: (I) biopsy-
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proven rectal adenocarcinoma, (II) a distance from the
lower margin of the tumor to the anal verge less than
10 em, (IIT) clinical stage II or III tumors, (IV) long-course
NCRT followed by radical excision, and (V) no evidence
of distant metastatic disease noted either before surgery or
during the operation. Patients with inflammatory bowel
disease, N1c patients [without lymph node metastases but
with extranodal tumor deposits (TDs)], or patients who
developed distant metastasis within 6 months after receiving
treatment were excluded. Patients who had a history of
familial adenomatous polyposis or Lynch syndrome and
patients with a synchronous or metachronous second tumor
were excluded. Patients who participated in clinical trials or
received short-term radiotherapy were excluded.

SEER validation cobort

Data from additional patients were obtained from the
SEER 18 (range from 1973-2015) database released in
June 2018 and analyzed using SEER*Stat 8.3.5 software. A
total of 5,565 patients with primary adenocarcinoma of the
rectum treated with NCRT and underwent radical surgery
between 2010 and 2013 were identified. The inclusion
criteria were as follows: (I) pathologically confirmed rectal
adenocarcinoma, (II) treatment with long-course NCRT
and radical surgery, (III) the absence of distant metastasis
at diagnosis or during surgery, (IV) the absence of a second
malignant tumor, (V) availability of accurate tumor-specific
survival data, and (VI) availability of detailed information
regarding the pathological lymph node status. Patients with
the Nlc stage were excluded. In total, 4,881 patients were
ultimately included in the study. In this study, CSS was
defined as death caused by rectal cancer.

Patient cobort stratification

The ypN staging system is based on the 8" TNM staging
system (ypNO: no lymph node metastasis, ypN1: 1-3
PLNs, and ypN2: >3 PLNs). The LNR is defined as the
ratio of the number of PLNs to TLNs retrieved (LNR =
PLNs/TLNs). According to the best cutoff value of the
LNR, patients were divided into three groups: LNRO: no
metastasis; LNR1: 0< LNR <0.2; and LNR2: LNR >0.2.
The LODDS is calculated as the log of (PLNs + 0.5)/(INLNs
+0.5), with 0.5 added to the numerator and denominator to
avoid divisions by zero. Cutoff values of —1.1 and —0.6 were
used to stratify patients into three groups: LODDSO0 <-1.1;
-1.1< LODDS1 <-0.6; and LODDS2 >-0.6. A minimum
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of 12 TLNs harvested is a widely acknowledged standard.
Therefore, we divided the patients into two groups based
on whether <12 TLNs or >12 TLNs were harvested for the

subgroup analysis.

Treatment

The initial pretreatment clinical stage was determined
using rectal magnetic resonance imaging (MRI), endoscopic
ultrasound, and chest/abdominal/pelvic computerized
tomography (CT) according to the recommendations of the
8" edition of the TNM staging system. All patients received
long-course NCRT with a total dose of ~40-50 (median:
50) Gy administered in 20 to 28 fractions during a 5-week
period, concurrently with capecitabine (825 mg/m’, bis in
die) with or without oxaliplatin (infusion 50 mg/m’, weekly).
All patients underwent radical surgery according to the
total mesorectal excision (TME) principle approximately
6-8 weeks after the completion of radiation therapy.
Regardless of the surgical and pathological results,
postoperative adjuvant chemotherapy was recommended for
all patients.

Pathological evaluation

Standard hematoxylin-eosin and saffron staining of each
paraffin block was performed for histologic examination. All
slices were re-evaluated by two professional gastrointestinal
pathologists. We reevaluated the depth of tumor invasion
(ypT), the total number of lymph nodes harvested, the
number of metastatic lymph nodes (If there is residual live
tumor cells, even rare residual tumor cell in the lymph
node), perineural invasion, vascular invasion, circumferential
resection margin (CRM), and tumor regression grade
(TRG). The TRG was evaluated according to the TRG
system proposed by Mandard ez al. (18).

Follow-up

NCCN guidelines recommend follow-up every 3 months
for 2 years after the initial surgery, every 6 months for the
next 3 years, and yearly thereafter. Postoperative follow-
up included a physical examination, carcinoembryonic
antigen (CEA) monitoring, chest/abdominal/pelvic CT,
pelvic MRI, and colonoscopy. Data on whether and when
the patients developed local recurrence or distant metastasis
were obtained from outpatient or inpatient records or
via telephone follow-up. Disease-free survival (DFS) was
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defined as the time from the date of operation to the date of
first local recurrence or distant metastasis. All patients were
followed until either death or September 2018.

