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Abstract
Background: This study performed an overall assessment of the accuracy of ultrasound-guided �ne-
needle aspiration (FNA) and core needle biopsy (CNB) for detecting axillary lymph nodes in women with
breast cancer based on quali�ed studies.

Methods: Eligible studies and pertinent literature resources were identi�ed on Cochrane, PubMed,
Embase, CNKI, VIP, and Wanfang databases through searching key words or terms. The latest study was
published in the March 2020. The eligible publications contained cohort and cross-sectional researches.
All the publications obtained were tested for heterogeneity, and corresponding effect models were used to
calculate amalgamative values of sensitivity, speci�city and diagnostic odds ratio (DOR). Analysis of
summary receiver operating characteristic (SROC) was performed on suspicious axillary lymph nodes.

Results: A total of 22 studies involving 3548 patients were included to explore the accuracy of FNA in
identifying axillary lymph nodes in women with breast cancer. 11 studies involving 758 patients were
included to explore the accuracy of CNB in identifying axillary lymph nodes in women with breast cancer.
The accuracy of FNA in identifying  suspicious axillary lymph nodes was speci�cally as follows: overall
sensitivity was 79% (95%CI: 73%-84%), global speci�city was 96% (95%CI: 92%-98%), overall positive
likelihood ratio was 18.55 (95% CI: 10.53-32.69), overall negative likelihood ratio was 0.22 (95% CI: 0.17-
0.28), the overall DOR was 71.68 (95%CI: 37.19-138.12), and the acreage under the SROC was (AUC =
0.94; 95% CI: 0.92-0.96). The accuracy of CNB in identifying suspicious axillary lymph nodes was
speci�cally as follows: overall sensitivity was 85% (95%CI: 81%-89%), global speci�city was 93% (95%CI:
87%-96%), overall positive likelihood ratio was 11.88 (95% CI: 6.56-21.50), overall negative likelihood ratio
was 0.16 (95% CI: 0.12-0.21), the overall DOR was 66.83 (95%CI: 33.28-134.21), and the acreage under
the SROC was (AUC = 0.96; 95% CI: 0.94-0.97).

Conclusions: The results indicated that both FNA and CNB had high accuracy for suspicious axillary
lymph nodes.

Background
Axillary lymph node (ALN) metastasis is an important factor in clinical evaluation of prognosis of breast
cancer. Conventional ALN dissection (ALND) plays a critical role in the staging of breast cancer, but it is
also easy to cause serious postoperative complications and affect postoperative recovery. Sentinel lymph
node biopsy (SLNB) is also applied in the assessment of ALN stage and the formulation of planning of
treatment. However, SLNB surgery is highly traumatic, and requires accurate preoperative positioning and
pathological diagnosis results, which is also prone to show false negative results. Therefore, developing a
simple and effective diagnostic method is greatly important. Imaging examination as a non-invasive
examination method is frequently applied in clinical diagnosis and treatment, and can help effectively
diagnose ALN and avoid unnecessary SLNB. (1-4).
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Ultrasound is a commonly used imaging method to evaluate the properties of ALN. With its real-time
dynamics, simple operation, and non-trauma, ultrasound can explore ALN from multiple angles and
directions. In recent years, ultrasound-guided needle biopsy (UNB), contrast-enhanced ultrasound (CEUS)
and elastography (UE) have enriched the content of ultrasonic diagnosis of ALN. Compared with
conventional ultrasound, UNB used in combination with pathological biopsy results is more accurate and
effective in the diagnosis of ALN metastasis (5-8). Based on quali�ed researches, this study aimed to
evaluate the accuracy of FNA and CNB in �nding suspicious axillary lymph nodes in women with breast
cancer.

Methods
Retrieve strategy

All the eligible trails analyzing FNA and CNB in �nding axillary lymph nodes in women with breast cancer
were collected on Cochrane, PubMed, Embase, CNKI, VIP, and Wanfang databases. Other correlational
studies or referenced data were retrieved as well. The latest study was published in March 2020. Two
researchers independently retrieved there sources, with a third researcher to resolve any disagreement.

