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INTRODUCTION

Breast cancer is the most common malignancy among 
women worldwide, and the incidence has increased tremen-

dously in the past several decades. Newly developed imaging 
techniques and adjuvant systemic therapy have improved 
breast cancer survival; however, nearly 30% of breast cancer 
patients still die due to disease progression [1]. Therefore, it is 
important to identify cases which are likely to experience re-
lapse and decide on optimal therapy.

Proven prognostic factors in breast cancer include the fol-
lowing: pathologic tumor size; histological grade; axillary 
lymph node (ALN) involvement; hormonal status including 
estrogen receptor (ER) and progesterone receptor (PR) status; 
and status with respect to human epidermal growth factor 
receptor 2 (HER2), mindbomb E3 ubiquitin protein ligase 1 
(MIB-1), and p53. ALN involvement is currently the most 
important predictor of breast cancer recurrence [2,3]. Current 
advances in 18F-fluorodeoxyglucose positron emission tomo-
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Purpose: This study assessed the axillary lymph node (ALN)-to-
primary tumor maximum standard uptake value (SUVmax) ratio 
(ALN/T SUV ratio) in invasive ductal breast cancer (IDC) on pre-
operative 18F-fluorodeoxyglucose positron emission tomogra-
phy/computed tomography (FDG PET/CT) to determine the ef-
fectiveness in predicting recurrence-free survival (RFS). Methods: 
One hundred nineteen IDC patients (mean age, 50.5±10.5 
years) with pathologically proven ALN involvement without  
distant metastasis and preoperative FDG PET/CT were enrolled 
in the study. SUVmax values of the ALN and primary tumor were 
obtained on FDG PET/CT, and ALN/T SUV ratio was calculated. 
Several factors were evaluated for their effectiveness in predict-
ing RFS. These included several parameters on FDG PET/CT as 
well as several clinicopathological parameters: pathologic tumor/
node stage; nuclear and histological grade; hormonal state;  
status with respect to human epidermal growth factor receptor 2, 
mindbomb E3 ubiquitin protein ligase 1 (MIB-1), and p53; primary 
tumor size; and ALN size. Results: Among 119 patients with 
breast cancer, 17 patients (14.3%) experienced relapse during 

follow-up (mean follow-up, 28.4 months). The ALN/T SUV ratio 
of the group with disease recurrence was higher than that of the 
group without recurrence (0.97±1.60 and 0.45±0.40, respec-
tively, p=0.005). Univariate analysis showed that the primary  
tumor SUVmax, ALN SUVmax, ALN/T SUV ratio, ALN status, nuclear 
and histological grade, estrogen receptor (ER) status, and MIB-1 
status were predictors for RFS. Among these variables, ALN/T 
SUV ratio with hazard ratio of 4.20 (95% confidence interval [CI], 
1.74–10.13) and ER status with hazard ratio of 4.33 (95% CI, 
1.06–17.71) were predictors for RFS according to multivariate 
analysis (p=0.002 and p=0.042, respectively). Conclusion: Our 
study demonstrated that ALN/T SUV ratio together with ER  
status was an independent factor for predicting relapse in IDC 
with metastatic ALN. ALN/T SUV ratio on preoperative FDG 
PET/CT may be a useful marker for selecting IDC patients that 
need adjunct treatment to prevent recurrence.

Key Words: Breast neoplasms, Fluorodeoxyglucose F18, Lymph nodes, 
Prognosis

Correspondence to:  Bom Sahn Kim
Department of Nuclear Medicine, Ewha Womans University Mokdong 
Hospital, Ewha Womans University School of Medicine, 1071 Anyangcheon-ro, 
Yangcheon-gu, Seoul 158-710, Korea
Tel: +82-2-2650-2889, Fax: +82-2-2650-2898
E-mail: kbomsahn@ewha.ac.kr

This research was supported by the grants from Ewha Womans University 
(HDX-2014-0623-001), National Research Foundation  
(NRF-2012R1A1A1012913, NRF-2012M3A9B6055379), and Hanyang 
University (HY-2013) of South Korea.