Statistical analysis

The associations of ypN stage, LNR, and LODDS with
DFS were determined by univariate analyses. Survival
analyses were performed using the Kaplan-Meier method
and the log-rank test. P values less than 0.05 were
considered statistically significant. Comparisons among
the three lymph node staging systems were performed
with a time-dependent area under the receiver operating
characteristic curve (TimeROC). Cox proportional hazards
regression analysis was performed for the multivariate
analysis, and a multivariate Cox regression model was
performed to jointly evaluate the prognostic capacity and
other possible prognostic indicators of the three lymph node
staging schemes. All statistical analyses were conducted
using R software (version 3.5.1, https://www.r-project.org/).

Results

Demographic and clinicopathological characteristics of the
patients

The clinical and demographic characteristics of all patients
are presented in 7able 1. The study population comprised
294 men (294/445, 66.1%) and 151 women (151/445,
33.9%), with a median age of 55 (range: 23-81) years.
Among the 445 patients, 392 (88.1%) had ¢T3 stage disease,
53 (11.9%) had cT4 stage disease, and 197 (44.3%) had
stage cN+ disease before NCRT. After NCRT, the majority
of the patients were found to have moderately differentiated
tumors: 62 patients (13.9%) had perineurial invasion, and
20 patients (4.5%) had vascular invasion. The prognosis was
worse for the patients who exhibited perineurial invasion or
vascular invasion. After surgery, 228 (51.2%) patients received
the recommended postoperative adjuvant chemotherapy.
The median follow-up duration was 46.7 (range: 12.2—
148.7) months. Fifteen (3.4%) patients developed local
recurrence, 89 (20.0%) developed distant metastasis, and
5 (1.1%) developed both local and systemic recurrence.

The pathological index of the lymph nodes

The median number of dissected TLNs was 14 (range:
0-61), and the median number of PLNs was 2 (range:
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1-21). Among the 445 patients, 186 (41.8%) had <12 TLNs
harvested, and 291 (65.4%) patients were staged as ypNO. In
the ypNO group, 44.3% (129/291) of patients had <12 TLNs
harvested, and in the ypN+ group, 37.0% (57/154) of patients
had <12 TLNs harvested. The proportions of ypNO patients
with <12 and >12 TLNs harvested were 69.4% (129/186)
and 62.5% (162/259), respectively. DFS was significantly
different between patients with <7 and >7 TLNs harvested
(P=0.023, Table 1) as well as between groups stratified by
NLNs with a cutoff value of 10 (Table 1); however, when the
TLN cutoff value was set to 12, the difference in DFS was
not statistically significant (P=0.157, Table 1).

Prognostic value of ypN, the LNR, and the LODDS and
multivariate analysis

In the stratified univariate analysis, a significant difference
in DFS was not observed between the ypN1 and ypN2
groups (P=0.252, Figure 1A4). The 3-year DFS rates were
89.3%, 65.7%, and 55.4% for the ypNO (n=291), ypN1
(n=113), and ypN2 (n=41) groups, respectively. However,
the LNR and LODDS classification systems were
significantly associated with DFS in the subgroup analysis.
The 3-year DFS rates were 89.3%, 69.3%, and 51.4%
for the LNRO (n=291), LNR1 (n=102), and LNR2 (n=52)
groups, respectively (P<0.05 across all groups; Figure 1B).
Furthermore, the 3-year DFS rates for the LODDS0
(n=276), LODDS1 (n=99), and LODDS2 (n=70) groups
were 89.9%, 72.4%, and 53.9%, respectively (P<0.05 across
all groups; Figure 1C). TimeROC analysis was performed
to determine which lymph node staging systems predicted
DFS most accurately. As shown in Figure 1D, the LODDS
had a higher area under the receiver operating characteristic
curve (AUC, median: 0.722, range: 0.692-0.754) for DFS
than ypN (median: 0.691, range: 0.684-0.712) or LNR
(median: 0.703, range: 0.685-0.730) staging for the entire
cohort of patients, indicating its better performance at
determining the prognosis of patients with rectal cancer
after NCRT. The multivariate analysis showed that the
three models including the ypN, LNR, or LODDS
classifications were capable of predicting DFS. In addition,
the model including the LODDS classification presented
the highest value for Harrell’s C statistic (7able 2).

