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Introduction: Knowledge of the association between isolated tumor cells (ITCs) in
breast cancer patients and the outcome is very limited. We aimed to determine
the prognostic value of axillary lymph node ITCs for T1N0M0 female breast cancer
(FBC) patients.

Methods: Data for T1N0M0 FBC patients staged ITCs negative [pN0(i−)] and positive
[pN0(i+)] were extracted from the Surveillance, Epidemiology, and End Results database
from 2004 to 2015. Prognostic predictors were identified by Kaplan–Meier analysis,
competing risk model, and Fine–Gray multivariable regression model.

Results: A total of 94,599 subjects were included, 88,632 of whom were staged at
pN0(i−) and 5,967 were pN0(i+). Patients staged pN0(i+) had worse breast cancer-
specific survival (BCSS) [hazard ratio (HR): 1.298, 95% CI = 1.069–1.576, P = 0.003]
and higher breast cancer-specific death (BCSD) rate (Gray’s test, P = 0.002) than
pN0(i−) group. In the Fine–Gray multivariable regression analysis, the pN0(i+) group
had higher BCSD rate (HR: 1.321, 95% CI = 1.109–1.575, P = 0.002) than pN0(i−)
group. In subgroup analyses, no significant difference in BCSD was shown between the
chemotherapy and non-chemotherapy subgroup (Gray’s test, P = 0.069) or radiotherapy
and non-radiotherapy subgroup (Gray’s test, P = 0.096).

Conclusion: ITC was independently related to the increase of the BCSD rate and could
be identified as a reliable survival predictor for T1N0M0 FBC patients.
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INTRODUCTION

Isolated tumor cells (ITCs), proposed by Saphir and Amromin
(1) as occult metastasis of axillary lymph nodes in breast cancer,
were defined as the single tumor cell or tumor-cell cluster with
a maximum diameter of no more than 0.2 mm. In 2002, the
6th edition of the American Joint Committee on Cancer (AJCC)
TNM classification manual (2)included the existence of ITC
in its lymph node staging system and proposed the definition
of pN0(i−) and pN0(i+). N is staged at pN0 if there is no
evidence of the tumor in the lymph node by hematoxylin and
eosin (H&E) staining. If neither H&E nor immunohistochemical
(IHC) staining detects the presence of tumor cells in the lymph
node, the N stage is classified as pN0(i−). If ITC is found in
lymph node according to H&E or IHC staining, the N stage is
defined as pN0(i+).

Due to the lack of large multicenter randomized controlled
clinical study and long follow-up time, the impact of ITCs on
patients’ survival is controversial. Some studies showed that
ITCs had little effect on prognosis (3–9), while other researches
suggested that ITCs had an adverse influence on survival (10–15).
Therefore, more studies are urgently needed to confirm the real-
world curative effect of lymph node ITCs in patients with female
breast cancer (FBC).

To further explore and identify the prognostic value of
axillary lymph nodes ITCs in patients with T1N0M0 FBC,
we followed up a large cohort of FBC patients from 2004 to
2015 by using the population-based Surveillance, Epidemiology,
and End Results (SEER) database. Statistical methods such as
Kaplan–Meier analysis and competing risk model were applied
to investigate the effect of axillary lymph node ITCs on the
prognosis of T1N0M0 FBC.

MATERIALS AND METHODS

Data Resource
The SEER database, maintained by the National Cancer Institute,
is the world’s largest public cancer dataset. The SEER program
consists of 18 cancer registries and collects the demography,
clinical characteristics, and survival information of cancer in
representative geographic regions of the United States, which
covers approximately 26% of the United States population
(16). The relevant data were extracted from the SEER∗Stat
software version 8.3.61 (Information Management Service, Inc.,
Calverton, MD, United States). All procedures were performed
in accordance with approved guidelines. Because the SEER
database is publicly accessible, this study does not require
informed patient consent and was deemed exempt from review
by the Ethics Committee of the First Affiliated Hospital of Xi’an
Jiaotong University.

