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Male, 77-year-old

Post-ET myelofibrosis arising from calreticulin (CALR)-mutated ET

Splenomegaly

Hematology ¢ Pathology

Rare disease

Essential thrombocythemia (ET), a chronic myeloproliferative neoplasm, typically follows an indolent clinical
course; however, some patients may undergo clonal evolution to post-ET myelofibrosis or leukemic transfor-
mation. Disease progression is frequently associated with acquisition of additional cytogenetic and molecular
abnormalities, although the precise molecular mechanisms underlying this evolution remain incompletely un-
derstood. We describe a case of post-ET myelofibrosis arising from calreticulin (CALR)-mutated ET associated
with gain of chromosome 121, chromosome 1q jumping translocations, and a BRIP1 gene mutation.

We report a 77-year-old man with CALR-mutated ET diagnosed in 2007 and treated with long-term hydroxy-
urea. After 18 years, he developed progressive anemia, circulating blasts, and splenomegaly. Bone marrow bi-
opsy demonstrated marked hypercellularity (~ 95% cellularity) with myeloid and megakaryocytic hyperplasia,
megakaryocytic atypia, and loose clustering, along with severe reticulin fibrosis (MF-3, myelofibrosis tier 3,
WHO grade system) and increased blasts (5%-8% by CD34 immunohistochemistry). Next-generation sequenc-
ing (163-gene/40-fusion panel) confirmed CALR p.L367Tfs46 mutation persistence and BRIP1 p.R798* nonsense
mutation acquisition. Fluorescence in situ hybridization showed gain of chromosome 1q21. Cytogenetics dem-
onstrated jumping translocations of 1q involving chromosomes 14, 16, and 22.

This report describes the case of a patient with an 18-year history of CALR-mutated ET, presenting with leuko-
cytosis, anemia, marked thrombocytosis, splenomegaly, severe myelofibrosis, and acquisition of a BRIP1 p.R798
mutation, gain of chromosome 1q21, and jumping translocations of the long arm of chromosome 1 (1q) in-
volving recipient chromosomes 14, 16, and 22. This case illustrates late clonal evolution of CALR-mutated ET
to post-ET myelofibrosis associated with rare cytogenetic and molecular abnormalities. These findings expand
the spectrum of genetic events observed during this disease progression.

Hematology ¢ Thrombocythemia, Essential ¢ Myelofibrosis ¢ Chromosome Aberrations ¢ Mutation ¢
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Introduction

Essential thrombocythemia (ET) is a Philadelphia chromo-
some-negative myeloproliferative neoplasm characterized by
sustained thrombocytosis and increased numbers of enlarged,
mature atypical megakaryocytes in a typically normocellular
bone marrow. The megakaryocytes show deeply lobulated and
hypersegmented nuclei [1]. Epidemiologic data from the SEER
program estimate an incidence of approximately 1.55 cases
per 100000 person-years [2].

At the molecular level, ET is driven by recurrent somatic mu-
tations involving JAK2, CALR, or MPL. JAK2 p.V617F is pres-
ent in approximately 50% to 60% of cases, CALR mutations in
25% to 35% [3], and MPL mutations in 5% to 10% [4]. CALR
mutations are frameshift alterations that generate a novel
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C-terminal protein sequence, most commonly type 1 and type
2 variants. CALR-mutated ET is associated with higher platelet
counts, younger age at diagnosis, and lower thrombotic risk
compared with JAK2-mutated disease [5-7].

Despite its generally indolent course, ET may undergo clonal
evolution to post-ET myelofibrosis or acute myeloid leukemia,
typically over years of disease progression. Transformation to
myelofibrosis occurs in approximately 10% of patients, where-
as leukemic transformation occurs in approximately 3% [8].
Disease progression is associated with additional somatic mu-
tations and cytogenetic abnormalities reflecting genomic insta-
bility and clonal selection. While recurrent mutations in genes
such as TP53, ASXL1, and SRSF2 have been well described [9],
the chromosome 1q jumping translocations and BRIP1 muta-
tions remain rare in this context.

