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Grade-lymph node ratio predicts the survival
of breast cancer in different molecular types

A surveillance, epidemiology, and end results population-based
analysis
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Abstract \\\
The prognostic value and conflicting results of metastatic lymph node ratio (mLNR) on breast cancer have aroused an increasing |
concern. We aimed to evaluate the imperative of mLNR classification and prognostic factors in breast cancer with molecular
subtypes.

This study uses the database of surveillance, epidemiology, and end results (SEER) to investigate the imperative for reliable mLNR
classification and critical prognostic factors in breast cancer with different molecular subtypes.

The prognostic characteristics for disease-specific survival (DSS) of breast cancer were investigated in the SEER cohort (n=3651).
mLNR (P=.017) and histology grade (P < .001) were independent factors. A novel grade-lymph node ratio (G-R) staging system was
proposed for breast cancer prognosis. The receiver operating characteristic curves revealed that the G-R staging system had an
accurate 1-, 3-, and 5-year DSS prediction. Further stratification analysis with molecular subtypes of breast cancer (Luminal and
TNBC) first proved robust prognostic values of the G-R staging system among molecular subtypes.

The current population-based cohort demonstrated the capacity of mLNR serving as a critical prognostic factor. Also, G-R staging
system has the potential to be regarded as reliable classification for breast cancer patients with different molecular subtypes.

Abbreviations: AP| = Asian or Pacific Islander, AJCC = American Joint Committee on Cancer, AUC = areas under the receiver
operating curves, DSS = disease-specific survival, G-R stage = grade-lymph node ratio, HR = hazard ratio, LN = lymph node, mLNR
= metastatic lymph node ratio stage, ROC = receiver operating characteristic, SEER = surveillance, epidemiology, and end resullts.
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1. Introduction incidence rate of breast cancer was slightly increased from 2004
Breast cancer is one of the most common primary malignancies ~ to 2013 and the death rate for female breast cancer dropped by
and the causes of cancer death. In the United States, 255,180 new  38% from 1989 to 2014."*! Age, local tumor size, regional
cancer cases and 41,070 cancer deaths were found in 2017.1' The ~ lymph node status, distant metastasis prognostic factors, and
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molecular types of breast cancer are crucial prognostic indicators
for breast cancer and they can be divided into 4 intrinsic
molecular subtypes (Luminal A and B, human epidermal growth
factor receptor 2 [HER2]-enriched, basal-like, and normal-
like).!

The American Joint Committee on Cancer (AJCC) staging
system determined the most important prognostic determinants
of breast cancer with the local tumor size, regional lymph node
status, and distant metastasis.'*! However, a growing number of
studies suggested that lymph node ratios, defined as absolute
number of positive lymph nodes (PLNs) divided by the total
number of examined lymph nodes (TLNs), may be more accurate
for predicting prognostic value because of the adjustment for
variability in nodal assessment.”~"! Till now, no consensus has
been reached on the robust and reproducible classification of
metastatic lymph node ratio (mLNR),®! and limited studies
revealing the prognostic value of mLNR in breast cancer patients
with different molecular subtypes have been reported.!”>'"!

In order to evaluate the imperative of mLNR classification and
prognostic factors in breast cancer with molecular subtypes, we
analyzed a population cohort from the surveillance, epidemiolo-
gy, and end results (SEER) registries in this study.

2. Materials and methods

2.1. Patients

The information of current retrospective research was collected
from the SEER database for patients with breast cancer
diagnosed between 1990 and 2013. A total of 3651 patients
diagnosed with breast cancer in the SEER database were included
who met the following criteria:

(1) year of diagnosis before 2013;

(2) pathologically confirmed that the patients have no history of
other malignancies;

(3) patients without distant metastasis;

(4) patients with >1 involved lymph nodes and disease-specific
survival (DSS).

This study was approved by the ethics committee of the First
Affiliated Hospital of Jinan University.

2.2. Statistical analysis

The clinic pathological characteristics of patients were collected
as follows: age at diagnosis, gender, race, surgery, tumor site, size,
histology, grade, depth of invasion, number of PLN and TLN,
AJCC stages, as well as estrogen receptor (ER), progesterone
receptor (PR), and HER2 status, classification of mLNR (defined
as PLN divided by TLN), and DSS, which was defined as the
period from surgery to cancer-related death or the last follow-up,
served as the primary endpoints.