Patient Cohort
Patients diagnosed with breast cancer from 2004 to 2015 were
enrolled in the study, and we adopted the AJCC staging system

1https://seer.cancer.gov/seerstat/

(6th Edition) to define tumor stage. Patients were included if
they met the following criteria: (1) female; (2) primary breast
cancer (ICD-0-3 histology codes: 8430/3, 8440/3, 8453/3, 8460/3,
8460/3, 8470/3, 8480/3, 8500/3, 8501/3, 8502/3, 8503/3, 8504/3,
8507/3, 8510/2, 8513/3, 8514/3, 8520/3, 8521/3, 8522/3, 8523/3,
8524/3, 8525/3, 8530/3, 8540/3, 8541/3, 8542/3, 8543/3, 8560/3,
8570/3, 8571/3, 8572/3, 8573/3, 8574/3, 8575/3); (3) aged 18 years
or older; (4) T1 and M0 stages; and (5) axillary lymph node
status of pN0(i+) or pN0 (i−). The following demographic and
clinicopathological variables were included: age at diagnosis, race,
laterality, grade of tumor, T stage, N stage, M stage, estrogen
receptor (ER) phenotype, progesterone receptor (PR) phenotype,
surgery status, radiotherapy status, chemotherapy status, survival
months, vital status, cause of death, and marital status.

After the preliminary selection, patients were excluded by the
following criteria: (1) bilateral breast cancer; (2) no or unknown
surgery; (3) ER and PR status of borderline; and (4) incomplete
variables records. The selection procedure is shown in Figure 1.

A total of 94,599 patients with T1N0M0 FBC were selected.
To evaluate the effect of lymph nodes ITCs on prognosis, the
study cohort was divided into two groups by the status of ITCs:
the pN0(i−) group and pN0(i+) group. “No radiation and/or
cancer-directed surgery” was considered as no radiotherapy.
“No/unknown” chemotherapy recodes were considered as
no chemotherapy.

Endpoints
Patients were followed up until November 2018, and the median
follow-up time was 5.75 years (ranging from 0 to 12.92 years).
The primary endpoint was breast cancer-specific survival (BCSS),
while the secondary was overall survival (OS) and breast cancer-
specific death (BCSD). OS was referred to the time from the date
of diagnosis to the date of death, the date of the last follow-up,
or November 2018. BCSS and BCSD were measured as the time
from the date of diagnosis to the date of death from breast cancer.

Statistical Analysis
Descriptive statistics and frequency tables were used to
summarize the baseline characteristics of patients. Categorical
data were analyzed with the chi-squared test, and continuous data
were compared with the Mann–Whitney U test. Kaplan–Meier
curve analysis was employed to generate OS and BCSS curves,
with the log-rank test was performed to determine the statistical
differences among groups. The competing risk model analysis
classified death causes into the BCSD group and non-BCSD
group, and Gray’s test was used to identify statistical differences
between BCSD and non-BCSD due to any competing risk events.
The Fine–Gray multivariable regression model was performed to
identify factors associated with the risk of death from all causes,
which aimed to reduce bias caused by informative censoring.
Two-sided P-values < 0.05 were used to determine statistical
significance in all analyses. SPSS (version 22.0, IBM Corporation,
Armonk, NY, United States) and R version 3.6.2 software (The
R Foundation for Statistical Computing, Vienna, Austria2) were
used to perform the calculations.

2https://www.r-project.org/
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FIGURE 1 | Eligibility, inclusion, and exclusion criteria of the study population.

RESULTS

Patient Characteristics
The baseline clinical characteristics of the included patients
are shown in Table 1. Among the 94,599 patients, 88,632
(93.69%) were staged at pN0(i−), while 5,967 (6.31%) were
staged at pN0(i+). The mean age at initial diagnosis was
60.79 (± 12.15) years. In total, 70,237 (74.25%) cases were
non-Hispanic White, and 46,859 (49.53%) patients had tumors
located in the left breast and 47,740 (50.47%) in the right
breast. Moderately differentiated (grade II) tumors were most
common in participants (31.42%). Of all patients, 82,246
(86.94%) were ER-positive, 73,121 (77.30%) were PR-positive,
and 59,624 (63.03%) were married. A total of 68,404 (72.31%)
patients were treated with breast-conserving surgery (BCS),
56,530 (59.76%) were treated with radiotherapy, and 21,584
(22.82%) were treated with chemotherapy. By comparing
the pN0(i+) and pN0(i−) groups, significant differences
(P < 0.05) were found in age, grade level, ER status, PR
status, surgical methods, and radiotherapy and chemotherapy
status. Patients with ITCs tend to be younger and had higher
tumor grades. The pN0(i−) group had a lower positive
rate of ER and PR. In terms of treatment, the pN0(i−)
patients tend to receive BCS and radiotherapy, while the
pN0(i+) patients were more likely to choose mastectomy
and chemotherapy.