Table 1. Jumping chromosome 1q translocations in myeloid neoplasms: key cohorts compared.

Najfeld 2010
(BJH) [17]
Retrospective
cytogenetics
(1984-2009)

Feature
Study design Retrospective
cytogenetics
(2003-2014)

Sanford 2015
(cLmL) [18]

Couture 2018 Our
(Case Rep Genet) [19] case

3 institutional cases + Single case
literature review
33 1

MDS — AML (33 cases,

incl. 3 Yale)

Not included (MDS/AML 1 (CALR+)
focus)

1q 1q

Total JT/ 23 10
1g-JT cases
Disease MPN 7, MDS/AML 16 AML 4, MDS 4,
spectrum post-PV-MF 2
ET cases 0 0

“ponor  1¢ Chrlinall
chromosome
Timing Mean time to acquire: Median 24.9 mo
(diagnosis MPN 47 mo; (0-248); 1 case at
—J7) MDS 21-34 mo diagnosis

Often persisted until
AML; sometimes cryptic
by FISH

Persisted median 6 mo
(4.7-10.8) in those with
repeats

AML High; mean JT — AML High-risk; median OS
transformation ~ 8-9 mo after JT 9 mo
association

Recipient 81% pericentric, Not given as cohort% in

fusion location

19% telomeric

pasted text

Recipient 4,5,6,7,9,13,14,15,16,18, Wide; includes 3,5,6,7,8,
chromosomes 19,20,21,22,X,Y 9,10,11,12,13,14,15,16,1
(aggregate) 7,18,19,20,21,22,X,Y
Unique Defines 1g-JT as marker Provides patient-level
highlight of imminent AML donor sites + survival

after JT

Not summarized as a
single median across all
33 cases

Persistent in 3 Yale
cases with increasing
abnormal%

All 3 Yale cases
progressed to AML and
died

82% telomeric, 18%
pericentric/ interstitial

Frequent:
15p,22p,21p,14p,13p,
Yq,17q,18q,21q;

also 16q11.2q12,
7q11,20q12q13.1
Quantifies recipient
patterns + acrocentric
frequency

Increased blasts (5-8%),
not AML

Dicentric suggests
pericentric involvement

14,16,22

CALR-mutated ET
progressing to MF-3
with chromosome 1q
jumping translocations

This work is licensed under Creative Commons Attribution-
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Abbreviations: FISH, fluorescence in situ hybridization; JT, jumping translocation; MF, myelofibrosis; MPN, myeloproliferative
neoplasms; OS, overall survival; PV, polycythemia vera.
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Table 2. Hematologic findings at time of disease acceleration.

Laboratory parameter Result
Hematology
White blood cell count 182
Redblood cellcount 288
 Mean corpuscular volume 115
Red cell distribution width 210
Plateletcount 868
* Mean platelet volume 105
Immature granulocytes 199
lymphocytes 70
Monocytes 112
CEosinophis 05
CBasophis 10

Units Reference range Flag
""""""""" 1/l 3510 H
""""""""" cl0wL 4761 L
g 130180 L
""""""""""" % 410830 L
""""""""""" i 8090  H
""""""""""" % <145  H
""""""""" 1/l 150350  H
""""""""""" £ 94123 -
""""""""""" % 4so0780 -
""""""""""" % 0010  H
""""""""""" % 150470 L
""""""""""" % 00120 -
""""""""""" % o070 -
""""""""""" % 0020 -

Flags: H = above reference range; L = below reference range; —= within reference range.

BRIP1 encodes a DNA helicase involved in homologous recom-
bination and the Fanconi anemia pathway [10]. Although BRIP1
alterations are well characterized in solid tumors, particularly
breast and ovarian carcinomas, they are infrequently reported
in hematologic malignancies [11-13]. Their role in cancer re-
mains undefined but may reflect underlying genomic instability.