X-tile plots (X-tile software version 3.6.1, Yale University
School of Medicine, New Haven, CT) were used to categorize the
patients with mLNR higher than 0%, and the remaining patients
were subsequently divided into 3 categories with the cutoff points
of 0.19 and 0.60.!""!

Prognostic factors for DSS were identified by log-rank test and
the COX proportional hazards regression analysis. Kaplan—
Meier method was conducted for DSS estimation and survival
curves were validated by the log-rank test. Discrimination of
mLNR, grade-lymph node ratio (G-R) staging system and AJCC
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staging system were displayed with receiver operating character-
istic (ROC) curves.

All analyses were carried out by the software statistical
package for social sciences (SPSS) version 20.0 (Chicago, IL).
Two-sided P values of less than .05 were considered to be
statistically significant.

3. Results

3.1. Characteristics of the patients

Three thousand six hundred fifty-one patients between 1990 and
2013 in the SEER database were included in our study cohort and
satisfied all the inclusion criteria. As described in Table 1, female
patients comprised most of the population (99.6%). Caucasian
patients were in the majority in the study. Grade II (36.5%) and
Il (37.4%) comprised a dominant proportion in all of the
patients, and most patients were diagnosed as the AJCC stage 1
(37.6%). The mean number of PLN was 2.0 +4.2, and the mean
TLN was 10.5+8.5. Most patients were diagnosed as ER-
positive (72.1%), PR-positive (60.0%), or HER-2-unknown
(87.7%).

3.2. mLNR and survival rates

The mean DSS for all patients was 214 months, and the 1-year, 3-
year, and S-year DSS was 98%, 88%, and 82%, respectively.
mLNR was defined as the ratio of the metastatic lymph node
number divided by the number of total lymph nodes examined.
The best cutoff points of mLNR indicated by X-file were 0.19 and
0.60 (Fig. 1A). We subsequently divided the study cohort into 4
groups, mLNR 0: mLNR = 0%; mLNR 1: 0 < mLNR < 19%;
mLNR 2: 19% < mLNR < 60%; mLNR 3: mLNR > 60%. The
5-year survival of DSS were 88%, 85%, 72%, and 55% for
mLNR 0, 1, 2, and 3, respectively (P <.001, Fig. 1B).

3.3. Prognostic factors of breast cancer patients

The results of prognostic factors for DSS using log-rank test and
the COX regression analysis were displayed in Table 2. In
univariate analysis, age at diagnosis, race, tumor size, grade, ER/
PR/HER-2 status, and mLNR were risk factors for DSS. The
significant factors above were involved in multivariate analysis,
and the results figured out the Grade (P<.001) and mLNR
(P=.017) were still independent and significant risk factors for
DSS (Table 2, Supplementary Table 1, http://links.lww.com/MD/
D118, which illustrate the effect of Grade and mLNR
classification on DSS). Based on the Grade and mLNR statuses,
the breast cancer patients were divided into 8 groups, Group 1:
mLNR 0 and Grade I-II; Group 2: mLNR 0 and Grade II-1V;
Group 3: mLNR 1 and Grade I-II; Group 4: mLNR 1 and Grade
II-IV; Group 5: mLNR 2 and Grade I-II; Group 6:mLNR 2 and
Grade III-IV; Group 7: mLNR 3 and Grade I-II; Group 8: mLNR
3 and Grade III-IV (Fig. 2A). As there was no difference between
Group 3,4, and 5 (P> .05 for each of 2 groups) or Group 6 and 7
(P=.372), an integrated Grade-mLNR (G-R) staging system for
breast cancer patients was proposed at 5 levels: G-R Stage 1,
mLNR 0 and Grade I-II; G-R Stage 2: mLNR 0 and Grade III-1V;
G-R Stage 3: mLNR 1 and Grade I- IV or mLNR 2 and Grade I-II;
G-R Stage 4: mLNR 2 and Grade III-IV or mLNR 3 and Grade I-
IT; G-R Stage 5: mLNR 3 and Grade III-IV. The Kaplan—Meier
analysis showed the 5 G-R Stage levels were significantly different
(Fig. 2B).
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(continued).

