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Abstract

5%, papillary lesion 13.5%, radial scar 16.6%, LN 0%.

classified as B3 are premalignant or malignant on excision.

Background: Core needle biopsy (CNB) is a standard diagnostic procedure in the setting of breast cancer screening.
However, CNB may result in the borderline diagnoses of lesion of uncertain malignant potential (B3). The aim of this
study was to access the outcome of lesions diagnosed as B3 category in a large series of screen-detected cases to
evaluate the rates of malignancy for the different histological subtypes.

Methods: We identified all CNBs over a six-year period (2009-2015) in a breast cancer screening unit in Germany. A
total of 8.388 CNB's were performed for screen detected breast lesions. B3 diagnosis comprised 4.5% (376/8.388). Of
the 376 patients who were diagnosed as B3, 299 underwent subsequent excision biopsy with final excision histology.
Results: Out of 376 patients diagnosed with B3 lesions, the prevalence of different histopathology showed 161 (42.8%)
patients with atypical ductal hyperplasia (ADH), 98 (26.1%) with flat epithelial atypia (FEA), 50 women (13.3%) showed
lobular neoplasia (LN), in 40 (10.6%) patients papillary findings and in 27 patients (7.2%) a radial scar complex. Final
excision histology was benign in 74% (221/299) and malignant in 26% (78/299) of the patients. Lesion specific positive
predictive values (PPV) for a subsequent diagnosis of in situ or invasive carcinoma were as follows: ADH 40%, FEA 20.

Conclusion: Our results show that approximately one-third of core needle biopsies of screen detected breast lesions

Lesions of uncertain malignant potential of the breast (B3) are heterogeneous in respect to risk of malignancy.
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Background

The B classification [1] was proposed by the UK Breast
screening program as a way of recognizing that between
benign breast lesions (B2) and malignant lesions (B5) on
core needle biopsy (CNB) lay a small group of lesions
whose malignant potential could not be adequately
ascertained by CNB alone (B3). These heterogeneous
groups of lesions are of “uncertain malignant potential”
and include various entities such as atypical ductal
hyperplasia (ADH), flat epithelial atypia (FEA), lobular
neoplasia (LN), papillary lesions and radial scars [1, 2].
Incidences for B3 lesions varies between the setting of
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breast cancer screening detected lesions and symptom-
atic detected lesions from 3% up to 17% with a tendency
to higher rates in the screening detected group [3-8].
Despite the fact of ongoing research of risk tailoring of
the different B3 entities most cases progress to surgical
intervention in order to establish an excision histology
diagnosis [9-12]. This has significant implications par-
ticularly in screen-detected breast lesions in which final
benign diagnosis after surgical intervention is a draw-
back of mammographic screening. Recent recommenda-
tion support a consensus on which lesions may not
require excision in particular circumstances [13]. We
aimed to access the outcome of screen-detected lesions
diagnosed as B3 category on routine practice in a large
series of cases to determine the corresponding rates of
malignancy for the various lesions. We also sought to
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determine a subgroup in which surgical interventions
might not be appropriate in order to tailor therapy in
this subgroup of women.

Methods

We conducted a retrospective study of all women aged
50-69 who attended the German Mammography
Program in the Screening Unit of Brandenburg/Sued
between 2009-2015. Two - view digital screening mam-
mograms were obtained from every participating
woman. Each mammogram was reviewed by two inde-
pendent specialized breast radiologists. For all abnormal
findings a consensus discussion including a third reader
was mandatory. Ultrasound as well as compressing views
were used for recall patients before performing CNB.
The need for needle core biopsy (CNB) was usually indi-
cated after the finding of a mammographic abnormality
that was not definitively benign. The CBN’s were per-
formed using either ultrasound -guided core biopsies
(14G) or stereotactic vacuum-assisted biopsies (11G).
For US guided core biopsy 3-5 specimens were obtained,
in case of a vacuum- assisted biopsy 12-16 specimen
were achieved. According to the UK B-coding guidelines
the results of the biopsies were classified as B1 to B5 --
lesions (Table 1). In a multidisciplinary team approach
all patients with a B3- lesion on CNB were discussed
with an attending breast radiologist, pathologist and
gynaecologist. The study was approved by the Ethics
Commitee of the Brandenburgische Arztekammer. Data
collected included date of core biopsy, surgical proced-
ure, CNB diagnosis (including lobular neoplasia (LN),
atypical ductal hyperplasia (ADH), flat epithelial atypia
(FEA) papillary lesion, radial scar) and final excision