Inclusion and exclusion criteria

The criteria for inclusion: (1) cohort research or cross-sectional research; (2) suspicious axillary lymph
nodes in women with breast cancer; (3) suspicious axillary lymph nodes were diagnostic by FNA or CNB;
(4) the research offered the information of True-Positives(TP), False-Positive(FP), False-Negative(FN),
True-Negative(TN); (5) written in English or Chinese.

The criteria for exclusion:(1) duplicate publications, or with the same contents and results; (2) case
reports, theoretical studies, conference presentations, review literature, meta-analysis, expert commentary
or analyses; (3) research without results relevant to this study; (4) without clinical outcomes of TP, FP, FN
or TN; (5) Duplicate articles, or with the same contents and results.

Two researches decided whether the articles were included, with a third researcher to resolve any
disagreement.

Extraction data and quality evaluation

Extraction of data was performed on all the publication included. Both essential information and main
outcomes were extracted. For the essential information, writer’s name, the capacity of sample, and the
patients’ age were included. For the clinical outcomes, a 2 x 2 diagnostic table was given for each
included article, if the outcomes met the golden standard, FNA and CNB were entered as positive or
negative. The data included True-Positive (TP), False-Positive (FP), False-Negative (FN) and True-
Negative (TN). If the value of a cell was 0 in the diagnostic table, 0.5 would be added to it for calculating
availably. Sensitivity, speci�city and likelihood ratio were computed. Accuracy of FNA and CAN in
diagnosis was measured with the diagnostic odds ratio (DOR). When DOR equaled one, it suggested no
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distinguishing ability, with a higher value indicating a higher correlation of the evaluated diagnostic
experiment. The above processes were independently performed by two researches, with a third
researcher to resolve any disagreement.

Statistical Analysis

Stata 10.0 (TX, USA) was used for all statistical analyses. The results heterogeneity of trials present were
determined based on the value of Chi-squared and I2 tests, according to which the analytical model �xed
or random was chosen. If P-value of Chi-squared test was equal or lower than 0.05 and I2 test result was
higher than 50%, it suggested that heterogeneity was high and random effects model was chosen. If P-
value of Chi-squared test was higher than 0.05 and I2 tests result was equal or lower than 50%,
heterogeneity was acceptable and �xed effects model was chosen. Based on the correlation analysis
(Spearman’s) between the logarithm of sensitivity and the logarithm of [1 –speci�city], analysis of
threshold evaluation was performed for further investigating heterogeneity. If a threshold effect existed, a
negative correlation between sensitivity and speci�city of the included articles (or a positive correlation
between sensitivity and [1 –speci�city]) was determined. A strong positive correlation between sensitivity
and [1 –speci�city] indicated effect of threshold. A curve plot of summary receiver operating
characteristic (SROC) was given when the heterogeneity was caused by effect of threshold. The
overestimated overall values of sensitivity and speci�city were revealed by this method. Expect for
analyzing the panel points of ROC, the SROC curve analysis was also used. The bias of publication was
identi�ed by Deeks’ Funnel Asymmetry Plot.

Results
Essential features of the included publications

A total of 511 publications were identi�ed by searching key words. After initial screening, 427
publications were excluded for reviewing title or abstract, and 84 publications were used for further
assessment. 59 publications fail to meet the criteria of inclusion speci�cally as follows: theoretical
research (6), without clinical outcomes (34), without comparative diagnostic method (19). At last 25
studies (9-34) with 4354 patients were included in this meta-analysis. The �ow path is shown in Figure 1.
Essential features of the researches, which included writer’s name, the size of sample, the age, the value
of TP, FP, FN, TN, were given in Table 1.

