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ABSTRACT

Precision oncology emphasizes genotyping as one of the
mainstays of oncological decision-making. The core informa-
tion element exchanged between the laboratory and the
oncologist is the precise mutation. Specifically, it is the
written representation typically in the form of a variant
description at the DNA or protein level. These annotations

can be confusing, and many commercial laboratories have
abandoned DNA-level annotations. Here we present a com-
plex double-point mutation to illustrate a situation where a
formally “correct” reporting nomenclature can obscure clini-
cally relevant and potentially clinically actionable information.
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KEY POINTS

• The Human Genome Variation Society (HGVS) currently recommends that “two variants separated by one or
more nucleotides should be described individually and not as a combined ‘delins’ (deletion-inserion).”

• There remains confusion about the appropriate nomenclature to report variants and the significance of these
variants among clinicians. It is the clinically integrated molecular-genetic interpretation that will help clinicians
make informed decisions to improve patient care.

PATIENT STORY

A 62-year-old man with a history of Klinefelter syndrome
and essential thrombocythemia on hydroxyurea and aspi-
rin presented with pancytopenia. As blood counts
remained low despite discontinuation of hydroxyurea, a
bone marrow biopsy was performed and showed a hyper-
cellular marrow at 90% cellularity with 10%–15% blasts
(Fig. 1A). Bone marrow aspirate showed 13.8% blasts by
morphology and 17% myeloid blasts by flow cytometry
(CD33 dim/�, CD13+, MPO�, CD117+, CD34+, HLA-DR+
cells). Cytogenetics showed a karyotype of 47,XXYc[20]. A
diagnosis of myeloproliferative neoplasm with emerging
blast phase was made. The patient shortly progressed to
acute myeloid leukemia (AML) after a repeat bone mar-
row biopsy showed 29% blasts. A next-generation
sequencing panel with n=103 genes was performed on a
bone marrow aspirate sample. The panel revealed variants
predicted to result in DNMT3A Arg882His, RUNX1
Arg204Gln, MPL Trp515Leu, and two single nucleotide var-
iants in the IDH2 gene—c.502A>G and c.514A>G

(ENST00000330062.3)—each with an allele frequency of
31% (Fig. 1).

MOLECULAR TUMOR BOARD

The two IDH2 variants are 12 nucleotides apart and present
on the same allele (in cis) (Fig. 1B, 1C). This finding can be
viewed as two separate events affecting the same allele or as
a single complex deletion/insertion (delins) variant. One way
of reporting the latter (i.e., the combined variant) would be
c.502_514delATCACCATTGGCAinsGTCACCATTGGCG, which trans-
lates to p.Ile168_Arg172delinsValThrIleGlyGly (Fig. 2). Without
manual review of the variant (i.e., pile-up; Integrative Genomics
Viewer, IGV, Broad Institute, Boston, MA) or realization that
the delins annotation may not be optimal to indicate the
underlying (actionable) amino acid changes, the variant
might be interpreted as “of unknown significance.” Impor-
tantly, without an interpretative comment or direct com-
munication with the oncologist, such unusual findings may
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be interpreted by the oncologist as “variants of unknown
significance (VUS).” In this case, the pathology team was in
direct correspondence with the patient’s oncologist and
clarified that the combined annotation included the canoni-
cal IDH2 amino acid alteration at position 172. After corre-
spondence with the oncologist, we reported two missense
mutations, Ile168Val and Arg172Gly, and explained in a
comment that their orientation was in cis. IDH2 Arg172 is a
well-known oncogenic hotspot that can be therapeutically
actionable by conferring sensitivity to IDH2 inhibitors [1].

PATIENT UPDATE

The patient received 10 months of systemic chemotherapy
with decitabine and venetoclax after initial diagnosis, followed
by matched unrelated allogeneic donor stem cell transplanta-
tion (allo-SCT). The patient was subsequently enrolled in a clin-
ical trial evaluating post–allo-SCT maintenance therapy with
enasidenib, an IDH2 inhibitor, for IDH2-mutant AML.

DISCUSSION

The case illustrates several important aspects. First, there
remains confusion about the appropriate nomenclature
to report variants and the significance of these variants
among clinicians. The Human Genome Variation Society
(HGVS) developed and maintains comprehensive nomen-
clature recommendations that serve as an international
standard for reporting of human variants and information
exchange [2]. HGVS used to recommend annotation of
combined variants as ‘delins’. However, this has recently
been revised (https://varnomen.hgvs.org/recommendations/
DNA/variant/delins/). The current version (version 20.05) rec-
ommends that “two variants separated by one or more nucle-
otides should be described individually and not as a ‘delins.’”
The explicit reason for the change was that bioinformatics
tools are not sophisticated enough to combine variants into
the appropriate delins annotation [3]. We contend, however,
that improved variant calling software is available [4]. Second,
this case illustrates that clinically relevant information may

Figure 1. (A): Microphotograph of the bone marrow biopsy showing hypercellular marrow with an increase of blasts. (B, C): Visual explo-
ration of the two in cis transition mutations in IDH2 exon 4 identified in this patient. Note: IDH2 is encoded in antisense direction.
Abbreviation: bp, base pair.

Figure 2. Illustration of the two alternative ways of variant annotation and reporting; wild-type sequence for reference (A). The
annotation as a deletion/insertion is formally correct yet difficult to interpret (B). The traditionally “wrong” annotation as two sepa-
rate substitutions is more accessible to clinicians (C).
Abbreviation: HGVS, Human Genome Variation Society.
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sometimes hide in plain sight and that appropriate interpreta-
tion may require contextual knowledge and/or direct consul-
tation with the molecular pathologist. It is also important for
laboratories to recognize the complexity of some results and
directly communicate their significance with the clinician taking
care of the patient. Third, when encountering two or more vari-
ants in close proximity, one should (a) review the pile-up for the
orientation (phasing) of the variants (cis vs. trans) and (b) con-
sider “unmasking” of clearly pathogenic mutations at the pro-
tein level (in particular when considering use of a converged,
grouped, or combined nomenclature). Fourth, HGVS guidelines
and other online resources (e.g., ClinVar, PubMed, Google) are
critically important in completing these tasks and also in differ-
entiating polymorphisms, germline variants, and somatic vari-
ants [5]. Fifth, at this time, it remains unclear whether the
efficacy of specific inhibitors and their possible side effects are
altered by additional nearby variants. Thus, correlative studies
that take co-occurring variants into account are urgently
needed, and a unified nomenclature will certainly help clarify a
comprehensive interpretation. Finally, from a practical perspec-
tive, we make the following suggestions: (a) use the nomencla-
ture to include clearly pathogenic variants whenever possible
because it helps the clinician to extract relevant information,
(b) add a clarifying comment, and (c) actively seek consultation
with the clinician instead of writing the commonly used phrase
“clinical correlation recommended.” It is the clinically integrated

molecular-genetic interpretation that will help clinicians make
informed decisions to improve patient care.

GLOSSARY OF GENOMIC TERMS AND NOMENCLATURE

CD: cluster of differentiation
DNMT3A: DNA (cytosine-5)-methyltransferase 3A
HLA: human leukocyte antigen
IDH2: isocitrate dehydrogenase (NADP(+)) 2
MPO: myeloperoxidase
MPL: myeloproliferative leukemia virus oncogene
RUNX1: runt-related transcription factor 1
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