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ABSTRACT

Objective: To evaluate breast cancer patients with low F18-fluorodeoxy-glucose positron emission tomography/computed
tomography scan (FPET) of axilla standardised maximum uptake value (SUVmax) along with their histopathological findings
regarding axillary lymph node metastasis (LNM).

Study Design: A descriptive study.

Place and Duration of the Study: Adana City Education and Research Hospital, Turkey, from January 2015 to October 2018.
Methodology: The current study analysed the findings of 113 patients according to age, histopathological axillary LNM,
estrogen and progesterone receptor status, tumour size, histological grade, Ki-67, HER2 and preoperative FPET SUVmax
findings. Histopathological and immunohistochemical comparisons were made between FPET axilla SUVmax and univariate and
multivariate parameters in breast carcinoma in terms of LNM.

Results: The authors analysed the receiver operator characteristic curve for the FPET axilla SUVmax and set the cut-off value
to 1.84 to predict LNM. However, it was also found that the SUVmax detected metastases in the axilla at values lower than 1.84.
In the multivariate analysis, a statistically significant relationship was found between axilla LNM cases that have FPET axilla
SUVmax less than 1.84, a Ki-67 index greater than 15% and tumour size greater than 2 cm (p <0.05).

Conclusion: Values that were above the axilla SUVmax limit of 1.84 in FPET helped determine LNM. However, further evalua-
tion of patients is needed comparing axilla SUVmax of less than 1.84 in FPET together with the Ki-67 proliferation index and

tumour size.
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INTRODUCTION

Breast cancer is the most common female cancerglobally.' The
absence of axillary LNM is the most critical prognostic survival
factorforbreast cancer patients.’Other prognostic factors, such
as tumour size, histopathological grade, and estrogen receptor
(ER) status can be determined using imaging methods, histo-
pathological examination and immunohistochemical staining,
respectively. Axillary lymph node metastases canalso be deter-
mined with radiology and histopathology. For early-stage
breast cancer, the most accepted method for detecting LNM is
surgical axillary lymph node dissection (ALND), sentinel lymph
node biopsy (SLNB).?
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Sophisticatedimaging methods such as breast magneticreso-

nance imaging, ultrasonography, and F18-fluorodeoxy-glu-
cose positron emission tomography combined with CT (FPET)
are also used preoperatively to identify axillary LNM. FPET is
recommended for advanced breast carcinoma and is influen-
tialin determining axillary LNM, especially ifthe cancerisinan
advanced regional stage or a distant metastatic state.’ FPET
has been reported to have different specificity and sensitivity
valuesinvariousstudies.>’

While increased axilla FPET standardised maximum-uptake--
value (SUVmax) is a valuable measure of LNM, tumour metas-
tasiscanstillbe seeninpatients with alower SUVmax.

The objective of this study was to analyse the relationship
between low SUVmax and the histopathological findings of
tumourmetastasis.

METHODOLOGY

Thestudyincluded 113 cases that were undergoing a preopera-
tive FPET scan, then breast surgery, followed by pathological
axillary lymph node evaluation between January 2015 and
October 2018. This study evaluated histopathologically the
correlationbetweenaxillary LNMand other parameters.
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Allthe participants were diagnosed with infiltrative ductal carci-
noma by preoperative true-cut biopsy. Excluded from the study
were males and patients without a preoperative FPET scan.
Patients with an excisional biopsy, neoadjuvant chemotherapy,
recurrent breast cancer, and breast tumours other than infiltra-
tiveductal carcinomaaxillary lymph node were also excluded.

The patients wererequired tofastfornolessthan 6 hours before
obtaining standard FPET images. Average serum glucose
values were confirmed as below 200 mg/dl before the *F-FDG
application. APET device containing a lithium oxyloxylicate PET
scanner (Philips-Ingenuity) and a multi-slice CT scanner were
used for FPET images. FPET images were acquired an hour after
applying 5 MBq (0.1 mCi) **F-FDG per kilogram of body weight,
and the bed positions were held for 2-4 minutes each. CT scans
were performed using oral contrast material and were utilised
for attenuation correction of PET images and anatomic lesion
localisation and diagnostics. FPET image analyses were carried
outbyasingle-blind observerwhowasunaware ofthe histologic
typeandtumourgrade. FPET tests were quantitatively and qual-
itatively analysed. The single maximum pixel value of the lymph
nodes on the same side as the tumour (SUVmax) was identified
along with the slice exhibiting the highest radioactivity concen-
tration.