Kaplan–Meier Survival Analysis
Among the 94,599 patients included, 8,034 (8.49%) died in
this cohort study. The cumulative incidence of BCSD was only
1.78% (1,685/94,599), but the cumulative non-BCSD incidence
was as high as 6.71% (6,349/94,599). Compared with patients in
the pN0(i−) group, as shown in Figures 2A,B, patients in the
pN0(i+) group had worse BCSS [hazard ratio (HR):1.298, 95%
confidence interval (CI) = 1.069–1.576, P = 0.003]. There was
no statistical difference between the pN0(i−) group and pN0(i+)
group in OS (HR: 0.925, 95% CI = 0.847–1.011, P = 0.101).

Competing Risk Model of Breast
Cancer-Specific Death and Non-breast
Cancer-Specific Death
A total of 8,034 deaths were included in the matched
cohort, of which 20.97% (1,685/8,034) were BCSD and 79.03%
(6,349/8,034) were non-BCSD. As shown in Figure 3, patients in
the pN0(i+) group had a higher cumulative BCSD rate (Gray’s
test, P = 0.002) but lower non-BCSD rate (Gray’s test, P < 0.001)
than patients in the pN0(i−) group.

Multivariable Competing Risk Analysis of
Survival
To further investigate independent prognostic factors in BCSD,
the Fine–Gray multivariable regression model was established
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TABLE 1 | The clinicopathological characteristics of female breast cancer patients with axillary lymph node status of pN0(i+) and pN0(i−).

Characteristics N (94,599) N0(i−) (88,632) N0(i+) (5,967) P

N % n % n %

Age (years, mean ± SD) 60.79 ± 12.15 – 60.94 ± 12.13 – 58.48 ± 12.27 – <0.001

Race 0.428

Non-Hispanic White 70,237 74.25 65,815 74.26 4,422 74.11

Non-Hispanic Black 7,565 8.00 7,060 7.97 505 8.46

Hispanic (all races) 8,906 9.41 8,342 9.41 564 9.45

Other races 7,981 8.34 7,415 8.37 476 7.98

Laterality 0.433

Left 46,859 49.53 43,874 49.50 2,985 50.03

Right 47,740 50.47 44,758 50.50 2,982 49.97

Grade <0.001

1 29,724 31.42 28,232 31.85 1,492 25.00

2 43,407 45.89 40,389 45.57 3,018 50.58

3/4 21,468 22.69 20,011 22.58 1,457 24.42

ER <0.001

Positive 82,246 86.94 76,932 86.80 5,314 89.06

Negative 12,353 13.06 11,700 13.20 653 10.94

PR <0.001

Positive 73,121 77.30 68,365 77.12 4,765 79.86

Negative 21,478 22.70 20,276 22.88 1,202 20.14

Marital status 0.596

Married 59,624 63.03 55,844 63.01 3,780 63.35

Unmarried/DSW 34,975 36.97 32,788 36.99 2,187 36.65

Surgery <0.001

BCS 68,404 72.31 64,697 73.00 3,707 62.13

Mastectomy 26,195 27.69 23,935 27.00 2,260 37.87

Radiotherapy <0.001

Yes 56,530 59.76 53,343 60.18 3,187 53.41

No 38,069 40.24 35,289 39.82 2,780 46.59

Chemotherapy <0.001

Yes 21,584 22.82 19,703 22.23 1,881 31.52

No 73,015 77.18 68,929 77.77 4,086 68.48

ER, estrogen receptor; PR, progesterone receptor; DSW, divorced and separated and widowed; BCS, breast-conserving surgery. Bold values means P < 0.05.

(Table 2). Results showed that patients in the pN0(i+) subgroup
had higher BCSD rate (HR: 1.321, 95% CI = 1.109–1.575,
P = 0.002) than patients in the pN0(i−) subgroup. Patients
with young age, White and other races, highly differentiated
(grade I), ER-positive tumors, PR-positive tumors, married state,
radiotherapy, and no chemotherapy tended to have significantly
lower BCSD than do the corresponding subgroups (P < 0.05).
In addition, age, race, grade, marital status, and radiotherapy
and chemotherapy status were also associated with non-BCSD
(P < 0.05).

Chemotherapy, Radiotherapy, and
Survival for Patients With pN0(i+)
Of the 5,967 pN0(i+) FBC patients included, 3,187 received
radiotherapy, while 1,181 had chemotherapy. To further explore
and identify the effect of treatment methods on the prognosis of
patients staged with pT1N0(i+) M0, a competing risk model was
performed. As shown in Figures 4A,B, no significant difference

in cumulative BCSD was shown between chemotherapy and non-
chemotherapy subgroups (Gray’s test, P = 0.069) or radiotherapy
and non-radiotherapy subgroups (Gray’s test, P = 0.096).

