
Introduction
Axillary staging is the integral component of breast cancer
management. Historically, complete axillary lymph node
dissection (ALND) used to be considered not only the
standard axillary staging and therapeutic procedure, but
also a significant prognostic tool to guide adjuvant
treatment. The evolution from the Halstead’s theory of
“radical local control” to the Fisher’s theory of breast cancer
as a “systemic disease” laid the cornerstone for the
conservative surgical approach in both breast and axilla.1,2

The understanding that axillary dissection provides no
survival benefit, rather it increases morbidity and
advancements in adjuvant treatment modalities, has led
researchers to look into lesser invasive alternatives to
ALND.3 The advent of sentinel lymph node biopsy (SLNB)
was the first landmark towards the de-escalation of axillary

surgery. It has taken over the staging and prognostic role
of ALND, with lesser morbidity, in clinically node-negative
patients.3 At present, SLNB is considered the gold standard
in axillary staging not only in node-negative patients, but
also in selected clinically node-positive patients as well.4-6

The management of axilla has been revolutionised by the
results of a trial which actually questioned the role of SLNB
in the presence of low-burden axillary disease.7 SLNB,
though less invasive than ALND, is a costly procedure, has
its associated morbidity, carries radiation hazards, and
needs specialised equipment as well as expertise.8,9 The
continuous quest for obviating the element of invasiveness
from axillary management, advancements in imaging
modalities, understanding of tumour biology and
introduction of multigene assays as prognostic tools
governing adjuvant therapies, have paved the way for the
adoption of non-invasive imaging modalities for axillary
staging, thus sparing a selected group of patients,
especially with low-burden disease / benign looking lymph
nodes from the morbidity of SLNB.

The concept of no SLNB and just observation in node-
negative early breast cancer patients is at the centre of
various ongoing trials and past studies.10,11 The basis of this
concept is the accurate pre-operative categorisation of
axillary nodes into benign or suspicious according to
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standardised criteria by some non-invasive imaging
modality. Among various modalities, axillary ultrasound
(AUS) has been widely investigated as a non-invasive
alternative to SLNB.12 While being operator-dependent, it
is cost-effective, readily available, reproducible, and avoids
any radiation exposure. The sensitivity and specificity of
AUS has been reported to be 61.4% (51.2-79.4%) and 82%
(76.9-89%), respectively.13,14 One of the drawbacks of AUS
is its false negative (FN) results, i.e. its potential to miss
positive nodal disease. Improvement in the learning curves
of radiologists and use of higher-frequency probes and
newer techniques, like automated breast ultrasonography
(ABUS), will further reduce the FN rate (FNR), thus validating
this technique for axillary staging in place of SLNB.14 A
lymph node is considered ‘normal’ on ultrasound in the
absence of certain features like rounded shape, irregular
margins, absence of fatty hilum, and cortical thickness
>3mm, while it is ‘suspicious’ for metastasis if it shows one
or more of the aforementioned features15 (Figure 1-2). A
lymph node is said to be positive for metastasis on SLNB if
it contains one or more tumour deposits >2mm (macro
metastasis).16

The current study was planned to determine FNR, negative
predictive value (NPV) and the factors predicting false
negativity of pre-treatment AUS.

Figure-1: Normal axillary lymph node on ultrasound.

Figure-1: Abnormal lymph node on axillary ultrasound.

Table-1: Demographic and tumour characteristics (n=781).

Variable Category n (%)

Age (years) Up to 45 334 (42.76)
Above 45 447 (57.23)

BMI  (kg/m2) < 30 464 (59.41)
30 and above 317 (0.59)

Initial Tumour size on AUS (mm) Up to 30 528 (67.60)
Above 30 253 (32.39)

Focality Unifocal 687 (87.96)
Multifocal/ Multicentric 94 (12.03)

Laterality Unilateral 737 (94.37)
Bilateral 17 (2.18)
Treated Contralateral 27 (3.46)

Final Histopathology IDC 521 (66.71)
IDC + DCIS 216 (27.66)
ILC 44 (5.63)

Tumour Grade I 9 (1.15)
II 452 (57.87)
III 320 (40.97)

ER Positive 597 (76.44)
Negative 184 (23.56)

PR Positive 464 (59.41)
Negative 317 (40.59)

HER 2 neu receptor Positive 156 (19.97)
Negative 625 (80.03)

Triple Negative Yes 130 (16.64)
No 651 (83.35)

Chemotherapy Adjuvant 485 (62.10)
Neo Adjuvant 296 (37.90)

