
297

Checking axillary lymph node metastasis in 

breast cancer patients is critically in order to assess 

the patient’s prognosis and come up with a treat-

ment plan.1-4 Recently, axillary lymph node meta-

stasis is determined by sentinel lymph node 

biopsy.5-7 However, sentinel lymph node biopsy 

is accompanied by long-term and short-term com-

plications like lymphedema, which occurs in 7% 

of all patients who undergo surgery for breast 

cancer.8 Therefore, to reduce the frequency of 
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Objectives: Identification of axillary metastases in breast cancer is important for staging disease and planning

treatment, but current techniques are associated with a number of adverse events. This report evaluates the 

diagnostic accuracy of superparamagnetic iron oxide (SPIO)-enhanced magnetic resonance imaging (MRI) 
techniques for identification of axillary metastases in breast cancer patients.

Methods: We performed a meta-analysis of previous studies that compared SPIO enhanced MRI with histological

diagnosis after surgery or biopsy. We searched PubMed, Ovid, Springer Link, and Cochrane library to identify
studies reporting data for SPIO enhanced MRI for detection of axillary lymph node metastases in breast cancer

until December 2013. The following keywords were used: “magnetic resonance imaging AND axilla” and 

“superparamagnetic iron oxide AND axilla”. Eligible studies were those that compared SPIO enhanced MRI
with histological diagnosis. Sensitivity and specificity were calculated for every study; summary receiver 

operating characteristic and subgroup analyses were done. Study quality and heterogeneity were also assessed. 

Results: There were 7 publications that met the criteria for inclusion in our meta-analysis. SROC curve analysis
for per patient data showed an overall sensitivity of 0.83 (95% Confidence interval (CI): 0.75-0.89) and overall

specificity of 0.97 (95% CI: 0.94-0.98). Overall weighted area under the curve was 0.9563. 

Conclusions: SPIO enhanced MRI showed a trend toward high diagnostic accuracy in detection of lymph node
metastases for breast cancer. So, when the breast cancer patients has axillary metastases histologically, SPIO 

enhanced MRI may be effective diagnostic imaging modality for axillary metastases.
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complications, many studies have sought to de-

termine axillary lymph node metastasis through 

non-invasive methods using various kinds of diag-

nostic imaging.9-11

Magnetic resonance imaging (MRI) is a non-ion-

izing imaging technique, and is a type of diagnostic 

imaging using hydrogen nuclear fusion reaction 

in the body within the magnetic field.12 This imag-

ing is very useful for checking malignant lesions, 

and can be used to obtain additional information.12 

Recently, some studies are examining diagnostic meth-

ods using nanoparticles.13-18 Superparamagnetic iron 

oxide is an inorganic nanoparticle with the central 

part consisting of iron oxide, which is a metal 

molecule.19 This particle shows a dark signal on 

T2 MRI of normal lymph nodes, but a white signal 

in metastatic lymph nodes.20,21 Therefore, super-

paramagnetic iron oxide MRI can be used to dis-

tinguish normal lymph nodes and metastatic lymph 

nodes. 

Accordingly, the researchers in this paper con-

ducted a meta-analysis to determine the diagnostic 

value of superparamagnetic iron oxide MRI in de-

termining axillary lymph node metastasis in breast 

cancer patients. 

MATERIALS AND METHODS

Article search method

To evaluate the diagnostic value of super-

paramagnetic iron oxide MRI in determining ax-

illary lymph node metastasis in breast cancer pa-

tients, the researchers searched studies that had 

been registered on PubMed, Cochrane Library, 

ScienceDirect, SpringerLink, and Ovid databases 

up until December 2013, and searched for ar-

ticles including the keywords and titles 

“magnetic resonance imaging AND axilla” and 

“superparamagnetic iron oxide AND axilla.” 

Standard for article selection

Three researchers (J.G.P., D.W.R. and Y.S.K) re-

viewed all searched articles and decided whether 

they were suitable for analysis. The articles in-

cluded in this study must be 1) original articles, 

2) articles that determined metastasis based on 

biopsy, 3) articles published in English, or 4) ar-

ticles that report or can calculate true positive, 

false positive, false negative and true negative 

values. Among the searched articles, ones that are 

not original articles (reviews, poster pre-

sentations, case reports, etc.) and ones published 

in languages other than English were excluded.

