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Background and Aim: There are conflicting results of studies on accuracy of 
positron emission tomography  (PET)/computed tomography  (CT) for axillary 
staging. The aim of this study is to determine the factors affecting the efficacy 
of 18F‑fluorodeoxyglucose  (18F‑FDG) PET/CT in detecting axillary metastases 
in invasive breast cancer. Materials and Methods: Data of 232  patients with 
invasive breast cancer who underwent 18F‑FDG PET/CT examination before 
surgery between January 2013 and September 2017 were reviewed retrospectively. 
Histopathological examination of axillary lymph nodes  (ALNs) was used as 
a reference to assess the efficacy of 18F‑FDG PET/CT in detecting axillary 
metastases. Results: While 134  (57.8%) patients had axillary metastases as 
detected in 18F‑FDG PET/CT scans, histopathologically axillary metastases were 
detected in 164  (70.7%) patients. The sensitivity, specificity, positive predictive 
value, negative predictive value, and overall accuracy of 18F‑FDG PET/CT in 
detection of axillary metastasis were 72.56%, 77.94%, 88.8%, 54%, and 74.1%, 
respectively. The false‑negative and false‑positive rates were 27.4% and 22%, 
respectively. In univariate analysis, patients’ age, estrogen receptor positivity, higher 
ALN SUVmax, greater tumor size, and lymph node size determined by 18F‑FDG 
PET/CT were all significantly associated with accuracy of 18F‑FDG PET/CT for 
axillary metastasis. In multivariate analysis, tumor size determined by 18F‑FDG 
PET/CT and ALN SUVmax were independent variables associated with axillary 
metastasis. The accuracy of 18F‑FDG PET/CT for axillary metastasis was higher 
in patients with a larger tumor  (≥19.5  mm) and a higher ALN SUVmax  (≥3.2). 
Conclusion: 18F‑FDG PET/CT should not be routinely used for axillary staging, 
especially in patients with small tumors. It cannot eliminiate the necessity of 
sentinel lymph node biopsy. When it is used, both visual information and optimal 
cut‑off value of axillary node SUVmax should be taken into consideration.
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A variety of imaging modalities have been applied 
to evaluate axillary metastasis. Among them, 
18F‑fluorodeoxyglucose  (18F‑FDG) positron emission 
tomography  (PET)/computed tomography  (CT) has 
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Introduction

T he most significant prognostic factor for patients 
with breast cancer is the status of axillary lymph 

nodes  (ALNs).[1] Sentinel lymph node biopsy  (SLNB) 
has become the standard care for patients with clinically 
and/or radiologically node‑negative, early‑stage invasive 
breast cancer.[2,3] When the sentinel lymph nodes (SLNs) 
are positive, standard treatment is to complete axillary 
dissection (AD).[4]
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the advantage of detecting metastasis in other parts of 
the body.[5] There are conflicting results of studies on 
accuracy of PET/CT for axillary staging. Some studies 
have claimed that PET/CT can select patients who need 
AD,[6,7] while others have doubt that it can accuretly 
identify axillary status.[8] These conflicting results 
raise the question of which factors affect accuracy of 
18F‑FDG PET/CT for axillary metastasis. This study was 
conducted to determine the factors affecting the accuracy 
of 18F‑FDG PET/CT for axillary metastasis.

Materials and Methods
A retrospective examination was conducted on the 
records of 232  patients with invasive breast cancer who 
underwent 18F‑FDC PET/CT before surgery between 
January 2013 and September 2017. Patients with history 
of excisional biopsy, neoadjuvant chemotherapy, recurrent 
breast cancer, noninvasive types of breast cancer, or 
male sex were excluded from the study. Histopathologic 
examination of ALNs (SLNB and/or AD) was used as 
reference to evaluate the ability of 18F‑FDG PET/CT in 
detection of axillary metastasis.