Variable Patients (n=3651)
n %
Age, yr
Median 57.6+13.5
Range 25-96
Gender
Female 3636 99.6
Male 15 0.4
Race
White 3052 83.6
Black 413 1.3
API 180 4.9
Unknown 6 0.2
Tumor primary site
Nipple 13 0.4
Central portion of breast 192 53
Upper-inner quadrant of breast 352 9.6
Lower-inner quadrant of breast 193 5.3
Upper-outer quadrant of breast 1351 37.0
Lower-outer quadrant of breast 223 6.1
Axillary tail of breast 19 0.5
Overlapping lesion of breast 750 20.5
Breast, NOS 558 15.3
Tumor size
0-2cm 623 171
2-5¢cm 493 135
>5cm 321 8.8
Unknown 2214 60.6
Grade
| 519 14.2
Il 1331 36.5
I 1364 37.4
v 59 1.6
Unknown 378 10.4
Number of lymph nodes removed
Median 10.5+8.5
Lower-upper 0-60
Number of positive lymph nodes
Median 2.0+42
Lower-upper 0-40
AJCC stage
0 3 0.1
| 1374 37.6
1A 644 17.6
IIB 374 10.2
A 392 10.7
B 364 10.0
lnc 246 6.7
lINOS 59 1.6
v 0 0.0
UNK stage 195 53
Radiotherapy
Radiation before and after surgery 1059 29.0
Radiation before surgery 2575 70.5
Surgery both before and after radiation 17 0.5
Surgery type
BCS 2214 60.6
Exmast 6 0.2
MastNOS 18 0.5
Radmast 1138 31.2
Submast 8 0.2
SurgNOS 5 0.1
Totmast 249 6.8
(continued)

Variable Patients (n=3651)
n %
Unknown 13 0.4
ER status
Positive 2632 721
Negative 1019 27.9
Unknown 0 0.00
PR status
Positive 2192 60.0
Negative 1389 38.0
Unknown 70 1.9
HER2 status
Positive 107 2.9
Negative 343 9.4
Unknown 3201 87.7
mLNR
0 2305 0.63
1 436 0.12
2 482 013
3 348 0.10
Unknown 80 0.02

AJCC = American Joint Committee on Cancer, APl = Asian or Pacific Islander, ER = estrogen
receptor, HER2 = human epidermal growth factor receptor 2, mLNR = metastatic lymph node ratio
stage, PR = progesterone receptor.

3.4. Comparison of predictive accuracy for mLNR, G-R
staging system, and AJCC staging system

The predictive accuracy of DSS among mLNR, G-R staging
system, and AJCC staging system were valued by the area under
the ROC (AUC) curve. As shown in Figure 3 and Table 3, the
AUC of AJCC staging system was higher than that of mLNR and
G-R staging system. The G-R staging system could also predict
prognostic values of 1-, 3-, and 5-year of DSS with statistical
significance (all P<.001). The above results indicated that G-R
staging system could be a good prognostic indicator for breast
cancer.

3.5. Stratification analysis with molecular subtype

As mentioned above, molecular typing was a prognostic factor
for DSS (Table 2). The molecular type distribution of ER and PR
varied significantly among different G-R stage (all P<0.001, see
Supplementary Table 2, http:/links.lww.com/MD/D118, that
demonstrates the distribution of receptor expression among
patients with different G-R stage). To figure out the effects of
molecular subtypes on DSS and G-R staging system, patients
were stratified based on their ER, PR, and HER-2 statuses. From
this study cohort, there were 2348 Luminal A/B (ER or PR-
positive) cases, 41 HER-2 (ER and PR-negative and HER-2-
positive) cases, and 835 triple-negative breast cancer TNBC (ER,
PR, and HER-2- negative) cases. As with the results of the whole
study population, both Luminal A/B (Fig. 4A) and TNBC
(Fig. 4B) patients had a worse outcome as the G-R Stage elevated.
Data of HER-2 patients were not presented because of the limited
case number. These results demonstrated the robust prognostic
value of the G-R staging system among molecular subtypes.
Besides, race and age were considered as a risk factor in the
univariate analysis. We also demonstrated the use of G-R staging
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Figure 1. The cutoff points for mMLNR identified by X-tile analysis (A), and validated by Kaplan-Meier Curve (B). DSS = disease-specific survival, mLNRs =

metastatic lymph node ratio stage.

Prognostic characteristics of breast cancer patients for DSS.

