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Deletion 20q is a common chromosomal abnormality in myeloid neoplasms. Detection of del(20q) in patients
following cytotoxic therapies raises concerns for an emerging therapy-related myeloid neoplasm. In this study,
we identified 92 patients who acquired isolated del(20q) in their bone marrow following cytotoxic therapies for
malignant neoplasms. Seventy-six patients showed interstitial and sixteen patients showed terminal 20q
deletion. The median interval from prior cytotoxic therapies to detection of del(20q) was 58 months (range,
5–213 months). With a median follow-up of 23 months (range, 1–183 months), 21 (23%) patients developed
therapy-related myeloid neoplasm and 71 (77%) patients did not. In patients who developed therapy-related
myeloid neoplasm, del(20q) presented in a higher percentage of metaphases (60 vs 25%, Po0.0001); persisted
for a longer period of time (24 vs 10 months, P= 0.0487); and was more often a terminal deletion (33 vs 13%,
P= 0.0006) compared with patients who did not develop therapy-related myeloid neoplasm. Clonal evolution was
only detected in patients with therapy-related myeloid neoplasm (4 patients, 19%). We conclude that del(20q)
emerging after cytotoxic therapy represents an innocuous finding in more than two-thirds of patients. In patients
who develop a therapy-related myeloid neoplasm, del(20q) often involves a higher percentage of metaphases,
persists longer and more frequently is a terminal rather than an interstitial deletion.
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Deletion of the long arm of chromosome 20, del
(20q), occurs in a variety of myeloid neoplasms,
including myelodysplastic syndromes, acute mye-
loid leukemia, and Philadelphia chromosome-
negative myeloproliferative neoplasms, seen in
approximately 5–8%, 2%, and 2–10% of cases,
respectively.1–4 The presence of del(20q) appears
to be associated with a favorable prognosis and low
risk for acute myeloid leukemia transformation in
patients with Philadelphia chromosome-negative
myeloproliferative neoplasms and myelodysplastic
syndromes.5–8 However, in patients with de novo
acute myeloid leukemia, del(20q) has been

associated with a poor response to chemotherapy
and reduced overall survival, and has been classified
as intermediate II risk category.8,9

Isolated del(20q) has been well studied in de novo
myelodysplastic syndromes.1 Patients with de novo
myelodysplastic syndromes and isolated del(20q)
often have an indolent clinical course, frequent
thrombocytopenia, low blast counts, and high reti-
culocyte counts.6,10,11 The occurrence of isolated
del(20q) is not considered as a definitive evidence
for myelodysplastic syndromes in the absence of
morphological evidence according to the 2008 WHO
classification,1 whereas some studies reported that
del(20q) in de novo myelodysplastic syndromes
may only be associated with minimal morphological
dysplasia.6,12

Therapy-related myeloid neoplasm is a late com-
plication of cytotoxic chemotherapy and/or radio-
therapy for a prior neoplastic or non-neoplastic
disorders.13 Patients with therapy-related myeloid
neoplasm usually have a dismal clinical outcome,
with a median overall survival of 6–8 months.14,15
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Cytogenetic abnormalities can be detected in over
80% of these patients with more than half having a
complex karyotype.13,16 Isolated del(20q) is uncom-
mon in therapy-related myelodysplastic syndromes,
and only five cases in one study have been reported
with detailed clinicopathologic features.17 In this
study, patients with therapy-related myelodysplastic
syndromes and isolated del(20q) were often asso-
ciated with morphological dysplasia and had a
variable clinical course.17

Del(20q) as a sole clonal cytogenetic abnormality
is not uncommon in patients following cytotoxic
therapies; however, the clinical significance of
emergence of isolated del(20q) in this clinical setting
is largely unknown. In our experience, the question
of whether this finding should be concerning for a
therapy-related myeloid neoplasm17 or represents a
'silent' clonal cytogenetic abnormality as we recently
described18 is often raised. To address these ques-
tions, we retrospectively reviewed the archives of the
cytogenetics laboratory at our hospital and identified
92 patients who acquired isolated del(20q) following
cytotoxic therapies and analyzed its clinical implica-
tions with emphasis on the incidence of therapy-
related myeloid neoplasm of this cohort.

