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Summary

Purpose: 18 F-FDG PET/CT has an acceptable specificity
but a low sensitivity on the prediction of axillary lymph
node (ALN) metastasis in breast cancer. We analyzed the
factors that could possibly affect this prediction.
Methods: The records of 270 patients with T1-2 invasive
breast cancer who underwent surgery, 116 of whom had
been evaluated by preoperative 18 F-FDG PET/CT were re-
viewed. Prediction of ALN status by PET/CT according to
tumor stage, estrogen receptor (ER), progesterone receptor
(PgR) and HER?2 status, histology, age and sentinel node
properties was assessed.

Results: ALN metastasis was present in 62 of 131 T1
(43.7%) and 106 of 142 T2 tumors (74.6%), 20 of 46

Introduction

One of the most reliable predictive factors
for recurrence and survival in breast cancer pa-
tients is the presence of ALN metastasis [1,2].
Despite its almost 100% diagnostic accuracy,
axillary lymph node dissection (ALND) has a
substantial rate of arm morbidity [3]. Hence,
new developments paved the way to downsize
the operations for axilla in breast cancer pa-
tients. In order to determine the status of the ax-
illa in a less invasive manner, the technique of
sentinel lymph node biopsy (SLNB) was imple-
mented [4]. Thus, it is believed that unnecessary
ALND can be avoided when sentinel node (SN)
is negative in patients with clinically negative

(43.5%) ER(-) and 146 of 222 (65.8%) ER(+) tumors, 38 of
71 (53.5%) PgR(-) and 127 of 200 (63.5%) PgR(+) tumors.
On multivariate analysis only the tumor size (>2 cm) in-
dependently correlated with ALN metastasis (Odds ratio/
OR=3.1). None of the other parameters had statistical sig-
nificance in terms of ALN prediction on FDG-PET/CT.
Conclusion: Though T2 tumors showed increased tenden-
cy to metastasize to the axilla, prediction of ALN metasta-
sis in preoperative FDG-PET/CT was not associated with
any of the predictive factors.

Key words: axillary nodes, breast cancer, CT, FDG, PET,
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axilla [5]. Recently, studies have shown that ad-
dition of ALND to any surgical procedure done
for breast cancer does not affect overall survival
and even local disease control [5-7]. Some au-
thors point to the needlessness of ALND for lo-
cal control even when the axilla is positive on
the basis of effective radiotherapy [8,9]. There-
fore, reliable information about the axillary sta-
tus obtained prior to surgery may determine the
decision of performing ALND and even SNLB.
Efforts for predicting the axillary status are
warranted and still ongoing. For breast cancer,
such a heterogeneous disease in terms of har-
boring cells with different biologic and molecu-
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lar markers, the potential of ALN metastasis has
been investigated in several studies regarding its
relation with many possible predictive factors.

One of the promising imaging techniques
used for staging breast cancer is Fluorine-18-la-
beled 2fluoro-2-deoxy-D-glucose positron emis-
sion tomography with computerized tomography
(FDG-PET/CT) that provides valuable information
about extra-axillary nodal status and the presence
of distant metastases [10]. Although FDG-PET/CT
is not an imaging technique designed for lymph
node investigation, it may give considerable in-
formation about the regional nodal status when
interpreted correctly. Additionally, if FDG-PET/CT
can accurately and noninvasively stage the axil-
la, as well as the currently unevaluated internal
mammary and supraclavicular nodes, it could
essentially change the management of many pa-
tients with breast cancer.

There are numerous studies analyzing the
relationship between axillary nodal status and
FDG-PET/CT findings [11,12]. Some papers in-
vestigate the diagnostic value of FDG-PET/CT by
comparing breast tumor images with prognostic
criteria such as tumor size, histopathological find-
ings and hormonal status [13]. Ekmekcioglu et al.
demonstrated that high maximum standardized
uptake values (SUVmax) of tumors on FDG-PET/
CT images correlate with other risk factors and
serve as a predictive indicator [14]. Yet, it is still
questionable whether prognostic factors regard-
ing the tumor affect the accuracy of FDG-PET/CT
in predicting axillary metastases in terms of SU-
Vmax of the axilla as no available study exists to
investigate the relationship between the prognos-
tic factors and SUVmax of the axilla. Thus, studies
demonstrating the relationship between risk fac-
tors and FDG-PET/CT findings regarding the axilla
are needed.

