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Objective: The status of axillary lymph nodes (ALNSs) is the most important prognostic factor
in breast cancer. The purpose of this study was to evaluate the clinical usefulness of ALN
involvement by means of positron emission tomography-computed tomography (PET-CT)
compared with breast sonography and mammography in patients with early breast cancer.
Methods: This study involved 108 breast cancer patients with non-palpable ALNs. All
patients had PET-CT, breast sonography and mammography imaging before sentinel lymph
node (SLN) biopsy. After SLN biopsy, all patients underwent complete ALN dissection. ALNs
were evaluated by standard hematoxylin and eosin staining techniques. The findings of PET-
CT, breast sonography and mammography imaging of 108 patients were compared with
pathologic findings after surgery. Sensitivity, specificity and accuracy of individual diagnostic
modalities were compared. Diagnostic accuracy was evaluated applying receiver operating
characteristic (ROC) curve areas.

Results: The sensitivity, specificity and accuracy of PET-CT imaging were 48.5%, 84% and
73.2%, respectively. The sensitivity, specificity and accuracy of breast sonography were
51.5%, 89.3% and 77.8%, respectively. The sensitivity, specificity and accuracy of mammo-
graphy were 33.3%, 96% and 76.9%, respectively. For involvement of ALNs, PET-CT
imaging, breast sonography and mammography had areas under the ROC curve of 0.662,
0.704 and 0.647, respectively.

Conclusions: Compared with the combination of breast sonography and mammography,
PET-CT was less sensitive and had less accuracy in detecting ALN metastasis.
Consequently, PET-CT is not a reliable non-invasive modality for assessing ALN involvement
that can replace ALN dissection or SLN biopsy before decisions are made on appropriate sys-
temic interventions.
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INTRODUCTION

of disease at an early stage (3). New diagnostic modalities,
surgical techniques and various adjuvant approaches lead to

Breast cancer is the most common female malignancy. Its
incidence has been increasing in Europe, the United States
and Korea, but recently the incidence is declining because of
reduction of hormonal replacement therapy and the fatality
rate is also decreasing (1—4). This is probably a result of
more effective treatment strategies, as well as the detection
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longer survival in patients with breast cancer than ever
before. The management and prognosis of breast cancer
depends on the size and grade of the primary tumor, estrogen
receptor status, axillary lymph node (ALN) involvement and
the presence of metastatic disease. Among these factors, the
most reliable prognostic indicator for recurrence and survival
at the time breast cancer is initially diagnosed is the presence
and extent of metastasis to the ALNs (5,6).

Currently, several techniques are used in the diagnosis and
staging of breast cancer, including mammography, breast
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sonography, chest radiography, computed tomography (CT),
sentinel lymph node (SLN) biopsy, complete ALN dissec-
tion, magnetic resonance imaging and isotope bone scan-
ning. For nodal staging, ALN dissection has been performed
in most women with invasive breast cancer, although SLN
biopsy has recently increased in frequency as an alternative
procedure (7,8). While ALN dissection provides staging and
prognostic information, ALN has well-known risks, includ-
ing lymphedema (12%) and upper arm dysfunction or dis-
comfort in more than one-half of the patients (9).

SLN biopsy, introduced by Krag et al. (10) and Giuliano
et al. (7) in the early 1990s, represents a new standard of
care for ALN staging in patients with early-stage, clinically
node-negative breast cancer. SLN biopsy has decreased the
morbidity of staging by avoiding unnecessary ALN dissec-
tion, and probably measurably improved the accuracy of
staging as well. Importantly, SLN biopsy is also an inva-
sive ALN staging method and there is no reliable non-
invasive method of evaluation of lymph node status in
patients with breast cancer (11). It would be of great clini-
cal benefit if a reliable non-invasive method of determining
ALN status was available. The utility of positron emission
tomography-computed tomography (PET-CT) with
18F-fluoro-2-deoxy-p-glucose (18F-FDG) has been cur-
rently proven for various human malignancies (12), and
various studies have shown that PET-CT is a sensitive and
specific diagnostic tool for the detection of ALN metas-
tases in breast cancer (13).

The purpose of this study was to evaluate the clinical
usefulness of non-invasive ALN staging by means of
PET-CT compared with other non-invasive methods (breast
sonography and mammography) in patients with early
breast cancer.