An experienced oncological surgeon operated on patients with
aprimarytumour.Evaluationswerethenperformedontheintra-
operative biopsy of the sentinel lymph node or the postopera-
tive dissection of the axillary lymph node, or both, including
surgical resection. Serial and immunohistochemical staining
was performed onthelymph node where routine histopatholog-
ical methods could notdetect metastasis.

These preparations were evaluated by the pathologists among
the study’s authors who were experienced with histopatholog-
icalandimmunohistochemicalassessments.Age, histopatholog-
ical axillary LNM, tumour size, histological grade, ER, PR, Ki-67,
HER2 and preoperative FPET SUVmax findings were analysed.
Each participant's age was entered in years. The histopatholog-
ical axillary LNM was recorded as positive or negative. Tumour
diameter was classified as greater than or less than 2 cm. The
histological grade (according to the Nottingham histological
score) wasrecorded asgrade 1, 2 or 3. According to the results of
immunohistochemical staining, ER (BOND™ ER Clone 6-F11
Primary Antibody, Leica Biosystems, UK.) and PR (BOND™,
Primary Antibody Progesterone Receptor, Leica Biosystems, UK.
[16]) were classified as positive, if greater than 1% and classified
as negative if less than 1%. Immunohistochemical staining was
considered positive, if the HER2 (BOND™, Primary Antibody c-
erbB-2 Oncoprotein, Leica Biosystems, UK.) receptor was
stained 3+ and was treated with HER2/neu gene amplification by
fluorescent in situ hybridisation in cases where the HER2
receptor was stained 2+. The Ki-67 value (Novocastra™, Liquid
Mouse Monoclonal Antibody Ki-67 Antigen, Leica Biosystems,
UK.) was recorded as greater than or less than 15%. The numer-

icalvalue of the FPET axillary lymph node SUVmax was recorded.
Then the preoperative FPET axillary lymph node SUVmax value
and histopathological axillary metastasis were compared with
theabove pathologicalfindings.

SPSS version 19 package software (SPSS Inc., Chicago, lllinois,
USA) was used for the statistical analysis. The categorical vari-
ables, including tumour size, axillary lymph node, and histolog-
ical grade, are summarised as number (n) and percentage (%).
Descriptive statistics for the continuous variable of age and the
FPET axillalymph node SUV-max variable are summarised as the
mean * standard deviation. The cut-off value for FPET axilla
SUVmax for predicting axillary LNM were determined by
analysing the ROC curve. The Chi-squared test, Fisher's Exact
testorthelikelihood ratio test was used foranalysing categorical
variables. Sensitivity, specificity, positive predictive value, and
alsonegative predictive value were used to investigate theaccu-
racy ofthediagnostictestsregardingthe FPET and axillary lymph
nodes. Avalue of p <0.05 was considered statistically significant.

RESULTS

The patients were between the ages of 30-86 (mean 52.42 +
11.66 years). The value of the FPET axilla SUVmax ranged from
0-38.24 (mean 1.80 + 4.47). For predicting axillary LNM, FPET
axilla SUVmax receiver operator characteristic curve analysis
was examined. The area under the curve was 75.6%, and the
confidence interval was 66.3-84.8%. The cut-off value for FPET
axilla SUVmax was set at 1.84, while the sensitivity was 53.1%,
the specificity was 85.9%, and the likelihood ratiowas 3.8.

Analysisofunivariate parametersrevealed a statistically signifi-
cant relationship between histopathological axillary LNM and
tumour size, histological grade, Ki-67 and the FPET axilla
SUVmax cut-off value (p <0.05).

The FPET values greater than and less than the established cut-
off value of 1.84 were then compared. Our analysis of univariate
parameters found a statistically significant correlation between
the FPET axilla SUVmax cut-off value and the histological grade
and Ki-67 (p <0.05). Axilla SUVmax cut-off values above 1.84
correlatedwithhighKi-67 proliferationindicesandhighhistolog-
icalgrades(Tablel).

While the axillary LNM was 49 (43.4%) in the histopathological
examination, the FPET axillary lymph node was 34 (30.1%) for
the group having a SUVmax value greaterthan 1.84. There was
al1l3.3%difference between FPET axillary lymph node SUV-max
cut-offvalue 1.84 and the histopathological axilla LNM.

This study also employed multivariable parameters in
examining the groups above and below the FPET axillary lymph
node SUVmax cut-off value of 1.84. In these examinations, a
significant correlation was observed for the Ki-67 proliferation
index, tumour size and histopathological axillary LNM in cases
with an FPET axillary lymph node SUVmax less than 1.84 (p
<0.05).

