
it is also clear that more studies concerning treatment in
heavily pretreated patients are needed.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by Kræftens Bekæmpelse, [10.13039/
100008363].

References

[1] Perez EA. Carboplatin in combination therapy for metastatic
breast cancer. Oncologist. 2004;9:518–527.

[2] Cardoso F, Costa A, Norton L, et al. ESO-ESMO 2nd international
consensus guidelines for advanced breast cancer (ABC2). Ann
Oncol. 2014;25:1871–1888.

[3] Bang SM, Park SH, Kang HG, et al. Changes in quality of life dur-
ing palliative chemotherapy for solid cancer. Support Care
Cancer. 2005;13:515–521.

[4] Park YH, Jung KH, Im SA, et al. Quality of life (QoL) in metastatic
breast cancer patients with maintenance paclitaxel plus gemcita-
bine (PG) chemotherapy: results from phase III, multicenter,
randomized trial of maintenance chemotherapy versus observa-
tion (KCSG-BR07-02). Breast Cancer Res Treat. 2015;152:77–85.

[5] Matsuyama R, Reddy S, Smith TJ. Why do patients choose chemo-
therapy near the end of life? A review of the perspective of those
facing death from cancer. J Clin Oncol. 2006;24:3490–3496.

[6] Balmer CE, Thomas P, Osborne RJ. Who wants second-line, pallia-
tive chemotherapy? Psychooncology. 2001;10:410–418.

[7] de Haes H, Koedoot N. Patient centered decision making in pallia-
tive cancer treatment: a world of paradoxes. Patient Educ Couns.
2003;50:43–49.

[8] Martin M, Diaz-Rubio E, Casado A, et al. Carboplatin: an active
drug in metastatic breast cancer. J Clin Oncol. 1992;10:433–437.

[9] Kolaric K, Vukas D. Carboplatin activity in untreated metastatic
breast cancer patients-results of a phase II study. Cancer
Chemother Pharmacol. 1991;27:409–412.

[10] Liu J, Li Q, Zhang P, et al. Paclitaxel plus carboplatin for women
with advanced breast cancer. Chin Med Sci J. 2007;22:93–97.

[11] Ruiz M, Salvador J, Bayo J, et al. Phase-II study of weekly schedule
of trastuzumab, paclitaxel, and carboplatin followed by a week
off every 28 days for HER2þ metastatic breast cancer. Cancer
Chemother Pharmacol. 2008;62:1085–1090.

[12] Yardley DA, Burris HA, III Simons L, et al. A phase II trial of gemci-
tabine/carboplatin with or without trastuzumab in the first-line
treatment of patients with metastatic breast cancer. Clin Breast
Cancer. 2008;8:425–431.

[13] Loesch D, Asmar L, McIntyre K, et al. Phase II trial of gemcitabine/
carboplatin (plus trastuzumab in HER2-positive disease) in
patients with metastatic breast cancer. Clin Breast Cancer.
2008;8:178–186.

[14] Maisano R, Zavettieri M, Azzarello D, et al. Carboplatin and gemci-
tabine combination in metastatic triple-negative anthracycline-
and taxane- pretreated breast cancer patients: a phase II study.
Cancer. 2011;23:40–43.

[15] O'Brien ME, Talbot DC, Smith IE. Carboplatin in the treatment
of advanced breast cancer: a phase II study using a pharmaco-
kinetically guided dose schedule. J Clin Oncol. 1993;11:
2112–2117.

[16] Vermorken JB, Gundersen S, Clavel M, et al. Randomized phase II
trial of iproplatin and carboplatin in advanced breast cancer. The
EORTC Early Clinical Trials Group and the EORTC Data Center.
Ann Oncol. 1993;4:303–306.

[17] Chan D, Yeo WL, Tiemsim Cordero M, et al. Phase II study of gem-
citabine and carboplatin in metastatic breast cancers with prior
exposure to anthracyclines and taxanes. Invest New Drugs.
2010;28:859–865.