Qualitative evaluation of articles

All researchers planned and reviewed this study 

together. In the case where there were different 

opinions over the selection of articles, discussions 

were held until agreement was reached. For qual-

itative evaluation of the analyzed articles, the 

“QUADAS tool (quality assessment of diagnostic 

accuracy studies tool)” was used. 

Analysis goal

The goal of this study is to evaluate the diag-
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nostic value of superparamagnetic iron oxide 

MRI. To this end, true positive, false positive, false 

negative and true negative values included in the 

selected articles were used to analyze the sensi-

tivity and specificity of superparamagnetic iron 

oxide MRI. 

Statistical analysis

The heterogeneity of articles included in the 

study was evaluated through Cochran’s Q test and 

I2-statistics. It was considered that there was het-

erogeneity if P-value is lower than 0.1 in 

Cochran’s Q test.22 Moreover, the level of hetero-

geneity was determined by dividing the range of 

I2-statistics into three ranges (< 25%: low, 25-75%: 

moderate, > 75%: high) of heterogeneity.23 A ran-

dom model effect was used when heterogeneity 

was confirmed. The results of analysis were quan-

tified using the SROC (summary receiver operat-

ing characteristics) curve, and AUC (area under 

curve) was identified to evaluate the diagnostic 

value of superparamagnetic iron oxide MRI. 

Furthermore, a subgroup analysis was conducted 

to verify the cause of heterogeneity among 

studies.

All studies were statistically analyzed using 

Meta-Disc 1.4 (Clinical BioStatistics Unit, Hospital 

Universitario Ramón y Cajal, Madrid, Spain) and 

STATA 12.0 (STATA Co., College Station, Texas, 

United States), and it was considered statistically 

significant when the P-value was lower than 0.05.

RESULTS

Article search results

Figure 1 shows the flow chart for the article 

selection in this meta-analysis. A total of 346 ar-

ticles were searched, 7 of which were ultimately 

selected and analyzed in this study. Redundant ar-

ticles were determined by checking the author 

names, titles and contents

Fig. 1. Flow chart of this meta-analysis.

Characteristics of analyzed articles and qual-

itative evaluation

Table 1 shows the quality and characteristics 

of articles included in this study. All included ar-

ticles were published between 2002 and 2011. 

Moreover, all articles had a QUADAS score of 8 

or higher, indicating that they were generally ac-

ceptable studies.

Diagnostic accuracy and SROC curve

In this meta-analysis, superparamagnetic iron 

oxide MRI had a sensitivity of 0.83 (95% con-

fidence interval: 0.75 - 0.89) and specificity of 
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0.97 (95% confidence interval: 0.94-0.98) (Fig. 2).

Fig. 2. Forest plots of all studies. Sensitivity and 

specificity of SPIO enhanced MRI.

SPIO = superparamagnetic iron oxide; MRI = magnetic 

resonance imaging; CI = confidence interval

Figure 3 shows the SROC curve of super-

paramagnetic iron oxide MRI, and AUC turned 

out to be 0.9563.

Fig. 3. Summary receiver operating characteristics 

curve of SPIO enhanced MRI.

SPIO = superparamagnetic iron oxide; MRI = magnetic 

resonance imaging; SROC = summary receiver operating 

characteristic; AUC = area under curve; SE = standard error

Author Country Year
Patients

(No.)
Surgical
method

Mea
n age

Cancer
Stage

Magnetic field
strength(T)

QUADAS
score

Memarsadeghi24 Austria 2006 22 ALND 60
T1(59%)
T2(41%)

1.0 11

Nakai25 Japan 2011 16 ALND 60
IIa(13%)
IIb(56%)
IIIa(31%)

1.5 10

Kimura26 Japan 2009 10 SNB 65.6 IIa(100%) 1.5 10

Harada20 Japan 2007 33 ALND 58

II(73%)
IIIa(24%)
IIIb(3%)
T1(56%)

1.5 11

Michel27 Switzerland 2002 18 ALND 53
T2(39%)
T4(6%)

1.5 11

Stadnik28 Belgium 2006 10 ALND 56 - 1.5 8

Stets29 Germany 2002 9 ALND - - 1.0 10

T = tesla; QUADAS = quality assessment of diagnostic accuracy studies; ALND = axillary lymph node 
dissection; SNB = sentinel node biopsy.

