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Abstract

Objectives: Tumor size and axillary lymph node (LN) involvement are used as prognostic markers and a guide for choosing adjuvant
therapy. This study aimed to evaluate LN involvement and related risk factors in patients with breast cancer (BC) referred for
radiotherapy.

Materials and Methods: Using the census sampling method, 15,000 women with BC referring for radiotherapy were enrolled in this
retrospective descriptive study performed at Tabriz University of Medical Sciences during 2000-2020. LN involvement and related risk
factors were recorded and analyzed using the t test and ANOVA test at a significance level of P<0.05.

Results: The prevalence of LN involvement in this study was 25%. The estrogen receptor status and LN involvement were associated
with metastasis. The odds ratio of metastasis in patients with a negative estrogen receptor was about twice that of women with
estrogen receptor positivity. Finally, the risk of metastasis in patients presenting with LN involvement was eight times higher than that
of patients without LN involvement.

Conclusion: In general, estrogen receptor status and LN involvement were associated with metastasis in patients with BC. Thus, these
factors can be regarded as a guide to start necessary interventions earlier in at-risk patients.
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Introduction

Breast cancer (BC) is the most prevalent type of cancer
in women, presenting with many complications such
as port infection (1), chemotherapy- and surgery-
associated nausea and vomiting (2), sexual problems (3),
neuropathic pain (4), post-surgery pain (4), LN-induced
edema, and the like, representing BC as the leading cause
of death among women. One of the most important
problems in patients with BC is LN involvement, which
is actually one of the main causes of treatment failure (7).
LN involvement, which may provide information about
the patients deteriorating condition, can be associated
with prognostic factors such as the tumor size or other
tumor characteristics. Nevertheless, the prevalence of LN
involvement is still unknown and has been variable in
different studies (8).

Axillary LNs are the most common site of involvement
in patients with BC that have spread beyond primary
lesions (9). More than half of BC cases are associated
with axillary LN involvement, which plays an important
role in the prognosis of BC. Complete LN resection has
been the standard surgical approach for BC since the
twentieth century. Nonetheless, this method is associated
with complications such as lymphedema, paresthesia, and

vascular and neurological damage (10,11). The tumor
size and axillary LN involvement are used to estimate the
prognosis of BC and as guides for selecting appropriate
adjuvant therapy. Therefore, this study, which was
conducted during a 20-year period, aimed to evaluate LN
involvement and related risk factors in patients with BC
referred for radiotherapy.

Materials and Methods

Study Design

This descriptive, retrospective, and cross-sectional study
was conducted by assessing the clinical records of all the
patients referred to the Radiotherapy Clinic of Shahid
Madani hospital (Tabriz University of Medical Sciences)
under the supervision of the same physician from the
beginning of 2000 to the end of 2020. The patients were
enrolled by the census sampling method. The minimum
sample size (n=169) was calculated based on the results
of a similar 10-year study by Ghasemi et al (12) and
considering an alpha level of 0.05, the power of 80%, and
a hazard ratio of 16% for LN involvement. However, all
eligible patients (n=15000) fulfilling our inclusion and
exclusion criteria were enrolled due to the use of the
census sampling method and an increase in the validity
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Key Messages

» LN involvement following BC can increase mortality.

»  Awareness of the risk factors of mortality to radiotherapy
for BC can reduce mortality.

»  Estrogen receptor status and LN involvement are effective
factors in the development of metastasis after breast cancer.

of the data. All the patients were evaluated by the same
radiotherapist (a member of the main research team) to
ensure data homogeneity.

Inclusion and Exclusion Criteria

The women with BC, referring to the radiotherapy
clinic, with or without axillary LN involvement in the
pathological examination, were included in this study. All
the patients underwent breast surgery (modified radical
mastectomy or breast preservation) and had complete
clinical records. The minimum duration of follow-ups
was five years for each patient. On the other hand, the
exclusion criteria were having no report on axillary LN
involvement or not being in pathological examination and
having incomplete records.

Study Protocol

All the patients diagnosed with BC and undergoing LN
biopsy, referred to the radiotherapist by a thoracic surgeon
(not a member of the research team) from 2000 to 2020,
were evaluated based on the study aim. The required data
were collected from patients’ record, including their age
at diagnosis, family history of BC, tumor size (<2 cm,
2-5 cm, and >5 cm), disease stage (1-4), LN involvement
(present or absent), menopausal status, estrogen receptor
status, and progesterone receptor status. Due to multiple
missing and unknown variables, the human epidermal
growth factor was not included in this model.

All the recorded information was anonymous and kept
confidential. The results were presented as means and
percentages. All variables were collected into a researcher-
made instrument that was filled during the first clinical
examination, and additional information was recorded in
subsequent visits.

Statistical Analysis

After approval by two researchers in terms of readability
and authenticity, the recorded data in each questionnaire
were handed to a statistician (not a member of the research
team) who then entered the data into SPSS software,
version 22. Data were reported using descriptive statistics
(i.e.,, mean, frequency, and percentage) and analyzed by
the f test and ANOVA tests while considering a P <0.05 as
the statistical significance threshold.