Table 1 Reporting categories of Needle Biopsies

Category  Terminology Meaning

B1 Normal tissue or
uninterpretable

Normal or unsatisfactory biopsy

B2 Benign Usual ductal hyperplasia, sclerosing
adenosis, fibroadenoma,
involutionary calcification, periductal
mastitis, hamartoma

B3 Benign but of Papillomas, radial scars/complex

uncertain biological sclerosing lesions, lobular

potential intraepthithelial neoplasia, atypical
epithelial proliferation of ductal type,
phylloides tumor

B4 Suspicious Changes suggestive of in situ or
invasive malignancy

B5 Malignant Unequivocal malignant process

a) in situ
b) invasive

€) uncertain whether
in situ or invasive

d) other malignancies
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histological diagnosis. The postsurgical histopathological
results were compared with the primary histopatho-
logical results of the core biopsy and the positive pre-
dictive value (PPV) for the detection of a premalignant
or malignant lesion was calculated. PPV was determined
as follows: PPV= (number of malignant cases/total num-
ber of subjects) x 100%.

Results

Between the years 2009-2015, a total of 8.388 CNB’s
were performed for screen detected breast lesions.
The lesion type depicted on mammography showed
microcalcifications in 48% of cases, mass or density in
32% and architectural distortion in 20% of cases.
Ultrasound -guided core biopsies (14G) were per-
formed in 45% of cases for sonographically visible le-
sions, in 55% of CNB stereotactic vacuum-assisted
biopsies (11G) were performed for lesions invisible
for US or for the evaluation of microcalcifications.
There was an association between the radiological
finding and the upgrade rate in the final histology.
Microcalcification was more likely to be associated
with malignancy compared to other radiological fea-
tures as architectural distortion or mass. In the group
of stereotactic vacuum-assisted biopsies ADH as
biopsy result was significantly more frequent than in
the US-guided core biopsy group. B3 diagnosis com-
prised 4.5% (376/8.388). Of the 376 patients who were
diagnosed as B3, data of 299 patients who underwent
subsequent excision biopsy and final excision hist-
ology were available for review. Out of 376 patients
diagnosed as B3, the prevalence of the different histo-
pathological findings showed 161 (42.8%) patients
with ADH, 98 (26.1%) patients with FEA, 50 women
(13.3%) showed LN, in 40 (10.6%) patients papillary
findings and in 27 (7.2%) subjects the histology of a
radial scar complex. The group of 77 patients without
excision biopsy results (57 patients denied further
surgical intervention, 20 patients were lost in follow
up) consisted of the following CNB diagnoses which
showed a fairly similar distribution of B3 lesion types
to the study population.: 26 patients with ADH, 25
patients with FEA, 3 papillary lesions, 3 radial scar
complex and 20 patients with lobular neoplasia. Table 2
summarizes the distribution of all available CNB biopsies
with consecutive excision histology outcomes (299 cases)
for B3 core needle histology, overall and for each subcat-
egory of B3 the category —specific Positive Predictive Value
(PPV). Final excision histology was benign in 74% (221/
299) and malignant in 26% (78/299) of the patients (48
ductal carcinoma in situ and 30 invasive carcinoma). Lesion
specific PPV’s were as follows: ADH 40%, FEA 20.5%, papil-
lary lesion 13.5%, radial scar 16.6%, LN 0%.
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Table 2 Lesion of uncertain malignant potential (B3) on CBN with excision histology outcome for different B3 lesions and

associated PPV for breast malignancy

Category of B3 Final excision diagnosis

diagnosis (CNB) with excision

histology (number Benign Malignant in situ no. (%) Malignant invasive no. (%) PPV (%) excision histology
of cases)

FEA (73) 58 11 (15.1) 4(54) 20,5 (15/73)

ADH (135) 81 32 (237) 22 (16.3) 40 (54/135)