Table I: Correlation between FPET axillary lymph node SUVmax cut-off value and histopathological and immunohistochemical findings in the

univariate analysis of different parameters.
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FPET axillary lymph | FPET axillary lymph
node SUVmax <1.84 |\node SUVmax >1.84 p-value
n(%) n(%)
Tumour size
<2cm 36(78.3) 10(21.7) 0.109
>2cm 43(64.2) 24(35.8)
Histological grade
Gl 14(82.4) 3(17.6)
G2 56(75.7) 18(24.3) 0-004
G3 9(40.9) 13(59.1)
ER
Negative 7(53.8) 6(46.2) 0.206
Positive 72(72) 28(28)
PR
Negative 10(55.6) 8(44.4) 0.148
Positive 69(72.6) 26(27.4)
"HER2
Negative 58(75.3) 19(24.7) 0.067
Positive 21(58.3) 15(41.7)
Ki-67
<15% 42(87.5) 6(12.5) <0.001
>15% 37(56.9) 28(43.1)
HPALNM
Negative 55(85.9) 9(14.1) <0.001
Positive 24(49) 25(51)

FPET:F18-Fluorodeoxy-glucose Positron Emission Tomography combined with Computed Tomography, SUVmax: Standardised maximum uptake value, ER:
Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth factor receptor 2, HPALNM: Histopathological axillary lymph node metastasis.

axillary LNM.

Table II: FPET axilla lymph node SUVmax cut-off value in multivariable parameter analysis and its relationship to categorical variables with

FPET

Histopathological and

Histopathological
axillary lymph node

Histopathological
axillary lymph node metastasis

g)l(Ji\IIIary lymph node immunohistochemical findings metastasis negative positive p-value
max
n (%) n (%)
<1.84 Ki-67<15% 35(83.3) 7(16.7) 0.005
Ki-67>15% 20(54.1) 17(45.9) '
>1.84 Ki-67<15% 5(83.3) 1(16.7) 0.001
Ki-67>15% 4(14.3) 24(85.7) '
<1.84 TS<2cm 32(88.9) 4(11.1) 0.001
TS>2cm 23(53.5) 20(46.5) '
>1.84 Ts<2cm 4(40) 6(60) .
TS>2cm 5(20.8) 19(79.2) !
<1.84 Gl 11(78.6) 3(21.4)
G2 39(69.6) 17(30.4) 0.504
G3 5(55.6) 4(44.4)
>1.84 Gl 2(66.7) 1(33.3)
G2 5(27.8) 13(72.2) 0.218
G3 2(15.4) 11(84.6)
<1.84 ER (-) 6(85.7) 1(14.3) 0.332
ER (+) 49(68.1) 23(31.9) '
>1.84 ER (-) 3(50) 3(50)
ER (+) 6(21.4) 22(78.6) 0306
<184 PR () 8(80) 2(20)
PR (+) 47(68.1) 22(31.9) 0.445
>1.84 PR (-) 4(50) 4(50)
PR (+) 5(19.2) 21(80.8) 0.165
<1.84 HER2 (-) 40(69) 18(31) 0.833
HER2 (+) 15(71.4) 6(28.6) !
>1.84 HER2 (-) 8(42.1) 11(57.9) 0.020
HER2 (+) 1(6.7) 14(93.3) ’

FPET: F18-Fluorodeoxy-glucose positron emission tomography combined with computed tomography,; SUVmax: Standardised maximum uptake value; TS:
Tumour size; G: Grade,; ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor receptor 2.

multivariate analysis.

Table IlI: FPET axillary lymph node SUVmax cut-off value and its relationship with axillary LNM when categorical variables are used together in

Histopathological Histopathological
Tumour axillary lymph axillary lymph
FPET axillary lymph node SUVmax Ki-67 size node metastasis node metastasis p-value
negative positive
n(%) n(%)
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<15% <2cm 23(92) 2(8) 0.068
<184 >2cm 12(70.6) 5(29.4) '
' >15% <2cm 9(81.8) 2(18.2) 0.036
>2cm 11(42.3) 15(57.7) '
<15% <2cm 3(75) 1(25)
>2cm 2(100) 0(0) 0439
>1.84 2 1(16.7) 5(83.3)
o <2cm . .
>15% >2cm 3(13.6) 19(86.4) >0.999
FPET: F18-Fluorodeoxy-glucose positron emission tomography combined with computed tomography,; SUVmax: Standardised maximum uptake value.

Axillary LNM was detected in 45.9% of the participants with
a Ki-67 proliferation index above 15% and 46.5% of the parti-
cipants with tumour size greater than 2 cm (Table I1).

