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A prediction model for early systemic recurrence in breast
cancer using a molecular diagnostic analysis of sentinel lymph
nodes: A large-scale, multicenter cohort study
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BACKGROUND: The one-step nucleic acid amplification (OSNA) assay can quantify the cytokeratin 19 messenger RNA copy number as
a proxy for sentinel lymph node (SN) metastasis in breast cancer. A large-scale, multicenter cohort study was performed to determine
the prognostic value of the SN tumor burden based on a molecular readout and to establish a model for the prediction of early systemic
recurrence in patients using the OSNA assay. METHODS: SN biopsies from 4757 patients with breast cancer were analyzed with the
OSNA assay. The patients were randomly assigned to the training or validation cohort at a ratio of 2:1. On the basis of the training cohort,
the threshold SN tumor burden value for stratifying distant recurrence was determined with Youden’s index; predictors of distant recur-
rence were investigated via multivariable analyses. Based on the selected predictors, a model for estimating 5-year distant recurrence-
free survival was constructed, and predictive performance was measured with the validation cohort. RESULTS: The prognostic cutoff
value for the SN tumor burden was 1100 copies/pL. The following variables were significantly associated with distant recurrence and
were used to construct the prediction model: SN tumor burden, age, pT classification, grade, progesterone receptor, adjuvant cytotoxic
chemotherapy, and adjuvant anti-human epidermal growth factor receptor 2 therapy. The values for the area under the curve, sensitiv-
ity, specificity, and accuracy of the prediction model were 0.83, 63.4%, 81.7%, and 81.1%, respectively. CONCLUSIONS: Using the OSNA
assay, the molecular readout-based SN tumor burden is an independent prognostic factor for early breast cancer. This model accurately
predicts early systemic recurrence and may facilitate decision-making related to treatment. Cancer 2022;128:1913-1920. © 2022 The
Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society This is an open access article under the terms
of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, pro-
vided the original work is properly cited and is not used for commercial purposes.
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INTRODUCTION

The axillary lymph node status is a key indicator of prognosis in breast cancer.' Precise and reproducible pathological
node staging (pN) classification is crucial for predicting prognoses and making therapeutic decisions for patients with
breast cancer. For almost 30 years, sentinel lymph node (SN) biopsy has remained the standard axillary staging procedure
for patients who are clinically node-negative.” To reduce the number of false-negative diagnoses, pathologists generally
focus their detailed examination on a subset of lymph nodes that are more likely to harbor metastases.” The intensive
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examination of SN increases the detection of low-volume
metastases. However, accurate and reproducible quanti-
fication of the total metastatic volume of a lymph node
is not possible with conventional histopathological ex-
aminations.” For example, although a node may be step-
sectioned and evaluated at each cut surface, potentially
critical information can be missed because only a limited
area of the node is analyzed.

The one-step nucleic acid amplification (OSNA)
assay (Sysmex, Kobe, Japan) offers a solution to the
aforementioned issues.® This molecular assay allows the
whole lymph node to be evaluated and yields the quan-
titative metastatic tumor burden using the cytokeratin
19 (CK19) messenger RNA (mRNA) copy number as a
proxy. Calibration and validation studies®® indicate that
the CK19 mRNA copy number provides a good esti-
mate of macrometastasis (>2 mm in size), micrometas-
tasis (>0.2-2 mm), and negative metastasis (<0.2 mm)
as defined by the American Joint Committee on Cancer
(AJCC) staging manual.” In the clinical setting, more
cases of SN metastasis (and, in particular, micrometasta-
sis) are detected with the OSNA assay than via conven-
tional histological examination.'’"*

The amount of the SN tumor burden as estimated
with the OSNA assay is an independent prognostic factor
in breast cancer.'>'* Furthermore, patients with a nega-
tive SN status after OSNA analysis have a better progno-
sis than those whose nodes have undergone conventional
histological examination.'”” These observations strongly
suggest that the OSNA assay has superior accuracy and
reproducibility in comparison with conventional histo-
pathological examinations for prognostication in patients
with breast cancer. However, the prognostic cutoff values
for the molecular-based tumor burden in SNs have dif-
fered by 10-fold between studies.'>!4 Moreover, there has
been no validation of prognostic prediction models using
the OSNA assay to estimate the probability of recurrence
in patients with breast cancer. In this large-scale, multi-
center breast cancer cohort study, we evaluated the prog-
nostic impact of a molecular readout—based SN tumor
burden and established a model for the prediction of early
systemic recurrence using the OSNA assay.