Received: December 19, 2014  Accepted: April 8, 2015

Journal of
        Breast
Cancer

http://crossmark.crossref.org/dialog/?doi=10.4048/jbc.2015.18.2.173&domain=pdf&date_stamp=2015-06-26


174 � Young Hwan Kim, et al.

http://ejbc.kr� http://dx.doi.org/10.4048/jbc.2015.18.2.173

graphy/computed tomography (FDG PET/CT) have facilitat-
ed the prediction of recurrence in breast cancers. Several stud-
ies have reported that 18F-FDG uptake by primary tumor on 
FDG PET/CT is of prognostic value [4-8]. 

Recent studies have evaluated the utility of the lymph node-
to-primary tumor standard uptake value (SUV) ratio as an in-
dex of the biological interaction between the primary tumor 
and the lymph node [9-11]. Results from these studies showed 
that the lymph node-to-primary tumor SUV ratio was useful 
for initial staging or predicting relapse in lung cancer. Park et 
al. [12] recently revealed that ALN-to-primary tumor SUV 
ratio (ALN/T SUV ratio) measured by preoperative FDG 
PET/CT is a significant factor for predicting ALN involve-
ment in patients with invasive ductal breast cancer (IDC). 
Until now, no prior studies have investigated the clinical utility 
of the ALN/T SUV ratio for predicting relapse in IDC. The 
present study was undertaken to evaluate ALN/T SUV ratio 
measured by preoperative FDG PET/CT as a predictor for re-
lapse in IDC with metastatic ALN.

METHODS

Patient selection
A total of 153 female IDC patients with ALN metastasis 

were enrolled at our institution between November 2010 and 
December 2012, and their medical charts were retrospectively 
reviewed. Our Institutional Review Board approved the retro-
spective chart review (2014-04-027-002). The inclusion crite-
ria were verification of primary IDC and ALN metastasis by 
histological evaluation, preoperative FDG PET/CT for clinical 
staging, and tumors > 1 cm in pathologic size based on full-
width at half maximum (FWHM) of PET [13-15]. Patients 
who had bilateral breast cancers and those who had received 
neoadjuvant chemotherapy or radiotherapy before surgery 
were excluded from the study. A total of 119 IDC patients 
with mean age of 50.5± 10.5 years (range, 30–76 years) were 
included in the present study.

All patients had undergone breast-conserving surgery or 
modified radical mastectomy with sentinel lymph node bi-
opsy and/or ALN dissection. Systemic chemotherapy postsur-
gery included a taxane-based regimen consisting of doxorubi-
cin and cyclophosphamide followed by docetaxel. Radiother-
apy was conducted postsurgery. Hormonal therapy or trastu-
zumab was provided to the patients with hormonal receptor 
positive or HER2-positive primary tumors. Patients visited 
the hospital every 6 months for a minimum of 3 years after 
initial treatment and returned annually thereafter. Physical 
examinations and follow-up examinations including mammo-
graphy, breast ultrasonography, and whole-body bone scan 

were routinely performed. FDG PET/CT and breast magnetic 
resonance imaging were performed 1 and 3 years after the ini-
tial treatment. In patients with suspected relapse, additional 
analysis by conventional imaging techniques followed. Sur-
vival time was computed from the date of first pathological 
diagnosis until recurrence or the date of the last follow-up. 
Recurrence-free survival (RFS) was defined as survival with-
out any of the following events: invasive recurrence in the ipsi-
lateral breast or locoregionally; distant recurrence; or death 
from breast cancer, nonbreast cancer causes, or unknown 
causes as mentioned in the previous study [16]. Breast cancers 
were determined to be recurrent or metastatic based on the 
evaluation of the physicians responsible for the patients as re-
ported in the medical charts. All of the data were obtained 
from medical records.