PATIENTS AND METHODS

PATIENTS

Between March and November 2003, 108 patients with
breast cancer and non-palpable ALN were enrolled in this
study. Our institutional review board approved our research
study and waived the informed consent requirement because
this was a retrospective study. All the patients had cytologi-
cally or histologically proven breast cancer based on core
needle biopsy or fine needle aspiration specimens. After
PET-CT imaging, breast sonography and mammography
were performed preoperatively, and all patients underwent
SLN biopsy. All SLN biopsies were followed by ALN dis-
section, including level I and II nodes. Micrometastasis or
isolated tumor cell cases were excluded in this study.

METHODS
PET-CT IMAGING

All patients underwent a high-resolution preoperative
PET-CT examination (Advance Nxi; GE Medical,
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Milwaukee, WI, USA). The patients were asked to fast for at
least 6 h before the examination. Serum glucose levels were
measured to ensure euglycemia (<120 mg/dl). Five millicu-
ries of FDG were then injected with saline infusion. One
hour after the injection, a whole-body scan and abdominal
tomoscintigraphy were systematically performed in the
supine position, followed by thoracic tomoscintigraphy in
the prone position with the arms in extension. The standard
uptake value (SUV) was decay-corrected tissue activity
divided by the injected dose per patient body and was calcu-
lated using the following formula: SUV = activity in region
of interest/decay factor of F-18 (MBgqg/ml)/injected dose
(MBg/kg body weight).

SLN Bropsy

After the induction of general anesthesia, patients received a
subdermal injection of 5 ml of isosulfan blue dye below the
periareolar skin, followed by breast massage for 5 min. Five
minutes after the injection, an SLN biopsy was performed
through an incision in accordance with ALN dissection just
below the axillary hairline. The SLN was located by follow-
ing a blue lymphatic channel to the lymph node. SLN
biopsy was followed by standard ALN dissection.

HistoratHOLOGIC EvALUATION

Each half-sentinel node was sectioned at 3 mm intervals.
Each 3 mm section was analyzed by four additional levels of
150 wm and four parallel sections. One level was used for
hematoxylin and eosin staining. The size of nodal metastases
was estimated with an eyepiece micrometer. Immunohisto-
chemical staining was not performed rountinely.

ANALYSIS

The evaluation of results was based on the calculated sensi-
tivity, specificity and accuracy relative to the histopathologic
status of the ALNs, as follows: sensitivity, TP/(TP + FN);
specificity, TN/(TN + FP); positive predictive value,
TP/(TP + FP); negative predictive value, TN/(TN + FN);
and accuracy, (TP 4+ TN)/(TP + FP + FN + TN), where TP
is the true-positive, TN the true-negative, FP the false-
positive and FN the false-negative.

The diagnostic accuracies of the non-invasive methods
(mammography, breast sonography and PET-CT) and ALN
involvement were evaluated applying receiver operating
characteristic (ROC) curve and under the curve areas.

RESULTS
CHARACTERISTICS OF PATIENTS

During the study period, 108 patients were enrolled. The
patient demographics and tumor characteristics are listed in
Table 1. The patients’ mean age was 48.6 years (range,
27—75 years) and the mean tumor size was 19.2 mm (range,
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Table 1. Characteristics of patients

Table 2. Coordinates of the curve

Characteristics No. of patients (%) Positive if greater than or equal to (a) Sensitivity 1-specificity
All cases 108 (100) —1.0000 1.000 1.000
Age (years) 0.3000 0.515 0.187
Mean 486 0.6050 0.485 0.173
Range 27_75 0.6400 0.485 0.160
0.6850 0.455 0.160
Tumor size (mm) 0.7500 0.455 0.147
Mean 192 0.8500 0.455 0.107
Range 370 0.9500 0.455 0.067
Histology 1.0500 0.424 0.053
Ductal 100 (92.6) 1.1300 0.424 0.040
Lobular 1(0.9) 1.1800 0.394 0.040
Others 7 (6.5) 1.2450 0.364 0.040
Estrogen receptor status 12950 0.333 0.040
Positive 65 (60.2) 13950 0.242 0.027
Negative 43 (39.8) 1.5450 0.212 0.027
1.7300 0.182 0.027
Progesterone receptor status 1.8800 0.152 0.027
Positive 59 (54.9) 2.0000 0.121 0.027
Negative 49 (45.4) 21300 0.091 0.027
2.3450 0.091 0.013
3—70 mm). One hundred patients (92.6%) had invasive 2.7650 0.061 0.013
ductal carcinoma, one patient (0.9%) had lobular carcinoma 3.9000 0.030 0.013
and seven patients (6.5%) had other tumor types (six muci-
nous carcirr;omas afld ong medullary carcingfna).( Estrogen 31200 0.000 0.013
6.4400 0.000 0.000