Table 1. Characteristics and quality of the included studies
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Heterogeneity of articles and subgroup 

analysis

Table 2 presents the heterogeneity of studies 

on superparamagnetic iron oxide MRI. Both sen-

sitivity (P = 0.0062, I2 index = 66.7%) and specific-

ity (P = 0.0987, I2 index = 43.8%) showed moderate 

heterogeneity. 

Furthermore, Table 3 shows the results of sub-

group analysis. This study proved that the surgical 

method (sentinel lymphadenectomy) had the 

highest diagnostic accuracy for axillary lymph 

χ2 P-value I2 index (%)

Sensitivity

Specificity

18.02

10.68

0.0062

0.0987

66.7

43.8

SPIO = superparamagnetic iron oxide; MRI = magnetic resonance image

Table 2. Test for heterogeneity of SPIO enhanced MRI

Groups
No. of
studies

No. of
patients

Pooled sensitivity
(95% CI)

Pooled specificity
(95% CI)

SPIO enhanced MRI 

Magnetic field strength (T)

 1.5

 1.0

Pulication year

After 2010

Before 2009

Publication area

Eastern countries

Western countries

No. of patients

 > 10

 ≤ 10

Surgical methods

ALND

SNB

QUADAS score

 ≥ 10

 < 10

7

5

2

1

6

3

4

6

1

6

1

6

1

118

87

31

16

102

59

59

109

9

108

10

108

10

0.83 (0.75-0.89)

0.82 (0.72-0.90)

0.85 (0.68-0.95)

0.70 (0.54-0.83)

0.91 (0.81-0.96)

0.81 (0.70-0.89)

0.86 (0.73-0.94)

0.83 (0.74-0.90)

0.81 (0.62-0.94)

0.83 (0.74-0.89)

1.00 (0.16-1.00)

0.82 (0.74-0.89)

1.00 (0.48-1.00)

0.97 (0.94-0.98)

0.97 (0.94-0.99)

0.95 (0.83-0.99)

0.98 (0.95-0.99)

0.93 (0.84-0.98)

0.97 (0.94-0.99)

0.94 (0.84-0.99)

0.97 (0.94-0.99)

0.92 (0.74-0.99)

0.97 (0.93-0.98)

1.00 (0.63-1.00)

0.97 (0.94-0.99)

0.80 (0.28-1.00)

SPIO = superparamagnetic iron oxide; MRI = magnetic resonance imaging; CI = confidence interval; T = tesla; 
ALND = axillary lymph node dissection; SNB = sentinel node biopsy; QUADAS = quality assessment of 
diagnostic accuracy studies

Table 3. Summary estimates of pooled sensitivity and specificity for SPIO enhanced MRI studies.
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node metastasis (sensitivity = 1.00 (95% con-

fidence interval: 0.16-1.00), specificity = 1.00 

(95% confidence interval: 0.63-1.00). The authors 

attempted to conduct a subgroup analysis accord-

ing to stage and patient age as well, but failed 

due to the lack of data.

Meta-regression analysis

To determine the cause of heterogeneity, the 

authors conducted a meta-regression analysis on 

the year of publication (before 2009 vs. after 

2010), area of publication (East vs. West), mag-

netic field strength (1.5 tesla vs. 1.0 tesla), number 

of research subjects (less than 10 persons vs. 10 

persons or more), and QUADAS score (lower than 

10 points vs. 10 points or higher) (Table 4). In 

this meta-analysis, QUADAS score (P = 0.010, rel-

ative diagnostic odds ratio (DOR) = 0.351) turned 

out to be the factor related to heterogeneity. 