Methylene blue was used in the identification of 
SLNs. All SLNs were examined peroperatively (frozen 
section) and postoperatively  (paraffin section). Serial 
sectioning and/or immunohistochemical staining were 
also performed on SLNs that metastasis could not be 
detected by routine histopathological methods. AD was 
performed in all patients with positive macrometastatic 
SLN.

Tumor size was recorded by both pathological  (pT) 
and clinical (cT; using 18F‑FDG PET/CT) measurement. 
The histological type of the tumor was classified 
into three types: invasive carcinoma of no special 
type (invasive ductal carcinoma), specified type, 
and mixed type. Histological grade was determined 
according to Modified Bloom–Richardson method. 
The limit value for the presence of hormone receptor 
was determined as 1%. Her2/neu amplification was 
considered positive if the Her2 receptor was stained 
3+  and/or if the Her2 receptor was stained 2+  along 
with Her2/neu amplification determined by fluorescence 
in situ hybridization.

The patients fasted for at least 6 h before 18F‑FDG 
injection. Approximately 60  min after the injection of 
0.1  mg/kg 18F‑FDG intravenously, anatomical imaging 
with CT  (140 keV, 80 mA; Siemens, Knoxville, TN, 
USA) and then PET (Siemens Biograph mCTS (20)‑3R) 
imaging was performed from vertex to the mid‑thigh at 
PET/CT. Data were reconstructed by ordered subsets 
expectation maximization. Images on coronal, sagittal, 
and transverse axis were evaluated using software 

program  (Syngo.via/VB10B software version/Siemens 
Medical Solutions Inc.). The CT data were acquired 
without contrast enhancement. Breast lesion and ALNs 
were evaluated visually first in PET and CT images. 
SUVmax of hypermetabolic breast lesion and SUVmax 
of hypermetabolic ALNs were automatically calculated 
through previously mentioned software.

Statistical analysis
Statistical Package of the Social Sciences 17.0 software 
was used for statistical analysis. The clinicopathological 
characteristics of the tumors were analyzed by Chi‑square 
independence test and descriptive analysis. Data were 
expressed as n  (%) and mean with standard deviation. 
The selection of variables for logistic model was started 
by Chi‑square independence test and univariate logistic 
regression analysis. Significant variables were included 
in multivariate binary logistic regression analysis. 
Receiver operating characteristic  (ROC) curve was used 
to determine the optimal cut‑off value of the tumor size 
and the SUVmax of the ALNs.

As this was a retrospective study, we did not apply for 
ethical committee approval. However, informed consent 
was obtained from all patients before 18F‑FDG PET/CT 
procedure.

Results
The mean age was 50.65 ± 12.35 years old; mean pT and 
mean cT were 3.4 ± 2.5 and 2.4 ± 1.9 cm, respectively. 
The mean SUVmax values of tumors and ALN were 
11.18  ±  9.07 and 8.83  ±  7.1, respectively  [Table  1]. 
SLNB was performed in 81  patients  (34.9%), and 
AD was performed in 178  (76.7%) patients. Total 
mastectomy was applied in a majority (68.1%) of cases.

Axillary metastases were detected in 18F‑FDG 
PET/CT scans of 134  (57.8%) patients. In all, 
164  (70.7%) patients had histopathologically proven 
axillary metastasis  (micrometastasis in 14  cases). The 
sensitivity, specificity, positive predictive value  (PPV), 
negative predictive value  (NPV), and overall 
accuracy  (OAA) of 18 F‑FDG PET/CT in detection 
of axillary metastasis were 72.56%, 77.94%, 88.8%, 
54%, and 74.1%, respectively. The false‑negative  (FN) 
and false‑positive  (FP) rates were 27.4%  (45/164) and 
22%  (15/68), respectively. The rate of patients with 
micrometastasis in FN results was 24.2%.

In univariate analysis, older age, estrogen receptor 
positivity, higer ALN SUVmax, greater tumor size, 
and ALN size determined by 18F‑FDG PET/CT 
were all significantly associated with accuracy of 
18F‑FDG PET/CT for axillary metastasis  [Table  2]. 
In multivariate analysis, tumor size determined by 18 
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F‑FDG PET/CT and ALN SUVmax were independent 
variables associated with accuracy of 18F‑FDG PET/CT 
for axillary metastasis [Table 2].