Univariate analysis

Multivariate analysis”

Variable HR (95% CI) P HR (95% CI) P
Age at diagnosis 0.99 (0.99-1.00) .003 1.01 (1.00-1.02) .059
Gender
Female 1 -
Male 1.16 (0.37-3.66) .798
Race .011
White 1 - 1 -
Black 1.65 (1.32-2.06) <.001 1.64 (1.18-2.27) .003
API 1.00 (0.70-1.43) .990 0.94 (0.14-1.85) .851
Tumor size 133
0-2 cm 1 - 1 -
2-5 cm 2.32 (1.58-3.42) <.001 0.91 (0.57-1.43) 674
>5cm 5.35 (3.65-7.86) <.001 1.29 (0.80-2.07) 291
Grade <.001
| 1 - 1 -
I 2.79 (1.97-3.97) <.001 1.46 (0.79-3.00) .306
Ii 6.01 (4.27-8.46) <.001 3.38 (1.69-6.74) .001
% 9.44 (5.14-17.31) <.001 2.36 (0.63-8.85) 202
Radiotherapy
Radiation before and after surgery 1 -
Radiation before surgery 1.16 (0.98-1.37) .095
Surgery both before and after radiation 0.22 (0.29-1.67) 143
ER status
Negative 1 -
Positive 2.38 (2.00-2.78) <.001
PR status
Negative 1 -
Positive 1.85 (1.59-2,12) <.001
HER2 status
Negative 1 -
Positive 3.03 (1.05-8.33) .040
mLNR 017
0 1 - 1 -
1 1.47 (1.14-1.89) .003 0.88 (0.53—1.46) 611
2 3.30 (2.67-4.10) <.001 1.53 (1.02-2.29) .037
3 6.34 (5.00-8.05) <.001 1.78 (1.15-2.77) .010

APl = Asian or Pacific Islander, Cl = confidence interval, HER2 = human epidermal growth factor receptor 2, HR = hazard ratio, mLNR = metastatic lymph node ratio stage, PR = progesterone receptor.
Age, race, tumor size, grade, and mLNR are adjusted in the multivariate analysis.
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Figure 2. The breast cancer patients were classified into 8 groups and validated by Kaplan—-Meier Curve (A). The study cohort population was divided into 5 groups
and the classification was validated by Kaplan—-Meier Curve (B). DSS = disease-specific survival, G-R stage = grade-lymph node ratio, mMLNR = metastatic lymph

node ratio stage.

system as a predictor of survival with different races and age (see
Supplementary Figs. 1 and 2, that illustrates the stratification
analysis with race and age, http:/links.lww.com/MD/D118).

4. Discussion

In this study, we proposed a novel G-R staging system to evaluate
the survival in breast cancer with different molecular typing.
Based on a large cohort study in SEER dataset, we identified
several independent risk factors for prognostic status including
grading and mLNR after adjusting other prognostic factors. A
robust and reproducible classification of mLNR was validated
and a new G-R staging system was proposed and proven to have
precise DSS prediction in all study cohorts and especially in each
molecular typing patient.

An increasing number of studies were focused on the
prognostic value of mLNR in multiple types of cancer especially
in breast cancer.®'?! The current AJCC staging system for
breast cancer relies on the absolute number of malignant lymph
nodes, but the heterogeneity results from the lymph node
examinations may cause variations between centers because of
the differences in procedures of lymph node clearance, physical
and specimen examination findings.””! Compared with the
lymph node number, many studies have indicated that mLNR is
a more accurate prognostic factor of survival in breast

cancer."®' The mLNR system was developed and evaluated
largely as a way to mitigate low lymph node counts'*'®! and
provides a standardized value for comparison of prognosis
across patients, regardless of whether very few or very many
lymph nodes were retrieved. The mLNR classification is an
easily available and inexpensive prognostic factor and therefore
has the potential for wide clinical application.”"”! As a result of
its heralded prognostic value, some have even suggested that
mLNR should be considered for incorporation into the AJCC
staging system for breast cancer."®2%" Determining which
cutoff value will be the most reliable for predicting breast cancer
patients’ needs is critical. This requires a large cohort study to
stratify and evaluate different mLNRs on the breast cancer
prognosis and find out the small differences in prognostic
outcomes. Then the most reliable cutoff points could be
produced based on their similar prognostic effect, but the
designation of cutoff points value has varied among studies for a
staging classification.[®1%:1621:221 A previous study on universal
cutoff points of mLNR in breast cancer was 0.20 and 0.65 for
low/high-risk group.!®! Our study proposed similar cutoff values
of 0.19 and 0.60 based on X-file plots which were free from
predefined assumptions or distributional property. The high- or
low-mLNR categories were independent risk factors for DSS in
univariate and multivariate analysis showed a significant
separation for survival (Table 2 and Fig. 1B).
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Figure 3. Comparison of the AUC among the G-R staging system, mLNR, and the AJCC staging system to predict DSS at 1-year (A), 3-year (B), 5-year (C). AICC
= American Joint Committee on Cancer, DSS = disease-specific survival, G-R stage = grade-lymph node ratio, mLNR = metastatic lymph node ratio stage.