Prognostic value of ypN staging, the LNR, and the

LODDS among the <12 TLN and 212 TLN subgroups
The ypN staging, LNR and LODDS were significantly
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Table 1 Demographic and clinicopathological characteristics of the 445 patients and univariable analysis results for 3-year DFS

Variables N (%) 3-year DFS rate (%) P value

Gender 0.542
Male 294 (66.1) 79.5
Female 151 (33.9) 81.4

Age (years) 0.381
<65 352 (79.1) 79.6
>65 93 (20.9) 82.2

Location (cm) 0.707
Lower [0-5] 316 (71.0) 79.0
Middle [6-10] 129 (29.0) 83.0

Type of surgery 0.630
Open 191 (42.9) 83.2
Laparoscopic 254 (57.1) 77.5

Surgical procedure 0.484
LAR 193 (43.4) 80.4
APR 222 (49.9) 80.5
Hartman 30 (6.7) 71.5

Clinical T stage 0.962
cT3 392 (88.1) 80.4
cT4 53 (11.9) 78.7

Clinical N stage 0.761
cNO 248 (55.7) 80.0
cN+ 197 (44.3) 80.4

PreNCRT CEA, ng/mL 0.068
>5 195 (43.8) 79.6
<5 203 (45.6) 82.8
Unknow 47 (10.6) 71.3

Preoperative CEA, ng/mL 0.482
>5 150 (33.7) 78.1
<5 261 (58.7) 79.9
Unknow 34 (7.6) 88.2

Concurrent chemotherapy 0.065
Capecitabine 266 (59.8) 82.9
Capecitabine plus oxaliplatin 179 (40.2) 78.8

Table 1 (continued)
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Table 1 (continued)

Variables N (%) 3-year DFS rate (%) P value
Interval completion of NCRT to surgery 0.939
<7 192 (43.1) 79.0
>7 253 (56.9) 81.0
Adjuvant chemotherapy 0.063
Yes 228 (51.2) 76.7
No 217 (48.8) 83.7
Perineurial invasion 0.045
Positive 62 (13.9) 67.4
Negative 383 (86.1) 91.4
Differentiation 0.751
Poor 116 (3.1) 78.2
Moderately 276 (62.0) 81.2
Well 14 (3.1) 85.7
Unknow 39 (8.8) 78.3
Intra-vascular invasion <0.001
Positive 20 (4.5) 48.1
Negative 425 (96.5) 81.6
Number of retrieved TLNs 0.157
<12 186 (41.8) 76.4
>12 259 (58.2) 82.9
Number of retrieved TLNs 0.023
<7 50 (11.2) 71.6
>7 395 (88.8) 81.2
NLN <0.001
<10 170 (38.2) 71.9
>10 275 (61.8) 85.2
ypTNM <0.001
0 70 (15.7) 95.6
| 112 (25.2) 88.2
Il 109 (24.5) 87.0
1l 154 (34.6) 63.0
Follow-up
Local recurrence 15 (3.4)
Systematic recurrence 89 (20.0)
Local and systematic recurrence 5(1.1)

DFS, disease-free survival; LAR, low anterior resection; APR, abdominal-perineal resection; CEA, carcinoembryonic antigen; NCRT,
neoadjuvant chemoradiotherapy; TLN, total lymph node; NLN, number of negative lymph nodes.
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Figure 1 Kaplan-Meier analysis of DFS according to the ypN stage, LNR, and LODDS classification in all patients (A,B,C) and TimeROC
analysis of ypN, LNR and LODDS in all patients (D). DFS, disease-free survival; LNR, lymph node ratio; LODDS, logarithmic odds of

positive lymph nodes; TimeROC, time-dependent area under the receiver operating characteristic curve.

associated with DFS between subgroups when >12 TLNs
were harvested (P<0.05 across all groups, Tiuble 3). In the
subgroup analysis, a significant difference in DFS was not
observed between the ypN1 and ypN2 groups when <12
TLNs were harvested (P=0.454, Figure 24). Similarly, the
LNR was also not associated with DFS between the LNRI
and LNR2 subgroups when <12 TLNs were harvested
(P=0.756, Figure 2B). However, the LODDS classification
system was significantly associated with DFS between
subgroups when <12 TLNs were harvested (P<0.05 across
all groups; Figure 2C), with 3-year DFS rates of 91.8%,
75.1%, and 49.9% for the LODDSO0 (n=98), LODDSI
(n=50), and LODDS2 (n=38) groups, respectively (1able 3).
As shown in Figure 2D, LODDS had a higher AUC (median:

© Annals of Translational Medicine. All rights reserved.