DISCUSSION

In this retrospective study, based on the analysis of the
large cohort of 94,599 patients in the SEER database from
2004 to 2015 and an integrated range of factors in the
competing risk model, we confirmed that ITCs could significantly
reduce BCSS for FBC patients. To our knowledge, this was
the first and largest population-based study to assess the
impact of ITCs on FBC patients by using the Fine–Gray
multivariable regression model through analyzing survival
variables, demographic characteristics, and pathological factors.

The H&E staining has been widely used to determine lymph
node metastasis because it can easily identify single cells or cell
clusters that were difficult to recognize in the past. However,
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FIGURE 2 | Kaplan–Meier survival analysis for pN0(i+) and pN0(i–) female breast cancer patients. (A) Overall survival curves for the pN0(i+) group and pN0(i–) group.
(B) Breast cancer-specific survival curves for the pN0(i+) group and pN0(i–)group.

the ITC was found in a considerable number of patients with
H&E staining negative in the lymph nodes when more accurate
IHC staining was performed. As a result, pN0(i−) and pN0(i+)
have been added to the 6th edition of the AJCC guideline to
specify whether ITC is detected. However, in the 8th edition of the
AJCC guideline, the concepts of pN0(i−) and pN0 were merged

and unified as pN0. This leads to a more consistent and precise
definition of breast cancer occult metastases.

It has been recognized that the degree of lymph node spread
is closely related to the outcome and risk of the tumor, which is
also the reason why the degree of lymph node metastasis should
be accurately defined. The volume of ITC is six times smaller
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FIGURE 3 | Cumulative incidence of breast cancer-specific deaths (BCSDs) and non-breast cancer-specific deaths (non-BCSDs) in pN0(i+) and pN0(i–) female
breast cancer patients.

than that of micrometastasis; therefore, some scientists call it
“nano metastasis,” and they propose upgrading pN0(i+) to a new
pathological category “pN1na” to emphasize the importance of
ITC (17). The mechanism of ITC affecting prognosis may be
that it can promote tumor progression and metastasis even as
a nanoscale metastasis. The reason why the prognostic value of
ITC is ignored may be related to the overall good prognosis of
breast cancer and can also be interpreted as being covered by
other confounding factors such as age, race, molecular type, and
other clinicopathological features.

Breast cancer-specific survival is an objective, reliable, precise,
and bias-free measurement for patients with breast carcinoma.
In our study, after Kaplan–Meier curve analysis, patients in the
pN0(i+) group had poorer BCSS than patients in the pN0(i−)
group. However, the estimation bias resulting from BCSD and
other competitive causes of death should not be neglected.
The occurrence of competitive events hinders the possibility
of events of interest (18, 19) and might be a competing risk
affecting BCSS and preclude the occurrence of the primary
event of BCSD. To mitigate the estimation bias and to further
investigate the influence of ITCs on BCSD or other causes of
death, a multivariable competing risk analysis was used. After
multivariable competing risk analysis, the pN0(i+) group had a
higher cumulative BCSD rate than the pN0(i−) group, and ITC
was shown to be an independent prognostic factor.

In the National Surgical Adjuvant Breast and Bowel Project
(NSABP) trial B-32, the effect of occult metastases on survival

in node-negative breast cancer was studied through phase 3
clinical trials (4). They performed IHC in 3,887 breast cancer
patients with node-negative breast cancer and found that isolated
tumor-cell clusters were detected in 11.1% of patients. After a
median follow-up period of 95.3 months, there was a significant
difference in OS and BCSD between patients with ITC clusters
and those without metastasis, and the HRs were 1.37 (95%
CI = 1.03–1.81) and 1.38 (95% CI = 1.02–1.87), respectively.
In our study, we found that there was no significant difference
between the pN0(i+) and pN0(i−) groups in OS, but through
the adjustment of the competing risk model, the pN0(i+) group
had a higher BCSD rate (HR: 1.321, 95% CI = 1.109–1.575) than
the pN0(i−) group. The reasons for the different results may be
related to the number of population, follow-up time, population
selection, or control of confounding factors. However, both the
NSABP trial B-32 and our research show that it is necessary to test
IHC in node-negative breast cancer patients, which determines
the prognosis of patients and may affect the choice of treatment.

Traditionally, the selection of postoperative treatment after
breast cancer depends on the pathological characteristics of
the tumor, such as tumor size, lymph node status, histological
classification, and molecular typing. It is not clear whether
chemotherapy or radiotherapy is necessary for T1N0M0 FBC
patients with ITCs in axillary lymph nodes. In our study,
no significant difference in cumulative BCSD was shown
between the chemotherapy and non-chemotherapy subgroups
or radiotherapy and non-radiotherapy subgroups. These results
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TABLE 2 | Multivariable competing risk analysis in patients with pN0(i+) and pN0(i−) female breast cancer.