MATERIALS AND METHODS

Patient Selection

This multicenter, retrospective cohort study analyzed
a data set registered in a web-based database, Lynolog,
operated by the Japanese Association for Theranostics.'®
Each participating hospital registered clinicopathological
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characteristics, OSNA results, and follow-up information
for patients with breast cancer who underwent SN biopsy.

This study included patients who underwent SN
biopsy between 2008 and 2012. Patients with any of the
following criteria were excluded: 1) male gender, 2) bi-
lateral breast cancer, 3) ductal carcinoma in situ, 4) neo-
adjuvant drug therapy, 5) recurrence of heterochronous
ipsilateral breast cancer, and 6) prior resection of the pri-
mary tumor. The review boards of all participating insti-
tutions approved this study.

SN Biopsy Using the OSNA Assay

SN mapping and identification were performed with a
radioisotope tracer and/or blue dye. Radioactive and/or
blue-colored lymph nodes were defined as SNs and re-
moved before evaluation with the OSNA assay with or
without a histopathological examination. Complete axil-
lary lymph node resection was performed in SN-positive
patients.

Lymph node samples were homogenized in 4 mL
of a lysis buffer (Lynorhag; Sysmex) and centrifuged at
10,000g at room temperature.® The supernatant (2 pL)
was analyzed with the RD-100i system (Sysmex), which
uses a reverse transcription loop-mediated isothermal am-
plification method and the LynoampBC kit (Sysmex).
The amount of amplification correlated positively with
the accumulation of the reaction byproduct, pyrophos-
phate. Changes in turbidity upon precipitation of mag-
nesium pyrophosphate were then correlated with the
CK19 mRNA copy number per microliter of the original
lysate. This value was extrapolated from a standard curve
that was generated with 3 calibrators containing differ-
ent amounts of CK19 mRNA. Cutoff values for negative/
positive and micro/macrometastasis were set at 250 and
5000 copies/pL, respectively.

In this study, the negative samples were given a CK19
mRNA copy number of 0 copies/pL. The total tumor
load (TTL), defined as the aggregate CK19 mRNA copy
number of each positive SN sample, was used to quantify
the metastatic tumor burden in SNs."”

Adjuvant Treatment and Follow-Up

After resection, a combined local and systemic adjuvant
treatment course was adopted. Follow-up was based on
international standards and national guidelines that took
into account both patient and tumor characteristics.

Statistical Analyses
Distant recurrence—free survival (DRFS) was used as
the prognostic end point, and it was calculated from the
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time of surgery to the first evidence of distant recurrence.
Two multivariable logistic models were established: 1)
a recurrence-related model for identifying independent
variables related to distant recurrence and 2) a recurrence
prediction model to estimate the probability of 5-year
DRES rates.

To construct and validate the recurrence-related
model, eligible patients were randomly segregated between
training and validation cohorts at a ratio of 2:1. The train-
ing cohort was used for the cutoff determination of TTL
in the SN, the actual modeling, the model performance
measure, and the first internal validation.'® The validation
cohort was used for the second internal validation.

To construct the recurrence-related model with
the training cohort, we first set the cutoff value of TTL
for stratifying distant recurrence at the maximum value
of Youden’s index (sensitivity + specificity — 1) for the
receiver operating characteristic (ROC) curve.” Then,
univariable logistic regression analyses were used to screen
potential predictors of distant recurrence with P values
< .10. Finally, using variables from the univariable anal-
yses, a multivariable logistic regression model for the
distant recurrence—related variables was optimized with
a stepwise procedure based on the Akaike information
criterion.

To measure the model performance, the area under
the ROC curve (AUC) of the model was calculated with
the training cohort. Next, the first internal validation
was performed with the training cohort and a 10-fold
cross-validation procedure. At each of the 10 folds, the
cutoff value of probability for predicting distant recur-
rence was set at the maximum value of Youden’s index
for the ROC curve. Youden’s index was based on the
individuals’ estimated probabilities from the multivari-
able logistic model and individuals’ true values. Finally,
the second internal validation was performed with the
validation cohort, with the cutoff value calculated with
the training cohort.

