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Abstract Cytogenetic abnormalities in patients with

essential thrombocythemia (ET) are infrequent. Their role

in survival of patients and disease transformation is not

extensively studied. We describe cytogenetic abnormalities

in 172 patients with ET at a single institution. At presen-

tation nine (5.2%) patients had cytogenetic abnormality

and three (1.7%) additional patients acquired them during

follow-up. Survival of patients with cytogenetic changes at

presentation did not differ when compared to the patients

with normal karyotype. The more common were abnor-

malities of chromosome 9 (n = 4), 20 (n = 2), 5 (n = 2),

and complex abnormalities (n = 2). Forty-one patients

(23.8%) had additional cytogenetic tests performed for

monitoring purposes during follow-up. Five patients

(2.9%) with normal karyotype transformed to myelofibro-

sis (MF) without developing new cytogenetic changes at

transformation. Two patients (1.2%) with normal karyo-

types at presentation transformed to myelodysplastic syn-

drome and acute myeloid leukemia, respectively. Both

acquired complex cytogenetic changes at the time of trans-

formation. There is no rationale for repeating cytogenetic tests

in ET patients on follow up, unless blood cell count changes

suggest possible transformation.
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1 Introduction

Essential thrombocythemia (ET) is chronic myeloprolifer-

ative neoplasm (MPN) characterized by persistent elevated

platelet count ([450 9 109/L) in peripheral blood, bone

marrow megakaryocytic proliferation, and presence of

JAK2V617F clonal marker in 50% of patients [1]. The

course of the disease is benign as patients have close to

normal life expectancy, but complicated in some patients

by thrombotic and hemorrhagic events. Only small pro-

portion of patients transforms to secondary myelofibrosis

(post-ET MF), myelodysplastic syndrome (MDS) or acute

myeloid leukemia (AML) [2–6]. The discovery of acquired

JAK2V617F mutation in MPN caused substantial step for-

ward in our understanding of the disease pathogenesis. The

presence of mutation in ET patients has been associated

with increased leukocyte and red blood cell counts, reduced

platelet count, increased age, higher frequency of throm-

botic events and transformation to polycythemia vera [7–

11]. On the other hand, cytogenetic abnormalities have

been observed in some ET patients, but have contributed

little to our understanding of ET pathogenesis and prog-

nosis. This is primarily the result of the fact that cytoge-

netic abnormalities in ET are rare and heterogeneous; they

have been reported in every chromosome and no consistent

genetic marker has been identified [12]. Their frequency at

diagnosis is between 1.2 and 7.0%, and includes both

structural changes, such as unbalanced translocations, and

numerical gains and losses [13–18]. Recently, Gangat et al.

[14] reported the association of cytogenetic abnormality at

diagnosis with palpable splenomegaly, current tobacco use,

venous thrombosis and anemia, but no influence on the

survival of patients. Hsiao et al. [15] reported association

between transformation and unfavorable survival with

de novo appearance of cytogenetic abnormalities in ET
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patients. It seems that majority of ET patients who trans-

form to MF do not gain a cytogenetic abnormality at

transformation, while the majority of those who transform

to AML do acquire cytogenetic abnormality at the time of

transformation [14, 15]. We analyzed cytogenetic abnor-

malities in 172 ET patients with informative cytogenetic

results at their presentation and during follow up, and

assessed their impact on transformation and survival.

2 Methods

Institutional review board approval was obtained for this

study from the University of Texas MD Anderson Cancer

Center. MPN database at MD Anderson Cancer Center was

searched for ET patients, evaluated from January 1976 to

December 2007, who had informative cytogenetics. Clini-

cal and histopathological results in identified patients were

reviewed and the diagnosis of ET was confirmed according

to the WHO criteria [19]. Conventional cytogenetic anal-

ysis was performed on metaphases obtained from unstim-

ulated bone marrow aspirate cultures using standard

techniques. Results were reported using International Sys-

tem for Human Cytogenetic Nomenclature. Cytogenetic

result was considered pathologic when at least two

abnormal metaphases were identified with structural

abnormality or chromosome gain, or when at least three

metaphases of the same chromosome loss were identified.

Cytogenetic testing was considered to be ‘at initial diag-

nosis’ if the patient was referred and assessed at our center

within 4 months of confirmation of ET; all other testing

was considered ‘beyond initial diagnosis’. JAK2 mutation

status was analyzed in stored bone marrow specimens

when possible, using previously published assay [20].

Prism 5 for Windows (GraphPad Software, Inc.) was

used for statistical analysis. Survival curves were estimated

by Kaplan–Meier plots and homogeneity of survival curves

over different groups was tested by log-rank test.

3 Results

At presentation at our institution 172 ET patients had adequate

metaphases for interpretation on cytogenetic testing. Their

general characteristics are presented in Table 1. Among them

82 (47.7%) were newly diagnosed or referred to our institution

within 4 months since the diagnosis had been established.

Median number of cytogenetic tests per patient performed in

our 172 patients was 1 (range 1–9). Forty-one patients (23.8%)

had two or more cytogenetic studies performed during follow-

up, with median time of 12.5 (range 1–169) months between

tests. More common abnormalities involved chromosome 9

(n = 4), 20 (n = 2), 5 (n = 2), and complex abnormalities

(n = 2), with other detected on only one occasion (Table 2).