0.762, range: 0.720-0.832) than the ypN (median: 0.717,
range: 0.697-0.746) or LNR (median: 0.714, range: 0.686-
0.744) staging in the <12 TLNs group. Based on these
results, the LODDS classification had a higher accuracy
of determining the prognosis than the ypN and LNR
classifications for patients with <12 TLNs harvested.

Prognostic value of the LODDS in the ypNO and ypN+
subgroups

Patients with ypNO stage disease were further subdivided
according to the LODDS classification into high-risk and
low-risk groups (Figure 34, P=0.005); patients in the high-
risk group were found to have fewer NLNs than those in
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Table 2 Multivariable analysis of the prognostic performance of the three models with different node staging classifications

ypN stage LNR classification LODDS classification
Variables
HR (95% Cl) P value HR (95% ClI) P value HR (95% ClI) P value

TRG <0.001 <0.001 <0.001

TRG1 Reference Reference Reference

TRG2 1.363 (0.584-3.184) 1.376 (0.587-3.224) 1.448 (0.624-3.363)

TRG3 2.121 (0.988-4.554) 2.095 (0.975-4.500) 2.286 (0.624-3.362)

TRG4 2.461 (1.104-5.488) 2.490 (1.115-5.558) 2.761 (1.253-6.085)

TRG5 15.803 (5.010-49.851) 15.685 (4.955-49.657) 17.522 (5.462-56.207)
NLN 0.007 0.015 NA

NLN <10 Reference Reference NA

NLN =10 0.580 (0.390-0.860) 0.584 (0.378-0.901) NA
Node stage® <0.001 <0.001 <0.001

ypNO (or LNRO or LODDSO) Reference Reference Reference

ypN1 (or LNR1 or LODDSH1)
ypN2 (or LNR2 or LODDS?2)

Harrell’s C

2.428 (1.522-3.874)
3.258 (1.870-5.677)
0.723 (0.697-0.749)

2.528 (1.562-4.092)
2.860 (1.669-4.901)
0.721 (0.695-0.747)

2.261 (1.397-3.661)
3.417 (2.051-5.694)
0.728 (0.703-0.753)

?, three COX regression models were constructed respectively and the node stage represent the ypN, LNR and LODDS classifications for
corresponding multivariable models. LNR, lymph nodes ratio; LODDS, logarithmic odds of positive lymph nodes; TRG, tumor regression

grading; NLN, number of negative lymph nodes.

the low-risk group. The 3-year DFS rates were 91.0%,
80.7%, and 75.1% for the LODDSO0 (n=243), LODDSI1
(n=40), and LODDS2 (n=8) groups, respectively (P=0.007;
Table 4). The ypN+ stage patients were also further
subdivided into a high-risk group and a low-risk group
according to the LODDS classification, and significant
differences in DFS were found between the subgroups
(P=0.032, Table 4), even when we combined the LODDS0
(n=33) group with the LODDS1 (n=59) group (Figure 3B,
P=0.004). TimeROC analysis showed that the AUC of the
LODDS classification (median: 0.583, range: 0.539-0.669,
Figure 3C) was higher than that of ypN staging and the
LNR (AUC of ypN or LNR =0.5) in the ypNO group.
Similarly, for ypN+ stage patients, the AUC of the LODDS
classification (median: 0.599, range: 0.534-0.612, Figure 3D)
was higher than that of ypN staging (median: 0.535, range:
0.522-0.554) and the LNR (median: 0.573, range: 0.540-0.582).
Thus, the LODDS classification had better accuracy in
determining the prognosis than the ypN and LNR classifications
for patients with or without lymph node metastases, and
the LODDS classification displayed a natural advantage in
evaluating patients without lymph node metastases.