To construct and validate the recurrence prediction
model, the training and validation cohorts were used
after the exclusion of patients censored within 5 years.
Recurrence 5 years after surgery was defined as no recur-
rence within the 5-year interval. To construct the model,
the regression coefficients of the variables selected in the
recurrence-related model were re-estimated with the 5-
year prognostic data of the training cohort. The model
performance measure and internal validations were per-
formed with the same statistical methods used for the
recurrence-related model.
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Cumulative survival rates were calculated with
the Kaplan-Meier method with censored data. Survival
rates between the 2 groups were compared with log-
rank tests. Statistical significance was set at 2 < .05, and
confidence intervals (CI) were fixed at 95%. All statis-

tical analyses were performed with R software (version
3.6.1).%

RESULTS

Patient Characteristics

For this study, 6432 patients were registered in the
Lynolog database from 11 participating hospitals in
Japan. After the exclusion of 1675 patients according to
the exclusion criteria, 4757 eligible patients were ran-
domly assigned to the training cohort (3171 patients)
or the validation cohort (1586 patients) at a ratio of
2:1. Demographic characteristics were well balanced
between the 2 cohorts (Table 1 and Supporting Tables
1 and 2). A total of 9740 SNs were assessed with the
OSNA assay (training cohort, 6496 nodes; valida-
tion cohort, 3244 nodes). Of the 4757 patients, 1341
(28.2%) underwent an SN examination combined with
the OSNA assay and conventional histopathological
examination (Supporting Table 1). The SN tumor bur-
dens assessed between the OSNA assay (50% or 90% of
each SN tissue) and the histopathological examination
(50% or 10% of each SN tissue) were well correlated
(Supporting Tables 3 and 4, respectively).

For the training cohort, 3.5% of the patients (110
of 3171) experienced distant recurrence with a median
follow-up of 5.5 years (range, 0.0-9.1 years), and the 5-
year DREFS rate was 96.6% (95% Cl, 95.9%-97.4%). For
the validation cohort, 2.9% of the patients (46 of 1586)
experienced distant recurrence with a median follow-up
of 5.5 years (range, 0.0-9.2), and the 5-year DRES rate
was 97.4% (95% CI, 96.6%-98.2%).

Determination of the Cutoff Value for TTL in SNs
The discriminative TTL cutoff value in the SNs for
calling distant recurrence was set at 1100 copies/pL.
With this cutoff value, 2624 patients (82.7%) and 475
patients (15.0%) in the training cohort had TTL values
of <1100 and >1100 copies/pL, respectively (Table 1).
The 5-year DRES rate was lower for patients with TTL
> 1100 copies/pL in the SNs than for patients with
TTL < 1100 copies/pL in the SNs (92.3% [95% CI,
89.8%-94.9%] vs 97.5% [95% CI, 96.8%-98.1%]; P
< .01; Fig. 1).
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TABLE 1. Patient Characteristics of the Training and
Validation Cohorts (Selected Variables)

Training Validation
Characteristic No. % No. %
No. of patients 3171 100.0 1586 100.0
Age, y
20-39 266 8.4 117 7.4
40-49 854 26.9 432 27.2
50-59 752 23.7 388 245
60-69 763 241 374 23.6
>70 536 16.9 275 17.3
pT classification
pTia-1b 1082 34.1 529 33.4
pTic 1302 411 659 41.6
pT2 715 22.5 356 22.4
pT3 52 1.6 27 1.7
Unknown 20 0.6 15 0.9
Grade
1 1441 45.4 743 46.8
20r3 1716 54.1 837 52.8
Unknown 14 0.4 6 0.4
Estrogen receptor
>1% 2695 85.0 1356 85.5
<1% 444 14.0 226 14.2
Unknown 32 1.0 4 0.3
Progesterone receptor
>1% 2257 71.2 1150 72.5
<1% 856 27.0 421 26.5
Unknown 58 1.8 15 0.9
HER2
“) 2648 83.5 1352 85.2
Equivocal® 121 3.8 61 3.8
+) 391 12.3 170 10.7
Unknown 11 0.3 3 0.2
Subtype
Luminal 2366 74.6 1221 77.0
Luminal-HER2 231 7.3 95 6.0
HER2 152 4.8 75 4.7
Triple-negative 260 8.2 128 8.1
Unknown 162 5.1 67 4.2
TTL in SNs
<1100 copies/pL 2624 82.7 1302 82.1
Unknown 72 23 48 3.0
No. of metastatic SNs
0 2500 78.8 1249 78.8
1 510 16.1 259 16.3
2 129 41 61 3.8
>3 32 1.0 17 1.1
No. of total metastatic
nodes
0 2500 78.8 1249 78.8
1-3 580 18.3 282 17.8
4-9 78 25 44 2.8
>10 13 0.4 11 0.7
Adjuvant cytotoxic
chemotherapy
No 2307 72.8 1148 72.4
Yes 854 26.9 433 27.3
Unknown 10 0.3 5 0.3
Adjuvant endocrine
therapy
No 952 30.0 460 29.0
Yes 2214 69.8 1120 70.6
Unknown 5 0.2 6 0.4
Adjuvant anti-HER2
therapy
No 2905 91.6 1465 92.4
Yes 255 8.0 112 71
Unknown 11 0.3 9 0.6