[18] Nasr FL, Chahine GY, Kattan JG, et al. Gemcitabine plus carbopla-
tin combination therapy as second-line treatment in patients with
relapsed breast cancer. Clin Breast Cancer. 2004;5:117–122.
discussion 123–4.

[19] Nagourney RA, Flam M, Link J, et al. Carboplatin plus gemcitabine
repeating doublet therapy in recurrent breast cancer. Clin Breast
Cancer. 2008;8:432–435.

[20] Nelli F, Moscetti L, Natoli G, et al. Gemcitabine and carboplatin
for pretreated metastatic breast cancer: the predictive value of
immunohistochemically defined subtypes. Int J Clin Oncol.
2013;18:343–349.

[21] Laessig D, Stemmler HJ, Vehling-Kaiser U, et al. Gemcitabine and
carboplatin in intensively pretreated patients with metastatic
breast cancer. Oncology. 2007;73:407–414.

[22] Koshy N, Quispe D, Shi R, et al. Cisplatin-gemcitabine therapy in
metastatic breast cancer: Improved outcome in triple negative
breast cancer patients compared to non-triple negative patients.
Breast. 2010;19:246–248.

[23] Isakoff SJ, Mayer EL, He L, et al. TBCRC009: a multicenter phase II
clinical trial of platinum monotherapy with biomarker assessment
in metastatic triple-negative breast cancer. J Clin Oncol.
2015;33:1902–1909.

[24] Goncalves JF, Goyanes C. Use of chemotherapy at the end of
life in a Portuguese oncology center. Support Care Cancer. 2008;
16:321–327.

LETTER TO THE EDITOR

A Danish national effort of BRCA1/2 variant classification

Inge Søkilde Pedersena,b�, Ane Y. Schmidtc�, Birgitte Bertelsenc, Anja Ernstd, Christian Liebst Toft Andersend,
Torben Krusee, Maria Rossingf� and Mads Thomasseng�
aSection of Molecular Diagnostics, Clinical Biochemistry, Aalborg University Hospital, Aalborg, Denmark; bClinical Cancer Research Center,
Aalborg University Hospital, Aalborg, Denmark; cCentre for Genomic Medicine, Rigshospitalet, Copenhagen University Hospital, Denmark;
dSection of Molecular Diagnostics, Clinical Biochemistry, Aalborg University Hospital, Aalborg, Denmark; eDepartment of Clinical Genetics,
Odense University Hospital, Odense, Denmark; fCentre for Genomic Medicine, Rigshospitalet, Copenhagen University Hospital, Denmark;
gDepartment of Clinical Genetics, Odense University Hospital, Odense, Denmark

CONTACT Mads Thomassen mads.thomassen@rsyd.dk Department of Clinical Genetics, Odense University Hospital, Odense, Denmark
Supplemental data for this article can be accessed here.

� 2017 Acta Oncologica Foundation

ACTA ONCOLOGICA 159

http://dx.doi.org/10.1080/0284186X.2017.1400693

http://dx.doi.org/10.1080/0284186X.2017.1400693


Introduction

With the technological development for sequencing and
automation of sample handling, interpretation of data
and classification of variants are becoming the more labor
intensive part of genetic screening. By 2008, 107 unique
pathogenic BRCA1/2 variants had been identified in Danish
hereditary breast and/or ovarian cancer families [1].
Identification of pathogenic BRCA variants affects not only
choice of preventive measures but also affects the effect of
treatment in cancer patients. The latter has most recently
been shown in a Danish cohort of breast cancer BRCA carriers
[2]. Since then, the number of identified pathogenic variants
has almost tripled. All though the methods for variant classi-
fication have improved, the number of variants of unknown
clinical significance has increased even more rapidly.