An evaluation was also performed of the multivariate param-
eters of axillary lymph node SUVmax less than 1.84, Ki-67
proliferation index greater than 15% and tumour size
greater than 2 cm in FPET and LNM. The result was 57.7%,
and the correlation in this respect was statistically signifi-
cant [(p = 0.036, Table Ill)].

DISCUSSION

The prognosis, treatment and management of breast carci-
noma depends on T stage, histological grade, HER2, PR
status, ER status, axilla LNM and the extent of metastasis.
Among these factors, axillary LNM is a crucial component for
survival.”™ The gold standard of lymph node evaluation is
axillary lymph node dissection. In various studies, the sensi-
tivity of FPET in the axillary staging of breast carcinoma has
been found to range from 37-70%, with a specificity of
92-100%.°"" In this study, the FPET axillary lymph node
SUVmax cut-off value for histopathological axilla LNM had
sensitivity and specificity values of 73.5% and 85.5%, respec-
tively. These results, which differ from those in the litera-
ture, may be due to the different histopathological and
immunohistochemical features of the tumour. The design of
the current study considered these features, establishing the
FPET axillary lymph node SUVmax cut-off value at 1.84.
Researchers in similar studies established the cut-off value
at 1.1 or 3.9.**® The findings in this study were correlated
with the pathological and immunohistochemical parameters
in the primary breast tumour to determine the FPET axillary
lymph node SUVmax cut-off value for LNM.

Many previous research has determined that as tumour size
increases in breast carcinoma, the risk of axillary LNM also
increases.*** In the present study, the analysis of univariate
parameters determined that as tumour size increased, axil-
lary LNM also increased histopathologically. However, in the
univariate analysis, no relationship was found between
tumour size and the cut-off value for FPET axilla lymph node
SUVmax. Some of the previous studies did not find a relation-
ship between histological grade and FPET axilla involvement,
while others reported a correlation.’*” The current analysis
of univariate parameters found a relationship between histo-
logical grade and FPET axilla lymph node SUVmax cut-off
value in terms of metastasis. High-grade tumours had a
higher rate of axillary metastasis. Since high histological

grade tumours are known to be more aggressive and often
metastasise, the findings were as predicted. While some
previous studies did not determine a relationship between
Ki-67 indices and axillary LNM, others did find a relationship,
as did this study.'®*

Similar studies in the literature focused mainly on the corre-
lation of LNM and cases with a high FPET axillary lymph node
SUVmax. Similarly, the FPET axillary lymph node SUVmax
values in our study helped determine LNM greater than 1.84.
The current study's aim differed from previous studies by
investigating if any histopathological and immunohistochem-
ical findings affect the axillary LNM of low SUVmax patients
in FPET if analysed together. In axillary LNM, the FPET axil-
lary lymph node SUVmax cut-off value was used together
with categorical variables, such as Ki-67 indices, tumour
size, histological grade, ER, PR and HERZ2, in the analysis of
multivariate parameters.

The resulting analysis firstly revealed a statistically signifi-
cant relationship between histopathological axillary LNM and
tumour size, histological grade, Ki-67 indices and the FPET
axilla SUVmax cut-off value (p <0.05). Next, when the cut-off
values greater than and less than 1.84 were compared, it
was found that the cut-off value for FPET axillary lymph node
SUVmax was predictive of axillary LNM. There was a statisti-
cally significant correlation between the FPET axilla SUVmax
cut-off value and the histological grade and Ki-67 indices (p
<0.05). Axilla SUV-max cut-off values greater than 1.84
correlated with high Ki-67 indices and high histological
grades. Finally, analysing multivariate parameters resulted
in a significant correlation for the Ki-67 proliferation index,
tumour size and histopathological axillary LNM in cases with
an FPET axillary lymph node SUV-max less than 1.84 (p
<0.05). The multivariate parameters were then simultane-
ously evaluated, comprising axillary lymph node SUV-max
less than 1.84, Ki-67 proliferation index greater than 15%
and tumour size greater than 2 cm in FPET and LNM. The
resulting correlation was significant (p <0.05).

CONCLUSION

There was a statistically significant relationship between
histopathological axillary LNM and the FPET axilla SUVmax
cut-off values greater than and less than 1.84.

For patients with an FPET axillary lymph node SUVmax less
than 1.84, a follow up on axilla LNM will be necessary if the
Ki-67 indices is above 15% and tumour diameter is greater
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than 2 cm. Therefore, it is suggested that breast cancer
patients with a low axillary lymph node SUVmax value be
evaluated together with pathological parameters.
Conducting similar studies on this subject may contribute
further to the literature.
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