Abbreviations: HER2, human epidermal growth factor receptor 2; SN, sentinel
lymph node; TTL, total tumor load.
Almmunohistochemistry (2+) and in situ hybridization not performed.
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Figure 1. Distant recurrence-free survival according to the
total tumor load (TTL) in sentinel lymph nodes in the training
cohort.

Construction and Validation of the Recurrence-
Related Model

Upon univariable analysis using the training cohort, we
observed 17 variables that were associated with distant re-
currence (P < .10): age, breast surgery procedure, axillary
surgery procedure, pT classification, grade, lymphovascu-
lar invasion, estrogen receptor status, progesterone recep-
tor status, subtype, SN macro/micrometastasis, TTL in
the SNs, number of metastatic SNs, number of metastatic
non-SNs, number of total metastatic nodes, positive SN
ratio, adjuvant cytotoxic chemotherapy, and adjuvant
anti-human epidermal growth factor receptor 2 (HER2)
therapy (Table 2 and Supporting Table 5). In the multi-
variable analysis using the training cohort, the following 7
variables were selected for the optimal model: TTL in the
SNs, age, pT classification, grade, progesterone receptor
status, adjuvant cytotoxic chemotherapy, and adjuvant
anti-HER?2 therapy (Table 3). TTL in the SNs remained
statistically significant (P < .01).

The AUC of the model was 0.82 (95% CI, 0.77-0.87;
Supporting Fig. 1). For the first internal validation using
the training cohort with the 10-fold cross-validation pro-
cedure, the average sensitivity, specificity, and accuracy of
the model were 73.5%, 77.0%, and 76.9%, respectively
(Supporting Table 6). For the second internal validation
using the validation cohort, the sensitivity, specificity, and
accuracy of the model were 61.9%, 80.0%, and 79.5%,
respectively, with a cutoff value of 4.8% (Table 4 and
Supporting Fig. 1).

We performed the same analysis on the lumi-
nal breast cancer subtype in the cohort. However, the
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TABLE 2. Univariable Analysis of Predictive Factors
for Distant Recurrence in the Training Cohort
(Selected Variables)