Characteristics BCSD (N1 = 1,685, 20.97%) Non-BCSD (N2 = 6,349, 79.03%)

Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value

Age (years, mean ± SD) 1.022 1.017–1.027 <0.001 1.097 1.094–1.100 <0.001

Stage N

N0(i−) 1 – 1 –

N0(i+) 1.321 1.109–1.575 0.002 1.009 0.906–1.125 0.86

Race

Non-Hispanic White 1 – 1 –

Non-Hispanic Black 1.568 1.357–1.813 <0.001 1.343 1.229–1.469 <0.001

Hispanic (all races) 1.262 1.073–1.486 0.005 0.966 0.873–1.068 0.50

Other races 0.800 0.649–0.986 0.036 0.670 0.594–0.756 <0.001

Laterality

Left 1 – 1 –

Right 1.031 0.9437–1.135 0.53 0.975 0.928–1.024 0.30

Grade

1 1 – 1 –

2 1.835 1.574–2.139 <0.001 1.066 1.008–1.128 0.026

3/4 3.288 2.768–3.906 <0.001 1.086 1.004–1.175 0.040

ER

Positive 1 – 1 –

Negative 1.509 1.279–1.782 <0.001 1.098 0.995–1.213 0.064

PR

Positive 1 – 1 –

Negative 1.311 1.128–1.525 <0.001 0.998 0.928–1.074 0.97

Marital status

Married 1 – 1 –

Unmarried/DSW 1.170 1.058–1.293 0.002 1.339 1.271–1.410 <0.001

Surgery

BCS 1 – 1 –

Mastectomy 1.147 0.987–1.334 0.074 0.964 0.898–1.035 0.31

Radiotherapy

Yes 1 – 1 –

No 1.220 1.060–1.404 0.006 1.350 1.268–1.438 <0.001

Chemotherapy

Yes 1 – 1 –

No 0.817 0.720–0.928 0.002 1.227 1.119–1.346 <0.001

ER, estrogen receptor; PR, progesterone receptor; DSW, divorced and separated and widowed; BCS, breast-conserving surgery. Bold values means P < 0.05.

were consistent with the previous reports (20). The underlining
reason can be explained by ITCs that may have a low potential
for malignancy; therefore, there is no extra survival benefit for
additional radiotherapy or chemotherapy. Interestingly, we also
found that chemotherapy in the Fine–Gray model analysis was a
risk factor for patients staged with pT1N0M0 FBC. Randomized
controlled clinical trials with long follow-up time are still
needed to provide a high level of evidence on the advantage of
chemotherapy for patients with pT1N0(i+) M0 FBC.

At present, gene detection is an accurate method to predict
the prognosis of breast cancer. For example, 21 gene assay
(Oncotype DX) is a prognostic marker for ER-positive and
lymph node-negative breast cancer (21, 22). Seventy gene assay
(MammaPrint) is closely related to the outcome of young patients
with primary breast cancer of less than 5 cm (23, 24). The

significance of 76 gene assay in lymph node-negative breast
cancer has been confirmed (25, 26). However, gene detection is
expensive, difficult to operate, and limited in accuracy; and the
clinical application value needs to be further discussed. However,
as traditional clinicopathological information, ITC detection is
convenient, fast, cheap and has a significant correlation with
prognosis. Therefore, in terms of predicting prognosis, ITC may
be a better choice for lymph node-negative breast cancer.

In our study, we found that breast cancer is not the main
cause of death in patients with pN0(i+) or pN0(i−), and non-
BCSD accounts for the majority. During 10 years of follow-up,
the non-BCSD rate of pN0(i+) and pN0(i−) was as high as 71.33
and 79.00%, respectively. A study on the causes of death for FBC
patients has confirmed that the main cause of death was not
breast cancer but heart disease 5 years after the diagnosis, and
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FIGURE 4 | Competing risk analysis of the effect of different adjuvant treatment methods with surgery on the survival in pT0N0(i+) M0 female breast cancer patients.
(A) Cumulative incidence of breast cancer-specific deaths (BCSDs) and non-breast cancer-specific deaths (non-BCSDs) in chemotherapy subgroup and
non-chemotherapy subgroup. (B) Cumulative incidence of BCSDs and non-BCSDs in radiotherapy subgroup and non-radiotherapy subgroup.

the proportion of BCSD will gradually decrease (27). Therefore,
for patients with early-stage breast cancer, it is very important
to pay close attention to other non-cancer diseases, especially
cardiovascular health.