The purpose of this study was to demonstrate
the role of preoperative FDG-PET/CT imaging on
predicting axillary metastasis according to SU-
Vmax of the axilla and prognostic factors influ-
encing this prediction. Therefore, we performed a
retrospective analysis to assess the acuity of FDG-
PET/CT as a technique for ALN staging compar-
ing with the pathologic findings of ALNs as the
reference standard, as well as demonstrating in-
dependent predictive factors for ALN metastasis.

Methods

Data of patients who underwent surgery for inva-
sive breast cancer within the last three years at Baskent
University Adana Training and Research Hospital were
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examined retrospectively. This study was designed and
executed after the approval of Baskent University Clin-
ical Researches and Ethics Committee with the project
number KA13/188.

Patients operated on for T1 and T2 tumors ac-
cording to the Cancer Staging Manual of the American
Joint Committee on Cancer [15] were enrolled in the
study. Patients having had neoadjuvant hormone ther-
apy or chemotherapy and who were currently pregnant
were excluded. From May 2011 to June 2014, 270 pa-
tients with T1 (=20 mm) or T2 (>20 but <50 mm) tum-
ors were operated on for breast cancer, 3 of whom had
been operated on for bilateral breast cancers, creating
273 individual cases. Data were first classified into two
main patient groups: those with SLNB (and ALND if
necessary) and those with ALND (without SLNB) (Fig-
ure 1). Data were combined in a united group for the
assessment of sentinel and non-sentinel ALN metasta-
sis eventually. All the patient data contained patholog-
ical breast cancer diagnosis obtained preoperatively by
core biopsies.

The SLNB procedure was performed using either
blue dye or both 99mTc sulfur colloid and blue dye.

All blue and/or radioactive lymph nodes were con-
sidered as SLN. Simultaneous ALND was performed
when metastases were detected in SLNs.

Pathological examinations were done by a special-
ist team for all cases. SLNs were sliced for touch im-
print and for frozen section examination and then fixed
in formalin and embedded in paraffin for hematoxylin
& eosin (H&E) staining and examination. Non-sentinel
nodes were fixed in formalin and embedded in paraffin
also for H&E examination. Immunohistochemistry us-
ing cytokeratin antibody was performed to the samples
negative in the H&E examination. Metastatic lymph
nodes were classified according to the size of metastat-
ic deposit as macrometastases (tumor deposits =2 mm
in diameter) or micrometastases (0.2-2 mm in diame-
ter) or cell clusters or isolated tumor cells (<0.2 mm in
diameter). ER and PgR staining was scored as positive
or negative with a cut-off of 10 % nuclear immunos-
taining. HER2 was evaluated according to the Ameri-
can Society of Clinical Oncology guidelines [16].

Statistics

Effects of clinicopathological factors like tumor
size, ER, PgR and HER2 status, age and histologic sub-
type, SN labeling method, number of SNs excised and
mean diameter of SN on predicting ALN metastasis
and estimation of nodal involvement by FDG-PET/CT
imaging according to SUVmax of the axilla were as-
sessed using chi-square and Fisher exact tests in the
univariate analysis. Mann-Whitney U test was used to
compare data lacking normal distribution. Statistical-
ly significant predictive factors for ALN metastasis in
the univariate analysis were included in a multivariate
analysis using logistic regression model. The relation
between age and ALN status was assessed by ROC curve
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analysis and no statistical significance was observed
when age was evaluated either as a continuous or a
categorical variable. Therefore, patients were evaluated
in two groups according to their age, whether younger
or older than the median age value. The most suita-
ble SUVmax cut-off for axillary positivity was assessed
by ROC curve analysis. Also a second SUVmax cut-off,
which has been commonly accepted in the literature
was also subjected to logistic regression analysis [17].
All tests of significance were two-sided and a p value
<0.05 was considered statistically significant. Sensitiv-
ity and specificity values with AUC for FDG-PET CT and
SLNB were calculated. SPSS software (version 20.0,
SPSS, Chicago, IL, USA) was used for analyses.