Type of Surgery BCS 637 (81.56)
Mastectomy 144 (18.44)

SLNB Positive 151 (19.33)
Negative 614 (78.62)
Skipped (ALND done) 03 (0.38)
Micrometastasis 13 (1.66)

No. of nodes removed on SLNB Up to 3 621 (79.51)
Above 3 160 (20.49)

Nodal burden on SLNB (n=164) High (3 or more nodes positive) 30 (18.29)
Low 134 (81.71)
(1 or 2 nodes positive/ micro metastasis)

Extra Nodal Extension Yes 74 (45.96)
(n=161) No 73 (45.34)

Not mentioned 14 (8.69)
Size of largest deposit (mm) < 3 20 (11.98)
(n=167) 3 to 10 112 (67.06)

>10 25 (14.97)
Not mentioned 10 (5.99)

ALND Yes 77 (50.0)
(n=154) No 77 (50.0)

AUS: Axillary ultrasound, BMI: Body mass index, IDC: Invasive ductal carcinoma, DCIS: Ductal
carcinoma in situ, ILC: Invasive lobular carcinoma, ER: Oestrogen receptor, PR: Progesterone
receptor, HER 2 Meu receptor: Human epidermal growth receptor 2, BCS: Breast conserving
surgery, SLNB: Sentinel lymph node biopsy, ALND: Axillary lymph node dissection.
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Materials and Methods
The retrospective study was conducted at Shaukat Khanum
Memorial Cancer Hospital, Lahore, Pakistan, and comprised
patient data from January 2019 to December 2020. After
approval from the institutional ethics review board, data
was retrieved from the institutional prospectively
maintained database. Data related to newly diagnosed
breast cancer patients with either normal lymph nodes on
pre-treatment AUS or single suspicious / borderline lymph
node negative for metastasis on fine needle aspiration
cytology (FNAC), radiological T1, T2 or T3 tumours, having
invasive cancer on histopathology, and who
underwent SLNB. Data of patients with multiple
suspicious nodes on AUS, T4 / inflammatory cancer,
invasive cancer only, previously treated ipsilateral
cancer / recurrent breast cancer and of those who
had initial lumpectomy somewhere else were
excluded.

All AUSs were performed by trained breast
sonologists and their results were compared with
SLNB results, taken as the gold standard, thus
dividing the sample into FN group A and true
negative group B. Clinical, radiological and
histopathological parameters as well as therapeutic
strategies were compared between the two groups.

Data was analysed using SPSS 20. Mean±standard
deviation values were calculated for quantitative
data, whereas frequencies and percentages were
used to express qualitative data. The association of
explanatory variables in relation to TN or FN status
was determined using chi-square test or Fisher
exact test, as appropriate. Independent t-test was
used to compare the mean between the groups.
Univariate and multivariate logistic regression
(MLR) were used to identify independent risk
factors associated with FN status. Statistical
significance was defined as two-tailed p≤0.05.

Results
Of the 1016 patients whose data was initially
identified, FNR was 146(14.3%). However, on further
analysis, data of 89(8.7%) patients who had even
single suspicious lymph node on AUS and who
underwent FNAC was excluded, leaving 781(76.9%)
patients. Of them, 154(19.7%) were in group A and
627(80.2%) were in group B, leading to NPV 80.2%.

The mean age at presentation was 49.39±11.51
years, with 447(57.2%) aged >45 years, and
464(59.4%) had BMI <30. Initial tumour size was up
to 30mm in 528(67.6%) Micro-metastasis (deposit
≤2mm) was found in 13(1.7%) patients (Table 1).

On univariate analysis, initial tumour size, histopathology,
tumour grade, receptors, timing of chemotherapy, and type
of surgery has significant difference between the groups
(Table 2).

On multivariate analysis, larger, high-grade, progesterone
receptor (PR)-negative and human epidermal growth factor
receptor 2 (HER2 neu)-positive tumours were significantly
associated with lower FNR on AUS (Table 3).

Efficacy of pre - operative axillary ultrasonography in excluding nodal ……
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Table-2: Comparison of demographic & tumour characteristics between true negative (TN) and false
negative (FN) AUS groups.

