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Abstract

Introduction and objective: The status of regional lymph nodes is one of the most important prognostic fac-
tors in breast cancer. Massive extracapsular extension of breast cancer metastasis carries a high risk of disease
recurrence. A fairly high rate of false-negative clinical diagnoses of the N trait is observed during preoperative
breast cancer staging. This may expose patients to prolonged therapeutic management. In this analysis, it was
determined whether there is any correlation between body weight, BMI, age, and axillary fat infiltration in a pop-
ulation of patients who underwent both procedures - sentinel lymph node biopsy (SLNB) and axillary lymph
node dissection (ALND) - and were not originally suspected of having nodal metastases at all (cNO). Material and
methods: A single-centre retrospective analysis of medical records was conducted in women treated between
2015 and 2019 for newly diagnosed cNO breast cancer who ultimately underwent both procedures: SLNB fol-
lowed by ALND as a separate procedure due to axillary node involvement confirmed on SLNB. A paired Stu-
dent’s t-test was used (confidence interval 95%). Results: A statistically significant association (p <0.001) between
body weight and axillary fat infiltration was observed, but the linear correlation was not statistically significant.
The second association - between age and axillary fat infiltration - was also statistically significant (p <0.001),
while the linear correlation was not statistically significant. The association between BMI and nodal axillary fat
infiltration was statistically significant (p <0.001), and unlike the previous two variables, the linear correlation was
also statistically significant (p = 0.046); Pearson’s correlation coefficient was r = +0.329, indicating a sufficient posi-
tive correlation. Conclusions: A statistically significant, sufficient, positive, linear correlation was found between
BMI and nodal metastases with axillary fat involvement in women with breast cancer, initially staged as cNO.

Streszczenie

Wprowadzeniei cel: Status regionalnych weztéw chtonnych jest jednym z najwazniejszych czynnikéw prognostycznych
w raku piersi. Masowe przejscie przerzutu przez torebke wezta chtonnego wiaze sie z wysokim ryzykiem nawrotu
choroby. Podczas diagnostyki przedoperacyjnej raka piersi obserwuje sie dos¢ wysoki wskaznik fatszywie
ujemnych rozpoznan cechy klinicznej N. Moze to naraza¢ pacjentéw na przedtuzone postepowanie terapeutyczne.
Celem niniejszej analizy byta ocena, czy istnieje jakakolwiek korelacja miedzy masg ciata, BMI, wiekiem pacjentek
a infiltracja nowotworowa ttuszczu pachowego w populacji chorych, u ktérych wykonano oba zabiegi - biopsje wezta
wartowniczego (SLNB) oraz limfadenektomie pachowa (ALND) - i u ktérych pierwotnie nie podejrzewano obecnosci
przerzutéw do weztéw chtonnych (cNO). Materiat i metody: Przeprowadzono jednoosrodkows retrospektywng
analize dokumentacji medycznej kobiet leczonych w latach 2015-2019 z powodu nowo zdiagnozowanego raka
piersi z cechg cNO, ktére ostatecznie przeszty obie procedury: najpierw SLNB, a nastepnie ALND (jako odrebny
zabieg operacyjny) z powodu zajecia pachowych weztéw chtonnych przez nowotwar. Zastosowano test t-Studenta
dla par zaleznych (przedziat ufnosci 95%). Wyniki: Stwierdzono statystycznie istotny zwigzek pomiedzy masa ciata
a naciekaniem ttuszczu pachowego (p <0,001), jednak korelacja liniowa nie byta istotna statystycznie. Rowniez
zwiagzek miedzy wiekiem a infiltracjg ttuszczu pachowego byt istotny statystycznie (p <0,001), przy czym korelacja
liniowa nie byta istotna statystycznie. Zwigzek miedzy BMI a infiltracja ttuszczu pachowego byt istotny statystycznie
(p <0,001), a korelacja liniowa, w przeciwienstwie do dwdch poprzednich par, rowniez byta istotna statystycznie
(p = 0,046). Wspotczynnik korelacji Pearsona wynidst r = 0,329, co wskazuje na dodatnig i wystarczajaca korelacje.
Whioski: Stwierdzono statystycznie istotng, wystarczajacg, dodatnig korelacje liniowg miedzy BMI a obecnoscia
przerzutéw do weztéw chtonnych z zajeciem ttuszczu pachowego u kobiet z rakiem piersi, u ktérych poczatkowo
rozpoznano ceche cNO.
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Introduction

A fairly high rate of false-negative clinical N staging oc-
curs during preoperative breast cancer diagnosis. This
may expose patients to prolonged therapeutic manage-
ment and involve malpractice claims, particularly directed
at radiologists. According to Whang et al., the most fre-
guent cause of medical malpractice claims in the United
States related to procedures performed by radiologists
involves errors made during breast cancer diagnosis [1].

The diagnostic procedure in breast cancer staging re-
quires radiological examinations of the breast and re-
gional lymphatic system (mammography (MMG) and
ultrasound (US)), in addition to physical examination.
Magnetic resonance imaging (MRI) is also used in select-
ed cases, especially in younger patients.