The five tier International Agency for Research on Cancer
(IARC) classification system [3] is the classification system
generally used in Denmark. All three participating laborato-
ries (Rigshospitalet, Odense and Aalborg University Hospital)
are longstanding members of Evidenced-based Network for
the Interpretation of Germline Mutant Alleles (ENIGMA) [4]
actively working towards classification of BRCA variants using
a multifactorial likelihood model first described in 2004 [5]
and subsequently revised and refined by incorporation of
additional data [6–11]. Current ENIGMA classification rules
can be found at https://enigmaconsortium.org/library/gen-
eral-documents/.

For counseling and clinical decision-making, individuals
with C5 (definitely pathogenic) and C4 (likely pathogenic)
variants are treated equally and offered full high-risk sur-
veillance programs. Likewise individuals with C1 (not
pathogenic/low clinical significance) and C2 (likely not
pathogenic/little clinical significance) variants are counseled
based on family history and other risk factors and treated
as ‘no pathogenic BRCA variant detected’. Hence, misclassi-
fication between groups C1/C2 or C4/C5 will not have any
clinical consequences, whereas misclassification between
the group with no/little clinical significance (C1/C2) and
the group of likely/definitely pathogenic variants (C4/C5)
obviously would be severe. C3 is the group in between,
representing variants of uncertain significance. This is a
large group of variants with a probability of pathogenicity
of 5–95%. However, an overly conservative and cautious
approach leading to an overuse of C3 classifications could
also be problematic and cause an unclear risk prediction.
Thereby, leading to subjectivity in conveying and perceiv-
ing cancer risk.

Variant classification is not static. Obviously, reclassification
of C3 variants is a natural consequence of growing

information from new variant carriers, segregation and/or
functional analyses. However, with the continuous gain of
knowledge of protein function and particularly importance of
naturally occurring isoforms there are examples of variant
reclassification from C4/C5 to C1/C2. The most well-known
example is BRCA1, LRG292t1:c.594-2A>C originally consid-
ered pathogenic due to exon10 skipping. However, further
analysis showed when this variant occurs in cis with
LRG292t1:c.641A>G it also produces 20–30% in-frame natur-
ally occurring isoform D9,10 which retains the tumor sup-
pressive function of BRCA1 [12]. In addition, there are reports
of synonymous variants and deep-intronic variants originally
deemed benign or likely benign subsequently showing an
effect on splicing [13].

Here we present the concerted effort of our national
Danish breast cancer variant classification group (DBKG) on
streamlining BRCA variant classification.

Material and methods

Mutation screening of the BRCA1 and BRCA2 genes and vari-
ant classification were performed in three different laborato-
ries (Rigshospitalet, Odense and Aalborg University Hospital).
Variant lists from the three laboratories were collated from
the uptake of BRCA screening (1999 Rigshospitalet, 2000
Odense and 2003 Aalborg) until the end of 2016.
Nomenclature was revised according to current HGVS guide-
lines [14] and checked for consistency using https://muta-
lyzer.nl/.

Classification was updated using a batch search for
ENIGMA approved classifications in ClinVar [15] on the 16
August 2017. Remaining variants were classified according to
current ENIGMA rules by the representatives from the three
laboratories. In addition, information on mRNA splicing analy-
ses and functional studies previously published or carried out
in the participating laboratories were taken into account.

Design of splicing assays is based on recommendations
from ENIGMA [16] and when possible allele-specific in nature.

Results

A total of 945 unique variants have been detected by the
three Danish laboratories carrying out BRCA1 and BRCA2
screening in a diagnostic setting (Supplementary Table 1).
Searching ClinVar for ENIGMA validated variant classification
164, 61, and 199 variants classified as C1, C2, and C5, respect-
ively, resulting in 521 unclassified variants (Table 1). After
classifying the remaining variants according to ENIGMA

Table 1. Proportion of variant classes.