Odds Ratio
Variable Estimate SE Z P (95% Cl)
Age, y (n=23171)
Intercept -2.89 0.27 -10.53 <.01* 0.06 (0.03-0.10)
20-39 1.00
40-49 -0.53 0.34 -1.58 .11 0.59(0.30-1.14)
50-59 -0.13 0.32 -0.40 .69 0.88(0.47-1.66)
60-69 -0.89 0.37 -2.42 .02° 0.41(0.20-0.84)
>70 -0.53 0.37 -1.43 .15 0.59(0.29-1.22)
pT classification (n=3151)
Intercept -5.37 0.45 -11.99 <.01* 0.00 (0.002-0.01)
pTia-1b 1.00
pTic 2.07 047 4.37 <.01* 7.89(3.12-19.93)
pT2 2.83 047 6.00 <.01* 16.89 (6.71-42.51)
pT3 3.34 0.62 5.35 <.01® 28.10 (8.27-95.45)
Grade (n=3157)
Intercept -4.12 0.21 -19.61 <.01? 0.02 (0.01-0.02)
1 1.00
2o0r3 119 0.24 5.02 <.01? 3.29 (2.07-5.24)
Estrogen receptor (n=3139)
Intercept -3.62 0.12 -29.93 <.01* 0.03 (0.02-0.03)
>1% 1.00
<1% 126 0.21 6.02 <.01* 3.51(2.33-5.28)
Progesterone (n=3113)
receptor
Intercept -3.92 0.15 -25.74 <.01* 0.02 (0.01-0.03)
>1% 1.00
<1% 1.39 0.20 6.90 <.01* 4.00 (2.70-5.92)
HER2 (n =3160)
Intercept -3.38 0.11 -31.02 <.01? 0.03 (0.03-0.04)
-) 1.00
Equivocal® 0.01 0.52 0.01 .99 1.01(0.36-2.79)
+) 0.41 0.26 1.57 .12 1.50 (0.90-2.50)
Subtype (n = 3009)
Intercept -3.68 0.13 -27.71 <.01* 0.03 (0.02-0.03)
Luminal 1.00
Luminal-HER2 0.59 0.35 1.68 .09 1.80(0.91-3.57)
HER2 0.79 0.39 2.05 .04° 2.21 (1.04-4.72)
Triple-negative 157 0.24 6.53 <.01* 4.80 (3.00-7.69)
TTL in SNs (n = 3099)
Intercept -3.61 0.12 -29.60 <.01* 0.03 (0.02-0.03)
<1100 copies/pL 1.00

>1100 copies/pL ~ 1.14 0.21 5.42 <.01% 3.13(2.07-4.72)

No. of metastatic (n=3171)
SNs
Intercept -3.62 0.13 -28.83 <.01* 0.03(0.02-0.03)
0 1.00
1 0.78 0.23 3.36 <.01% 2.18(1.38-3.43)
2 1.43 0.32 451 <.01* 4.20 (2.25-7.84)
>3 1.68 0.55 3.05 <.01* 5.35(1.82-15.70)
No. of total meta- (n=3171)
static nodes
Intercept -3.62 0.13 -28.83 <.01? 0.03 (0.02-0.03)
0 1.00
1-3 0.91 0.21 426 <.01* 2.48 (1.63-3.76)
4-9 1.31 0.42 3.14 <.01* 3.69 (1.64-8.34)
>10 1.92 0.78 246 .01° 6.81 (1.48-31.35)
Adjuvant cytotoxic (n=3161)
chemotherapy
Intercept -3.87 0.15 -26.28 <.01% 0.02 (0.02-0.03)
No 1.00
Yes 1.34 0.20 6.81 <.01* 3.83(2.60-5.64)
Adjuvant endocrine (n=3166)
therapy
Cancer  May 15,2022

TABLE 2. Continued

Odds Ratio

Variable Estimate SE = Z P (95% Cl)

Intercept -3.13 0.16 -19.36 <.01% 0.04 (0.03-0.06)

No 1.00

Yes -0.30 020 -1.46 .14 0.74(0.50-1.11)
Adjuvant anti-HER2 (n = 3160)

therapy

Intercept -3.39 0.10 -32.47 <.01* 0.03(0.03-0.04)

No 1.00

Yes 0.61 0.29 2.15 .03° 1.85(1.06-3.24)

Abbreviations: Cl, confidence intervals; HER2, human epidermal growth fac-
tor receptor 2; SE, standard error; SN, sentinel lymph node; TTL, total tumor
load.

P < .01.

®P < .05.

°Immunohistochemistry (2+) and in situ hybridization not performed.

validation procedure could not be completed because of
the small number of recurrences (data not shown).

Construction and Validations of the Recurrence
Prediction Model

After the exclusion of patients censored within 5 years,
2085 and 1059 patients remained in the training and
validation cohorts, respectively. The regression coeffi-
cients of the 7 variables selected from the recurrence-
related model were re-estimated, and the TTL in the SNs
was statistically significant (P < .01; Table 3). The AUC
of the model was 0.83 (95% CI, 0.78-0.88; Supporting
Fig. 1). For the first internal validation using the train-
ing cohort with the 10-fold cross-validation procedure,
the average sensitivity, specificity, and accuracy of the
model were 81.5%, 70.0%, and 70.5%, respectively
(Supporting Table 7). For the second internal validation
using the validation cohort, the sensitivity, specificity,
and accuracy of the model were 63.4%, 81.7%, and
81.1%, respectively, with a cutoff value of 5.7% (Table 4
and Supporting Fig. 1). The freely accessible online tool
for estimating the probability of 5-year DRES rates is
available at https://www.theranostics.jp/sln/show.