© Annals of Translational Medicine. All rights reserved.

Validation of the prognostic value of the LODDS, LNR,
and ypN staging systems in the SEER cobort

Among the 4,881 patients in the SEER cohort, 1,718
(35.2%) had <12 TLNs harvested, and 3,476 (71.2%)
patients were staged as ypNO. In the ypNO group, 38.0%
(1,322/3,476) of patients had <12 TLNs harvested, and in
the ypN+ group, 28.2% (396/1,405) of patients had <12
TLNs harvested. CSS was significantly different between
patients with <10 NLNs and patients with >10 NLNs
(P<0.001). Additionally, CSS was not significantly different
between patients with <12 TLNSs harvested and patients and
those with >12 TLNs harvested (85.6% vs. 86.4%, P>0.05).

The ypN stage, LNR and LODDS classification were
significantly associated with CSS between subgroups in
the total SEER cohort and in patients with >12 TLNs
harvested (P<0.01 across all groups; Figure 44,B,C,D,E,F).
Similar to the results from our independent cohort, no
significant difference was observed between the ypN1
and ypN2 subgroups or between the LNR1 and LNR2
subgroups when the number of TLNs harvested was <12
(Figure 4G,H). The LODDS was also significantly associated
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Table 3 Prognostic value of the pathological factors among the <12 and >12 TLN subgroups
TLNs <12 (n=186) TLNs =12 (n=259)
Variables
N (%) 3-year DFS (%) P value N (%) 3-year DFS (%) P value
ypT 0.004 0.012
ypTO 37 (20.0) 97.3 41 (15.8) 92.6
ypT1 14 (7.5) 85.7 30 (11.6) 93.3
ypT2 49 (26.3) 85.3 69 (26.6) 75.0
ypT3 75 (40.3) 62.4 110 (42.5) 82.7
ypT4 11 (5.9) 54.5 9 (3.5) 66.7
ypN*® <0.001 <0.001
ypNO 129 (69.4) 88.1 162 (62.5) 90.2
ypN1 48 (25.8) 50.3 65 (25.1) 76.9
ypN2 9 (4.8) 44.4 32 (12.4) 58.7
TRG 0.006 0.016
TRG1 37 (19.9) 97.3 41 (15.8) 92.6
TRG2-3 114 (61.3) 76.7 161 (62.2) 84.1
TRG4-5 35 (18.8) 53.9 57 (22.0) 72.4
TDs 0.029 <0.001
Negative 173 (93.0) 78.8 241 (93.1) 84.6
Positive 13(7.0) 44.4 18 (6.9) 61.1
CRM 0.024 0.419
Negative 182 (97.8) 77.6 252 (97.3) 83.2
Positive 4(2.2) 25.0 7(2.7) 71.4
LNR® <0.001 <0.001
LNRO 129 (69.4) 88.1 162 (62.5) 90.2
LNR1 30 (16.1) 50.4 72 (27.8) 76.7
LNR2 27 (14.5) 47.9 25(9.7) 55.7
LODDS® <0.001 <0.001
LODDSO0 98 (39.8) 91.8 178 (68.7) 89.0
LODDS1 50 (39.8) 75.1 49 (19.9) 77.3
LODDS2 38 (20.4) 49.9 32 (12.4) 58.7

2 P<0.05 across all groups for ypN in TLN =12 group; °, P<0.05 across all groups for LNR in TLN =12 group; °, P<0.05 across all groups
for LODDS in TLN =12 group. TLNs, total number of retrieved lymph nodes; DFS, disease-free survival; TRG, tumor regression grading;
TDs, tumor deposits; CRM, circumferential resection margin; LNR, lymph node ratio; LODDS, logarithmic odds of positive lymph nodes.

with CSS when the number of TLNs harvested was <12
(P<0.01 across all groups; Figure 41). We also divided the
ypNO and ypN+ stage patients into different prognostic

subgroups according to the LODDS classification system

© Annals of Translational Medicine. All rights reserved.

(P<0.05 across all groups; Figure 5A,B).

The TimeROC analysis revealed a higher AUC for the
LODDS classification than for the current ypN staging
system or the LNR classification in all patients and in
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the <12 TLNs harvested, ypNO, or ypN+ subgroups
(Figure 64,B,C,D). Moreover, LODDS was found to be an
independent prognostic factor for CSS (P<0.001, HR =2.61,
95% CI: 2.29-2.98).