18F-FDG PET/CT protocol
FDG PET/CT images were obtained using a Siemens Bio-

graph mCT/128 PET/CT scanner (Siemens Medical Solu-
tions, Knoxville, USA). Before administration of 3–5 MBq/kg 
of 18F-FDG, patients fasted for at least 6 hours to ensure a se-
rum glucose level of less than 150 mg/dL. Sixty minutes after 
administration of 18F-FDG, CT scans were performed in the 
craniocaudal direction, and the parameters were set to 120 
kVp and 50 mAs using dose reduction software (CARE Dose; 
Siemens Medical Solutions). FDG PET/CT was acquired with 
a 2-minute emission acquisition per bed position from the 
mid-thigh to the skull base. CT images were used as a trans-
mission map for attenuation correction, and PET images were 
reconstructed to 200× 200 image matrices using an ordered 
subset expectation maximum iterative reconstruction algo-
rithm (two iterations, 21 subsets).

18F-FDG PET/CT image analysis
To measure the SUVmax of the ALN and the primary tumor 

on preoperative FDG PET/CT, a semiautomatically delineated 
spherical volume of interest (≥ 1 cm in diameter) was drawn 
over the primary breast tumor and axillary area on transaxial 
fusion images using a custom software program (syngo.via; 
Siemens Medical Solutions). Margins of volume of interest 
were manually readjusted by visual inspection to avoid over-
lapping of surrounding 18F-FDG avid structures, especially in 
ALN with low 18F-FDG uptake. Afterward, ALN/T SUV ra-
tios were calculated (Figure 1). For calculating ALN size, the 
longest ALN diameters were measured on CT images of pre-
operative FDG PET/CT.

Immunohistochemistry
The immunohistochemical features of breast cancer were 
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confirmed by an experienced breast pathologist, following the 
procedure and interpretation reported in a previous study 
[17]. Briefly, pathologic tumor and ALN staging was inter-
preted according to the guidelines recommended by the 
American Joint Committee on Cancer [18]. Furthermore, 
histological or nuclear grade was determined in accordance 
with a modified Bloom-Richardson Grading system in which 
grade 3 was defined as positive [19]. An Allred score of > 2 
was used to define ER or PR positivity as described previously 
[20]. Positivity with respect to p53 was defined as the presence 
of tumor cells showing moderate or high scores (2+ or 3+) of 
at least 5% staining. MIB-1 positivity was defined as staining 
of ≥ 20% of invasive tumor cells, and HER2 positivity as pres-
ence of at least 10% of tumor cells showing high intensity 
staining with a receptor antibody or low-to-moderate intensi-
ty with gene amplification (> 2.1) using fluorescent in situ hy-
bridization [21,22]. For primary tumor size, the longest pri-
mary tumor diameter was measured from permanent tissue 
after the operation.

Statistical analyses
Numeric data were expressed as the mean± standard devia-

tion. Optimal cutoff values for primary tumor SUVmax, ALN 
SUVmax, and ALN/T SUV ratio were determined by using the 
receiver operating characteristic (ROC) curve for the pre-

diction of relapse. Survival analysis was conducted using the 
Kaplan-Meier method. Univariate and multivariate analyses 
were performed using the Cox proportional hazards model. 
Statistical significance was defined as p< 0.05. All statistical 
analyses were performed using MedCalc software version 
11.4.4 (MedCalc Software, Mariakerke, Belgium). 

 
RESULTS

Patient characteristics
The characteristics of the 119 study patients are shown in 

Table 1. The interval between preoperative FDG PET/CT and 
surgery was 6.7± 9.4 days and the mean follow-up duration 
was 28.4± 9.0 months. Ten of the 119 breast cancer patients 
underwent ALN biopsy before FDG PET/CT. Among the 119 
patients, 118 (99.2%) received adjuvant chemotherapy and 
101 (84.9%) received radiation therapy after operation. There 
were 82 patients (68.9%) in stage II and 37 (31.1%) in stage III 
of breast cancer. During follow-up, 102 patients (85.7%) 
stayed disease-free and 17 (14.3%) experienced disease recur-
rence. Among the 17 patients in whom the disease recurred, 
six had locoregional recurrent lesions and the other 11 had 
distant metastatic lesions. The average RFS of the 17 IDC pa-
tients with disease recurrence was 16.3± 8.6 months.