DISCUSSION

This study analyzed the diagnostic value of su-

perparamagnetic iron oxide MRI in determining 

axillary lymph node metastasis of breast cancer 

patients by analyzing sensitivity and specificity. 

The authors searched previous studies that con-

ducted a histological diagnosis after super-

paramagnetic iron oxide MRI and analyzed the 

accuracy of the aforementioned diagnostic imag-

ing, and ultimately analyzed 7 articles conducted 

on a total of 118 patients.

This meta-analysis searched and analyzed clin-

ical studies published up until December 2013 and 

thus it does not include data published after that. 

The QUADAS tool was used for qualitative evalua-

tion of the articles included in this meta-analysis.

Studies included in this meta-analysis had het-

erogeneity in both sensitivity and specificity. 

Thus, a meta-regression analysis was conducted 

to analyze the cause of such heterogeneity, and 

Coefficient P-value Relative DOR

Publication area
(Eastern versus Western)

-0.064 0.526 1.854

Publication year
(Before 2009 versus After 2010)

0.003 0.976 1.375

Magnetic field strength
(1.0 T versus 1.5 T)

0.013 0.826 0.737

No. of patients
(< 10 versus ≥ 10)

-0.090 0.358 0.529

QUADAS score 
(< 10 versus ≥ 10)

0.955 0.010 0.351

DOR = diagnostic odds ratio; T = tesla; QUADAS = quality assessment of diagnostic accuracy studies.

Table 4. Meta-regression for the potential source of heterogeneity
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it was discovered that the QUADAS was the biggest 

cause of heterogeneity. 

Moreover, a subgroup analysis was conducted 

on studies included in this meta-analysis to ana-

lyze the factors related to the accuracy of diagnos-

ing axillary lymph node metastasis, and it was 

found that sentinel lymph node biopsy was the 

factor that had the highest accuracy in diagnosing 

axillary lymph node metastasis. However, only in 

1 of the 7 articles was sentinel lymph node biopsy 

performed, which indicates that more research 

is needed.

In this study, sensitivity and specificity of super-

paramagnetic iron oxide MRI in determining axil-

lary lymph node metastasis were 0.83 (95% con-

fidence interval: 0.75 - 0.89) and 0.97 (95% con-

fidence interval: 0.94 - 0.98) respectively, reveal-

ing a high diagnostic value, which can be identi-

fied through the AUC value using the SROC curve 

(AUC = 0.9563). 

This study has a few limitations. First, even 

though the database was generally used in 

meta-analysis such as EMBASE, this study failed 

to check the database for which the organization 

has no search rights. However, the authors made 

the most of the database for which the organ-

ization has search rights, such as PubMed, 

Cochrane Library, ScienceDirect, SpringerLink, 

and Ovid databases. Moreover, they checked each 

of the references for the articles included in this 

meta-analysis to minimize loss of data. Second, 

most studies included in this meta-analysis in-

cluded both “patient to patient” data and “lesion 

to lesion” data, but some studies only presented 

either “patient to patient” or “lesion to lesion” 

data. This study gave priority to “patient to pa-

tient” data in analysis. Therefore, studies with no 

“patient to patient” data were analyzed by apply-

ing “lesion to lesion” data, which may have af-

fected the study results. However, in studies that 

presented both “patient to patient” data and 

“lesion to lesion” data, each of the data sets did 

not show much a numerical gap in sensitivity and 

specificity, and thus may not have had a crucial 

effect on the study results. However, more re-

search is needed for more accurate analysis. 

In conclusion, superparamagnetic iron oxide 

MRI may be an effective diagnostic imaging tech-

nique for stage setting and prognostic prediction 

by determining axillary lymph node metastasis 

before surgery in breast cancer patients. 

Furthermore, it will help determine whether to 

perform invasive diagnosis such as sentinel lym-

phadenectomy or axillary lymph node dissection, 

which will be useful in preventing complications.

REFERENCES

  1. Banerjee M, George J, Song EY, Roy A, Hryniuk 

W. Tree-based model for breast cancer 

prognostication. J Clin Oncol 2004;22:2567-75.