Regional lymph nodes metastatic status remains one of
the most important prognostic factors. Massive extra-
capsular extension of breast cancer metastasis carries
a high risk of disease recurrence [2].

During the reviewed period, the available randomised
trial data were insufficient to recommend omitting com-
pletion axillary lymph node dissection (ALND) in T1/T2
breast cancer with fewer than three involved sentinel
lymph nodes (SLNSs) in patients undergoing lumpectomy
and whole-breast irradiation. Longer follow-up was then
necessary to confirm that omitting ALND was safe and
that distant outcomes were equivalent in patients with
luminal A breast cancer presenting with more advanced
disease, e.g. in patients with T2 tumours and two posi-
tive SLNs [3].

The subjectivity of ultrasound and physical examination
is their main disadvantage. US, which plays a significant
role in assessing axillary lymph node status, demon-
strates 77% sensitivity and 80% specificity [4]. Other au-
thors report a specificity of 95% in vivo, with only 36%
sensitivity [5]. A sensitivity below 40% may raise doubts
about the clinical utility of US in breast cancer staging.

Axillary lymph nodes metastatic involvement may be
very subtle [6].

The criteria for suspecting a metastatic lymph node are:

B the longest dimension greater than 1 cm or more
than 5 mm in the short axis,

B asymmetry compared with the contralateral side

(both in the number of lymph nodes and in size, even

if within normal limits),

loss or blurring of the nodal margin,

infiltration of axillary fat,
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thickening of the cortical layer of more than 3 mm,
obliteration of the fatty hilum,

significant enlargement, especially when the node
assumes a spherical shape [6, 7].

A preserved nodal hilum has limited prognostic value.
The tumour and the visible interstice in the hilum are, on
the other hand, late signs of massive metastatic lymph
node involvement [8].

In 2016, researchers published a paper describing 5,142
cNO patients who underwent 5,262 sentinel lymph node
biopsy (SLNB) procedures. Overall, 28% of the patients
had body mass index (BMI) >30 kg/m?. Larger tumour
size, younger age, multifocality, lymphovascular invasion,
and high nuclear grade were the most common predic-
tors of SLN positivity. They found no correlation (p = 0.6)
between increased BMI and an increased likelihood of
SLN metastasis. There was a 4% overall burden of ax-
illary metastases in cNO patients. Physical examination,
according to the authors, is both appropriate and suffi-
cient for preoperative axillary staging regardless of pa-
tient BMI [9].

In a retrospective study of 188 women who underwent
screening mammography, the length and width of the
lymph node, as well as the size of the hilum in the larg-
est visible axillary node, were measured. The authors
of this study found a significant association between
increased BMI and the dimensions of axillary lymph
nodes (caused by fatty infiltration), independent of age
or breast density [10].

Conversely, the absence of suspicious changes on mam-
mography, ultrasound, or MRI does not exclude the pres-
ence of lymph node metastases - especially micrometas-
tases (i.e. metastases smaller than 2 mm) [11].

In this analysis, it was determined whether there is any
correlation between body weight, BMI, patient age, and
axillary fat infiltration in a cohort of patients who under-
went both procedures - SLNB and ALND - and who were
not originally suspected of having nodal metastases at
all (cNO). The research hypothesis investigates whether
an association exists between body weight, BMI, or age
of cNO breast cancer patients and axillary fat infiltrating
lymph node metastases.

Material and methods
A retrospective analysis of medical records was conduct-
ed among female patients with cNO breast cancer treated

at the St. John of Dukla Oncology Centre in Lublin, Po-
land. There were 37 women operated on between 2015
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and 2019 for newly diagnosed cNO breast cancer who
underwent both procedures: SLNB followed by ALND as
a separate procedure due to axillary node involvement
found on SLNB. Micrometastases were not considered.

The axillary nodes were initially assessed as clinically
non-suspicious - cNO. Clinical staging was determined
by physical examination, mammography, and ultrasound
only.

Homogeneity of variance was evaluated by Levene’s test;
statistical significance was assessed at a 95% confidence
interval (Cl) using a paired Student’s t-test; and internal
consistency was evaluated using Cronbach’s alpha test.
GNU PSPP ver. 2.0.0-g5b54d1 statistical software was
used.

The mean age of patients was 56.1 years; median age:
44 years; mean body weight: 72.2 kg; median body
weight: 73 kg; mean BMI: 28.2 (kg/m?); and median BMI
was 28 (kg/m?) (Tab. 1).

The number of women with metastases to the adipose
tissue surrounding a sentinel lymph node with node di-
ameter = <10 mm was 9 (24.3%); and with node dimen-
sion >10 mm it was also 9 (24.3%). There were 6 (16.2%)
women with metastases to perinodal adipose tissue
(excluding micrometastases) revealed during the ALND
procedure (Tab. 2).

As many as 26 (70.2%) women did not have any further
metastases identified on ALND.

Statistical analysis for the body weight and axillary in-
filtration pair yielded: homogeneity of variance using
Levene’s test = 0.28, p = 0.597; paired t-test: p <0.001;
Pearson’s correlation r = +0.315, p = 0.058.