According to the ROC curve analysis, the optimal 
cut‑off values of the tumor size determined by 18F‑FDG 
PET/CT and ALN SUVmax were 19.5  mm and 3.2, 
respectively [Table 3].

The optimal cut‑off values of the tumor size 
determined by 18F‑FDG PET/CT, which was 19.5  mm, 
corresponded approximately to the size of T1 tumor, 
which was 20  mm, so we rearranged the statistical 
analysis according to T‑stage. T1 tumors constituted 
46.98% of cases  (n  =  109). Axillary metastases were 
detected in 18F‑FDG PET/CT scans of 48  (44%) 
patients with T1 tumors. In this group, 67  (61.4%) 
patients had histopathologically proven axillary 
metastasis  (micrometastasis in 8  cases). The sensitivity, 
specificity, PPV, NPV, and OOA of 18F‑FDG PET/CT 
in detection of axillary metastasis were 58.2%, 78.57%, 
81.25%, 54%, and 66%, respectively. The FN and FP 
rates were 41.79% and 21.4%, respectively. About 

Table 1: Patient’s age and clinicopathological 
characteristics of the tumors

Mean Min–max Median
Patient age 50.6±12.35 25–85 44
Tumor size determined by 
18F‑FDG PET/CT (cm)

2.4±1.9 0.5–23.3 1.4

Tumor size pathologically 
determined (cm)

3.4±2.5 0.5–23 2.5

Tumor SUVmax 11.18±9.07 1.1–81.2 3.9
ALN size determined by 
18F‑FDG PET/CT (cm)

1.65±0.87 0.20–5.6 1.2

ALN SUVmax 8.83±7.1 1.5–40.7 2.2
FDG: 18F‑fluorodeoxyglucose; PET: Positron emission 
tomography; CT: Computed tomography; ALN: Axillary lymph 
node

Table 2: Univariate and multivariate analyses of the factors affecting accuracy of 18F‑FDG PET/CT for 
axillarymetastasis

Characteristic Univariate analysis
Accurate detection n (%)

Multivariate analysis

(−) (+) (P) (P) OR

Patient age† 0.036
Bilaterality (+) 4 (57.1) 3 (42.9) 0.055
Lateralization

Right
Left

27 (22.9)
33 (28.9)

93 (77.1)
79 (71.1)

0.291

Multifocality/multicentricity (+) 22 (25.6) 64 (74.4) 0.94
Tumor histology

NOS
Specified
Mixed

45 (27.4)
9 (17)
6 (40)

119 (72.6)
44 (83)
9 (60)

0.138

Tumor grade
Grade I
Grade II
Grade III

15 (38.5)
23 (25)

22 (24.7)

119 (72.6)
44 (83)
9 (60)

0.224

Estrogen receptor (+) 56 (29.5) 134 (70.5) 0.008
Progesteron receptor (+) 48 (28.6) 120 (74.1) 0.127
Cerb 2 (+) 13 (21.7) 47 (78.3) 0.382
Molecular subtype

Luminal A
Luminal B
Triple‑negative
Her2‑positive

41 (28.7)
13 (30.2)

4 (19)
0

102 (71.3)
30 (69.8)
17 (100)
16 (74.1)

0.59

Largest tumor size determined by PET/CT† 0.005 0.035 2.41
Highest tumor SUVmax† 0.079
Largest ALN size determined by PET/CT† 0.017
Highest ALN SUVmax† 0.001 0.001 2.14
FDG: 18F‑fluorodeoxyglucose; PET: Positron emission tomography; CT: Computed tomography; OR: Odds ratio; NOS: Not otherwise 
specified; ALN: Axillary lymph node. †Continuous variable
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32% of FN results were observed in patients with 
micrometastasis. When we excluded T1 tumors, the 
sensitivity, specificity, PPV, NPV, and OAA of 18F‑FDG 
PET/CT in detection of axillary metastasis were 81.6%, 
76%, 93%, 51.3%, and 80.4%, respectively. The FN 
and FP rates were 18.3% and 24%, respectively. About 
27.5% of FN results were observed in patients with 
micrometastasis.