Diagnostic accuracy of FNA

A total of 22 studies with 3548 patients were included to explore the accuracy of FNA in identifying
axillary lymph nodes in women with breast cancer. Random effects model was selected for merged
analysis of DOR with high heterogeneity (P <0.001, I2 =59.2%). The correlation result (Spearman’s
R=-0.2331, P=0.2965) between the logarithm of sensitivity and the logarithm of [1 –speci�city] indicated
that there was no effect of threshold.
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The global sensitivity was 79% (95%CI: 73%-84%), and the global speci�city was 96% (95%CI: 92%-98%).
The overall positive and negative likelihood ratio were 18.55 (95% CI: 10.53-32.69), 0.22 (95% CI: 0.17-
0.28), respectively. The �rst value suggested that FNA increased by 18.55-fold of the odds in an effective
diagnosis for suspicious axillary lymph nodes. Meanwhile, the second value showed that the FNA
increased 0.22 for the false positive result. The overall DOR was 71.68 (95%CI: 37.19-138.12), and the
odds were 71.68-fold higher for the positive FNA result among positive axillary lymph nodes when
compared with negative axillary lymph nodes. The acreage under the SROC (AUC = 0.94; 95% CI: 0.92-
0.96) was large. All the data were showed in Figure 2-5.

Based on the included and excluded criteria, 22 studies were enrolled in the meta-analysis of FNA. The
quality evaluation and bias analysis were accessed by Deeks’ Funnel Asymmetry Plot. The funnel graph
for DOR of FNA of included publications was obviously symmetric, indicating a signi�cant bias of
publication (Figure 6, P=0.002). The funnel plot revealed an apparent asymmetry, which suggested the
presence of potential publication bias, language bias, and in�ated estimates due to methodological
design �aws in small studies, and/or lack of publication of small trials with opposite results.

Diagnostic accuracy of CNB

A total of 11 studies with 758 patients were included to explore the accuracy of CNB diagnosis in
detecting axillary lymph nodes in women with breast cancer. Fix effects model was selected for merged
analysis of DOR with low heterogeneity (P =0.985, I2 =0.0%). The correlation result (Spearman’s
R=-0.7963, P=0.0034) between the logarithm of sensitivity and the logarithm of [1 –speci�city] indicated
that there was an effect of threshold.

The global sensitivity was 85% (95%CI: 81%-89%), and the global speci�city was 93% (95%CI: 87%-96%).
The overall positive and negative likelihood ratio were 11.88 (95% CI: 6.56-21.50), 0.16 (95% CI: 0.12-
0.21), respectively. The �rst value showed that FNA increased by 11.88-fold of the odds in an effective
diagnosis for suspicious axillary lymph nodes. Meanwhile, the second value showed that the FNA
increased 0.16 for the false positive result. The overall DOR was 66.83 (95%CI: 33.28-134.21); the odds
were 66.83-fold higher for the positive FNA result among positive axillary lymph nodes when compared
with negative axillary lymph nodes. The acreage under the SROC (AUC = 0.96; 95% CI: 0.94-0.97) was
large. Despite the threshold effect, the SROC curve (AUC=0.96) indicated that the combined diagnosis
was effective. All the data were showed in Figure 7-10.

Based on the included and excluded criteria, 11 studies were included into the meta-analysis of CNB. The
quality evaluation and bias analysis were accessed by Deeks’ Funnel Asymmetry Plot. The funnel graph
for DOR of CNB in included publications was obviously symmetric, indicating no signi�cant bias of
publication (Figure 11, P=0.31).

Discussion
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The early stage of axillary lymph node metastasis of breast cancer is �rst implanted in the marginal
lymph node sinus by lymphatic infusion, and then spread into the medullary sinus. At later stage, the
lymph node is completely occupied by the cancer cells, and the cancer will continue to develop. Cancer
cells break through the capsule and adhere to the surrounding tissues, accompanied by the proliferation
of the surrounding interstitial �brous tissues, resulting in poor mobility of the lymph nodes, a further
increase in stiffness, less deformation by compression and an enlarged blue range in the elastogram.
Clinical palpation (PE), mammography (MMG), ultrasonic imaging (US), computed tomography (CT),
magnetic resonance imaging (MRI), positron emission tomography (PET), SLNB, FNA and CNB are used
to determine axillary lymph node status. PE examines super�cial lymph nodes but is not the means for
detecting metastasis. MMG can only detect the anterior axillary lymph nodes and cannot completely
cover the entire axillary lymph node area. CT clearly shows lymph nodes, but the radiation dose is large.
MRI has a strong soft tissue resolution without radioactive damage, but the examination procedure is
complicated, time-consuming and expensive. PET has a low spatial resolution and a certain false
negative rate.