Results

The clinicopathological characteristics of
143 cases with clinically negative axilla treat-
ed by SLNB and consequent ALND if necessary
(SLNB group) and 130 cases treated by ALND
without SLNB due to clinically positive axilla
(ALND group) are summarized in Table 1. Re-
gardless of the type of axillary approach, sur-
gical modalities selected were lumpectomy or
mastectomy with or without immediate recon-
struction.

Axillary metastasis (sentinel or non-senti-
nel) was observed in 61.5% of the cases either
by SLNB, ALND or both.

The mean tumor size was 20+11 mm (range,
2-50) in the SLNB group and 20+10.5 mm (range
9-50) in the ALND group. Both SN and non-SN
positivity were more frequent in patients with
T2 tumors in SLNB and ALND groups and in
a third group that included all the SLNB and
ALND groups (united group) (Table 2).

Univariate analysis demonstrated that ER
positivity was correlated with nodal positivity
in the SLNB group and the united group but not
in ALND group. PgR positivity was correlated
with nodal positivity only in the united group
but not in SLNB or ALND groups. HER2 status
was not correlated with nodal positivity in ei-
ther of the groups (Table 2).

The frequencies of histologic types were
similar in both SNLB and ALND groups (Table
1). Actually, there were only 5 patients with
pure lobular carcinomas, 2 in SLNB group and
3 in ALND group. Because of the inadequacy
for statistical analysis, these 5 cases with lob-
ular histology were analyzed within the rest 24
cases with mixed ductal and lobular histology
(generating the term “carcinomas with lobular
components”). The likelihood of SN positivity in
the SLNB group was higher for carcinomas with

Table 1. Patient demographics and tumor characteris-
tics according to SLNB and ALND groups

Characteristics ifoNulpg ‘2;1\5;

Total cases 143 130
Age (years)

Median (range) 49 (24-85) 50.6 (30-75)
Tumor stage, N (%)

T1 69 (48.3) 62 (47.7)

T2 74 (51.7) 68 (52.3)
Histologic type of cancer, N (%)

Infiltrating ductal 126 (88.1) 118 (90.8)

Infiltrating lobular 2(14) 3 (2.3)

Mixed infiltrating 15 (10.5) 9 (6.9)
Maximum tumor size (mm)

Median (range) 20 (2-50) 20 (9-50)
Hormone receptor status, N (%)

ER- 26 (18.2) 20 (16)

ER+ 117 (81.8) 105 (84)

PgR- 36 (26.3) 35(28.2)

PgR+ 101 (73.7) 89 (71.8)

HER2- 30 (22.1) 30 (24.4)

HER2+ 106 (77.9) 93 (75.0)

lobular components and the ALN positivity in
the ALND group was higher for ductal carcino-
mas. No difference was seen in terms of nodal
positivity among histologic types in the united
group (Table 2). The median age was similar
in both SLNB and ALND groups (Table 1). Axil-
lary involvement was more frequent in young-
er individuals (less than 50 years) in the ALND
group but not in the SLNB and the united group
(Table 2).

Blue dye and 29mTc sulfur colloid were used
in combination for SN labeling in 15 (10%) pa-
tients.

Analysis did not show any significant differ-
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Figure 1. Diagram showing evaluation of cases according to SLNB and ALND and their relation with PET/CT

FDG uptake (SUVmax>2.5 is considered as positive).

ence in SN positivity with either labeling meth-
od (Table 2). The mean number of SNs harvest-
ed was 3 and the mean diameter was 15.3 mm;
both parameters were shown not to affect ALN
positivity.