Variable Category True False p-value
Negative Negative
AUS, n (%) AUS, n (%)

Whole group 627 (80.28) 154 (19.72)
Age (years) Up to 45 275 (82.34) 59 (17.66) 0.3

Above 45 355 (79.42) 92 (20.58)
BMI (kg/m2) < 30 373 (80.39) 91 (19.61) 0.8

30 and above 257 (81.07) 60 (18.93) 
Initial Tumour size (mm) Up to 30 412 (78.03) 116 (21.97) 0.007

Above 30 218 (86.17) 35 (13.83)
Focality Unifocal 559 (81.37) 128 (18.63) 0.17

Multifocal/ Multicentric  71 (75.53) 23 (24.47)
Laterality  Unilateral 592 (80.32) 145 (19.67) 0.53

Bilateral 14 (82.35) 03 (17.65)
Treated Contralateral 24 (88.89) 03 (11.11)

Final Histopathology IDC 438 (84.07) 83 (15.93) 0.001
IDC + DCIS 163 (75.47) 53 (24.54)
ILC 29 (65.91) 15 (34.09)

Tumour Grade I 05 (55.55) 04 (44.44) 0.001
II 338 (74.78) 114 (25.22)
III 287 (89.69) 33   (10.31)

ER Positive 459 (76.88) 138 (23.11) 0.001 
Negative 171 (92.93) 13 (7.06)

PR Positive 340 (73.27) 124 (26.72) 0.001 
Negative 290 (91.48) 27 (8.52)

HER 2 neu receotor Positive 141 (90.38) 15 (9.61) 0.001 
Negative 489 (78.24) 136 (21.76)

Triple Negative Yes 121 (93.08) 09 (6.92) 0.001
No 509 (78.19) 142 (21.81)

Chemotherapy Adjuvant 373 (76.91) 112 (23.09) 0.001
Neo Adjuvant 257 (86.82) 39 (13.17)

Type of Surgery BCS 527 (82.73) 110 (17.27) 0.002
Mastectomy 103 (71.53) 41 (28.47)

AUS: Axillary ultrasound BMI: Body mass index, IDC: Invasive ductal carcinoma, DCIS: Ductal carcinoma in situ, 
ILC: Invasive lobular carcinoma, ER: Oestrogen receptor, PR: Progesterone receptor, HER 2 Meu receptor: Human
epidermal growth receptor 2, BCS: Breast conserving surgery.

Table-3: Factors predicting false negative (FN) AUS.
Variable Category Odds ratio 95% CI p-value

(OR) (lower - upper)
Increasing primary Up to 30mm vs Above 30 mm 0.60 0.39 – 0.94 0.02
tumour size (T stage)
Higher grade I/II vs III 0.51 0.35 – 0.90 0.01
PR positive PR positive vs PR negative 2.19 1.20 – 4.01 0.01
HER 2 neu H2N positive vs H2N negative 0.49 0.27 – 0.89 0.02
Receptor positive 

AUS: Axillary ultrasound BMI: Body mass index, IDC: Invasive ductal carcinoma, DCIS: Ductal carcinoma in situ, 
ILC: Invasive lobular carcinoma, ER: Oestrogen receptor, PR: Progesterone receptor, HER 2 Meu receptor: Human
epidermal growth receptor 2, BCS: Breast conserving surgery.
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Discussion
AUS is an important non-invasive staging technique for
early-stage breast cancer, with a wide range of FNR and
NPV across literature.12,17-23 The variation might be
attributable to the differences in selection criteria, sample
size and timing of ultrasound examination. It is a fact that
our study has the highest number of patients compared to
the other studies (Table 4).

AUS is more reliable in excluding nodal disease in patients
with high-burden nodal disease (3 or more positive lymph
nodes). In the current study, only 18.3% of cases had high-
burden disease. AUS was unable to detect nodal
involvement despite pathological lymph node involvement
on histopathology, whereas majority (81.7%) of patients
with FN AUS had low-burden nodal disease (1 or 2 positive
lymph nodes / micro-metastasis), most of whom would not
have otherwise qualified for ALND as per one of the
criteria,7 further eroding the staging role of SLNB in this
subset of patients. These results are consistent with the
results of Gursoy et al. and Reyna et al.18,24 Jackson et al.
showed a trend towards lower FNR (14% overall vs 4% for
high nodal burden) in patients with 3 or more diseased
lymph nodes, while Artmoniene et al showed a high NPV
of AUS in high-burden nodal disease (96.5% for high-
burden vs 76.6% overall).19,21 Rukanskiene et al. reported
similar trends in FNR (1.6% for high-burden vs 6.9% for low-
burden disease) and NPV of AUS with higher nodal burden
(98.3% for high -burden vs 91.5% overall).22