Histopathological examination after ALND is a reliable method for the diagnosis of axillary lymph node
metastasis. However, ALND may cause many complications such as lymphatic re�ux disorder,
neuropathy and shoulder stiffness in the affected upper arm after operation, thus affecting the upper
limb function of patients. SINB helps determine the nature of axillary lymph nodes in breast cancer, and
ALND is not required for negative SLNB results. The false negative rate of SLNB is about 5-10%, with less
trauma and fewer complications, but there may also be local effusion, sensory nerve injury, lymphedema
and other complications, and the occurrence of complications is closely related to the surgeon's
pro�ciency.

Ultrasound-guided core needle biopsy (US-CNB) of breast masses is an accurate biopsy technique. Based
on the histological results from puncture biopsy, the appropriate treatment for breast lesions can be
clinically determined. Under the guidance of ultrasound, CNB and FNA aspiration cytology plays an
important role in the diagnosis of breast lesions, so as to improve the early diagnosis rate of breast
cancer and improve the prognosis of patients. FNA and CNB, which are the most widely used minimally
invasive breast biopsy technologies, are mainly characterized by high accuracy, fast speed, small wound,
few complications and low cost.

In this meta-analysis, we found that in the diagnosis of suspicious axillary lymph nodes, FNA had a
sensitivity of 79% (95%CI: 73%-84%) and speci�city of 96% (95%CI: 92%-98%); CNB had asensitivity of
85% (95%CI: 81%-89%) and speci�city of 93% (95%CI: 87%-96%). The acreage under the SROC of FNA
was (AUC = 0.94; 95% CI: 0.92-0.96), and the acreage under the SROC of CNB was (AUC = 0.96; 95% CI:
0.94-0.97). The results indicated that FNA and CNB had high diagnostic accuracy in detecting suspicious
axillary lymph nodes.

However, there are certain limitations to the present analysis, which are as follows: (1) only English and
Chinese articles were included; (2) the technique of the operator were different; (3) lesions can also affect
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the biopsy pathological results; (4) limited number of histological specimens may in�uence the accuracy
of biopsy results; (5) only pooled data were analyzed, as individual patient data were not available, and
this precluded more in-depth analyses.

Conclusion
The diagnostic accuracy of FNA in identifying suspicious axillary lymph nodes was speci�cally as
follows: overall sensitivity was 79% (95%CI: 73%-84%), global speci�city was 96% (95%CI: 92%-98%), the
acreage under the SROC was (AUC = 0.94; 95% CI: 0.92-0.96). The diagnostic accuracy of CNB for
suspicious axillary lymph nodes was speci�cally as follows: overall sensitivity was 85% (95%CI:
81%-89%), global speci�city was 93% (95%CI: 87%-96%), the acreage under the SROC was (AUC = 0.96;
95% CI: 0.94-0.97). Both FNA and CNB had a high diagnostic accuracy in identifying suspicious axillary
lymph nodes, but the sensitivity, speci�city and SROC of CNB was higher than FNA.