In the SEER dataset, grade and mLNR were identified as risk
factors (Table 2 and Supplementary Table 1, which illustrate the
effect of Grade and mLNR classification on DSS, http://links.
lww.com/MD/D118). A G-R staging system was proposed to
evaluate the survival of breast cancer and the fifth G-R Stage
subtype had the worst prognosis among 5 groups (Fig. 2A and B).
Furthermore, we compared the predictability of mLNR, G-R
staging system, and AJCC staging system by AOC curves. All of
the 3 models had the ability of survival prediction for breast
cancer (Table 3). However, mLNR model could not predict the 1-
year DSS which was probably because it was comprised of single

independent factor and the short period of time. G-R staging
system was proven to be a better predictor of DSS compared with
mLNR model. Although the conventional AJCC staging system
presents an optimal tool, G-R staging system could also be a good
prognostic indicator for breast cancer. What's more, the
prognostic role of G-R staging system has been shown to be
effective for gastric cancer patients after neoadjuvant radiother-
apy from the SEER database.!*’!

Commonly used clinical markers of primary breast cancers
such as ER status, PR status, and HER2,/**2¢! are used to help
making decisions about therapy in the metastatic setting.

Comparison of predictive accuracy of DSS for G-R staging system, single independent factor and the 7th AJCC staging system in each

time point.

G-R stage mLNR stage AJCC stage
Time points AUC (95% Cl) P AUC (95% Cl) P AUC (95% Cl) P
1yr 0.618 (0.535-0.701) .006 0.508 (0.420-0.597) 846 0.709 (0.633-0.785) <.001
3yr 0.655 (0.614-0.695) <.001 0.575 (0.532-0.618) .001 0.680 (0.640-0.719) <.001
5yr 0.672 (0.640-0.704) <.001 0.610 (0.576-0.644) <.001 0.696 (0.665-0.728) <.001

AJCC = American Joint Committee on Cancer, AUC = areas under the receiver operating curves, Cl = confidence interval, mLNR = metastatic lymph node ratio stage.
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Figure 4. Stratification analysis with molecular subtype of Luminal A/B (A) and TNBC (B) and the classification was validated by Kaplan-Meier Curve. G-R stage =

grade-lymph node ratio.

Together, these 3 markers are used to define 4 tumor subtypes:
Luminal A and B, HER2-enriched, basal-like, and normal-like.
These molecular types of breast cancer have been considered as
critical factors for clinical and prognostic phenotype.?”?8! Our
findings also revealed the crucial role for DSS (Table 2), and that
receptor’s expressions in breast cancer patients vary in different
G-R stages. A recent study had proposed the prognostic
significance of the mLNR with TNBC patients.!'”! To the best
of our knowledge, our work is the largest study demonstrating
the prognosis prediction of mLNR and grading in breast cancer
patients with different molecular subtypes. Moreover, we found
that the G-R staging system could identify the prognosis of breast
cancer patients in Luminal and TNBC subtypes (Fig. 4A and B).

There were still several limitations in our study. First, the lack of
critical variables like adjuvant chemotherapy and recurrence types
in SEER database restricted our adjustment of confounding
factors. Second, HER-2 status could not be found in SEER before
2010 so we lack sufficient data to identify the prognostic value of
the G-R Stage in HER-2 subtype. Third, although AJCC staging
system has higher AOC score than G-R staging system, a modified
staging system based on mLNR, grade, depth of invasion and
metastatic status are needed for a more accurate DSS prediction.**!

5. Conclusion

In conclusion, our results demonstrated that mLNR is an
independent prognostic factor in breast cancer patients and the
G-R staging system could be an indication model for DSS among
patients with different molecular subtypes. This may throw light
upon the optimization for the current TNM classification system.
Further prospective multicenter studies are needed to verify G-R
staging system in predicting the survival of breast cancer in
different molecular subtypes.
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