Materials and methods

Case Selection

We searched the database of Clinical Cytogenetic
Laboratory at the University of Texas MD Anderson
Cancer Center for cases with isolated del(20q)
between 1 January 2003 and 30 June 2014. We then
narrowed down to the patients who had received
prior cytotoxic therapies. Cases with heavy (≥50%)
bone marrow involvements by primary malignancy,
which may compromise the morphological evalua-
tion of hematopoietic cells for myelodysplasia, were
excluded from the study. A detailed chart review
was conducted in all patients, including prior history
of malignancies and cytotoxic therapies, cytogenetic
features, and outcomes. The diagnoses of therapy-
related myeloid neoplasms, including therapy-related
myeloproliferative neoplasms, therapy-related mye-
lodysplastic syndromes, therapy-related myelodys-
plastic syndromes/myeloproliferative neoplasms,
and therapy-related acute myeloid leukemia, were
based on clinical, morphologic, immunophenotypic,
and molecular genetic criteria as specified in the
WHO classification.1 All samples were collected
following institutional guidelines with informed
consent in accordance with the Declaration of
Helsinki.

Peripheral Blood and Bone Marrow Assessment

Complete blood cell counts at the time of del(20q)
detection and during follow-up were collected.
Peripheral blood smears, bone marrow core biopsy

and clot sections, as well as aspirate smears and
touch imprints were reviewed. A 500-cell differen-
tial count on bone marrow aspirate smears or touch
imprints was performed. Particular attention was
paid to the cytological features of the myeloid cells,
erythrocytes, and megakaryocytes for morphologic
evidence of dysplasia. Involvement of bone marrow
by primary malignancy was evaluated by morphol-
ogy, immunohistochemistry, and/or flow-cytometry
immunophenotyping analysis.

Conventional Cytogenetic and Fluorescence In Situ
Hybridization Analyses

Conventional chromosomal analysis was performed
on G-banded metaphase cells prepared from unsti-
mulated 24-h and 48-h bone marrow aspirate
cultures (for primary diagnosis of myeloid neo-
plasms or solid tumors), or unstimulated 24-h and
mitogens stimulated 72-h bone marrow aspirate
cultures (for primary diagnosis of lymphoid neo-
plasms) using standard techniques. Mitogens
included 12-O-TetradecanoylphorboM 3-acetate,
oligonucleotides, and lipopolysaccharide. Twenty
metaphases were analyzed and the results were
reported using the International System for Human
Cytogenetic Nomenclature (ISCN 2013).19 The pre-
sence of del(20q) was further confirmed by fluores-
cence in situ hybridization analysis using a
fluorescently labeled LSI D20S108 probe (Vysis/
Abbott Laboratories, Des Plaines, IL, USA) according
to the manufacturer’s instructions. Two hundred
interphases were counted and the percentage of del
(20q)-positive cells was calculated. The cutoff for del
(20q) positivity established in our laboratory is 5%.

Combined Morphologic and Fluorescence In Situ
Hybridization Analysis

Combined morphologic and fluorescence in situ
hybridization analysis was performed on a subset
of cases with bone marrow involvement by primary
tumors according to the methods described pre-
viously20 with minor modifications. Briefly, mor-
phologic evaluation and image capture were
performed on Wright-Giemsa stained bone marrow
aspirate smears; smears were then destained using
1% acid alcohol, followed by protease II (Vysis/
Abbott Laboratories) treatment, and hybridization
with LSI D20S108 probe. Target cell populations
were captured under the fluorescence microscope.

Statistical Analysis

The unpaired t-test was used for numerical compa-
risons. Chi-square and Fisher’s exact tests were
applied for categorical variables. Overall survival
was estimated by the Kaplan–Meier method from the
date of del(20q) detection until death from any cause
or censored at last follow-up for alive patients.
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Results

Clinical Findings

We identified 356 patients with del(20q) as a sole
cytogenetic abnormality in the bone marrow at our
institution during the study interval. Of them, 106
patients acquired del(20q) in the bone marrow
following cytotoxic therapies for various malignant
tumors. Fourteen cases were found to have bone
marrow involvement by primary cancer 450% and
were excluded from this study. The remaining 92
patients formed our study group. There were 78 men
and 14 women with a median age of 64 years (range,
42–89 years). Primary malignancies included
lymphoid neoplasms (n=82), solid tumors (n=6),
and composite tumors (n=4) (Table 1). Sixty-three
(68%) patients had bone marrow involvement by
the primary malignancy at the time of diagnosis of
the initial neoplasm.