Results
The mean age of participants and the prevalence of LN
involvement in this study were 48.19 + 5.29 years and

25% (3751 patients), respectively. Most of the participants
(6365, 42.43%) had tumor sizes between 2 and 5 cm and
were at grade III of the disease (5129, 34.19%). Other
baseline and demographic information of the participants
is presented in Table 1.

Out of 3751 patients with LN involvement, 2145
(57.19%) cases were detected with metastases based on
radiological findings. Overall, 57.19% of the participants
had both LN involvement and metastasis to other areas
(odds ratio, OR = 3.98, P = 0.001) while the remaining
cases only had LN involvement (Table 2). The results
showed that the OR of metastasis in patients with LN
involvement was about four times higher than that of
those without LN involvement (95% confidence interval:
2.85-12.10).

The results of the fit model are presented in Table 3. In
this model, all independent variables were initially entered
into the model, and then variables with no significant
effects were omitted one by one, leaving two variables
at the end. However, this model had a lower quasi-
likelihood information value compared with previous
variables, which included estrogen receptor status and
LN involvement. The estrogen receptor status was one
of the factors affecting metastasis and LN involvement.
The OR of metastasis in patients with estrogen receptor
negativity was about twice that of women with estrogen
receptor positivity. Considering the negative coefficient
of estrogen receptor interaction in this model, the impact
of the estrogen receptor on metastasis was lower than its
impact on LN involvement. The statistical significance
of this coefficient also indicated different effects of the
estrogen receptor on LN involvement and metastasis.
Accordingly, estrogen receptor status did not significantly
affect metastasis. LN involvement was close to borderline
in both responses. The OR of metastasis in patients with
LN involvement was eight times higher than that of
patients without LN involvement.

Discussion

Medical research generally aims to detect the presence
or absence of several types of diseases, the impacts of
healthy and unhealthy behaviors, the biological effects
of exposure to several risk factors, and the like. These
responses are usually interrelated, and failure to recognize
these relations leads to ineffective estimates and standard
errors greater than true values. Using models, it is possible
to determine the relationship of each response with an
independent variable. Marginal models (average-society)
based on generalized estimating equations (GEE) and
conditional models with random effects (e.g., mixed
generalized models) are among the approaches that are
used to assess the fitness of correlated data. The advantage
of the GEE method is that it provides moderate estimates
of the current condition of society. Thus, when the types
of the correlation between responses are unknown, it can
be a robust method. In addition, it is computationally
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Table 1. Participants’ Baseline and Demographic Information

Axillary Lymph Node

Variables
Positive (n = 3751) Negative (n = 11249) P Value Total (N = 15000)
Age (Mean + SD) 50.69+6.06 47.29+5.11 0.089 48.19+5.29
Tumor size (Mean + SD) 6.14+1.39 4.21£1.01 0.053 5.24+1.19
. <2 cm 511 (13.62%) 5125 (45.55%) 5636 (37.57%)
Tumor size 25 cm 2599 (69.28%) 3766 ((33.47) 6365 (42.43%)
(N, %) o : 0.055 e
>5 cm 641 (17.10) 2358 (20.98) 2999 (19.99%)
| 231 (6.16%) 515 (4.57%) 746 (4.97%)
11 1023 (27.27%) 3435 (30.53%) 4458 (29.72%)
Grade 1 1451 (38.68%) 3678 (32.69%) 0.486 5129 (34.19%)
1 1046 (27.88%) 3621 (31.19) 4667 (31.11%)
0 112 (2.98%) 345 (3.07%) 457 (3.05%)
1A 314 (3.38%) 1003 (8.91%) 1317 (8.78%)
1B 456 (12.15%) 1311 (11.65%) 1767 (11.78%)
2A 689 (18.36%) 1598 (14.20%) 2287 (15.24%)
Stage 2B 854 (22.76%) 2601 (23.12%) 3455 (23.04%)
3A 319 (8.51%) 1041 (9.26%) 1360 (09.06%)
3B 421 (11.22%) 1389 (13.34%) 0316 1810 (12.06%)
3C 398 (10.61%) 1125 (10.01%) 1523 (10.15%)
4 188 (5.02%) 836 (7.68%) 1024 (6.83%)
Lo Yes 2008 (53.53%) 6029 (53.59%) 8037 (53.58%)
Family history 0.889
No 1743 (46.47%) 5220 (46.41%) 6963 (46.42%)
Yes 2891 (77.07%) 8459 (75.19%) 11350 (75.67%)
Menopause 0.598
No 860 (22.93%) 2790 (24.81%) 3650 (24.33%)
Right 1755 (46.78%) 5234 (46.52%) 6989 (46.59%)
Site of breast cancer Left 1681 (44.81%) 5012 (44.55%) 0.689 6693 (44.62%)
Both Site 315 (8.41%) 1003 (8.93%) - 1318 (8.79%)
. . Yes 2145 (57.18%) 7013 (62.34%) 9158 (61.05%)
Lymphovascular invasion 0.473
No 1606 (42.82%) 4236 (37.65%) 5842 (38.95%)
DCIS 1622 (43.24%) 5011 (44.54%) 6633 (44.22%)
Tumor type IDC 1515 (40.38%) 4989 (44.36%) 0411 6504 (43.36%)
Lobular carcinoma 314 (8.37%) 1249 (11.10%) ' 1563 (10.42%)
Pathological factors
Positive 2489 (66.35%) 7003 (62.25%) 9492 (63.28%)
Estrogen receptor . 0.495
Negative 1262 (33.64%) 4246 (37.75%) 5508 (36.72%)
Positive 2110 (56.25%) 6890 (61.25%) 9000 (60%)
Progesterone receptor . 0.363
Negative 1641 (43.47%) 4359 (38.75%) 6000 (40%)
Positive 1755 (46.78%) 5378 (47.80%) 7133 (74.55%)
HER2 X 0.889
Negative 1996 (53.22%) 5871 (52.20) 7867 (52.45%)