Chromosome 1q gains and structural rearrangements are more
commonly described in plasma cell neoplasms [14] but are also
observed in myeloid disorders, particularly in advanced dis-
ease such as in acute myeloid leukemia (AML) [15,16]. Jumping
translocations of 1q are rare events associated with chromo-
somal instability and disease progression in myeloid neoplasms
such as myeloproliferative neoplasms, including polycythemia
vera and primary myelofibrosis, myelodysplastic syndromes
(MDS), MDS/AML, and AML (Table 1) [17-19].

Here, we describe a case of CALR-mutated ET evolving over 18
years into post-ET myelofibrosis with acquisition of BRIPI mu-
tation, gain of chromosome 121, and chromosome 1q jumping
translocations involving recipient chromosomes 14, 16, and 22.
The conjunction of a BRIP1 mutation and chromosome 1q21
abnormalities in post-ET myelofibrosis, to our knowledge, has
not been previously reported. This report is primarily descrip-
tive and aims to expand the recognized spectrum of cytoge-
netic evolution in ET. Recognition of such rare events may im-
prove our understanding of this disease progression.

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Case Report

The patient was a 77-year-old man who received a diagno-
sis of essential thrombocythemia (ET) in 2007 after present-
ing with marked thrombocytosis (approximately 900 x 103/pL).
Molecular testing identified a CALR p.L367Tfs*46 mutation,
with no JAK2 or MPL mutations or BCR::ABL1 rearrangement
detected. The bone marrow biopsy reportedly confirmed ET,
and hydroxyurea therapy was initiated, resulting in good ini-
tial disease control. However, the original diagnostic materi-
als, including the peripheral blood smear, bone marrow biopsy,
and cytogenetic and molecular testing reports, were unavail-
able for review.

The patient was lost to regular follow-up after 2017 and sub-
sequently had intermittent hydroxyurea exposure. In 2023, he
developed a non-healing skin ulcer and also received a diag-
nosis of squamous cell carcinoma of the tongue, prompting
dose reduction of hydroxyurea.

Beginning in 2023, peripheral blood studies demonstrated
persistent thrombocytosis with macrocytic anemia, dysplas-
tic granulocytes, abnormal large hypogranular platelets, and
occasional circulating blasts, raising concern for disease pro-
gression. Splenomegaly was present. Most recent laboratory
values showed a white blood cell count of 18.2 x 10%/uL, plate-
let count of 868 x 10°/uL, and hemoglobin level of 10.2 g/dL
(MCV 111.5 fL) (Table 2).
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Figure 1. Bone marrow morphology, immunohistochemistry and reticulin stain. (A) Hematoxylin and eosin-stained section shows a
markedly hypercellular marrow with myeloid hyperplasia and myeloid left-shifted maturation. Megakaryocytes are increased
with clustering and display marked atypia, including hyperchromatic, hypolobated, and occasionally hyperlobated nuclei.

(B) CD34 immunohistochemical stain highlights increased blasts (5%-8% bone marrow nucleated cells) with associated
vascular endothelial staining. (C) CD61 immunohistochemical stain demonstrates megakaryocytic hyperplasia with
prominent clustering and atypia including large and small forms. The platelet aggregates are also stained on the background.
(D) Reticulin stain shows diffuse and dense reticulin fibrosis with extensive intersections and coarse bundles of thick fibers
consistent with MF-3 (severe myelofibrosis, WHO grade system).

A bone marrow biopsy was performed in December 2025, re-
vealing a markedly hypercellular marrow (approximately 95%
cellularity) with increased myeloid-to-erythroid ratio (approx-
imately 5:1). Granulopoiesis showed left-shifted matura-
tion. Megakaryocytes were increased and atypical, showing a
spectrum of hyperlobated, hypolobated, and irregular nuclear
forms with loose clustering (Figure 1A, hematoxylin and eo-
sin microscopy). Immunohistochemistry demonstrated CD34-
positive blasts comprising 5% to 8% of nucleated marrow cells
(Figure 1B). CD117 highlighted 8% to 10% myeloid precursors
(not shown). CD61 highlighted increased atypical megakary-
ocytes (Figure 1C). Reticulin staining showed diffuse fibrosis
consistent with MF-3 (WHO grade system, Figure 1D).