Tumour size is an important predictive factor for FNR of
AUS.25 The mean tumour size in the present study was
smaller in the FN group (25.2mm in FN vs 28.40mm in TN
group, p=0.02). This is in contrast to the findings of Gursoy

et al.18 According to Reyna et al., sensitivity of AUS
increases with an increase in the size of primary
breast lesion as well as the size of nodal metastasis
and number of involved lymph nodes.24 The current
study showed improved reliability of AUS in
excluding nodal involvement with the increase in
tumour size. Thus, larger the tumour size, lower the
FNR and higher the true negativity rate (TNR) of
AUS. The possible explanation for this could be that
increasing tumour size increases the likelihood of
detectable axillary nodal metastasis, thus reducing
FNR.  Contrary to the current results, most studies
reported a direct proportional relationship
between the tumour size and FNR of AUS.18,19,21,22

However, Stachs et al. report a relationship between
tumour size and FNR of AUS in concordance with
the current study.17

The current study showed the highest FNR of AUS
in tumours with lobular histopathology (15.9% for

ductal vs 34% for lobular cancer, p=0.001), owing to
difficulty in detecting nodal metastasis by routine imaging
modalities in case of invasive lobular carcinoma (ILC) due
to subtle imaging findings. Gursoy et al. and Jackson et al.
reported similar relationship between the FNR of AUS and
lobular pathology.18,19 Reyna et al. also showed higher
incidence of non-ductal histology with FN AUS results.24

Regarding the effect of tumour grade on false negativity of
AUS, there exists a controversy in literature. According to
Artmoniene et al., higher tumour grade is associated with
higher FNR.21 This finding has been contradicted by Stachs
et al. as well as by the current study, where inverse
relationship has been reported between the tumour grade
and FNR of AUS.17 The probability of significant axillary
nodal metastasis increases with higher tumour grade
owing to increased proliferation rate, thus minimising their
chances of being missed on AUS.

Most of the studies did not report significant association
between FNR and hormone receptor status.17,18,22 The
current study associated tumours with aggressive
biomarker profile oestrogen receptor (ER), progesterone
receptor (PR and human epidermal growth receptor 2
(HER2 Neu): with lower incidence of false negativity on
ultrasound examination due to probability of early
dissemination of significant metastatic burden to axillary
lymph nodes. Rukanskiene et al. reported similar
association between FNR and HER 2 neu receptor status
(p<0.05), whereas Gursoy et al. showed higher FNR with
HER 2 neu amplification.18,22

Aggressive tumour biology and poor predictive factors, like
larger size and higher grade, can lead to significant nodal

Table-4: FNR and NPV of AUS in different studies.
Study Normal AUS (n) FNR NPV
Stachs et al. 201317 378 18.5% 77%
Gursoy et al. 201918 152 20.4% -
Jackson et al. 201519 400 14%

4% (for high burden nodal disease)
Tucker et al. 201620 382 24% 89%

(macrometastasis)
29.8% (macro + 84%
micrometastasis)

Artmoniene et al. 201921 535 18.7% 76.6%
96.5% (for high
burden nodal disease)

Rukanskiene et al. 2020 189 8.5% 91.5%
(prospective22 1.6% (for high 98.3% (for high

burden nodal disease) burden nodal disease)
Khan et al. 202012 262 17.2% 82.8%
Jamaris et al. 202123 251 54.5% 51.8%
Current study 781 19.7% 80.2%

1016 (FNAC 14.3%
negative) included)

FNR: False negative rate, NPV: Negative predictive value, AUS: Axillary ultrasound, 
FNAC: Fine needle aspiration cytology.
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metastasis with less likelihood of being missed on AUS,
and, hence, lower FNR of AUS, as was evident in the current
study. Moreover, this could possibly explain the association
of lower FNR in patients who underwent surgery post-neo
adjuvant chemotherapy (NAC) versus those who
underwent upfront surgery (13.3% FNR in NAC vs 23.1% in
upfront surgery) in our study. There is not much evidence
regarding this association in literature as most studies only
included upfront surgery in their respective 
samples.17-19,21-23 Moreover, as the current study compared
the results of AUS performed before the commencement
of NAC with SLNB results, the lower FNR in this subset could
be due to resolution of possible nodal metastasis by
chemotherapy, highlighting the importance of uniform
time span between AUS and surgery.

The current study has certain limitations. Firstly, being a
retrospective single-centre study, it does not provide a very
high level of evidence. However, strict inclusion/exclusion
criteria were followed and a large number of patients were
included, making the results comparable with literature.
Secondly, the time span between the performance of
ultrasound and surgery, especially in the post-NAC group,
should have been standardised. Nevertheless, the novelty
of concept is the biggest strength of the current study,
paving the way for further prospective trials.