Table 1. Patient characteristics

Number

Mean age Median age

Mean body weight

For the age and lymph axillary infiltration pair: Levene’s
test = 1.59, p = 0.215; paired t-test: p <0.001; Pearson’s
correlation r = -0.103; p = 0.543.

Finally, for the BMI and axillary infiltration pair: Levene’s
test = 0.27, p = 0.681; paired t-test: p <0.001; and Pear-
son’s correlation r = +0.329, p = 0.046 (Fig. 1).

Scale reliability measured using Cronbach’s alpha was
0.75 (N = 6 items).

A comprehensive summary of the statistics is presented
in Table 3.

Results

The tests showed a statistical significance (p <0.001) be-
tween body weight and axillary fat infiltration, but the
linear correlation (moderate and positive) was not statis-
tically significant.

The second association - between age and axillary fat
infiltration - also demonstrated statistical significance
(p <0.001), but the linear correlation was weak, negative
- and not statistically significant.

Evaluating the paired t-test for dependent pairs revealed
that the association between BMI and nodal axillary fat
infiltration was also statistically significant (p <0.001)
and, importantly, the linear correlation was statistically
significant here (p = 0.046); Pearson r = +0.329 (suffi-
cient and positive).

Discussion

The aim of this study was to evaluate potential corre-
lations between body weight, BMI, age of women with

Median body Mean Body Mass Median BMI

of cases (y) (y) (kg)
37 56.1 44 72.2

weight (kg) Index (BMI) (kg/m?) (kg/m?)
73 28.2 28

Table 2. Number of patients with metastases to the perinodal adipose tissue of the sentinel lymph node

Lymph nodes after
Axillary Lymph Node
Dissection (ALND), no

sentinel dimension data in
pathological report
(excluding micrometastases)

SLN dimension
>10mm
(excluding
micrometastases)

Sentinel Lymph Node
(SLN) dimension =<10mm
(excluding
micrometastases)

9 9

Lymph nodes after
Axillary Lymph Node
Dissection (ALND), no
sentinel dimension data in
pathological report)
(micrometastases)

No metastases
found after
ALND

24.3% 24.3%

16.2%

13.5% 70.2%

Table 3. Results of statistical analyses

Variable pair

axillary infiltration

Paired Student’s t-test

p <0.001 |

p <0.001 |

p <0.001

Pearson’s linear correlation

R = +0.315 (p = 0.058) |

R =-0.103 (p = 0.543)

| R = +0.329 (p = 0.046)
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Figure 1. BMlI-axillary fat infiltration

breast cancer, and axillary fat infiltration in a cohort of
patients who underwent both procedures - SLNB and
ALND - and were initially classified as cNO. A paired
t-test (Cl = 95%) was conducted for related variables (all
features were measured across the same 37 patients).
The test detected statistically significant relationships
between body weight, BMI, age, and axillary fat infiltra-
tion (p < 0.001).

Linear Pearson correlations for the “weight-infiltration”
and “age-infiltration” pairs were not statistically signifi-
cant. However, for the “BMI-infiltration” pair, the Pear-
son linear correlation (r = +0.329) was statistically sig-
nificant (p = 0.046), demonstrating a sufficient, positive
relationship.

This means a higher likelihood of nodal metastases with
axillary fat involvement along with increasing BMIL.

The main limitation of the present analysis is the small
sample (37 patients) derived from a single centre, and its
retrospective design.

Prior scientific studies show that enlargement of the
fatty hilum on MRI is associated with a high likelihood
of nodal metastasis in obese women with breast can-
cer, regardless of BMI and tumour characteristics [12].
Whether this warrants broader utilisation of MRI in the
routine staging of obese patients remains controversial.
Other studies do not support this strategy. For example,
a large (2,084 patients with invasive breast cancer) study
shows that MRI prediction had lower accuracy in over-
weight women (65.1%) than in normal-weight (67.8%)
and underweight women (76.1%) [13].

Furthermore, some studies on the value of ultrasound
in detecting axillary lymph node metastases depend-

Patient No.

ing on BMI in breast cancer patients indicate that axil-
lary ultrasound (AUS) is a valuable method in diagnos-
ing the condition of axillary lymph nodes (p <0.0001).
However, the specificity (p = 0.001) and accuracy
(b = 0.008) of AUS were better in overweight (p = 0.007)
and obese (p = 0.02) patients than in individuals with
normal BMI [14].

It can be concluded that AUS is a dependable method for
detecting axillary metastases; however, it requires sub-
stantial experience on the part of the radiologist to avoid
false-negative evaluations.

Conclusions

There is a statistically significant, sufficient, positive lin-
ear correlation between BMI and lymph node metasta-
ses with axillary fat involvement in women with breast
cancer, initially diagnosed as cNO. The linear correlations
between age, body weight, and axillary fat metastatic in-
volvement were identified but did not reach statistical
significance.

The primary limitation of this study was the small, ret-
rospective sample from a single centre: 37 patients who
underwent both procedures: SLNB followed by ALND as
a separate procedure due to axillary node involvement
(initially cNO staging on AUS and mammography). It is
necessary to verify these findings in a larger, prospective,
multi-centre study.
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