Flow cytometric analysis was performed on the bone marrow
aspirate specimen at our institution. It identified approximate-
ly 2% aberrant myeloid blasts with partial CD4 expression and

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

reduced expression of CD13 and CD33. Hypogranular granulo-
cytes (71%) showed aberrant CD56 and CD14 expressions. No
abnormal B-cell or T-cell populations were identified.

Next-generation sequencing, fluorescence in situ hybridization
(FISH), and conventional cytogenetic karyotyping were per-
formed at a Clinical Laboratory Improvement Amendments—
certified commercial reference laboratory. The results and the
clinical significance were interpreted by pathologists at our
institution.

Next-generation sequencing confirmed persistence of CALR
p.L367Tfs46 (variant allele frequency [VAF] 27.4%) and acqui-
sition of BRIP1 p.R798 (VAF 26.0%), a pathogenic nonsense
mutation predicted to result in a truncated protein. FISH
demonstrated gain of chromosome 1q21 using a probe set of
1p32/1921 including the cyclin-dependent kinase regulatory
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Figure 2. Fluorescence in situ hybridization (FISH) and chromosome cytogenetic findings. The FISH and conventional karyotyping
were performed at a Clinical Laboratory Improvement Amendments—certified commercial reference laboratory. The results
were interpreted by professionals at the reference laborotory and pathologists at our institution. (A) The bone marrow
interphase FISH analysis shows gain of chromosome 1q signals (red, 3 dots) relative to control probes (green, 2 dots) using a
probe set of 1p32 (green)/1q21, including the CKS1B locus, consistent with 1q copy number gain. (B-D) G-banded metaphase
karyotypes demonstrating unbalanced translocations involving chromosome 1q and multiple recipient chromosomes,
including chromosomes 14 (B), 16 (C), and 22 (D). Arrows indicate derivative chromosomes containing additional 1q
material, consistent with jumping translocations of chromosome 1q. Collectively, these findings show 1q gain and structural
rearrangements of 1q segment to chromosomes 14, 16, and 22 (jumping translocations).

subunit 1 (CKS1B) locus (Figure 2A). Cytogenetics revealed
jumping translocations of the long arm of chromosome 1 (1q)
involving recipient chromosomes 14, 16, and 22 (Figure 2B-2D).
The karyotype showed

46,XY,+1,dic(1;16)(p13;p13.3)[12]/46,XY,+1,dic(1;22)(p13;p13)[5)/
46,XY,+1,dic(1;14)(p13;p13)[3]. Together, cytogenetic anal-
ysis demonstrated 3 copies of 1q with a small segment of
1p, resulting in small losses of the 16p, 14p, and 22p regions
(Figure 2B-2D). FISH confirmed these 3 translocation events
at the chromosomal level by demonstrating 3 copies of 1q us-
ing the 1g21 probe (3 red dots in Figure 2A).

These findings were consistent with post-ET myelofibrosis with
clonal evolution associated with acquisition of complex cytoge-
netic abnormalities including 1q jumping translocation involv-
ing recipient chromosomes 14, 16, and 22 and BRIP1 mutation.

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Discussion

Prior studies have described 1q jumping translocations primar-
ily in multiple myeloma [14], myelodysplastic syndromes, post-
polycythemia vera myelofibrosis, and AML (Table 1) [15-19].
Jumping translocations of chromosome 1q represent rare cyto-
genetic events associated with advanced clonal evolution and
genomic instability in myeloid neoplasms [20]. The 1q pericen-
tromeric region is enriched in repetitive DNA sequences and
is particularly susceptible to structural instability under condi-
tions of proliferative stress and epigenetic dysregulation [21].
These events typically arise late in disease evolution and are
associated with disease progression.