We also analyzed the factors affecting false negativitiy 
and false positivity of 18F‑FDG PET/CT for axillary 
metastasis:

For false negativity
In univariate analysis, patients’ age  (P  =  0.017), tumor 
size determined by 18F‑FDG PET/CT  (P  =  0.021), tumor 
histology (P = 0.004), estrogen receptor status (P = 0.002), 
progesterone receptor status  (P  =  0.017), tumor 
SUVmax  (P  = 0.008), and moleculer subtype  (P  = 0.26) 
were all significantly associated with false negativity 
of 18F‑FDG PET/CT for axillary metastasis. There was 
multicollinearity between molecular subtype and estrogen 
and progesterone receptor status (rs = 0.732 and rs = 0.58). 
Therefore, in multivariate analysis, two separate logistic 
models were made.

In the first model in which “molecular subtype” was not 
included, patients’ age, tumor histology, estrogen receptor 
status, and tumor SUVmax were independent variables 
associated with false negativity of 18F‑FDG PET/CT 
for axillary metastasis. The older age, lower tumor 
SUVmax, mixed type histology, and positive estrogen 
receptor increased the likelihood of false negativity of 
18F‑FDG PET/CT for axillary metastasis. In the second 
model in which “molecular subtype” was included, 
patients’ age, tumor histology, molecular subtype, and 
tumor SUVmax were independent variables associated 
with false negativity of 18F‑FDG PET/CT for axillary 
metastasis. The older age, lower tumor SUVmax, mixed 
type histology, and Luminal A subtype increased, but 
HER‑2‑positive and triple‑negative subtype decreased 
the likelihood of false negativity of 18F‑FDG PET/CT 
for axillary metastasis.

For false positivity
In univariate analysis, ALN size determined by 18F‑FDG 
PET/CT  (P  =  0.023) and ALN SUVmax  (P  =  0.003) 
were significantly associated with false positivity of 
18F‑FDG PET/CT for axillary metastasis. In multivariate 
analysis, ALN SUVmax (P = 0.003, odds ratio = 0.534) 
was the only independent variable associated with false 
positivity of 18F‑FDG PET/CT for axillary metastasis. 
The higher ALN SUVmax decreased the likelihood 
of false positivity of 18F‑FDG PET/CT for axillary 
metastasis.

Discussion
A variety of imaging modalities have been applied to 
evaluate axillary metastasis. Among them, 18F‑FDG 
PET/CT has the advantage of detecting metastasis in 
other parts of the body.[5] The sensitivity, specificity, and 
accuracy of 18F‑FDG PET/CT for axillary metastasis 
were reported in a wide range – sensitivity: 20%–100%, 
specificity: 64%–97%, and accuracy: 73.2%–89.8%.[5‑13] 
Consequently, some studies have claimed that PET/CT 
can select patients who need AD,[6,7] while others have 
questioned whether it can accurately identify axillary 
status.[8,9] The differences in results between these studies 
can be attributed to the population studied, the PET 
protocol, and the histopathological procedure applied.

Some authors have reported that lower sensitivity of 
PET/CT was restricted to micrometastasis.[5,14] The role 
of micrometastasis was not known in the prognosis of 
breast cancer. Crippa et al. have supposed that limitation 
of PET should be analyzed in relation to the size of 
metastasis.[5] They claimed that based on a study, only a 
few micrometastasis (6.7%) become clinically evident,[15] 
and the risk of axillary downstaging with PET might 
be acceptable, paticularly in patients with a low risk of 
axillay metastasis.[5] According to the study conducted 
by Greco et  al., FN results were observed only in 
patients with micrometastasis.[16] In contrast to both 
studies, in this study the FN results were not restricted 
to micrometastasis. The FN rate was 27.4%, and only 
24.2% of the FN results were observed in patients with 
micrometastasis. There might be more factors other 
than micrometastasis underlying the FN results of 
18F‑FDG PET/CT in detection of axillary metastasis. In 
this study, the older age, lower tumor SUVmax, mixed 
type histology, positive estrogen receptor, and Luminal 
A subtype increased, whereas HER‑2‑positive and 
triple‑negative subtype decreased the likelihood of false 
negativity of 18F‑FDG PET/CT for axillary metastasis.