Inevitably, there are some limitations in this study that
should not be ignored. First of all, as a retrospective study
rather than a prospective cohort study, inherent selection biases
and uncontrolled confounding factors cannot be avoided and
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may limit the external effects of this study. Secondly, we were
unable to avoid the possibility that the observed risk reductions
might exclude the influence of potential confounders, such
as surgery methods of axillary lymph nodes, family history,
comorbidities, endocrine therapy, targeted therapy against HER-
2/neu-overexpression, and health status. These data greatly
impacted the clinical decisions (28) and even breast cancer
prognosis (29). Thirdly, as the data of human epidermal growth
factor receptor 2 (HER-2)status were not available until 2010,
therefore, we deleted the information about HER-2, which cannot
clear the effect of HER-2 on survival.

CONCLUSION

In conclusion, our study demonstrated that the presence of ITCs
was independently related to the increase of the BCSD rate and
could be identified as a reliable marker to predict the prognosis
for patients with T1N0M0 FBC.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: Surveillance, Epidemiology, and End Results
(SEER) database (https://seer.cancer.gov/).

AUTHOR CONTRIBUTIONS

YL, WZ, and YR designed the experiments. YL, YQ, and HC
collected and analyzed the data. YL, KL, and SP created the tables
and figures and drafted the manuscript. YL and KL contributed
reagents, materials, and analysis tools. YL helped with the
statistical methods. CZ and JH supervised the completion of the
study. All authors discussed the results, contributed to the final
manuscript, approved the final draft, and decided to submit it
for publication.

FUNDING

This study was supported by the National Natural Science
Foundation of China (NSFC 81502413) and the Shaanxi
Provincial Natural Science Foundation (SNSFC 2019SF-145).

ACKNOWLEDGMENTS

We are thankful for the Surveillance, Epidemiology, and End
Results Program (National Cancer Institute) for the development
of the SEER database. We wish to thank all our colleagues in the
Department of Breast Surgery, First Affiliated Hospital of Xi’an
Jiaotong University.

REFERENCES
1. Saphir O, Amromin GD. Obscure axillary lymph node metastases in

carcinoma of the breast. Cancer. (1948) 1:238–41. doi: 10.1002/1097-
0142(194807)1:23.0.co;2-u

2. Green FL, Page DL, Fleming ID, Fritz A, Balch CM, Haller DG, et al.
AJCC Cancer Staging Manual. 6th ed. New York, NY: Springer (2002).
p. 257–82.

3. Giuliano AE, Hawes D, Ballman KV, Whitworth PW, Blumencranz PW,
Reintgen DS, et al. Association of occult metastases in sentinel lymph nodes
and bone marrow with survival among women with early-stage invasive breast
cancer. JAMA. (2011) 306:385–93. doi: 10.1001/jama.2011.1034

4. Weaver DL, Ashikaga T, Krag DN, Skelly JM, Anderson SJ, Harlow SP, et al.
Effect of occult metastases on survival in node-negative breast cancer. New
Engl J Med. (2011) 364:412–21. doi: 10.1056/NEJMoa1008108

5. Hansen NM, Grube B, Ye X, Turner RR, Brenner RJ, Sim MS, et al. Impact of
micrometastases in the sentinel node of patients with invasive breast cancer. J
Clin Oncol. (2009) 27:4679–84. doi: 10.1200/JCO.2008.19.0686

6. Meattini I, Desideri I, Saieva C, Francolini G, Scotti V, Bonomo P, et al. Impact
of sentinel node tumor burden on outcome of invasive breast cancer patients.
Eur J Surg Oncol. (2014) 40:1195–202. doi: 10.1016/j.ejso.2014.08.471

7. Kimbrough CW, McMasters KM, Quillo A, Ajkay N. Occult metastases in
node-negative breast cancer: a surveillance, epidemiology, and end results-
based analysis. Surgery. (2015) 158:494–500. doi: 10.1016/j.surg.2015.03.049

8. Houvenaeghel G, Classe JM, Garbay JR, Giard S, Cohen M, Faure C, et al.
Prognostic value of isolated tumor cells and micrometastases of lymph nodes
in early-stage breast cancer: a French sentinel node multicenter cohort study.
Breast. (2014) 23:561–6. doi: 10.1016/j.breast.2014.04.004

9. Maaskant-Braat AJ, van de Poll-Franse LV, Voogd AC, Coebergh JW, Roumen
RM, Nolthenius-Puylaert MC, et al. Sentinel node micrometastases in breast
cancer do not affect prognosis: a population-based study. Breast Cancer Res
Treat. (2011) 127:195–203. doi: 10.1007/s10549-010-1086-6

10. de Boer M, van Deurzen CH, van Dijck JA, Borm GF, van Diest PJ, Adang
EM, et al. Micrometastases or isolated tumor cells and the outcome of breast
cancer. N Engl J Med. (2009) 361:653–63. doi: 10.1056/NEJMoa0904832

11. Querzoli P, Pedriali M, Rinaldi R, Lombardi AR, Biganzoli E, Boracchi P,
et al. Axillary lymph node nanometastases are prognostic factors for disease-
free survival and metastatic relapse in breast cancer patients. Clin Cancer Res.
(2006) 12:6696–701.