receptor status was positive in 65 patients (60.2%) and pro-
gesterone receptor status was positive in 59 patients (54.6%).
Seventy-seven patients (71.3%) were clinical stage T1, 29
patients were T2 (26.9%) and 2 patients were T3 (1.8%).
Metastasis was found in the ALNs of 33 patients (30.6%).
Eighteen patients (54.5%) had clinical stage N1, 10 patients
(30.3%) had N2 and 5 patients (15.2%) had N3 disease.

COMPARATIVE DETECTION PERFORMANCE OF NON-INVASIVE
MEeTHODS AND SLN Bioprsy IN BREAST CANCER

The SUV of ALNs ranged from 0.00 to 7.01. The SUV of
the ALN cut-off value gained by the ROC curve was 0.6400
(Table 2). PET-CT was positive if the SUV was >0.64, and
the PET-CT sensitivity and specificity were 48.5% and 84%,
respectively (Fig. 1).

As shown in Table 3, mammography, breast sonography,
PET-CT and an SLN biopsy sensitivities for ALNs were
33.3%, 51.5%, 48.5% and 78.8%, respectively. The speci-
ficity of mammography, breast sonography, PET-CT and
SLN biopsy for ALNs was 96%, 89.3%, 84% and 98.7%,
respectively. The accuracy of PET-CT (73.2%) was lower
than the other diagnostic tools. A combination of non-
invasive modalities had a sensitivity of 63.6%, a specificity
of 78.6% and an accuracy of 74.1%.

(a) The smallest cutoff value is the minimum observed test value minus 1,
and the largest cutoff value is the maximum observed test value plus 1. All
the other cutoff values are the averages of two consecutive ordered observed
test values.

As shown by the ROC curves continuously obtained from
the three imaging modalities and the SLN biopsy for the
involvement of ALNs (Fig. 2), the area under the curve of
mammography, breast sonography, PET-CT and SLN biopsy
was 0.647, 0.704, 0.662 and 0.887, respectively (Table 4).

DISCUSSION

The presence of ALN metastases is commonly accepted as
the most important prognostic factor in patients with breast
cancer. In general, adjuvant chemotherapy is recommended
in patients with ALN metastases. It has been suggested that
detection of tiny foci of disease in ALNs may be important
in determining prognosis and treatment. It is now accepted
that SLN biopsy allows ALN dissection to be carried out
selectively, rather than routinely (14). However, compli-
cations following ALN dissection and radiation therapy have
been reported to occur in 40—70% of all patients. These
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Figure 1. ROC curves obtained from SUV of ALNs in PET-CT. ROC,
receiver operating characteristic; SUV, standard uptake value; ALNSs, axil-
lary lymph nodes; PET-CT, positron emission tomography-computed
tomography.

complications include seromas, infections, pain, arm edema,
breast edema or nerve injuries (15,16).

Non-invasive imaging techniques with sufficient sensi-
tivity in detecting ALN metastases would prevent patients
without lymph node metastases from suffering these compli-
cations. Classical non-invasive imaging techniques for
detecting ALN metastases are mammography and breast
sonography. In addition, PET-CT has also been widely used.
PET-CT is an imaging method that provides a quantitative

Table 3. Comparative detection performance of individual diagnostic modalities
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Figure 2. ROC curves obtained from three imaging modalities and SLN
biopsy for the involvement of ALNs. SLN, sentinel lymph node.
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portrayal of the in vivo biodistribution of a radioactive tracer,
such as the glucose analog 18F-FDG (17).