There is not axillary metastasis in 75% of T1 and 55% 
of T2 tumors.[17] According to this study, the accuracy 
of 18F‑FDG PET/CT for axillary metastasis was lower in 
patients with tumors smaller than 19.5  mm. Compared 

Table 3: The logistic model in which tumor size and ALN 
SUVmax were included as categorical variables

Characteristic P OR 95% 
Confidence 

interval
Lower Upper

Largest tumor size determined by 
18F‑FDG PET/CT (<1.95 cm)

0.010 4.775 1.462 15.595

Highest ALN SUVmax (<3.2) 0.000 15.659 4.422 55.447
ALN: axillary lymph node; OR: Odds ratio; 
FDG: 18F‑fluorodeoxyglucose; PET: Positron emission 
tomography; CT: Computed tomography
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with larger tumors, in T1 tumors the sensitivity  (58,2% 
vs 81.6%), PPV (81.25% vs 93%), and OOA  (66% vs 
80.4%) of 18F‑FDG PET/CT in detection of axillary 
metastasis were lower, but FN rate  (41.79% vs 18.3%) 
was higher. If small size of the tumor reduces the 
accuracy of 18F‑FDG PET/CT for axillary staging, 
can 18F‑FDG PET/CT take the place of SLNB? It is 
known when the tumor size and grade decrease, and 
accuracy of SLNB increases.[18,19] It may be due to the 
decreased rate of axillary metastasis in small‑sized and 
low‑grade tumors.[20,21] The American Society of Breast 
Surgeons declared acceptable standarts for SLNB. They 
recommended that the identification rate for SLNB be 
85% or higher and the FN rate be 5% or lower.[22] The 
FN rates of SLNB were lower than 2% in most of the 
studies.[23‑25] The sensitivity, specifity, and NPV of SLNB 
were 97%, 99%, and 98% reciprocally.[26] SLNB has 
become the standard care for patients with clinically 
and/or radiologically node‑negative, early‑stage invasive 
breast cancer.[2,3]

Chung et  al. reported that if the PET scan was 
interpreted only visually, FP results were higher.[15] They 
suggested that SUVmax should be calculated when PET 
performed for axillary staging.[15] They stated that even 
with the same protocol, SUVmax values vary among 
different centers by 10%–15%, and therefore each center 
should develop its own reference values.[15] In this study, 
the optimal cut‑off value of the ALN SUVmax was 3.2, 
and the likelihood of accuracy of 18F‑FDG PET/CT for 
axillary metastasis was 15.6‑fold higher in patients with 
ALN SUVmax higher than 3.2. We agree with Chung 
et  al. that each center should develop its own reference 
cut‑off values of the ALN SUVmax.

In conclusion, 18F‑FDG PET/CT should not be routinely 
used for axillary staging, especially in patients with small 
tumors. It cannot eliminiate the necessity of SLNB. The 
probability of FN results should be kept in mind also 
in patients with older age, lower tumor SUVmax, mixed 
type histology, positive estrogen receptor, and Luminal 
A subtype. When 18F‑FDG PET/CT is used, both visual 
information and optimal cut‑off values of the ALN 
SUVmax should be taken into consideration.

Financial support and sponsorship
Financial support from the management of Aminu Kano 
Teaching Hospital, Kano.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Georgescu  R, Coroş MF, Stolnicu  S, Podeanu  D, Sorlea  S, 

Roşca A, et  al. Prognostic factors in breast cancer. Rev Med 
Chir Soc Med Nat Iasi 2012;116:262‑7.