DISCUSSION

The current study is the largest study of molecular di-
agnostic analysis for lymph node metastasis. Data from
approximately 4800 patients with breast cancer whose
SN were evaluated with the OSNA assay were collected
from 11 institutions through a web-based patient regis-
tration system in Japan. We confirmed herein that the
SN tumor burden, estimated with the CK19 mRNA
copy number as a proxy, is an independent prognostic
factor in early-stage breast cancer. Moreover, as far as we
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TABLE 3. Two Multivariable Logistic Regression Models Using the Training Cohort: 1) Recurrence-Related
Model for Identifying Independent Variables Related to Distant Recurrence and 2) Recurrence Prediction
Model for Estimating the Probability of 5-Year Distant Recurrence-Free Survival

Recurrence-Related Model (n = 2831)

Recurrence Prediction Model (n = 2085)

Odds Ratio Odds Ratio

Variable Estimate SE z P (95% Cl) Estimate SE z P (95% Cil)
Intercept -5.78 0.57 -10.05 <.01? 0.00 (0.001-0.01) -5.49 0.59 -9.29 <.01? 0.00 (0.001-0.01)
TTL in SNs >1100 (vs <1100) 0.71 0.25 2.91 <.01? 2.04 (1.26-3.30) 0.80 0.27 2.94 <.01? 2.23 (1.31-3.81)
Age, 40-49 y (vs 20-39 ) -040 038 -1.05 30  0.67(0.32-1.42) -047 039 -1.21 23 0.62 (0.29-1.34)
Age, 50-59 y -0.30 0.37 -0.81 42 0.74 (0.36-1.53) -0.62 039 -1.62 1 0.54 (0.25-1.14)
Age, 60-69 y -1.04 042 -251 01°  0.35(0.16-0.80) -156 046 -341  <01? 0.21 (0.09-0.52)
Age, >70y -0.47 0.42 -1.11 .27 0.63 (0.27-1.43) -0.81 0.46 -1.75 .08 0.44 (0.18-1.10)
pTic (vs pTia-1b) 169 049 348 <01  5.40 (2.09-13.99) 173 049 352  <01? 5.66 (2.16-14.86)
pT2 2.21 0.50 4.46 <.01? 9.13 (3.46-24.14) 2.41 0.51 4.77 <.01? 11.15 (4.14-30.02)
pT3 2.72 0.66 413 <.01* 15.18 (4.17-55.23) 3.16 0.70 4.55 <.01? 23.67 (6.05-92.58)
Grade 2 or 3 (vs 1) 0.58 0.28 2.08 04> 1.79(1.03-3.10) 0.76 0.31 2.46 01° 2.14 (1.17-3.91)
Progesterone receptor <1% 1.41 0.24 582 <.01? 4.08 (2.54-6.56) 1.68 0.26  6.47 <.01? 5.39 (3.23-8.98)

(vs >1%)
Adjuvant cytotoxic chemo- 0.40 0.26 1.57 12 1.50 (0.90-2.49) -0.14 0.29 -0.49 .62 0.87 (0.49-1.54)

therapy, yes (vs no)
Adjuvant anti-HER2 therapy, -0.48 0.34 -1.42 .16 0.62 (0.32-1.20) -0.40 0.36 -1.11 27 0.67 (0.33-1.36)

yes (Vs no)

Abbreviations: Cl, confidence intervals; HER2, human epidermal growth factor receptor 2; SE, standard error; SN, sentinel lymph node; TTL, total tumor load.

ap < 01.
P < .05.