Studies of ALN staging by PET-CT have reported sensi-
tivities of between 25% and 100% (18). It is that axillary
surgery would be unnecessary in patients with negative
scans of the axilla, with resulting clinical and economic
benefits. In a study of 117 patients, Schirrmeister et al. (3)
noted that, although PET was accurate in screening for
lymph node metastasis, there was a false-negative rate of
20% and an overall sensitivity of 80% in detecting nodal

ALN(+) ALN(—) Total Sensitivity (%) Specificity (%) Accuracy (%)
Mammo-positive 11 3 14 333 96 76.9
Mammo-negative 22 72 94
BSG-postitive 17 8 25 51.5 89.3 77.8
BSG-negative 16 67 83
PET-CT-positive 16 12 28 48.5 84 73.2
PET-CT-negative 17 63 80
SLN-positive 26 1 27 78.8 98.7 92.6
SLN-negative 7 74 81
M + BSG + P-positive 21 16 37 63.6 78.6 74.1
M + BSG + P-negative 12 59 71
Total 33 75 108

ALN, axillary lymph node; BSG, breast sonogram; M, mammogram; P, PET-CT; SLN, sentinel lymph node biopsy.

¥20z Mdy 2| uo 1sanb Aq 96588/+8¢/G/6E/81911e/00([/woo dno-olwspeoe//:sdiy wolj pepeojumoq



288 Role of PET-CT on axillary staging

Table 4. Area under the curve of individual diagnostic methods

Test result variable(s) Area Std error Asymptotic sig. Asymptotic 95% confidence interval
Lower bound Upper bound

PET-CT 0.662 0.060 0.007 0.545 0.780

SLN biopsy 0.887 0.044 0.000 0.802 0.973

Mammography 0.647 0.062 0.015 0.525 0.769

Breast sonography 0.704 0.059 0.001 0.588 0.820

disease. Greco et al. (19) suggested that FDG-PET could
avoid histologic assessment of ALN status in patients with
early-stage breast cancer (stage T1); however, the results of
our study do not support this view.

We evaluated PET-CT, mammography and breast sonogra-
phy in the detection of ALN metastases in patients with
early-stage breast cancer undergoing SLN biopsy. The sensi-
tivity of PET-CT was only 48.5%, using ALN dissection and
histologic examination as a reference. The sensitivity of
PET-CT was lower than breast sonography (51.5%). In
addition, the specificity of PET-CT was 84%, which was
also lower than breast sonography (89.3%) and mammogra-
phy (96%). Therefore, the accuracy of PET-CT (73.2%) was
lower than breast sonography (77.8%) and mammography
(76.9%). The area under the curve gained from the ROC
(0.662) was also a lower value than breast sonography
(0.704). This result of the study clearly indicates that
PET-CT does not have the spatial resolution to assess the
axilla accurately. Preferably, among non-invasive methods of
detecting ALN metastasis, breast sonography was the most
effective diagnostic value as our result; however, it is also
insufficient instead of SLN biopsy or ALN dissection.

Ohta et al. (20) investigated the efficacy of PET-CT alone,
breast sonography alone and the two modalities combined in
the detection of ALN metastatic disease. The combination of
PET-CT and breast sonography had the best overall accuracy
at 85%, followed by PET-CT alone (82%) and breast sono-
graphy alone (79%).

In the present study, the combination of mammography,
breast sonography and PET-CT had a sensitivity, specificity
and accuracy of 63.6%, 78.6% and 74.1%, respectively.
Combination of the three diagnostic modalities was more
sensitive than breast sonography alone. However, accuracy
was lower than breast sonography alone, by reason of low
specificity (78.6%). Although the accuracy of the combi-
nation modality was low, it was higher than PET-CT alone.
This result means that PET-CT alone for ALN staging in
early breast cancer is not reliable. Furthermore, even if we
use a combination modality composed of three non-invasive
diagnostic imaging techniques, it cannot substitute with an
invasive method, such as SLN biopsy or ALN dissection.

In conclusion, breast sonography for ALN staging in
early breast cancer had high diagnostic accuracy in non-
invasive methods. The combination of mammography, breast

sonography and PET-CT leads to an increase in sensitivity,
but does not lead to an increase in accuracy. Therefore, a
non-invasive method alone is not possible for ALN staging
in early breast cancer.

CONCLUSION

In early breast cancer, PET-CT is not a reliable non-invasive
test of ALN involvement that can replace ALN dissection or
SLN biopsy before decisions are made on appropriate sys-
temic interventions. At present, no non-invasive imaging
modality exists that screens the axilla with sufficient sensi-
tivity. Therefore, histologic evaluation of ALN status is still
required for the detection of lymph node metastases. A com-
bination of non-invasive modalities can more closely
approximate an invasive method for detecting ALN metasta-
sis with respect to sensitivity.