Papillary lesion (37) 32 2 (54) 3(8.1) 135 (5/37)

Radial scar (24) 20 3(125) 1(4.1) 16.6 (4/24)

LN (30) 30 0 0 0 (0/30)

Total (299) 221 48 (16.1) 30 (10) 26,1 (78/299)

FEA flat epithelial atypia, ADH atypical ductal hyperplasia, LN lobular neoplasia, CBN core needle biopsy, PPV positive predictive value

Discussion

In breast cancer screening the main aims are early detec-
tion and management of breast cancer in order to
reduce mortality from breast cancer. At the same time
the program tries to avoid unnecessary surgery for be-
nign disease in screened asymptomatic women. So
therefore the management of lesions as of uncertain po-
tential (B3) by needle core biopsy is essential for the suc-
cess of breast cancer screening.

In our large study cohort about 4.5% of all consecutive
CNBs performed between 2009-2015 have been reported
as B3 (lesions of uncertain malignant potential). In a
screening cohort published by El-Sayed et al [14] they
reported 5% as B3 lesion what seemed to be fairly low in
comparison to other groups. Data from Germany pub-
lished in 2011 reported 15% of B3 lesion in a screening
cohort [15].

Overall, 26% (78/299) of borderline lesions on CNB in
this study proved to be DCIS or invasive carcinoma;
however the PPV for each subcategory within B3 varied
substantially (Table 2). Lee et al [8] provide data on
histological outcomes for the B3 category with an overall
PPV of 26%, Houssami et al [5] reported a slightly
higher PPV of 35.1% and in a large cohort study as Wei-
gel et al [15] reported from a German screening group
overall PPV rates of 28%.

The most frequent lesion in our series is ADH and its
frequency within the B3 category is similar to that
reported by Lee, Houssami and others. The PPV for
ADH (40%) emphasizes that the standard of care for
lesions yielding ADH on CBN should be excision biopsy.
Additionally newly published research data showed that
atypical ductal hyperplasia has shown to confer a relative
risk for future breast cancer of 4 [10]. The differentiation
of ADH and low grade ductal carcinoma in situ is a
question of the extent of the lesion more than of histo-
logical features which show great similarities. More
recent data on absolute risk from the Nashville Breast
Cohort confirm the cumulative high risk of breast

cancer among women with atypical hyperplasia to be
30% 25 years after the diagnosis of atypical hyperplasia
by CNB [10].

The second frequent lesion in our series is a flat
epithelial atypia (FEA) with a percentage of 26,1% in
our CNB screening cohort. In comparison to data
published by authors of the UK breast cancer screen-
ing [3, 4] who found a significant lower percentage of
FEA with less than 10% of the detected lesions our
results are in concordance with published work
mostly done outside the UK breast cancer screening
program [16, 17]. This may in fact represent the
question of histopathological diagnosis of B3 lesions
with the introduction of the term of AIEP (atypical
intraductal epithelial proliferations) and the known
resulting variability in the literature. In recent years a
number of studies discussed a potential relationship
between FEA, atypical hyperplasia, and low-grade car-
cinoma [18]. The PPV for FEA in our study was
20.5% with 11 patients showing in situ lesions and 4
(total 15/73) diagnosed as cancer on excision biopsy.
Data from a recent meta-analysis, carcinoma was
present in the excisional biopsies of 13-67% of cases
of FEA diagnosed on CNB [19]. This analysis in-
cluded studies without radiological-pathological cor-
relation. Keeping in mind that breast cancer
development is a question of time as we discussed
the results of the Nashville Breast Cohort, observation
may be an acceptable option as pointed out from the
World Health Organization Working Group [20]. In
our view it should be restricted to very small lesions
and complete removal of imaging abnormalities.

Concerning the PPV for papillary lesions (13.5 %
for papillary lesion in our series) in which 3 out of 5
cases showed atypia on CNB with a final malignant
histology which is similar to a recent meta-analysis
[21], surgical management for papillary lesions require
a distinct pathological report with respect to the
question of atypia.
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Patients with atypical papillary lesions or papillary
carcinoma on CNB should be routinely referred for
surgical consultation and excision. Without findings
of atypia and after a sufficient representative biopsy
and radiological concordance, excision biopsy might
be omitted [22, 23].