Figure 1. Image findings of a 47-year-old woman with primary breast cancer and axillary lymph node metastasis. Preoperative 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography (FDG PET/CT) demonstrating a right breast cancer with intense increased FDG uptake (maxi-
mum standard uptake value [SUVmax], 3.2) in the upper outer quadrant area of the right breast (A-C, arrows). Axillary lymph node metastasis with 
faintly increased FDG uptake (SUVmax, 1.5) was seen in the right axillary area (D, E, arrowheads). The SUVmax ratio of the axillary lymph node to primary 
tumor was 0.47 on FDG PET/CT.
MIP=maximum intensity projection.

MIP image Transaxial PET image Transaxial PET fusion image
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Assessment of parameters prognostic for RFS
IDC patients with relapse had significantly higher primary 

tumor SUVmax and ALN SUVmax than those without relapse. 
The primary tumor SUVmax of the group with disease recur-
rence was 11.3± 6.7 and that of the group without recurrence 
was 7.9± 4.6 (95% confidence interval [CI] of difference, -6.00 
to -0.83; p= 0.010). The ALN SUVmax of the two groups was 
6.9 ± 6.5 and 3.4 ± 4.2, respectively (95% CI, -5.86 to -1.15; 
p = 0.004). The ALN/T SUV ratio of the former was 0.97 

Table 1. Tumor characteristics of invasive ductal breast cancer with ax-
illary lymph node metastasis

Variable
Recurrence group 

(n=17) 
No. (%)

Nonrecurrence group 
(n=102)
No. (%)

Age (yr)* 50.2±8.5 50.5±10.8
T stage
   T1 3 (2.5) 36 (30.3)
   T2 13 (10.9) 61 (51.3)
   T3 1 (0.8) 5 (4.2)
ALN status
   pN1 9 (7.6) 78 (65.5)
   pN2 4 (3.4) 18 (15.1)
   pN3 4 (3.4) 6 (5.0)
Nuclear grade
   I 0 2 (1.7)
   II 6 (5.0) 66 (55.5)
   III 11 (9.2) 34 (28.6)
Histologic grade
   I 0 10 (8.4)
   II 5 (4.2) 50 (42.0)
   III 12 (10.1) 42 (35.3)
ER
   Negative 9 (7.6) 18 (15.1)
   Positive 8 (6.7) 84 (70.6)
PR
   Negative 4 (3.4) 10 (8.4)
   Positive 13 (10.9) 92 (77.3)
HER2 status
   Negative 12 (10.1) 84 (70.6)
   Positive 5 (4.2) 18 (15.1)
p53
   Negative 10 (8.4) 56 (47.1)
   Positive 7 (5.9) 46 (38.6)
MIB-1
   Negative 4 (3.4) 53 (44.5)
   Positive 13 (10.9) 49 (41.2)
Primary tumor size (cm)* 2.69±1.14 2.57±1.16
ALN size (cm)* 1.59±0.80 1.29±0.58
Primary tumor SUVmax* 11.3±6.7 7.9±4.6
ALN/T ratio SUVmax* 0.97±1.60 0.45±0.40