SN metastasis was observed in 68 (47.5%) of
143 patients. Axillary dissection was performed
in 55 of the latter 68 patients with positive SNs
and in 10 of the 75 patients with negative SNs.
Among these 10 patients who were subject-
ed to axillary dissection despite negative SN,
one (1.3%) had metastatic node in her axilla,
which was not detected by FDG-PET/CT. Among
31 (56.3%) patients without SN metastasis de-
spite positive SNs (2 cases with micrometas-
tasis), FDG-PET/CT was performed in 10 cases.
FDG-PET/CT detected metastasis in 3 out of 10.
Among 24 patients with positive SNs but neg-
ative non-sentinel ALNs (one micrometastasis
and 23 metastases) FDG-PET/CT was performed
in 13 patients an metastasis was detected in 2
of them (Figure 1).

SNs of 13 patients were reported as neg-
ative by frozen section and corrected as posi-
tive after definite pathological studies, hence
these patients were deprived of axillary dissec-
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tion. Nine (69%) of the latter 13 patients with
false-negative SN results were demonstrated
to have micrometastasis and 4 (31%) to have
macrometastasis on definite studies. The false
negative ratio of frozen section was calculated
as 13% for micrometastasis and 5.8% for mac-
rometastasis with an overall ratio of 9% and
negative predictive value of 85%. Among the
68 patients with positive SNs 12 (22%) had mi-
crometastatic and 56 (88%) had macrometastat-
ic SNs. ALN dissection was carried out in 3 of
these 12 patients (false-negative result in the
rest 9) with micrometastatic SNs, of which 2
(67%) had non-sentinel axillary macrometasta-
sis. Pathologic precision of frozen examination
for SNs has a sensitivity of 79% and a specifici-
ty of 100% with 90% accuracy. SLNB procedure
correctly predicted non-sentinel axillary status
in 40 of 55 (72.7%) patients to whom ALND was
performed. The mean number of ALNs dissect-
ed was 20 and the mean number of metastatic
ALNSs obtained was 8.7 in the ALND group. ALN
metastasis was observed in 94 of 130 (72%) pa-
tients in the ALND group, of which FDG-PET/CT
determined 41 out of 46 (Figure 1).

One hundred and sixteen cases were ex-
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Table 2. Relation of tumor characteristics and sentinel and non-sentinel axillary nodal status according to univariate and multivariate logistic regression analysis

(variables in the equation)

Number of patients and statistical results

Any aﬁ.:ﬁs s.o% (sentinel or non- Axillary node in ALND group (sen ::&.\Mﬂ_ﬂwwmwwﬁmwﬁww%: United Multivariate logistic regression
sentinel) in SLNB group group parameters
Negative Positive 14 Negative Positive p Negative Positive 14 B Exp(B) 4

Tumor stage

T1 48 21 21 41 69 62

2 27 47 <0.001 9 59 <0.001 36 106 <0.001 1276 0.279 0.016
Hormone receptor status

ER - 19 7 7 13 26 20

ER + 56 61 0.02 20 85 0.112 76 146 0.005 1160 0314 0.176

PgR - 22 14 11 24 33 38

PgR + 48 53 0.16 15 74 0.073 63 127 0.047 0324 0.723 0.674

HER2 - 18 12 5 25 23 37

HER?2 + 51 55 0.25 20 73 0.567 71 128 0.7 -0.288 0.750 0.626
Histologic type

Infiltrating ductal carcinomas 70 56 23 95 93 151

mewﬁwmuw%%amm e 5 12 0.043 7 5 0.006 12 17 07 0319 1.576 0.7
Age ()

<50 48 35 10 62 58 97

> 50 27 33 0.089 20 38 0.006 47 71 0.6 0.098 1.105 0.845
SUVmax value of axillary nodes on
FDG-PET/CT