Nine (5.2%) patients had abnormal cytogenetic studies at

presentation. In two (1.2%) additional patients -Y was

detected and considered to be normal variant. Three patients

(1.7%) with normal karyotype at presentation developed

cytogenetic abnormality during follow-up: complex karyo-

type in two and -X in one patient. The two patients with

complex karyotype had their tests performed at the time of

transformation to AML and MDS after 216 and 55 months

from presentation, respectively. Survival of patients with or

without cytogenetic abnormality did not differ significantly

(median survival of 15 years and not reached, respectively;

p = 0.7). Similarly, characteristics of patients with and

without cytogenetic abnormality at diagnosis did not differ.

4 Discussion

In the present study, we analyzed cytogenetic abnormalities

in 172 ET patients seen at our institution. The frequency of

Table 1 Patient characteristics

Total no. of patients 172

Age in years (median, range) 51 (16–83)

No. of male patients (%) 63 (36.6)

No. with B symptoms (%) 70 (40.7)

No. with palpable spleen (%) 9 (5.2)

(4 splenectomies)

Leukocyte count (median, range; 9109/L) 8.4 (1.9–21.9)

No. with leukocyte count C10 9 109/L (%) 51 (29.7)

No. with leukocyte count C15 9 109/L (%) 12 (7.0)

Hemoglobin level (median, range; g/dL) 13.4 (7.1–16.8)

No. with hemoglobin \12 g/dL (%) 29 (16.9)

Platelet count (median, range; 9109/L) 711.5 (153–3065)

No. with platelet count C1,000 9 109/L (%) 39 (22.7)

No. with abnormal cytogenetic test at

diagnosis (%)

9 (5.2)

No. with JAK2 test performed (%) 56 (32.6)

No. with JAK2 test positive (%) 32 (57.1)

No. with age C60 years (%) 51 (29.7)

No. with hypertension (%) 51 (29.7)

No. with diabetes mellitus (%) 8 (4.7)

No. with hyperlipidemia (%) 15 (8.7)

No. of smokers (%) 55 (32.0)

No. with major thrombosis (%) 39 (22.7)

No. with major hemorrhage (%) 30 (17.4)

No. with transformation to MF (n = 5),

AML (n = 1), MDS (n = 1) (%)

7 (4.1)

Median follow up (median, range; years) 3.22 (0–18.28)

No. died (%) 18 (10.5)

MF myelofibrosis, AML acute myeloid leukemia, MDS myelodys-

plastic syndrome
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cytogenetic abnormality at presentation was 5.2%, similar to

previous reports by other investigators [13–18]. Different

chromosomal abnormalities have been identified, similar to

a report by Gangat et al. [14], who analyzed cytogenetics in

the largest group of ET patients to date. 5q- deletion in ET

patients has been described in several reports. Since clinical

picture of 5q- syndrome (MDS subtype) may overlap with

that of ET, some argue that there is continuity between ET

and development of 5q- MDS [21–24]. Our patients with

5q- abnormality had no dysplasia in the bone marrow, but

typical findings of ET; one had JAK2V617F mutation. We

observed der(1;7)(q10;p10) abnormality in one patient at the

time of transformation to AML. This abnormality has been

associated with leukemic transformation and unfavorable

prognosis in ET patients by Hsiao et al. In MDS and AML

patients, it carries poor prognosis with median survival of

23 months [25]. In general, however, ET patients who

transform to MDS and AML have poor prognosis not only

because of the acquired cytogenetic abnormality. On the

other hand, it appears that cytogenetic abnormalities are not

acquired upon transformation to MF, and post-ET MF

patients have no different outcome than patients with pri-

mary MF. The pericentric inversion of chromosome 9 is

commonly considered constitutional abnormality, occurring

in 1–3% of general population. Recently, however, cases of

patients with hematological diseases and acquired

inv(9)(p11q13)c have been reported, including newly

diagnosed patient with ET [26–28], rising a question of its

role in the pathogenesis of the disease. Because of that, we

report all chromosome 9 inversion abnormalities among

other identified abnormalities in Table 2, similar to a report

by Gangat et al. [14].

Frequency of JAK2V617F mutation has been extensively

studied in ET patients. However, among studies examining

cytogenetic changes in ET [13–18] only Gangat et al. [14]

examined the correlation between the presence of

JAK2V617F mutation and cytogenetic abnormality. The

frequency of mutation overall was 58.5% with no statisti-

cally significant difference between patients with cytoge-

netic changes and those with normal karyotype. In our

patient population testing for JAK2V617F mutation was

done in 56 patients, of which only four had cytogenetic

abnormalities at presentation and three of them tested

positive.

Bone marrow examination in patients with ET is usually

performed at presentation for diagnostic purpose, primarily

to exclude any other hematological disease, particularly

early phase MF. While a good number of reports have now

established a lack of abnormal cytogenetics influence on

patient outcome, cytogenetic testing should be performed

at the time of bone marrow test. For example, patients with

5q- abnormality could be treated with lenalidomide. In

23.8% of our patients cytogenetic test was performed more

than once during their follow-up, for monitoring purpose.

However, we do not see any advantage of such a practice.

There appears to be no rationale to repeat cytogenetic test

after initial assessment, unless changes in blood cell count

indicate possible transformation.

In summary, cytogenetic abnormalities at presentation

and during follow-up in ET patients are rare. There is no

difference in survival of patients with cytogenetic abnor-

malities and those with diploid karyotype at presentation.

Monitoring patients by repeating cytogenetic test at follow-

up is not indicated. This should be, however, done at the

time of suspected transformation.
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