Our results showed a PPV for radial scars of 16.6%
with 3 cases of DCIS and one case of an invasive
tumor which is in line with several studies correlating
CNB diagnosis of radial scars with final histology
after surgery. They have shown variable upgrade rates
ranging from 0% to 40%. All 4 cases showing DCIS
or a malignant histology on surgical excision were lar-
ger than 10mm. This is in accordance with data from
Conclon et al who reported an overall upgrade rate
of 7.5% for radial scars without atypia. In the majority
of cases of upgrades in these series DCIS was diag-
nosed as well as that radial scars of <5mm were asso-
ciated with a lower upgrade rate (<2%) and may not
require excision [24, 25].

Unlike the PPV for lobular neoplasia in our series
(0%) which is not clearly understood several studies
reported on high lesion specific risk of malignancy
with rates from 8% up to 60,9% [5, 14, 26, 27]. LN
is usually an incidental finding in the setting of
mammography screening but in some cases it is as-
sociated with microcalcifications. A recent review by
Calhoun BC and Collins LC discussed that the up-
grade rate of LN is low as <2% especially in cases
when LN is not in association with the radiological
target lesion [13, 28, 29]. With regard to personal
risk factors as a positive family history or others it
should be emphasized that multidisciplinary meet-
ings are warranted to decide in which patient obser-
vation may be appropriate [30, 31]. The National
comprehensive cancer Network 2015 Guidelines rec-
ommended surgical excision for lobular neoplasia di-
agnosed on a CNB [30, 31].

In view of the existing literature our data clearly
support the heterogeneous biology of B3 lesions diag-
nosed by CNB. The study is highly relevant for the
work of the German mammography screening pro-
gram as it is to our knowledge the largest study on
this topic in Germany. Our study supports the strat-
egy to define subgroups, in which surgical interven-
tion might not be appropriate, but highlights the
value of surgical treatment for distinct entities. Limi-
tations of our study that had to be discussed are on
one hand the relatively rare diagnosis of lobular neo-
plasia as well as the retrospective design of our study.
Furthermore one has to consider the different use of
diagnostic terms for identical pathological lesions that
may hinder a clear comparison of pathological diag-
nosis over the recent years.

Page 4 of 5

Conclusion
Our results show that approximately one-third of core
needle biopsies of screen detected breast lesions classi-
fied as B3 are premalignant or malignant on excision.
Lesions of uncertain malignant potential of the breast
(B3) are heterogeneous in respect to risk of malignancy.
There is evidence that not all patients with B3 lesions
need surgery but careful radiological-pathological correl-
ation is the prerequisite for accurate treatment. It will be
a critical role for multidisciplinary teams applying histo-
logical criteria and diagnostic terminology to guide risk
stratification and appropriate patient management.

Abbreviations

ADH: Atypical ductal hyperplasia; AIEP: Atypical intraductal epithelial
proliferations; CNB: Core needle biopsy; DCIS: Ductal carcinoma in situ;
FEA: Flat epithelial atypia; LN: Lobular neoplasia; PPV: Positive predictive
value

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

SR and TE carried out the diagnostic procedures and participated in the
design of the study. KM collected the data and participated in the
coordination of the study. CRE participated in the study designs and drafted
the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate

This study was approved by the ethics committee of the Brandenburgische
Arztekammer. All patients gave informed verbal consent to participate in
data collection for research before having the diagnostic procedure for
reasons of organization of the mammography screening program.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Gynaecology and Obstetrics, Breast Unit, Klinikum Frankfurt
(Oder), Millroser Chaussee 7, 15236 Frankfurt (Oder), Germany.
“Mammography Screening Unit Brandenburg Sued, Thiemstrasse 112, 03050
Cottbus, Germany. *Mammography Screening Unit Brandenburg Nord,
Breitscheidstr.52, 16321 Bernau, Germany.

Received: 5 April 2018 Accepted: 10 August 2018
Published online: 16 August 2018

References

1. Royal College of Pathologists; NHS Cancer Screening Programmes.
Guidelines for Non Operative Diagnostic Procedures and Reporting In
Breast Cancer Screening. Publication No. 50 NHSBSP. Sheffield, UK 2001.
https://www.gov.uk/government/publications/breast-screening-clinical-
guidelines-for-screening-management.