2.	 Kuehn  T, Bembenek A, Decker  T, Munz  DL, Sautter‑Bihl  ML, 
Untch  M, et  al; Consensus Committee of the German Society 
of Senology.A concept for the clinical implementation of SLNB 
in patients with breast carcinoma with special regard to quality 
assurance. Cancer 2005;103:451‑61.

3.	 Ho VK, van der Heiden‑van der Loo M, Rutgers EJ, van Diest PJ, 
Hobbelink  MG, Tjan‑Heijnen  VC, et  al. Implementation of 
sentinel node biopsy in breast cancer patients in the Netherlands. 
Eur J Cancer 2008;44:683‑91.

4.	 Giuliano  AE, McCall  L, Beitsch  P, Whitworth  PW, 
Blumencranz  P, Leitch AM, et  al. Locoregional recurrence after 
sentinel lymph node dissection with or without axillary dissection 
in patients with sentinel lymph node metastases: The American 
College of Surgeons Oncology Group  Z0011 randomized trial. 
Ann Surg 2010;252:426‑33.

5.	 Crippa  F, Gerali  A, Alessi  A, Agresti  R, Bombardieri  E. 
FDG‑PET for axillary lymph node staging in primary breast 
cancer. Eur J Nucl Med Mol Imaging 2004;31:97‑102.

6.	 Adler  LP, Faulhaber  PF, Schnur  KC, Al‑Kasi  NL, 
Shenk  RR. Axillary lymph node metastases: Screening 
with  [F‑18]2‑deoxy‑2‑fluoro‑D‑glucose  (FDG) PET. Radiology 
1997;203:323‑7.

7.	 Utech Cl, Young  CS, Winter  PF. Prospective evaluation of 
fluorine‑18 fluorodeoxyclucose positron emission tomography 
in breast cancer for staging of the axilla related to surgery and 
immunocytochemistry. Eur J Nucl Med 1996;23:1588‑93.

8.	 Kelemen PR, Lowe V, Phillips N. Positron emission tomography 
and sentinel lymph node dissection in breast cancer. Clin Breast 
Cancer 2002;3:73‑7.

9.	 Van der Hoeven  JJ, Hoekstra  OS, Comans  EF, Pijpers  R, 
Boom  RP, van Geldere  D, et  al. Determinants of diagnostic 
performance of  [F‑18]fluorodeoxyglucose positron emission 
tomography for axillary staging in breast cancer. Ann Surg 
2002;236:619‑24.

10.	 Kumar  R, Zhuang  H, Schnall  M, Conant  E, Damia  S, 
Weinstein  S, et  al. FDG PET positive lymph nodes are highly 
predictive of metastasis in breast cancer. Nucl Med Commun 
2006;27:231‑6.

11.	 Veronesi  U, De Cicco  C, Galimberti  V, Fernandez  JR, 
Rotmensz  N, Viale  G, et  al. A  comparative study on the value 
of FDG‑PET and sentinel node biopsy to identify occult axillary 
metastases. Ann Oncol 2007;18:473‑8.

12.	 Chae BJ, Bae JS, Kang BJ, Kim SH, Jung SS, Song BJ. Positron 
emission tomography‑computed tomography in the detection of 
axillary lymph node metastasis in patients with early stage breast 
cancer. Jpn J Clin Oncol 2009;39:284‑9.

13.	 Liang  X, Yu  J, Wen  B, Xie  J, Cai  Q, Yang  Q. MRI and 
FDG‑PET/CT based assessment of axillary lymph node 
metastasis in early breast cancer: A  meta‑analysis. Clin Radiol 
2017;72:295‑301.

14.	 .	Chung  A, Liou  D, Karlan  S, Waxman  A, Fujimoto  K, 
Phillips  EH. Preoperative FDG‑PET for axillary metastases in 
patients with breast cancer. Arch Surg 2006;141:783‑9.