Conclusion
AUS was found to be effective in ruling out significant
axillary nodal disease. The efficacy was more in patients
with high-burden axillary disease, aggressive tumour
biology, larger tumour size and higher grade. However, one
needs to be cautious while interpreting the results of AUS
in case of lobular histology. As far as FNR and NPV of AUS
are concerned, the results were found to be concordant
with global literature.

Disclaimer: None.

Conflict of Interest: None.

Source of Funding: None.

References 
1. Halsted WS. I. The Results of Radical Operations for the Cure of

Carcinoma of the Breast. Ann Surg 1907;46:1-19. doi: 10.1097
/00000658-190707000-00001.

2. Fisher B, Jeong JH, Anderson S, Bryant J, Fisher ER, Wolmark N.
Twenty-five-year follow-up of a randomized trial comparing radical
mastectomy, total mastectomy, and total mastectomy followed by
irradiation. N Engl J Med 2002;347:567-75. doi: 10.1056/
NEJMoa020128.

3. Magnoni F, Galimberti V, Corso G, Intra M, Sacchini V, Veronesi P.
Axillary surgery in breast cancer: An updated historical perspective.
Semin Oncol 2020;47:341-52. doi: 10.1053/j.seminoncol.2020.09.001. 

4. Kuehn T, Bauerfeind I, Fehm T, Fleige B, Hausschild M, Helms G, et al.
Sentinel-lymph-node biopsy in patients with breast cancer before

and after neoadjuvant chemotherapy (SENTINA): a prospective,
multicentre cohort study. Lancet Oncol 2013;14:609-18. doi:
10.1016/S1470-2045(13)70166-9.

5. Boughey JC, Suman VJ, Mittendorf EA, Ahrendt GM, Wilke LG, Taback
B, et al. Sentinel lymph node surgery after neoadjuvant
chemotherapy in patients with node-positive breast cancer: the
ACOSOG Z1071 (Alliance) clinical trial. JAMA 2013;310:1455-61. doi:
10.1001/jama.2013.278932.

6. Boileau JF, Poirier B, Basik M, Holloway CM, Gaboury L, Sideris L, et
al. Sentinel node biopsy after neoadjuvant chemotherapy in biopsy-
proven node-positive breast cancer: the SN FNAC study. J Clin Oncol
2015;33:258-64. doi: 10.1200/JCO.2014.55.7827.

7. Giuliano AE, Ballman K, McCall L, Beitsch P, Whitworth PW,
Blumencranz P, et al. Locoregional Recurrence After Sentinel Lymph
Node Dissection With or Without Axillary Dissection in Patients With
Sentinel Lymph Node Metastases: Long-term Follow-up From the
American College of Surgeons Oncology Group (Alliance) ACOSOG
Z0011 Randomized Trial. Ann Surg 2016;264:413-20. doi:
10.1097/SLA.0000000000001863.

8. Ballal H, Hunt C, Bharat C, Murray K, Kamyab R, Saunders C. Arm
morbidity of axillary dissection with sentinel node biopsy versus
delayed axillary dissection. ANZ J Surg 2018;88:917-21. doi:
10.1111/ans.14382.

9. McEvoy AM, Poplack S, Nickel K, Olsen MA, Ademuyiwa F, Zoberi I,
et al. Cost-effectiveness analyses demonstrate that observation is
superior to sentinel lymph node biopsy for postmenopausal women
with HR + breast cancer and negative axillary ultrasound. Breast
Cancer Res Treat 2020;183:251-62. doi: 10.1007/s10549-020-05768-
2.

10. Chen MY, Gillanders WE. Staging of the Axilla in Breast Cancer and
the Evolving Role of Axillary Ultrasound. Breast Cancer (Dove Med
Press) 2021;13:311-23. doi: 10.2147/BCTT.S273039.

11. Reimer T, Stachs A, Nekljudova V, Loibl S, Hartmann S, Wolter K, et
al. Restricted Axillary Staging in Clinically and Sonographically Node-
Negative Early Invasive Breast Cancer (c/iT1-2) in the Context of
Breast Conserving Therapy: First Results Following Commencement
of the Intergroup-Sentinel-Mamma (INSEMA) Trial. Geburtshilfe
Frauenheilkd 2017;77:149-57. doi: 10.1055/s-0042-122853.