 2. Cianfrocca M, Goldstein LJ. Prognostic and pre-

dictive factors in early-stage breast cancer. 

Oncologist 2004;9:606-16.

 3. Fisher B, Bauer M, Wickerham DL, Redmond CK, 



Kosin Medical Journal 2018;33:297-306.

304

Fisher ER, Cruz AB, et al. Relation of number 

of positive axillary nodes to the prognosis of pa-

tients with primary breast cancer. An NSABP 

update. Cancer 1983;52:1551-7.

 4. Wilking N, Rutqvist LE, Carstensen J, Mattsson 

A, Skoog L. Prognostic significance of axillary 

nodal status in primary breast cancer in relation 

to the number of resected nodes. Stockholm 

Breast Cancer Study Group. Acta Oncol 

1992;31:29-35.

 5. Swenson KK, Nissen MJ, Ceronsky C, Swenson 

L, Lee MW, Tuttle TM. Comparison of side effects 

between sentinel lymph node and axillary lymph 

node dissection for breast cancer. Ann Surg Oncol 

2002;9:745-53. 

 6. Mansel RE, Fallowfield L, Kissin M, Goyal A, 

Newcombe RG, Dixon JM, et al. Randomized mul-

ticenter trial of sentinel node biopsy versus stand-

ard axillary treatment in operable breast cancer: 

the ALMANAC Trial. J Natl Cancer Inst 

2006;98:599-609.

 7. Veronesi U, Paganelli G, Viale G, Luini A, Zurrida 

S, Galimberti V, et al. A randomized comparison 

of sentinel-node biopsy with routine axillary dis-

section in breast cancer. N Engl J Med 

2003;349:546-53. 

 8. Liu CQ, Guo Y, Shi JY, Sheng Y. Late morbidity 

associated with a tumour-negative sentinel 

lymph node biopsy in primary breast cancer pa-

tients: a systematic review. Eur J Cancer 

2009;45:1560-8.

 9. Robertson IJ, Hand F, Kell MR. FDG-PET/CT in 

the staging of local/regional metastases in breast 

cancer. Breast 2011;20:491-4. 

10. Taylor K, O'Keeffe S, Britton PD, Wallis MG, Treece 

GM, Housden J, et al. Ultrasound elastography 

as an adjuvant to conventional ultrasound in the 

preoperative assessment of axillary lymph nodes 

in suspected breast cancer: a pilot study. Clin 

Radiol 2011;66:1064-71. 

11. Sianesi M, Ceci G, Ghirarduzzi A, Del Rio P, Guazzi 

A, Pisanelli B, et al. Use of axillary ultra-

sonography in breast cancer: a useful tool to re-

duce sentinel node procedures. Ann Ital Chir 

2009;80:315-8. 

12. Cooper KL, Meng Y, Harnan S, Ward SE, Fitzgerald 

P, Papaioannou D, et al. Positron emission tomog-

raphy (PET) and magnetic resonance imaging 

(MRI) for the assessment of axillary lymph node 

metastases in early breast cancer: systematic re-

view and economic evaluation. Health Technol 

Assess 2011;15:iii-iv, 1-134. 

13. Ahmed M, Douek M. What is the future of magnetic 

nanoparticles in the axillary management of 

breast cancer? Breast Cancer Res Treat 

2014;143:213-8. 

14. Deserno WM, Harisinghani MG, Taupitz M, Jager 

GJ, Witjes JA, Mulders PF, et al. Urinary bladder 

cancer: preoperative nodal staging with fer-

umoxtran-10-enhanced MR imaging. Radiology 

2004;233:449-56. 

15. Keller TM, Michel SC, Fröhlich J, Fink D, Caduff 

R, Marincek B, et al. USPIO-enhanced MRI 

for preoperative staging of gynecological pel-

vic tumors: preliminary results. Eur Radiol 

2004;14:937-44. 