Funding

This manuscript was supported by a grant from research
fund donated by Gangneung Dong-In Hospital.

Conflict of interest statement

None declared.

References

1. Kumle M. Declining breast cancer incidence and decreased HRT use.
Lancet 2008;372:608—10.

2. Barranger E, Grahek D, Antoine M. Evaluation of fluorodeoxyglucose
positron emission tomography in the detection of axillary lymph node
metastases in patients with early-stage breast cancer. Ann Surg Oncol
2003;10:622—7.

3. Schirrmeister H, Kithn T, Guhlmann A. Fluorine-18 2-deoxy-2-fluoro-
p-glucose PET in the preoperative staging of breast cancer: comparison
with the standard staging procedures. Eur J Nucl Med 2001;28:351-8.

4. Newcomb PA, Lantz PM. Recent trends in breast cancer incidence,
mortality, and mammography. Breast Cancer Res Treat 1993;28:
97—-106.

5. Saez RA, McGuire WL, Clark GM. Prognostic factors in breast cancer.
Semin Surg Oncol 1989;5:102—10.

6. Cody HS, III. Current surgical management of breast cancer. Curr Opin
Obstet Gynecol 2002;14:45-52.

¥20z Mdy 2| uo 1sanb Aq 96588/+8¢/G/6E/81911e/00([/woo dno-olwspeoe//:sdiy wolj pepeojumoq



11.

12.

13.

. Giuliano AE, Kirgan DM, Guenther JM. Lymphatic mapping and

sentinel lymphadenectomy for breast cancer. Ann Surg 1994;220:
398—401.

. Krag D, Weaver D, Ashikaga T. The sentinel node in breast cancer: a

multicenter validation study. N Engl J Med 1998;339:941—6.

. Kwan W, Jackson J, Weir LM. Chronic arm morbidity after curative

breast cancer treatment: prevalence and impact on quality of life. J Clin
Oncol 2002;20:4242—8.

. Krag DN, Weaver DL, Alex JC. Surgical resection and radiolocalization

of the sentinel lymph node in breast cancer using a gamma probe. Surg
Oncol 1993;2:335-40.

Silverstein MJ, Gierson ED, Waisman JR. Prediction axillary node
positivity in patients with invasive carcinoma of the breast by using a
combination of T category and palpability. J Am Coll Surg
1995;180:700—4.

Hawkins RA, Hoh C, Glaspy J. Positron emission tomography scanning
in cancer. Cancer Invest 1994;12:74—87.

Smith IC, Ogston KN, Withford P. Staging of the axilla in breast cancer:
accurate in vivo assessment using positron emission tomography with
2-(fluorine-18)-fluoro-2-deoxy-p-glucose. Ann Surg 1998;228:220—7.

14.

15.

16.

17.

18.

19.

20.

Jpn J Clin Oncol 2009,;39(5) 289

Noguchi M. Sentinel lymph node biopsy and breast cancer. Br J Surg
2002;89:21-34.

Liljegren G, Holmberg L. Arm morbidity after sector resection and
axillary dissection with or without postoperative radiotherapy in breast
cancer stage I. Results from a randomised trial. Eur J Cancer
1997;33:193-9.

Hack TF, Cohen L, Katz J. Physical and psychological morbidity after
axillary lymph node dissection for breast cancer. J Clin Oncol
1999;17:143-9.

Wahl RL, Buchanan JW. Principles and Practice of Positron Emission
Tomography. Philadelphia: Lippincott Williams and Wilkins 2002.
Byrne AM, Hill AD, Skehan SJ. Positron emission tomography in the
staging and management of breast cancer. Br J Surg 2004;91:1398—409.
Greco M, Crippa F, Agresti R. Axillary lymph node staging in breast
cancer by 2-fluoro-2-deoxy-p-glucose-positron emission tomography.
Clinical evaluation and alternative management. J Natl Cancer Inst
2001;93:630-5.

Ohta M, Tokuda Y, Saitoh Y. Comparative efficacy of positron emission
tomography and ultrasonography in preoperative evaluation of axillary
lymph node metastases in breast cancer. Breast Cancer 2000;7:99—103.

¥20z Iudy /| uo 1senb Aq G96588/+82/S/6€/2101e/0o(l/woo dno-ojwepese//:sdpy wody pepeojumod