Abbreviations
FNA= �ne-needle aspiration

CNB= core needle biopsy

DOR= diagnostic odds ratio

SROC= summary receiver operating characteristic

ALN= Axillary lymph node

ALND= Conventional ALN dissection

SLNB= Sentinel lymph node biopsy

UNB= ultrasound-guided needle biopsy

CEUS= contrast-enhanced ultrasound

UE= elastography

TN= True-Negative

TP= True-Positive

FP= False-Positive

FN= False-Negative

PE= Clinical palpation
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MMG= mammography

US= ultrasonic imaging

CT= computed tomography

MRI= magnetic resonance imaging

PET= positron emission tomography

US-CNB= Ultrasound-guided core needle biopsy
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Tables
Table 1. The basic characteristics description of included studies
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Study Sample Age Diagnostic Method TP FP FN TN

Rikiya Nakamura 2017 a 487 54 FNA 367 1 199 96

Rikiya Nakamura 2017 b 172 56 CNB 214 0 30 12

Raghavan Vidya 2017 a 43 - FNA 18 0 7 25

Raghavan Vidya 2017 b 38 - CNB 27 0 0 11

Roshni Rao 2009 a 22 50.5 FNA 12 0 4 6

Roshni Rao 2009 b 25 52.5 CNB 18 0 4 3

Marie A. Ganott 2014 a 95 - FNA 55 0 10 5

Marie A. Ganott 2014 b 95 - CNB 61 0 4 5

Hye Shin Ahn 2013 a 48 49 FNA 19 0 7 22

Hye Shin Ahn 2013 b 48 49 CNB 20 0 6 22

Suvi Rautiainen 2013 a 178 61.4 FNA 37 0 14 15

Suvi Rautiainen 2013 b 178 61.4 CNB 45 0 9 15

A.J. Maxwell 2016 40 57 CNB 15 0 4 18

B. J. van Wely 2013 199 - FNA 157 0 19 22

Franco Genta 2007 370 - FNA 43 0 23 31

MB Popli 2006 24 - FNA 15 0 4 5

U˘gur Topal 2005 39 - CNB 30 0 3 6

Savitri Krishnamurthy 2002 103 - FNA 51 16 12 24

Yanbin Wang 2005 86 48.9 FNA 50 0 5 31

Yan Ding 2018 148 49.2 FNA 64 0 17 75

Shichong Zhou 2017 500 45.2 FNA 192 0 54 136

Jian Le 2017 255 52 FNA 105 3 24 123

Juan Wang 2013 87 51.2 FNA 60 0 4 20

Leijun Huo 2016 89 46.29 FNA 19 1 15 8

Ying Sang 2016 a 48 49 FNA 19 0 7 22

Ying Sang 2016 b 48 49 CNB 20 0 6 22

Chunyang Yu 2018 27 47 CNB 35 1 2 3

Guo Sang 2019 58 48.3 FNA 37 0 7 14
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Yibo Zhao 2015 454 49 FNA 25 0 14 61

Miao Liu 2011 40 52 FNA 12 0 11 17

Yuntao Wei 2014 47 52.2 FNA 24 5 0 18

Yajun Ruan 2018 167 53.2 FNA 73 1 2 20

FNA: �ne-needle aspiration; CNB: core needle biopsy; TP: true positive, FP: false positive; FN: false
negative; TN: true negative.

a: patients diagnosed by FNA, b: patients diagnosed by CNB.

Figures

Figure 1

Flow diagram of the literature search and selection process
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Figure 2

Forest plot showing the sensitivity and speci�city values of FNA for suspicious axillary lymph nodes
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Figure 3

Forest plot showing the positive and negative likelihood ratio of FNA for suspicious axillary lymph nodes
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Figure 4

Forest plot showing the diagnostic odds ratio of FNA for suspicious axillary lymph nodes
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Figure 5

Summary ROC plots for diagnostic accuracy of FNA for suspicious axillary lymph nodes
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Figure 6

Funnel plot of studies about FNA included in the meta-analysis
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Figure 7

Forest plot showing the sensitivity and speci�city values of CNB for suspicious axillary lymph nodes
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Figure 8

Forest plot showing the positive and negative likelihood ratio of CNB for suspicious axillary lymph nodes
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Figure 9

Forest plot showing the diagnostic odds ratio of CNB for suspicious axillary lymph nodes
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Figure 10

Summary ROC plots for diagnostic accuracy of CNB for suspicious axillary lymph nodes
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Figure 11

Funnel plot of studies about CNB included in the meta-analysis