Variant classification
ClinVar (ENIGMA) DBKG

Number Percentage Number Percentage

C1-benign 164 17% 167 18%
C2-likely benign 61 6.5% 211 22%
C3-uncertain significance – – 268 28%
C4-likely pathogenic – – 17 1.8%
C5-likely pathogenic 199 21% 282 30%
Not Classified by ENIGMA by 29 June 2017. 521 55% – –
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recommendations and based on additional available data
167, 211, 17, and 282 variants were classified as C1, C2, C4,
and C5, respectively (Table 1), reducing the number of C3 to
268.

Examples of mRNA splicing assays with information on
allelic usage, as recommended by ENIGMA are shown in
Figure 1. Variants with equal contribution to assumed full-
length transcript from both alleles and no usage of cryptic
splice sites are considered likely benign (C2) if they do not
cause direct changes to the protein sequence. Therefore, the
intronic mutation in BRCA2, LRG293t1:c.8632þ 15A>G
(Figure 1(B)) is classified C2, whereas BRCA1 LRG292t1:c.
4679G> T, although not causing aberrant splicing, is classi-
fied C3 because of the resulting rare missense variant
p.(Gly1560Val). Variants producing no full-length transcript or
no naturally occurring isoforms from the variant allele are
deemed likely pathogenic (C4).

Discussion

As evident from the collection of variants classified across
Denmark, a large proportion of variants detected in a routine
diagnostic setting have not been formally classified by
ENIGMA in ClinVar. Additional variants may be classified by
searching the literature or carrying out functional and splic-
ing assays. However, to ensure consistency in variant classifi-
cation the efforts must be concerted, which is a major
priority of the national initiative DBKG.

The example in Figure 1 illustrates the results of splicing
assays performed according to ENIGMA’s rules. BRCA2,
LRG293t1:c.8632þ 15A>G is classified as C2 by splice assay.

In order to reach a final classification as C1, support from
multifactorial analysis using co-segregation, pathology infor-
mation etc. is necessary. Likewise, the C3 variant BRCA1,
LRG292t1:c.4679G> T requires multifactorial analysis possibly
supported by functional data to be classified further. This
calls for a collaborative approach among clinicians and
molecular genetic laboratories. This approach have already
been applied for many variants in ENIGMA and a large num-
ber of additional variants, likely counting the variants pre-
sented here, will be included in coming analyses.

The classification of variants collected for this study is
updated and presented in the Supplementary material.
However, classifications are not static and therefore the listed
results should not be used for clinical purposes in the current
form. DBKG will ensure continuous revision of classifications
kept in an updated national database and eventually upon
formal ENIGMA validation will be posted in ClinVar.
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Introduction

Staging of axillary lymph nodes in women with breast cancer
is an important guide for treatment decisions. For decades,
axillary lymph node dissection (ALND) was the standard pro-
cedure in staging the axilla, but today, sentinel lymph node
biopsy (SLNB) is the standard of care in clinically node nega-
tive women.

In Denmark, patients suspicious of breast cancer are
referred for a triple test assessment which consists of clinical
examination, mammography, whole-breast ultrasonography
(US) and needle biopsy of suspicious lesions. The preopera-
tive examination also includes US of the axillary lymph nodes
and fine needle aspiration cytology (FNAC) if enlarged or sus-
picious lymph nodes are present [1]. This examination is an
important tool in the preoperative staging of patients with
primary breast cancer [2,3].

Patients are classified as clinically node negative if no sus-
picious axillary lymph nodes are seen on US. These patients
will be offered a SLNB, followed by ALND if macrometastases
(tumor deposits >2mm) are found in the sentinel lymph
node(s). SLNB was completely implemented in Denmark by
the end of 2004 [4].

Patients with preoperatively verified axillary metastases
will have ALND performed immediately or receive neoadju-
vant treatment. Accurate preoperative axillary lymph node
status can reduce the numbers of patients having unneces-
sary SLNB performed. This reduces the time of the surgical
procedure and it has been shown to lower healthcare
costs [5,6].

The sensitivity of the preoperative staging of the axilla has
been shown to vary between studies from [2,5]. In the meta-
analysis by Diepstraten et al. [5] the sensitivity were found to
be 50%.
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