ALN=axillary lymph node; ER=estrogen receptor; PR=progesterone recep-
tor; HER2=human epidermal growth factor receptor 2; MIB-1=mindbomb 
E3 ubiquitin protein ligase 1; SUVmax =maximum standard uptake value; ALN/
T=axillary lymph node to primary tumor.
*Mean±SD.
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Figure 2. Survival analysis by using Kaplan-Meier method for invasive 
ductal breast cancer with metastatic axillary lymph node (ALN). A signifi-
cant statistical difference was observed between high primary tumor 
maximum standard uptake value (SUVmax) and low primary tumor SUVmax 
(A), between high ALN SUVmax and low ALN SUVmax (B), and between 
high ALN-to-primary tumor SUV ratio (ALN/T SUV) ratio and low ALN/T 
SUV ratio (C).
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± 1.60 and that of the latter was 0.45± 0.40 (95% CI, -0.88 to 
-0.16; p= 0.005). Primary tumor size and ALN size in IDC 
patients with relapse had no significant differences from those 
of IDC patients without relapse (p= 0.698 and p= 0.068, re-
spectively). 

Using an ROC curve to predict relapse, the optimal cutoff 
values for the ALN and primary tumor SUVmax were 2.2 (sen-
sitivity, 88.2%; specificity, 56.9%; area under the curve [AUC], 
0.738; standard error [SE], 0.0575) and 11.1 (sensitivity, 
52.9%; specificity, 81.4%; AUC, 0.660; SE, 0.0815), respective-
ly. The ALN/T SUV ratio for predicting relapse was 0.43 (sen-
sitivity, 70.6%; specificity, 69.6%; AUC, 0.657; SE, 0.0777). 
Comparison between the AUCs derived from the ROC curves 
showed that there were no significant differences in perfor-
mance among primary tumor SUVmax, ALN SUVmax, and 
ALN/T SUV (all p> 0.05). Survival analysis by using Kaplan-
Meier analysis showed that primary tumor SUVmax (> 11.1), 
ALN SUVmax (> 2.2), and ALN/T SUV ratio (> 0.43) were sig-
nificant predisposing factors for RFS in IDC (Figure 2). 

Univariate analysis also showed that primary tumor SUVmax, 
ALN SUVmax, and ALN/T SUV ratio were significant predis-
posing factors for RFS in IDC (Table 2). Clinicopathological 

findings including ALN status (pN1 vs. pN2, pN3), nuclear 
and histological grade (I, II vs. III), ER (positive vs. negative), 
and MIB-1 (positive vs. negative) were also significant predis-
posing factor for RFS in IDC. Multivariate analysis showed 
that ALN/T SUV ratio (hazard ratio, 4.20; 95% CI, 1.74–10.13; 
p= 0.002), and ER status (hazard ratio, 4.33; 95% CI, 1.06–
17.71; p= 0.042) were significant independent factors for pre-
dicting RFS.

DISCUSSION

To the best of our knowledge, this is the first study to evalu-
ate the value of ALN/T SUV ratio in prediction of relapse in 
IDC patients with ALN metastasis. The results revealed that 
ALN/T SUV ratio together with ER status were significant in-
dependent factors for predicting RFS.

Okereke et al. [23] recently reported that the SUVmax of pri-
mary tumors was higher than that of metastatic lesions in 
lung cancer. Nguyen et al. [24] showed a significant correla-
tion between malignant lymph node and primary tumor with 
respect to SUVmax (r = 0.6451, p < 0.0001), % glucose trans-
porter 1 (Glut-1) expression (r= 0.8341, p< 0.0001) and Glut-

Table 2. Tumor factor associated with recurrence in invasive ductal breast cancer with axillary lymph node metastasis