<1 15 20 6 3 21 22

>1 10 8 0.380 9 46 <0.001 19 54 0.013 -0491 0.612 0.361

<25 24 23 12 19 36 42

=25 1 5 0.112 3 29 0.006 4 34 <0.001 2431 0.088 0.005
SN labeling method

Blue dye 68 59

Blue dye + *™Tc 7 8 0.614
Mean number of SN excised 2.97 3.15 0.219

Mean diameter

of the maximum SN (mm) 15 15.61 0.555

JBUON 2015; 20(5):1299
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amined with FDG-PET/CT. ROC curve analysis
determined the best SUVmax cut-off of axillary
nodes as 1.6, with a sensitivity of 56% and spec-
ificity of 83%. When SUVmax cut-off was esti-
mated as 2.5, sensitivity and specificity were
42% and 90%, respectively (AUC 0.715).

Axillary nodal status according to tumor
size, age, histologic subtype, diameter of largest
node on FDG-PET/CT, ER, PgR and HER2 status
are summarized in Table 2. Larger tumor size
(p<0.001), ER positivity (p=0.005) and PgR pos-
itivity (p=0.047) were shown to be proportion-
al with axillary nodal positivity, whereas age,
HER?2 status and histologic type were not (Ta-
ble 2). Multivariate logistic regression analysis
demonstrated that only large tumor size was
independently correlated with presence of ALN
metastasis with an OR of 3.1 (95% CI 1.1-8.3).
However, none of the above mentioned parame-
ters had statistical significance in terms of axil-
lary nodal prediction on FDGPET/CT with either
SUVmax cut-off. Yet, logistic regression analysis
also showed that, when SUVmax value of ALNs
on FDG-PET/CT was above 2.5, the probability
of axillary (SN or non-SN) metastasis increased
significantly with an OR of 14 (95% CI 2.8-70.1)
(Table 2).

Discussion

Presence of metastasis in ALNs is one of the
most important determinants for prognosis of
breast cancer. This makes information about the
axillary status critical for treatment planning.
Tumor size, hormone receptors and HER2 status
and histologic type are the other known prog-
nostic factors in breast cancer [2]. FDG-PET/CT
is an imaging method often used for preopera-
tive staging. Our aim was to demonstrate the di-
agnostic value of preoperative FDG-PET/CT on
axillary status, considering also the effects of
the accompanying prognostic factors in terms
of their predictive value.

In this retrospective study, we showed that
more than half of the women with early breast
cancer have axillary metastasis at the time of di-
agnosis. We also demonstrated that breast can-
cer tends to metastasize to the axilla when the
tumor is larger than 2 cm in diameter regard-
less of its histologic type, ER, PgR and HER2
status, patient age and diameter of the axillary
lymph nodes. Our data also suggested that FDG-
PET/CT imaging on predicting axillary metasta-
sis has a low sensitivity (56%) but high speci-
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ficity (90%) and none of the prognostic factors
mentioned above affects this prediction. Tumor
characteristics other than tumor size and HER2
status had different influences on ALN posi-
tivity in SNLB, ALND or united groups in uni-
variate but not in multivariate analysis in our
study. Confirming other studies, we found that
the most significant predictive indicator of axil-
lary lymph node involvement for patients with
breast cancer is the tumor size [18-22]. Howev-
er, we noticed that, in contrast with our results,
there are some studies showing non-correlation
between the primary tumor size and axillary
status [23-20].

In some previous studies dealing with the
relation between hormonal and SN status, ER
and PgR negative status was shown to be asso-
ciated with low risk of ALN metastasis [21,27].
Positive expressions of ER and PgR have been
previously shown to be significantly correlated
with histological grade, mitotic score and nu-
clear pleomorphism [28]. This can explain why
ER and PgR positive tumors tend to metastasize
to the axilla more frequently. In contrast, there
are articles mentioning disproportion of ER and
PgR status with axillary metastasis [26,29-32],
while some authors demonstrated an inverse re-
lationship, reporting that ER and PgR positive
tumors metastasize less frequently to the axilla
[27]. Our results also confirmed that ALN posi-
tivity was not related with ER or PgR status.