SPIO enhanced MRI for axillary metastasis in breast cancer

305

16. Koh DM, Brown G, Temple L, Raja A, Toomey 

P, Bett N, et al. Rectal cancer: mesorectal lymph 

nodes at MR imaging with USPIO versus histo-

pathologic findings--initial observations. 

Radiology 2004;231:91-9. 

17. Rockall AG, Sohaib SA, Harisinghani MG, Babar 

SA, Singh N, Jeyarajah AR, et al. Diagnostic per-

formance of nanoparticle-enhanced magnetic 

resonance imaging in the diagnosis of lymph node 

metastases in patients with endometrial and cer-

vical cancer. J Clin Oncol 2005;23:2813-21. 

18. Harisinghani MG, Barentsz J, Hahn PF, Deserno 

WM, Tabatabaei S, van de Kaa CH, et al. 

Noninvasive detection of clinically occult 

lymph-node metastases in prostate cancer. N Engl 

J Med 2003;348:2491-9. 

19. Yezhelyev M, Yacoub R, O'Regan R. Inorganic 

nanoparticles for predictive oncology of breast 

cancer. Nanomedicine (Lond) 2009;4:83-103. 

20. Harada T, Tanigawa N, Matsuki M, Nohara T, 

Narabayashi I. Evaluation of lymph node meta-

stases of breast cancer using ultrasmall super-

paramagnetic iron oxide-enhanced magnetic 

resonance imaging. Eur J Radiol 2007;63:401-7. 

21. Motomura K, Ishitobi M, Komoike Y, Koyama 

H, Noguchi A, Sumino H, et al. SPIO-enhanced 

magnetic resonance imaging for the detection 

of metastases in sentinel nodes localized by com-

puted tomography lymphography in patients with 

breast cancer. Ann Surg Oncol 2011;18:3422-9. 

22. Fleiss JL. Analysis of data from multiclinic trials. 

Control Clin Trials 1986;7:267-75. 

23. Higgins JP, Thompson SG, Deeks JJ, Altman DG. 

Measuring inconsistency in meta-analyses. BMJ 

2003;327:557-60. 

24. Memarsadeghi M, Riedl CC, Kaneider A, Galid A, 

Rudas M, Matzek W, et al. Axillary lymph node meta-

stases in patients with breast carcinomas: assess-

ment with nonenhanced versus uspio-enhanced MR 

imaging. Radiology 2006;241:367-77. 

25. Nakai G, Matsuki M, Harada T, Tanigawa N, 

Yamada T, Barentsz J, et al. Evaluation of axillary 

lymph nodes by diffusion-weighted MRI using 

ultrasmall superparamagnetic iron oxide in patients 

with breast cancer: initial clinical experience. J 

Magn Reson Imaging 2011;34:557-62. 

26. Kimura K, Tanigawa N, Matsuki M, Nohara T, 

Iwamoto M, Sumiyoshi K, et al. High-resolution 

MR lymphography using ultrasmall super-

paramagnetic iron oxide (USPIO) in the evalua-

tion of axillary lymph nodes in patients with early 

stage breast cancer: preliminary results. Breast 

cancer 2010;17:241-6. 

27. Michel SC, Keller TM, Fröhlich JM, Fink D, Caduff 

R, Seifert B, et al. Preoperative breast cancer stag-

ing: MR imaging of the axilla with ultrasmall su-

perparamagnetic iron oxide enhancement. 

Radiology 2002;225:527-36. 

28. Stadnik TW, Everaert H, Makkat S, Sacré R, Lamote 

J, Bourgain C. Breast imaging. Preoperative breast 

cancer staging: comparison of USPIO-enhanced 

MR imaging and 18F-fluorodeoxyglucose (FDC) 

positron emission tomography (PET) imaging for 

axillary lymph node staging--initial findings. Eur 

Radiol 2006;16:2153-60. 

29. Stets C, Brandt S, Wallis F, Buchmann J, Gilbert 



Kosin Medical Journal 2018;33:297-306.

306

FJ, Heywang-Köbrunner SH. Axillary lymph node 

metastases: a statistical analysis of various pa-

rameters in MRI with USPIO. J Magn Reson 

Imaging 2002;16:60-8. 