2. Rakha EA, Ellis 10. An overview of assessment of prognostic and predictive
factors in breast cancer needle core biopsy specimens. J Clin Pathol. 2007;
60:1300-6.

3. Rakha EA, Lee AHS, Jenkins JA, Murphy AE, Hamilton LJ, Ellis 10.
Characterization and outcome of breast needle core biopsy diagnoses of


https://www.gov.uk/government/publications/breast-screening-clinical-guidelines-for-screening-management
https://www.gov.uk/government/publications/breast-screening-clinical-guidelines-for-screening-management

Richter-Ehrenstein et al. BMC Cancer (2018) 18:829

20.

21.

22.

lesions of uncertain malignant potential (B3) in abnormalities detected by
mammographic screening. Int J Cancer. 2011;129:1417-24.

El- Sayed ME, Rakha EA, Reed J, Lee AH, Evans AJ, Ellis 10. Audit of
performance of needle core biopsy diagnoses of screen detected breast
lesions. Eur J Cancer. 2008;44:2580-6.

Houssami N, Ciatto S, Bilous M, Vezzosi V, Bianchi S. Borderline breast core
needle histology: predictive values for malignancy in lesions of uncertain
malignant potential (B3). British J Cancer. 2007,96:1253-7.

Andreu FJ, Saez A, Sentis M, Rey M, Fernandez S, Dinares C, Tortajada L,
Ganau S, Palomar G. Breast core biopsy reporting categories- an internal
validation in a series of 3054 consecutive lesions. Breast. 2007;16:94-101.
Dillon MF, McDermott EW, Hill AD, O'Doherty A, O'Higgins N, Quinn CM.
Predictive value of breast lesions of “uncertain malignant potential” and
“suspicious for malignancy” determined by needle core biopsy. Ann Surg
Oncol. 2007;14:704-11.

Lee AH, Denley HE, Pinder SE, Ellis IO, Elston CW, Vujovic P, Macmillan RD,
Evans AJ. Excision biopsy findings of patients with breast needle core
biopsies reported as suspicious of malignancy (B4) or lesion of uncertain
malignant potential (B3). Histopathology. 2003;42:331-6.

Hayes BD, O'Doherty A, Quinn CM. Correlation of needle core biopsy with
excision histology in screen- detected B3 lesions: the Merrion Breast Cancer
Screening Unit experience. J Clinical Pathology. 2009,62:1136-40.
Hartmann LC, Degnim AC, Santen RJ, Dupont WD, Ghosh K. Atypical
Hyperplasia of the Breast - Risk Assessment and Management Options. N
Engl J Med. 2015;372(1):78-89.

Rageth C, OFlynn EAM, Comstock C, Kurtz C, Kubik R, Madjar H, Lepori D,
Kampmann G, Mundinger A, Baege A, Decker T, Hosch S, Tausch C,
Delaloye JF, Morris E, Varga Z. First International Conference on lesions of
uncertain malignant potential in the breast (B3 lesions). Breast Cancer Res
Treat. 2016;159:203-13.

Whiffen A, El-Tamer M, Taback B, Feldmann S, Joseph KA. Predictors of
Breast Cancer Development in Women with Atypical Ductal Hyperplasia
and Atypical Lobular Hyperplasia. Ann Surg Oncol. 2011;18:463-7.
Calhoun BC, Collins LC. Recommendations for excision following core
needle biopsy of the breast: a contemporary evaluation of the literature.
Histopathology. 2016,68:138-51.

El Sayed ME, Rakha EA, Lee AHS, Evans AJ, Ellis 10. Predictive value of
needle core biopsy diagnoses of lesions of uncertain malignant potential
(B3) in abnormalities detected by mammographic screening.
Histopathology. 2008,;53:650-7.

Weigel S, Decker T, Korsching E, Biesheuvel C, Wostmann A, Bocker W,
Hungermann D, Roterberg K, Tio J, Heindel W. Minimal invasive Biopsy
Results of “Uncertain malignant Potential” in Digital Mammography
Screening: High Prevalence but also High Predictive Value for Malignancy.
Fortschr Rontgenstrahlen. 2011;183:743-8.