12. Jaffer S, Nagi C, Bleiweiss IJ. Occult axillary node metastases in breast cancer
are prognostically significant: results in 368 node-negative patients with 20-
year follow-up. J Clin Oncol. (2008) 26:1803–9. doi: 10.1200/JCO.2007.12.
6425

13. Leidenius MH, Vironen JH, Heikkilä PS, Joensuu H. Influence of isolated
tumor cells in sentinel nodes on outcome in small, node-negative (pT1N0M0)
breast cancer. Ann Surg Oncol. (2010) 17:254–62. doi: 10.1245/s10434-009-
0723-y

14. de Boer M, van Dijck JA, Bult P, Borm GF, Tjan-Heijnen VC. Breast cancer
prognosis and occult lymph node metastases, isolated tumor cells, and
micrometastases. J Natl Cancer Inst. (2010) 102:410–25. doi: 10.1093/jnci/
djq008

15. Liikanen JS, Leidenius MH, Joensuu H, Vironen JH, Meretoja TJ. Prognostic
value of isolated tumour cells in sentinel lymph nodes in early-stage breast
cancer: a prospective study. Br J Cancer. (2018) 118:1529–35. doi: 10.1038/
s41416-018-0052-7

16. Wingo PA, Jamison PM, Hiatt RA, Weir HK, Gargiullo PM, Hutton M,
et al. Building the infrastructure for nationwide cancer surveillance and
control–a comparison between the National Program of Cancer registries
(NPCR) and the surveillance, epidemiology, and end results (SEER) program
(United States). Cancer Causes Control. (2003) 14:175–93. doi: 10.1023/a:
1023002322935

17. Querzoli P, Pedriali M, Rinaldi R, Lombardi A, Biganzoli E, Boracchiet P,
et al. Axillary lymph node nanometastases are prognostic factors for disease-
free survival and metastatic relapse in breast cancer patients. Clin Cancer Res.
(2006) 12:6696–701. doi: 10.1158/1078-0432.CCR-06-0569

18. Haller B, Schmidt G, Ulm K. Applying competing risks regression models:
an overview. Lifetime Data Anal. (2013) 19:33−58. doi: 10.1007/s10985-012-
9230-8

19. Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics: competing risks and
multi−state models. Stat Med. (2007) 26:2389−2430. doi: 10.1002/sim.2712

Frontiers in Oncology | www.frontiersin.org 9 September 2020 | Volume 10 | Article 572316

https://seer.cancer.gov/
https://doi.org/10.1002/1097-0142(194807)1:23.0.co;2-u
https://doi.org/10.1002/1097-0142(194807)1:23.0.co;2-u
https://doi.org/10.1001/jama.2011.1034
https://doi.org/10.1056/NEJMoa1008108
https://doi.org/10.1200/JCO.2008.19.0686
https://doi.org/10.1016/j.ejso.2014.08.471
https://doi.org/10.1016/j.surg.2015.03.049
https://doi.org/10.1016/j.breast.2014.04.004
https://doi.org/10.1007/s10549-010-1086-6
https://doi.org/10.1056/NEJMoa0904832
https://doi.org/10.1200/JCO.2007.12.6425
https://doi.org/10.1200/JCO.2007.12.6425
https://doi.org/10.1245/s10434-009-0723-y
https://doi.org/10.1245/s10434-009-0723-y
https://doi.org/10.1093/jnci/djq008
https://doi.org/10.1093/jnci/djq008
https://doi.org/10.1038/s41416-018-0052-7
https://doi.org/10.1038/s41416-018-0052-7
https://doi.org/10.1023/a:1023002322935
https://doi.org/10.1023/a:1023002322935
https://doi.org/10.1158/1078-0432.CCR-06-0569
https://doi.org/10.1007/s10985-012-9230-8
https://doi.org/10.1007/s10985-012-9230-8
https://doi.org/10.1002/sim.2712
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


fonc-10-572316 September 17, 2020 Time: 18:51 # 10

Li et al. Prognostic Value of Isolated Tumor Cells

20. van der Heiden-van der Loo M, Schaapveld M, Ho VK, Siesling S, Rutgers
EJ, Peeters PH. Outcomes of a population-based series of early breast cancer
patients with micrometastases and isolated tumour cells in axillary lymph
nodes. Ann Oncol. (2013) 24:2794–801. doi: 10.1093/annonc/mdt243