Ninety patients received chemotherapies. The
major chemotherapeutic regimens included: fludar-
abine, cyclophosphamide, and rituximab (n=30);
cyclophosphamide, doxorubicin, vincristine, and
prednisone with or without rituximab (n=25);
hyperfractionated cyclophosphamide, vincristine,
doxorubicin, dexamethasone alternating with high-
dose methotrexate and cytarabine (n=7); and com-
mon therapeutic regimens for plasma cell myeloma
(bortezomib, revlimid, dexamethasone, thalidomide,
n=15). In all, 16 patients received combined chemo-
therapy and radiotherapy; 38 patients received
chemotherapy and stem-cell transplantation; and
10 patients received chemotherapy, radiotherapy
and stem-cell transplantation. Two patients received
radiotherapy only (Table 2).

Peripheral Blood and Bone Marrow Findings

At the time of del(20q) detection, 6 patients had
pancytopenia; 10 had anemia and thrombocyto-
penia; 22 had isolated thrombocytopenia; 7 had
isolated anemia; and 1 had marked leukocytosis and
thrombocytosis. The remaining 46 patients had a
normal blood cell count. The median of white-blood
cell count was 4.6 × 109 /l (range, 1.3–39.2 × 109 /l),
hemoglobin 12.6 g/dl (range, 8.7–17.4 g/dl), and
platelet count 114× 109 /l (range, 24–765× 109 /l).
One patient had circulating blasts (2%).

Bone marrow was involved by primary tumors in
34 patients at the time of del(20q) detection,
including chronic lymphocytic leukemia/small lym-
phocytic lymphoma (n=23), plasma cell myeloma
(n=6), hairy cell leukemia (n=2), mantle cell
lymphoma (n=1), marginal zone lymphoma (n=1),
and lymphoplasmacytic lymphoma (n=1); 14 of 34
patients had minimal involvement (o10%). The
remaining 58 patients had no evidence of bone
marrow involvement by their primary malignancies.

At the time of detection of del(20q), morphological
assessment was assessed without knowledge of

cytogenetic findings. Twelve patients showed marked
dysplasia, and/or increased blasts in the bone
marrow meeting the criteria for therapy-related
myeloid neoplasms, including 10 therapy-related
myelodysplastic syndromes, 1 therapy-related acute
myeloid leukemia, and 1 therapy-related myelodys-
plastic syndrome/myeloproliferative neoplasm,
unclassifiable. Of the remaining 80 patients, 16
patients had mild dysplasia and there was no
evidence of dysplasia in 64 patients. Ninety patients
had bone marrow blasts o5%, and two patients had
bone marrow blasts of 10 and 21%, respectively.

During the follow-up interval, nine patients
showed hematologic and morphologic evidence
of myeloid neoplasms after a median of 18 months
(range, 4–68 months) after del(20q) detection,
including eight therapy-related myelodysplastic syn-
dromes and one chronic myelomonocytic leukemia.
One of these nine patients developed therapy-related
myelodysplastic syndromes after disappearance of
del(20q) and the emergence of a new hypodiploid
clone with monosomy 5 and add(6p).

Cytogenetic Findings

Baseline bone marrow cytogenetic data at the time of
diagnosis of primary tumors (before chemotherapy
and/or radiotherapy) were available in 49 (53%)
patients (Table 3) and unknown in 43 patients. In all,

Table 1 Primary malignancies

Without therapy-
related myeloid

neoplasm

With therapy-
related myeloid

neoplasm

Chronic lymphocytic
leukemia

26 4

Plasma cell myeloma 14 1
Follicular lymphoma 7 4
Diffuse large B-cell
lymphoma

8 3

Mantle cell lymphoma 3 2
Classical Hodgkin
lymphoma

2 0

B-lymphoblastic leukemia 1 0
Marginal zone lymphoma 1 0
Hairy cell leukemia 1 1
Enteropathy-associated
T-cell lymphoma

1 0

Burkitt lymphoma 1 0
Lymphoplasmacytic
lymphoma

1 0

Peripheral T-cell lymphoma 0 1
Breast cancer 1 1
Prostate cancer 0 2
Squamous cell carcinoma 0 1
Colon cancer 0 1
Compositea 4 0

aComposite: one with breast cancer, diffuse large B-cell lymphoma,
and angioimmunoblastic T-cell lymphoma; one with breast cancer,
plasma cell myeloma, and lymphoplasmacytic lymphoma; one with
follicular lymphoma and diffuse large B-cell lymphoma; and one with
prostate cancer and mantle cell lymphoma.
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Table 2 Clinical findings in patients with or without therapy-related myeloid neoplasms

Without therapy-related myeloid neoplasm With therapy-related myeloid neoplasm P

Total number 71 (77%) 21 (23%)
Agea (years) 64 (42–89) 63 (50–81) 0.6940
Gender (Male/Female) 61/10 17/4 0.1668
Bone marrow involvementb Yes (29) Yes (5) 0.2017