Saladin C, Haueisen H, Kampmann G, Oehlschlegel C, Seifert B, Rageth L,
Rageth C, Kubik-Huch RA, on behalf of the MIBB Group. Lesions with
unclear malignant potential (B3) after minimally invasive breast biopsy:
evaluation of vacuum biopsies performed in Switzerland and
recommended further management. Acta Radiologica. 2016,57:815-21.
Noske A, Pahl S, Fallenberg E, Richter-Ehrenstein C, Buckendahl AC, Weichert
W, Schneider A, Dietel M, Denkert C. Flat epithelial atypia is a common
subtype and associated with noninvasive cancer but not with invasive
cancer in final excision histology. Human Pathology. 2010;41:522-7.
Lopez-Garcia MA, Geyer FC, Lacroix-Triki M, Marchio C, Reis-Filho JS. Breast
cancer precursors revisited: molecular features and progression pathways.
Histopathology. 2010,57:171-92.

Verschuur - Maes AH, van Deurzen CH, Monninkhof EM, van Diest PJ.
Columnar cell lesions on breast needle biopsies: Is surgical excision
necessary? A systematic review. Ann Surg. 2012,255:259-65.

Schnitt SJ, Collins L, Lakhani SR, Simpson PT, Eusebi V. Flat epithelial atypia.
In Lakhani SR, Ellis 10, Schnitt SJ, Tan PH, de van Vijver MJ eds. World heath
organization classification of tumours of the breast. Lyon. France:
International Agency for Research on Cancer (IARC), (2012):87

Wen X, Cheng W. Nonmalignant breast papillary lesions at core needle
biopsy: a meta- analysis of underestimation and influencing factors. Ann
Surg Oncol. 2013;20:94-101.

Swapp RE, Glazebrook KN, Jones KN, et al. Management of benign
intraductal solitary papilloma diagnosed on core needle biopsy. Ann Surg
Oncol. 2013;20:1900-5.

23.

24,

25.

26.

27.

28.

29.

30.

31

Page 5 of 5

Jaffer S, Bleiweis 1J, Nagi C. Incidental intraductal papillomas (<2mm) of the
breast diagnosed on needle core biopsy do not need to be excised. Breast
J.2013;19:130-3.

Conlon N, D'Arcy C, Kaplan JB, et al. Radial scars at imagine-guided needle
biopsy: is excision necessary? Am J Surg Pathol. 2015,39:779-85.

Neal L, Sandhu NP, Hieken TJ, et al. Diagnosis and management of benign,
atypical, and indeterminate breast lesions detected on core needle biopsy.
Mayo Clin Proc. 2014;89:536-47.

Brem RF, Lechner MC, Jackman RJ, et al. Lobular neoplasia at percutaneous
breast biopsy: variables associated with carcinoma at surgical excision. AJR
Am J Roentgenol. 2008;190:637-41.

Cangiarella J, Guth A, Axelrod D, et al. Is surgical excision necessary for the
management of atypical lobular hyperplasia and lobular hyperplasia and
lobular carcinoma in situ diagnosed on core needle biopsy? A report of 38
cases and review of the literature. Arch Pathol Lab Med. 2008;132:979-83.
Rendi MH, Dintzis SM, Lehman CD, Calhoun KE, Allison KH. Lobular in-situ
neoplasia on breast core needle biopsy: imaging indication and
pathological extent can identify which patients require excisional biopsy.
Ann Surg Oncol. 2012;19:914-21.

Murray MP, Luedtke C, Liberman L, et al. Classic lobular carcinoma in situ
and atypical lobular hyperplasia at percutaneous breast core biopsy:
outcomes of prospective excision. Cancer. 2013;119:1073-9.

Morrow M, Schnitt SJ, Norton L. Current management of lesions associated
with an increased risk of breast cancer. Nat Rev Clin Oncol. 2015;12:227-38.
Esserman LE, Lamea L, Tanev S, Poppiti R. Should the extent of lobular
neoplasia on core biopsy influence the decision for excision? Breast J. 2007;
13:55-61.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