Discussion

As shown in the present study, the ypN stage failed to
stratify the patients according to prognosis, partially due to
the reduced number of TLNs harvested. Furthermore, the
LODDS was a better prognostic factor for DES than either
the current AJCC ypN staging system or the LNR-based
approach in patients with LARC after NCRT, particularly
those with TLNSs <12 or with no lymph node metastasis.
Current guidelines recommend a minimum of 12 lymph

© Annals of Translational Medicine. All rights reserved.

nodes be harvested from patients with CRC to avoid staging
migration (19). However, many studies have revealed that
NCRT decreases the number of lymph nodes harvested
and then exerts a downstaging effect (17,20). According
to one meta-analysis, NCRT leads to a mean reduction in
the number of TLNs and PLNs harvested (3.9 and 0.7,
respectively) compared to patients without NCRT (4). As
shown in the present study, 41.8% of patients (n=186) had
<12 TLNs harvested in our cohort, and 35.2% patients
(n=1,718) had <12 TLNs harvested in the SEER validation
cohort. In other studies, approximately 30-50% of the
patients had fewer than 12 lymph nodes harvested (3,6).
Patients with rectal cancer who are treated with NCRT
may have a better prognosis if more than 12 lymph nodes
are harvested (6,21). However, one meta-analysis failed to

Ann Transl Med 2021;9(8):637 | http://dx.doi.org/10.21037/atm-20-7590
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Table 4 Three-year DFS of each ypN stage according to the LODDS classification

ypN LODDSO, n (%) 3-year DFS (%) LODDS1,n (%) 3-year DFS (%) LODDS2,n (%) 3-year DFS (%) P value™
ypNO 243 (83.5) 91.0 40 (13.7) 80.7 8(2.8) 751 0.007
ypN+ 33 (21.4) 71.2 59 (38.3) 62.0 62 (40.3) 47.5 0.032
P value®* 0.081 0.570 0.525

*, comparison of the 3-year DFS between different LODDS groups; % comparison of the 3-year DFS between different ypN groups. DFS,
disease-free survival; LODDS, logarithmic odds of positive lymph nodes.

identify a significant association between a cutoff level of 12
lymph nodes harvested and overall survival and/or DES (4).
Han et al. recently reported that health care providers
should aim to retrieve 8 or more lymph nodes to enable
accurate staging for rectal cancer in patients who received
NCRT (22). Therefore, the recommendations to acquire

© Annals of Translational Medicine. All rights reserved.

at least 12 lymph nodes from NCRT-treated patients have
been disputed. In our study, when the TLN cutoff value
was 12, DFS was not significantly different. However, DFS
differed according to TLNs when the cutoff value was set to
7. Therefore, the rule of acquiring at least 12 lymph nodes
is not an acknowledged standard in NCRT-treated patients,
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Results.

and the most suitable number of lymph nodes requires
further research.

NCRT often not only leads to fewer TLNs and PLNs
harvested but also results in ypN stage migration (4). Thus,
the prognostic value of ypN staging may be diminished.

© Annals of Translational Medicine. All rights reserved.

According to Park et 4l. and Wang et al., the ypN category
cannot be used to divide patients into prognostic groups
(6,23). Our study did not reveal a significant difference
in DFS between the ypN1 group and the ypN2 group,
suggesting that ypN staging failed to satisfactorily stratify
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the patients. Interestingly, the differences in prognosis were
statistically significant in patients stratified according to
the ypN staging system when >12 TLNs were harvested.
However, ypN staging failed to satisfactorily stratify the
patients into ypN1 and ypN2 subgroups when <12 TLNs
were harvested. Similar to the results from our independent
cohort, the ypN staging system was not significantly
associated with CSS in the ypN1 and ypN2 groups from the
SEER cohort when TLNs <12. The prognosis determined
using ypN staging was significantly different from that using
the total cohort of SEER patients, which may be due to
the smaller percentage of patients in the SEER cohort with
<12 TLNSs harvested than in our cohort (35.2% vs. 41.8%).
Based on these results, ypN staging failed to satisfactorily
stratify the patients, partially due to the reduced number of
TLNSs harvested.