According to the current WHO Classification of Tumours:
Haematolymphoid Tumours, 5th edition, the diagnosis of
multiple myeloma requires 10% or greater clonal bone mar-
row plasma cells in conjunction with one or more myeloma-
defining events, including CRAB features (hypercalcemia, re-
nal insufficiency, anemia, and/or osteolytic bone lesions). In
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the present case, fewer than 5% of polytypic plasma cells were
demonstrated by CD138, kappa, and lambda light chain im-
munohistochemistry in bone marrow biopsy. Although macro-
cytic anemia was present, no other myeloma-defining events
were documented. Therefore, the findings did not support a
diagnosis of multiple myeloma. The diagnosis of AML gener-
ally requires 20% or greater blasts in the bone marrow or pe-
ripheral blood, except in cases with specific AML-defining ge-
netic abnormalities, including PML::RARA, RUNX1::RUNX1T1,
CBFB::MYH11, and certain other genetic abnormalities recog-
nized by the current classification. In the present case, flow cy-
tometry identified only 2% aberrant myeloid blasts in the bone
marrow aspirate, while CD34 immunohistochemistry demon-
strated approximately 5% to 8% myeloid blasts in the bone
marrow core biopsy. No AML-defining genetic abnormality was
identified by cytogenetic analysis, FISH, or next-generation se-
quencing. Therefore, the present findings did not meet the di-
agnostic criteria for AML. Overall, the findings of longstand-
ing thrombocytosis, a myeloproliferative neoplasm-defining
CALR mutation, absence of BCR::ABL1, grade 3 bone marrow
fibrosis, anemia, splenomegaly, and increased circulating and
bone marrow blasts (but < 20%) meet the diagnostic criteria
for post-ET myelofibrosis.

ET as the initial disease context is rarely reported in associ-
ation with this abnormality. Borri et al reported 1 case of an
86-year-old woman with myelofibrosis evolved from ET who
showed unbalanced translocations involving chromosome 1
and the acrocentric chromosomes 14, 15, and 22 [22]. In the
present case, chromosome 1q jumping translocations involving
chromosomes 14, 16, and 22 were detected after a prolonged
disease course of 18 years in a patient with CALR-mutated ET.
Although these 2 cases highlight the occurrence of 1q jump-
ing translocations in post-ET myelofibrosis, whether these ge-
netic alterations are directly associated with disease progres-
sion remains to be determined.

BRIP1 is a DNA repair gene involved in homologous recombi-
nation [23]. In the present case, a BRIP1 mutation was identi-
fied at a VAF of 26%, consistent with a somatic event within
the neoplastic clone. While disruption of DNA repair pathways
may be associated with genomic instability, this case alone
does not establish a causal role for BRIPI in driving cytoge-
netic evolution. The significance of the coexistence of BRIP1
mutation with 1q abnormalities is unclear. Overall, this single
case report demonstrates the coexistence of chromosome 1q
jumping translocations and a BRIP1 mutation in post-ET myelo-
fibrosis, thereby expanding the spectrum of genetic alterations
described in this disease. However, as an isolated observation,

This work is licensed under Creative Commons Attribution-
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it cannot establish the prevalence, prognostic significance, or
molecular mechanistic role of these abnormalities. Furthermore,
the prolonged clinical course and intermittent follow-up limit
definitive conclusions regarding the temporal sequence and
acquisition of these genetic events.

Conclusions

This case documents late clonal evolution of CALR-mutated ET
to post-ET myelofibrosis associated with BRIP1 mutation and
1g jumping translocations involving recipient chromosomes
14, 16, and 22. These findings expand the recognized spec-
trum of genetic abnormalities in advanced ET and illustrate
the importance of comprehensive reassessment in patients
with disease progression. The coexistence of BRIP1 mutation
and chromosome 1q abnormalities is of interest and may re-
flect underlying genomic instability; however, causal relation-
ship and mechanistic or prognostic implications remain spec-
ulative and require further study in larger cohorts.

Institution Where Work Was Done
Albany Medical Center, Albany, NY, USA.
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