TABLE 4. Predictive Performance of the
Recurrence-Related Model and the Recurrence
Prediction Model Using the Validation Cohort

Recurrence
Recurrence-Related Prediction
Cutoff? 4.8% 5.7%
Predicted/actual  Yes No Yes No
Yes 26 292 21 188
No 16 1165 12 838
Sensitivity 61.9% 63.4%
Specificity 80.0% 81.7%
Accuracy 79.5% 81.1%

AMaximum values of Youden’s index for the receiver operating characteristic
curves based on the individuals’ estimated probabilities from the multivariable
logistic model and individuals’ true values.

are aware, this study is the first to use the OSNA assay
to construct and validate a risk prediction model to
estimate the probability of recurrence in patients with
breast cancer.

Two multivariable logistic models were established
for this study. The recurrence-related model aimed to
elucidate the prognostic impact of the molecular-based
tumor burden in SNs. The recurrence prediction model
was designed to estimate the probability of 5-year DRFS
rates. These 2 models had moderately accurate discrimi-
native ability (AUC, 0.82-0.83) and moderately high per-
formance (validation accuracy, 70%-80%).

Herein, we set the prognostic cutoff value of the
SN tumor burden at 1100 copies/pL of CK19 mRNA.

1918

With this cutoff value, the SN tumor burden was an inde-
pendent prognostic factor in the 2 multivariable models.
This cutoff value is similar to that of a previous single-
institution study (2810 copies/pL)"® because both cutoff
values are within the range of the tumor burden equiv-
alent to AJCC micrometastasis (250-5000 copies/pL).°
Therefore, patients with AJCC micrometastasis in the
SNs were divided into good and poor prognosis groups
based on the metastatic volume. The OSNA assay accu-
rately and consistently estimates small metastatic volumes
and, therefore, could be used to determine the patients
prognoses with precision.

The prediction model developed in the current
study can accurately predict early systemic recurrence after
standard adjuvant therapies for early-stage breast cancer.
Although distant metastasis occurred in <5% of the study
population and this low prevalence of events may negatively
influence the predictive performance, the predictive accu-
racy of the model was as high as 70% to 80% by the 2
procedures of the internal validations. Using the prediction
model, we developed a freely accessible online tool for esti-
mating 5-year DRFS, which is available on the website of
the Japanese Association for Theranostics. This online tool
can help clinicians to predict prognosis accurately and re-
producibly with the OSNA assay and to guide more precise
therapeutic strategies for patients who undergo SN biopsy.

For patients with hormone receptor—positive and
HER2-negative (luminal) breast cancer, the indication
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of adjuvant chemotherapy has recently been guided by
a multigene assay.”"** In the current study, 75.4% of
the patients (3587 of 4757) had luminal breast cancer,
and 80.7% of them (2896 of 3587) were treated without
adjuvant cytotoxic chemotherapy. Thus, our prediction
model might be useful for the selection of patients with
luminal breast cancer who have an excellent prognosis
without chemotherapy, even in the absence of the mul-
tigene assay. When patients are estimated to have a poor
prognosis by our model, the addition of the multigene
assay would help to assess potential benefits from adju-
vant chemotherapy.

There are 3 potential limitations to the construc-
tion, validation, and clinical utility of our prognostic
prediction model. First, the median follow-up of 5.5
years to assess the prognosis of early-stage breast cancer
is relatively short. Thus, distant metastasis was detected
in <5% of the patients. Further follow-up of patients and
improvement of the model to predict the 10- or 15-year
prognosis are desirable. Second, external validation (tem-
poral or geographic validation) could not be performed
for our model.'® In this study, however, the patient selec-
tion bias appears negligible because this is a large-scale,
multdicenter study, and the predictive performance was
evaluated in 2 ways: 10-fold cross-validation using the
training cohort (>2000 patients) and validation using the
validation cohort (>1000 patients). Finally, our model
cannot be used to identify patients who can benefit from
adjuvant cytotoxic chemotherapy. We suggest that such
a model could be developed with data from the patients
with luminal breast cancer in the cohort after a 10-year or
longer follow-up.

In conclusion, the molecular readout—based SN
tumor burden using the OSNA assay can serve as an
independent prognostic indicator in early-stage breast
cancer. The prognostic cutoff value in the SNs was
within the tumor burden range equivalent to AJCC
micrometastasis. Furthermore, the prediction model
that we developed during the course of this study can
accurately predict early systemic recurrence after stan-
dard adjuvant therapies. It could, therefore, facilitate
therapeutic decision-making for clinicians who care for
patients with breast cancer.
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