Some authors have introduced the LNR, which combines
TLNs with PLNs, to overcome the limitation posed by
harvesting fewer TLNs and to improve the prognostic value
of ypN staging. The LNR has served as a novel prognostic
factor in various cancer types (20,23). As shown in a recent
study by Klos et a/., the LNR has a stronger prognostic
value than the absolute number of PLNs (20). In our study,
the LNR classification system was significantly associated
with DFS for the total patient cohort. However, the LNR
was not associated with DFS in the comparison of LNRI1
and LNR2 subgroups when <12 TLNs were harvested.
Moreover, similar to our cohort, the LNR classification

© Annals of Translational Medicine. All rights reserved.

system was not significantly associated with CSS in the
LNR1 and LNR2 groups of the SEER cohort when <12
TLNs were harvested. In addition, the prognostic value
of the LNR is limited; first, it is unable to predict the
prognosis of ypNO stage patients, and second, the LNR
is not useful when the number of PLNs is equal to the
number of TLNs retrieved. Therefore, a better lymph node
staging system is needed to overcome these disadvantages.
The LODDS classification has been recently described
as a predictive factor for lymph node staging, which may
improve the prognostic accuracy of pN classification
and serve as a better prognostic factor than LNR and
pN (9,10,13,14). Huang et al. revealed the superior
discriminatory power of LODDS to LNR in terms of
determining the CSS of the ypN+ group (13). However,
this study was only based on data from the SEER public
database and was not validated in another cohort. Moreover,
the study only studied the prognostic role of the LODDS
in patients with stage III tumors. After neoadjuvant
therapy, more than 60% of the patients had no lymph node
metastasis, and the proportion of patients with <12 TLNs
harvested was higher in the ypNO group than in the ypN+
group. Neither the LNR nor ypN staging system provided
additional prognostic information for patients with ypNO
stage and <12 TLNs were harvested, while the LODDS
considers the effects of both the numbers of PLNs and
NLNs on prognosis; thus, it may provide more accurate
prognostic information for patients, particularly those with
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stage ypNO disease or <12 TLNs harvested.

In our study, the LODDS classification system was
significantly associated with DFS, and the LODDS could
subclassify ypNO stage patients into a high-risk group and
a low-risk group. Furthermore, the LODDS classification
system was significantly associated with DFS, regardless of
whether <12 or 212 TLNs were harvested. Moreover, the
TimeROC analysis revealed that the LODDS classification
had a higher AUC for DFS than the current ypN staging
system or the LNR classification for the overall cohort,
those with <12 TLNs harvested, or ypNO or ypN+
subgroups, respectively. The results of the multivariate
analysis showed that the LODDS classification was an

© Annals of Translational Medicine. All rights reserved.

independent prognostic factor. The data from the SEER
database confirmed these results. Thus, the LODDS
classification is a better prognostic factor and has better
accuracy in determining patient prognosis than either ypN
staging or the LNR for patients with rectal cancer treated
with NCRT, particularly those with TLNs <12 and those
with no lymph node metastasis.

To the best of our knowledge, this study is the first
to show that ypN staging failed to satisfactorily stratify
patients treated with NCRT, partially when few TLNs are
harvested. The LODDS classification considers the effects
of both PLN and NLN numbers on patient prognosis and
minimizes the bias associated with the number of TLNs
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harvested. Therefore, the LODDS classification has a
natural advantage in evaluating patients without lymph node
metastases. As shown in the present study, the LODDS is
a better independent prognostic factor than ypN and LNR
for patients with LARC who underwent NCRT, particularly
for patients with <12 TLNs harvested or those with no
lymph node metastasis, and it is expected to have general
value for patients with other types of cancers.

Our study has several limitations that should be
considered when interpreting the results. First, this study
was retrospective in nature and included a relatively limited
number of patients from only one hospital, although we did
confirm our results using patients from the SEER database.
Our findings therefore must still be verified in a multicenter
study with larger cohorts. Second, the chemotherapeutic
regimens administered to the patients were heterogeneous,
as only half of the patients received postoperative adjuvant
chemotherapy.

In conclusion, compared with the current AJCC ypN
staging system and the LNR-based approach, the LODDS
classification was a better independent prognostic factor for
patients with LARC who underwent NCRT, particularly
those who had <12 harvested or no lymph node metastasis.
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