Variable
Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Age (yr)* 1 0.95–1.04 0.919 0.99 0.94–1.04 0.772
T stage
   T1 vs. T2, 3 1.9 0.54–6.64 0.318 2.42 0.34–17.42 0.383
Nodal status
   N1 vs. N2, 3 2.67 1.03–6.91 0.044 3.52 0.91–13.60 0.069
Primary tumor SUVmax* 1.11 1.02–1.20 0.016 1.09 0.95–1.24 0.215
ALN SUVmax* 1.10 1.03–1.17 0.006 0.89 0.73–1.08 0.244
ALN/T ratio SUVmax* 2.08 1.40–3.10 <0.001 4.20 1.74–10.13 0.002
Nuclear grade
   I, II vs. III 3.15 1.17–8.48 0.024 1.55 0.17–14.15 0.698
Histologic grade
   I, II vs. III 3.07 1.08–8.66 0.036 1.55 0.14–17.61 0.726
ER
   Positive vs. negative 4.48 1.73–11.57 0.002 4.33 1.06–17.71 0.042
PR
   Positive vs. negative 2.68 0.88–8.20 0.086 0.96 0.22–4.25 0.959
HER2 status
   Positive vs. negative 0.62 0.22–1.77 0.376 1.17 0.30–4.61 0.819
MIB-1
   Positive vs. negative 0.31 0.10–0.96 0.039 0.25 0.05–1.36 0.111
p53
   Positive vs. negative 1.23 0.14–3.21 0.680 1.58 0.49–5.16 0.449
Primary tumor size (cm)* 1.01 0.68–1.52 0.951 0.93 0.47–1.83 0.833
ALN size (cm)* 1.05 0.99–1.11 0.099 0.99 0.87–1.13 0.920

HR=hazard ratio; CI=confidence interval; SUVmax =maximum standard uptake value; ALN=axillary lymph node; ALN/T=axillary lymph node to primary tumor; 
ER=estrogen receptor; PR=progesterone receptor; HER2=human epidermal growth factor receptor 2; MIB-1=mindbomb E3 ubiquitin protein ligase 1.
*Continuous value.
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1 staining intensity (r= 0.827, p< 0.0001) in lung cancer. Fur-
thermore, he suggested that lymph node-to-primary tumor 
SUV ratio of 0.58 was a useful value to predict the presence of 
metastatic lymph nodes. Based on these results, several stud-
ies evaluated whether lymph node-to-primary tumor SUV ra-
tio was a useful factor for initial staging or prediction of re-
lapse in lung cancer [9-11]. Moreover, a recent study by Park 
et al. [12] revealed that ALN/T SUV ratio had significantly 
higher AUC than ALN SUVmax for discriminating ALN me-
tastasis in breast cancer (0.776% vs. 0.705%, p= 0.005). There-
fore, we speculated that lymph node and primary tumor SUV 
ratio could be linearly related, and studied the clinical value of 
ALN/T SUV ratio for predicting disease-free survival in IDC 
with metastatic ALN. This study revealed that ALN/T SUV 
ratio was a significant independent factor for predicting RFS 
by multivariate analysis. Actually, breast cancer with relapse 
had higher ALN/T SUV ratio than breast cancer without re-
lapse. Our data indicated that the incidence of relapse in IDC 
patients with ALN/T SUV ratio > 0.43 was 27.3% (12/44), 
whereas that in IDC patients with ALN/T SUV ratio ≤ 0.43 
was 6.7% (5/75).

In the present study, ALN SUVmax was a significant factor 
for predicting relapse by univariate analysis but not by multi-
variate analysis. Previously, Inoue et al. [7] showed that both 
primary tumor SUVmax and a combination of primary tumor 
SUVmax and ALN avidity were significant factors for predict-
ing relapse by multivariate analysis. However, Song et al. [25] 
reported that ALN SUVmax was the only significant indepen-
dent factor for predicting relapse and that the optimal cutoff 
for ALN SUVmax was 2.8. The use of nonnormalized SUV in 
different studies may be the cause for such discrepancies. 
Generally, several factors such as tumor type, blood glucose 
level, time interval between tracer injection and scanning 
time, type of machines, and acquisition time per bed can re-
sult in SUV variability. Unlike previous studies, our study in-
cluded an additional 18F-FDG value, namely the ALN/T SUV 
ratio, to predict RFS in IDC with metastatic ALN. ALN/T 
SUV ratio can reflect the biologic interactions between the 
primary tumor and ALN as reported previously [10]. Further-
more, a recent study by Park et al. [12] revealed that ALN/T 
SUV ratio is a more accurate value for discriminating ALN 
involvement than ALN SUVmax value. 