Note. M: Mean; SD: Standard deviation; DCIS: Lobular carcinoma in situ; IDC: Invasive ductal carcinoma; HER2: Human epidermal growth factor receptor 2

Table 2. Metastases in Patients With Breast Cancer and Lymph Node Involvement

Metastasis

Lymph Node Involvement
Yes

P Value
No

Yes 2145 (57.19%)

1606 (42.81%) 0.001

simpler and applicable in most statistical software. The
relative efficiency of the provided estimates by the GEE
method has undergone extensive discussion. In this study,
a marginal bivariate logistic regression model was applied
to investigate local recurrence and metastasis in the
obtained data from patients with BC (13-16).

BC is one of the most common malignancies and it
continues to be one of the leading causes of death among
women despite advances in early diagnosis and treatment.
The overall incidence of cancer seems to rise by increasing

age and adopting unhealthy lifestyles (17-20).

Some quantitative studies have assessed the relationship
between local recurrence and metastasis. Hosseinzadeh
and Haghighat reported that these two events were
essentially independent of each other because they
occur at different times. Nevertheless, women with local
recurrence were at a higher risk of metastasis. They
further indicated that the risk of metastasis increased
with the incidence of local recurrence although the
factors affecting recurrence and metastasis were different.
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Table 3. The Results of the Bivariate Logistic Regression Model Based on a Generalized Estimating Equation With the Responses of LN Involvement and Metastasis

Response Variable: LN Involvement

Response Variable: Metastasis

Independent Variables

SE P Value OR SE P Value OR
Axillary LN (Positive) 0.056 2.403 (0.55) -0.05 0.095 2.382 (0.44) 0.88
Estrogen receptor (Negative) (0.45) 2.25 0.001 8/305 (0.47) 0.12 0.814 1114

Note. LN: Lymph node; SE: Standard error; OR: Odds ratio; Pos: Positive; Neg; Negative.

Furthermore, the disease-free interval from the beginning
of treatment to the occurrence of local recurrence affected
the survival rate (8).

In most of the previous studies, estrogen receptor status
was negative in participants, and the initial tumor size
and LN involvement were introduced as factors affecting
recurrence and metastasis (21-25). In all these studies,
a separate fit model was developed for each response,
which was “time” in most of them. Some studies have also
noted that age, human epidermal growth factor, and the
duration between surgery and recurrence were among the
important factors affecting recurrence and metastasis. In
the present study, the results of the bivariate logistic fitting
model based on the GEE method for LN involvement
and metastasis showed that LN involvement and estrogen
receptor negativity were among the contributing factors
to LN involvement. On the other hand, LN involvement
itself was a prominent predictor of metastasis. These
findings are consistent with the results of most previous
studies. Nevertheless, the impacts of the primary tumor
size and age were not significant on metastasis and local
recurrence. Additionally, the fitting model suggested
that the impacts of estrogen receptor negativity and LN
involvement were more pronounced on the incidence of
LN involvement compared to their effects on metastasis.
The results of this study are consistent with the findings
of most similar studies in this respect. Overall, this model
delivers a more accurate estimation of coefficients and
their standard errors, increasing the efficiency of the
model (26-28).

Suggestions for Further Research
It is recommended that future studies use this model to
identify the risk factors of other interrelated diseases.

Study Limitations

One of the limitations of this study was patients
incomplete records, leading us to ignore some of the
important variables affecting local recurrence and
metastasis, including initial tumor size, human epidermal
growth factor, and the time interval between surgery and
local recurrence.

Conclusions

In this study, the estrogen receptor status and LN
involvement were found to affect the incidence of
metastasis in patients with BC. By examining these
factors, it is possible to identify at-risk individuals and

initiate earlier treatments. Given that the two responses
were interrelated with each other, the marginal bivariate
logistic regression model provided credible results.
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