15.	 Greco  M, Agresti  R, Cascinelli  N, Casalini  P, Giovanazzi  R, 
Maucione A, et al. Breast cancer patients treated without axillary 
surgery: Clinical implications and biologic analysis. Ann Surg 
2000;232:1‑7.

16.	 Greco  M, Crippa  F, Agresti  R, Seregni  E, Gerali  A, 
Giovanazzi R, et al. Axillary lymph node staging in breast cancer 
by 2‑fluoro‑2‑deoxy‑D‑glucose‑positron emission tomography: 
Clinical evaluation and alternative management. J  Natl Cancer 
Inst 2001;93:630‑5.

17.	 Yip  CH, Taib  NA, Tan  GH, Ng  KL, Yoong  BK, Choo  WY. 
Predictors of axillary lymph node metastases in breast cancer: 

[Downloaded free from http://www.njcponline.com on Thursday, January 31, 2019, IP: 197.90.36.231]



Kutlutürk, et al.: Accuracy of 18F‑FDG PET/CT in evaluating axillary metastases

68 Nigerian Journal of Clinical Practice  ¦  Volume 22  ¦  Issue 1  ¦  January 2019

Is there a role for minimal axillary surgery? World J Surg 
2009;33:54‑7.

18.	 O’Hea  BJ, Hill  AD, El‑Shirbiny  AM, Yeh  SD, Rosen  PP, 
Coit  DG, et  al. Sentinel lymph node biopsy in breast cancer: 
Initial experience at Memorial Sloan‑Kettering Cancer Center. 
J Am Coll Surg 1998;186:423‑7.

19.	 Veronesi  U, Paganelli  G, Galimberti  V, Viale  G, Zurrida  S, 
Bedoni M, Costa A, et al. Sentinel‑node biopsy to avoid axillary 
dissection in breast cancer with clinically negative lymph‑nodes. 
Lancet 1997;349:1864‑7.

20.	 Liberman L, Cody HS 3rd, Hill AD, Rosen PP, Yeh SD, Akhurst T, 
et  al. Sentinel lymph node biopsy after percutaneous diagnosis 
of nonpalpable breast cancer. Radiology 1999;211:835‑44.

21.	 Goyal A, Newcombe  RG, Chhabra A, Mansel RE; ALMANAC 
Trialists Group. Factors affecting failed localisation and 
false‑negative rates of sentinel node biopsy in breast 
cancer  –  Results of the ALMANAC validation phase. Breast 
Cancer Res Treat 2006;99:203‑8.

22.	 Celik  V, Ferahmen  M. Sentinel lymph node biopsy. In: 

Gazioğlu E, editor. Essentials in the Management of Breast 
Diseases. Bucharest: Celcius Medical Publications; 2005. 
p. 265‑70.

23.	 Zavagno  G, De Salvo  GL, Scalco  G, Bozza  F, Barutta  L, Del 
Bianco  P, et  al.; GIVOM Trialists. A  Randomized clinical trial 
on sentinel lymph node biopsy versus axillary lymph node 
dissection in breast cancer: Results of the Sentinella/GIVOM 
trial. Ann Surg 2008;247:207‑13.

24.	 Mansel RE, Fallowfield L, Kissin M, Goyal A, Newcombe RG, 
Dixon  JM, et  al. Randomized multicenter trial of sentinel 
node biopsy versus standard axillary treatment in operable 
breast cancer: The ALMANAC Trial. J  Natl Cancer Inst 
2006;98:599‑609.

25.	 Jakub  JW, Cox  CE, Pippas  AW, Gardner  M, Pendas  S, 
Reintgen  DS. Controversial topics in breast lymphatic mapping. 
Semin Oncol 2004;31:324‑32.

26.	 Haigh  PI, Hansen  NM, Qi  K, Giuliano  AE. Biopsy method 
and excision volume do not affect success rate of subsequent 
sentinel lymph node dissection in breast cancer. Ann Surg Oncol 
2000;7:21‑7.

[Downloaded free from http://www.njcponline.com on Thursday, January 31, 2019, IP: 197.90.36.231]