HER2 overexpressing breast cancers are
known to be more aggressive with an increased
locoregional recurrence rate unless treated with
transtuzumab [33]. Crabb et al. specified HER2
as an independent predictor of nodal involve-
ment in a retrospective analysis of 3,441 ear-
ly-stage breast cancer cases [34]. Gulben et al.
published a similar result in a study where they
investigated cases according to pathologic sub-
types [21]. On the contrary, confirming many
of the studies in the literature, we showed that
HER?2 status is not a predictor of axillary metas-
tasis [30,35,36]. To clarify this conflict it may be
speculated that HER2-positive breast cancers,
known to be more aggressive, perhaps tend to
metastasize via the hematogenous route rather
than lymphatic.

Currently, there is a bit compromise over
the effect of histologic type of breast cancer on
ALN status in the literature. For instance, Ait-
ken et al. demonstrated that lobular and mixed
breast cancers are much prone to axillary me-
tastasis [30], Tan et al. showed that ductal can-
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cers are more likely to have positive ALNs [37].
This may be because of the fact that nodal me-
tastases are more commonly overlooked in lob-
ular cancers [38]. No correlation between nodal
status and histologic type was noticed in our
study. Nonetheless, our results comparing his-
tologic type and axillary status may not evoke
trust as lobular carcinomas were evaluated in
the same group with mixed carcinomas.

Younger age was shown to be a risk factor
for axillary metastasis in some previous studies
[33,39]. On the contrary, in a study with 3553
cases, Purushotham et al. pointed out that older
patients have much tendency to distant metas-
tasis [40]. We demonstrated a disproportion of
axillary metastasis and patient age.

No statistical difference was observed in
terms of ALN positivity between SN labeling
techniques in this study. This result seems to
correlate with previous studies [41]. The num-
ber and size of the SN excised were also shown
not to affect ALN positivity.

We demonstrated that FDG-PET/CT has low
sensitivity but high specificity in predicting the
ALN status, similar with other authors [42].

There are papers in the literature claiming
direct correlation between the tumor size and
ALN positivity on FDG-PET/CT [12,43,44]. In
a study of the Ontario Oncology Group, tumor
size was found to be a predictive factor, affect-
ing the sensitivity of FDG-PET/CT in the axillary
status [45]. Metabolic correlation of molecular
subtypes according to hormonal status of breast
cancer with tumor SUV on FDG-PET/CT has
been demonstrated in several studies [46,47].
Kim et al. recently showed that subgrouping
breast cancer patients according to hormone

and HER types may affect the correlation of tu-
mor SUV with ALN metastasis [48]. We couldn’t
find any studies designed to assess the effect of
ER, PgR and HER2 status or histology of breast
cancer on the predictive value of FDG-PET/CT
regarding the SUVmax of the axilla, to compare
with our results. We observed that prediction of
ALN status on FDG-PET/CT is not influenced by
tumor size, axillary node diameter or any other
predictive risk factors mentioned above.
Because of the retrospective nature of this
study with a lack of completion ALND in all
SLNB cases, we could not compare the efficacy
of SLNB procedure and preoperative FDG-PET/
CT on estimating the axillary status. Neverthe-
less, we can state that despite its valuable place
in diagnosing nonaxillary nodes and distant
metastases, as well as accompanying second
malignancies, FDG-PET/CT has a low value for
predicting axillary status regardless of concom-
itant predictive factors of breast cancer. FDG-
PET/CT may help identify patients with high
ALN involvement in order to canalize directly
to ALND, omitting the SLNDB step. However,
FDG-PET/CT cannot replace SLNB or ALND due
to its insufficient sensitivity. To our knowledge,
this is the first study to investigate the role of
almost all common predictive risk factors of
breast cancer together in the diagnostic capac-
ity of FDG-PET/CT in the prediction of axillary
status according to SUVmax of axillary nodes.
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