Generally, FDG PET/CT is based on the initial metabolism 
of the primary tumor. In this study, we found that primary 
tumor SUVmax was a significant factor for predicting relapse in 
IDC by univariate analysis. The incidence of relapse in IDC 
patients with primary tumor SUVmax > 11.1 was 32.1% (9/28), 
but that in patients with primary tumor SUVmax ≤ 11.1 was 
lower, at 8.8% (8/91). This finding was consistent with previ-

ous studies [26]. Ohara et al. [26] predicted that patients with 
triple-negative breast cancer with primary tumor SUVmax 
> 8.6 would have short RFS and would require additional ad-
junct therapy. However, multivariate analysis showed that pri-
mary tumor SUVmax was not a significant independent factor 
for predicting relapse as reported previously [25].

ER was a significant independent factor for predisposition 
to relapse in multivariate analysis [20,26,27]. According to 
Ohara et al. [26], ER negativity together with high primary 
tumor SUVmax offered poor prognosis for relapse in breast 
cancer. Generally, hormonal therapy is provided after breast 
cancer surgery in accordance with the hormonal status. 
Therefore, the possibility of relapse may be reduced in the ER 
positive group with hormonal therapy, compared to the ER 
negative group without hormonal therapy. Other clinicopath-
ological features of primary tumors including pathologic 
tumor/node stage, nuclear or histologic grade, PR status, 
HER2 status, MIB-1 and p53 status, and primary tumor size 
were not significant independent variables for predicting RFS. 
This is consistent with previous reports [15,26,28]. The size of 
the ALN was also not a significant factor for predicting relapse 
in this study.

In the present study, there was no significant difference in 
performance among the parameters on FDG PET/CT including 
ALN/T SUV ratio, primary tumor SUVmax, and ALN SUVmax. 
However, the ALN/T SUV ratio on FDG PET/CT was found 
to be the only significant independent factor for predicting 
relapse in IDC with metastatic ALN. There were several limi-
tations to the present study. We retrospectively reviewed the 
medical charts of IDC patients with ALN metastasis. Addi-
tionally, the follow-up period was relatively short (28.4 
months). Thus, the results may not extend to generalized 
breast cancers. Nonetheless, IDC is the most common breast 
cancer subtype. Further prospective studies with a longer fol-
low-up period are needed to confirm our results. The 18F-FDG 
uptake of ALN metastasis could be underestimated due to the 
partial volume effect. Although the 18F-FDG uptake of small 
sized ALN may be underestimated, only two of 60 breast cancer 
patients with ALN SUVmax ≤ 2.2 relapsed during follow-up. 
Axillary 18F-FDG uptake can be overestimated due to ALN 
biopsy prior to FDG PET/CT because of inflammatory 
changes. Actually, 10 patients among 119 breast cancer pa-
tients underwent ALN biopsy before FDG PET/CT in the 
present study. Thus, subgroup analyses were performed on 
109 breast cancer patients who underwent FDG PET/CT be-
fore ALN biopsy. The ALN/T SUV ratio of several parameters 
on FDG PET/CT was still a single independent factor for pre-
dicting relapse by multivariate analysis (hazard ratio, 19.48; 
95% CI, 1.23–307.73; p= 0.037). Further prospective studies 
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without ALN biopsy before FDG PET/CT are needed to con-
firm our results.

In conclusion, this study is the first report on the use of 
ALN/T SUV ratio to predict relapse in breast cancer. Our 
study demonstrated that ALN/T SUV ratio together with ER 
status was an independent factor for predicting relapse in IDC 
patients with metastatic ALN. ALN/T SUV ratio could be 
used to identify candidates in need of closer follow-up or 
treatment intensification. 
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