12. Khan A, Masroor I, Khandwala K, Abbasi SU, Tariq MU. Utility of
Ultrasound and Mammography in Detection of Negative Axillary
Nodal Metastasis in Breast Cancer. Cureus 2020;12:e6691. doi:
10.7759/cureus.6691.

13. Kim SH, Kim HH, Moon WK. Automated Breast Ultrasound Screening
for Dense Breasts. Korean J Radiol 2020;21:15-24. doi: 10.3348/kjr.
2019.0176.

14. Jia M, Lin X, Zhou X, Yan H, Chen Y, Liu P, et al. Sankaranarayanan R.
Diagnostic performance of automated breast ultrasound and
handheld ultrasound in women with dense breasts. Breast Cancer
Res Treat 2020;181:589-97. doi: 10.1007/s10549-020-05625-2.

15. Marino MA, Avendano D, Zapata P, Riedl CC, Pinker K. Lymph Node
Imaging in Patients with Primary Breast Cancer: Concurrent
Diagnostic Tools. Oncologist 2020;25:e231-42. doi: 10.1634/
theoncologist.2019-0427.

16. de Boniface J, Frisell J, Andersson Y, Bergkvist L, Ahlgren J, Rydén L,
et al. Survival and axillary recurrence following sentinel node-
positive breast cancer without completion axillary lymph node
dissection: the randomized controlled SENOMAC trial. BMC Cancer
2017;17:379. doi: 10.1186/s12885-017-3361-y.

17. Stachs A, Göde K, Hartmann S, Stengel B, Nierling U, Dieterich M, et
al. Accuracy of axillary ultrasound in preoperative nodal staging of
breast cancer - size of metastases as limiting factor. Springerplus
2013;2:e350. doi: 10.1186/2193-1801-2-350



312

Open Access J Pak Med Assoc

18. Gursoy M, Sezgin G, Horoz EM, Dirim Mete B, Erdogan N.
Histopathological and Tumor Characteristics Associated with False
Negative Axillary Ultrasonography Results in Breast Cancer. Med
Ultrason 2019;21:232-8. doi: 10.11152/mu-1875.

19. Jackson RS, Mylander C, Rosman M, Andrade R, Sawyer K, Sanders T,
et al. Normal Axillary Ultrasound Excludes Heavy Nodal Disease
Burden in Patients with Breast Cancer. Ann Surg Oncol 2015;22:3289-
95. doi: 10.1245/s10434-015-4717-7.

20. Tucker NS, Cyr AE, Ademuyiwa FO, Tabchy A, George K, Sharma PK,
et al. Axillary Ultrasound Accurately Excludes Clinically Significant
Lymph Node Disease in Patients With Early Stage Breast Cancer. Ann
Surg 2016;264:1098-1102. doi: 10.1097/SLA.0000000000001549.

21. Artmoniene D, Bogusevicius A, Jonaitiene E, Paukstaitiene R, Veikutis
V, BaseviciuteM. Breast Cancer: The Accuracy of The Paus in
Detecting pN2 and Factors that Lead to the True- and False-Negative
Results. Biomed J Sci & Tech Res 2019;12:9463-71. DOI: 10.26717/
BJSTR.2019.12.002301.

22. Rukanskienė D, Veikutis V, Jonaitienė E, Basevičiūtė M, Kunigiškis D,
Paukštaitienė R, et al. Preoperative Axillary Ultrasound versus
Sentinel Lymph Node Biopsy in Patients with Early Breast Cancer.
Medicina (Kaunas) 2020;56:127. doi: 10.3390/medicina56030127.

23. Jamaris S, Jamaluddin J, Islam T, See MH, Fadzli F, Rahmat K, et al. Is
pre-operative axillary ultrasound alone sufficient to determine need
for axillary dissection in early breast cancer patients? Medicine
(Baltimore) 2021;100:e25412. doi: 10.1097/MD.0000000000025412.

24. Reyna C, Lee MC, Frelick A, Khakpour N, Laronga C, Kiluk JV. Axillary
burden of disease following false-negative preoperative axillary
evaluation. Am J Surg 2014;208:577-81. doi: 10.1016/j.amjsurg.
2014.05.015.

25. Zhao YX, Liu YR, Xie S, Jiang YZ, Shao ZM. A Nomogram Predicting
Lymph Node Metastasis in T1 Breast Cancer based on the
Surveillance, Epidemiology, and End Results Program. J Cancer
2019;10:2443-9. doi: 10.7150/jca.30386.

N. Javed, S. Afzal, E. Iqbal, et al.