21. Fisher B, Costantino J, Redmond C, Poisson R, Bowman D, Couture J, et al.
A randomized clinical trial evaluating tamoxifen in the treatment of patients
with node-negative breast cancer who have estrogen-receptor-positive tumors.
N Engl J Med. (1989) 320:479–84. doi: 10.1056/NEJM198902233200802

22. Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, et al. A multigene assay to
predict recurrence of tamoxifen-treated, node-negative breast cancer. N Engl J
Med. (2004) 351:2817–26. doi: 10.1056/NEJMoa041588

23. van’t Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, et al. Gene
expression profiling predicts clinical outcome of breast cancer. Nature. (2002)
415:530–6. doi: 10.1038/415530a

24. Van De Vijver MJ, He YD, van’t Veer LJ, Dai H, Hart AA, Voskuil DW, et al.
A gene-expression signature as a predictor of survival in breast cancer. N Engl
J Med. (2002) 347:1999–2009. doi: 10.1056/NEJMoa021967

25. Wang Y, Klijn JG, Zhang Y, Sieuwerts AM, Look MP, Yang F, et al. Gene-
expression profiles to predict distant metastasis of lymph-node-negative
primary breast cancer. Lancet. (2005) 365:671–9. doi: 10.1016/S0140-6736(05)
17947-1

26. Foekens JA, Atkins D, Zhang Y, Sweep FC, Harbeck N, Paradiso A, et al.
Multicenter validation of a gene expression-based prognostic signature in
lymph node-negative primary breast cancer. J Clin Oncol. (2006) 24:1665–71.
doi: 10.1200/JCO.2005.03.9115

27. Afifi AM, Saad AM, Al-Husseini MJ, Elmehrath AO, Northfelt DW,
Sonbol MB. Causes of death after breast cancer diagnosis: A US
population-based analysis. Cancer. (2020) 126:1559–67. doi: 10.1002/cncr.
32648

28. Webster S, Lawn S, Chan R, Koczwara B. The role of comorbidity
assessment in guiding treatment decision-making for women
with early breast cancer: a systematic literature review. Support
Care Cancer. (2020) 28:1041–50. doi: 10.1007/s00520-019-
05218-w

29. Charehbili A, Fontein DB, Kroep JR, Liefers GJ, Mieog JS, Nortier JW,
et al. Neoadjuvant hormonal therapy for endocrine sensitive breast cancer: a
systematic review. Cancer Treat Rev. (2014) 40:86–92. doi: 10.1016/j.ctrv.2013.
06.001

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Li, Zhang, Zhang, Ren, Qiao, Li, Chen, Pu, He and Zhou. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Oncology | www.frontiersin.org 10 September 2020 | Volume 10 | Article 572316

https://doi.org/10.1093/annonc/mdt243
https://doi.org/10.1056/NEJM198902233200802
https://doi.org/10.1056/NEJMoa041588
https://doi.org/10.1038/415530a
https://doi.org/10.1056/NEJMoa021967
https://doi.org/10.1016/S0140-6736(05)17947-1
https://doi.org/10.1016/S0140-6736(05)17947-1
https://doi.org/10.1200/JCO.2005.03.9115
https://doi.org/10.1002/cncr.32648
https://doi.org/10.1002/cncr.32648
https://doi.org/10.1007/s00520-019-05218-w
https://doi.org/10.1007/s00520-019-05218-w
https://doi.org/10.1016/j.ctrv.2013.06.001
https://doi.org/10.1016/j.ctrv.2013.06.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A Competing Risk Analysis Model to Determine the Prognostic Value of Isolated Tumor Cells in Axillary Lymph Nodes for T1N0M0 Breast Cancer Patients Based on the Surveillance, Epidemiology, and End Results Database
	Introduction
	Materials and Methods
	Data Resource
	Patient Cohort
	Endpoints

	Statistical Analysis

	Results
	Patient Characteristics
	Kaplan–Meier Survival Analysis
	Competing Risk Model of Breast Cancer-Specific Death and Non-breast Cancer-Specific Death
	Multivariable Competing Risk Analysis of Survival
	Chemotherapy, Radiotherapy, and Survival for Patients With pN0(i+)

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