No (42) No (16)

Cytotoxic therapy
Chemotherapy 70 20
FCR 26 4
CHOP+/-R 17 8
Hyper-CVAD 6 1
Common therapy for myelomac 14 1
Others 7 6

Plus radiation 10 6
Plus stem cell transplant 31 7
Plus radiation, stem cell transplant 10 0
Radiation only 1 1

White blood cell count (x109 /l) 5.2 (1.8–39.2) 4.2 (1.3–26.4) 0.5432
Hemoglobin (g/dl) 13.2 (9.2–17.4) 11.2 (8.7–15.1) 0.0135
Platelet count (×109 /l) 137 (52–480) 105 (24–765) 0.7958
Total follow-upd (months) 100 (8–307) 120 (19–255) 0.2742
Follow-up after del(20q) detection 22 (1–118) 24 (2–183) 0.8514
Overall survivale (median, months) 86 24 0.0036

Outcomes
Died 25 (35%) 18 (86%) o0.0001
Alive with disease 18 (25%) 3 (14%)
Alive with remission 28 (40%) 0 (0%)

Abbreviations: CHOP+/−R: Cytoxan, Adriamycin, vincristine, and prednisone with or without rituximab; FCR: fludarabine, cytoxan and
rituximab; hyper-CVAD: hyperfractionated cyclophosphamide, vincristine, doxorubicin, dexamethasone alternating with high-dose methotrexate
and cytarabine.
Data presented as median (range) or number (percent).
aAge: at the time of del(20q) detection.
bBone marrow involvement: involvement with primary cancer at the time of del(20q) detection.
cCommon therapeutic regimens for plasma cell myeloma include bortezomib, revlimid, desamethasone, and thalidomide.
dTotal follow-up: time from initial diagnosis of primary cancer to last follow-up or death.
eOverall survival: after del(20q) detection.

Table 3 Cytogenetic findings in patients with or without therapy-related myeloid neoplasms

Without therapy-related myeloid neoplasm With therapy-related myeloid neoplasm P

Number of patients 71 (77%) 21 (23%)

Karyotype prior to cytotoxic therapy
Normal diploid 30 (42%) 8 (38%)
Abnormal 11 (16%) 0 (0%)
Not available 30 (42%) 13 (62%)

Intervala (months) 56 (5–213) 65 (9–210) 0.4838

Del(20q) clone
Clonal size (metaphases, %) 25 (10–100) 60 (10–100) o0.0001
Detectable times 2 (1–5) 6 (1–9) o0.0001
Duration (months) 10 (1–76) 24 (4–81) 0.0487

Clone of del(20q) status during follow-up 0.0006
Disappeared 13 (18%) 2 (10%)
Persistent 31 (44%) 15 (71%)
Unknown 27 (38%) 4 (19%)

Del(20q) breakpoints 0.0004
20q11.2q13.3 45 (63%) 13 (62%)
20q11.2q13.1 17 (24%) 1 (5%)
20q11.2 9 (13%) 7 (33%)

Data presented as median (range) or number (percent).
aInterval between the first dose of chemotherapy and del(20q) detection.
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thirty-eight patients had a diploid karyotype and 11
had an abnormal karyotype, including 4 patients
with cytogenetic abnormalities associated with
chronic lymphocytic leukemia, 4 patients with
hyperdiploid clones associated with plasma cell
myeloma, 2 patients with -Y, and 1 patient (Burkitt
lymphoma) with t(8;14)(q24.1;q32). No patients
showed del(20q) before cytotoxic therapies. The
median interval from the first dose of chemother-
apy/radiotherapy to the detection of del(20q) was
58 months (5–213 months) (Table 3).

The number of metaphases showing del(20q) by
conventional cytogenetic analysis ranged from 2 to
20 (10–100%), with a median of 6 (30%). The
percentage of metaphases with del(20q) was signifi-
cantly higher in patients who developed therapy-
related myeloid neoplasm than those who did
not (60 vs 25%; Po0.0001). Seventy-six patients
showed interstitial 20q deletion and sixteen had
terminal 20q deletion. The most common break-
points for interstitial deletion were at 20q11.2
(centromeric) and 20q13.1 or 20q13.3 (telomeric).
The breakpoint for terminal deletion was at 20q11.2.
Compared with patients who did not develop
therapy-related myeloid neoplasm, patients with
therapy-related myeloid neoplasm showed a higher
frequency of terminal deletion (33 vs 13%); lower
frequency of interstitial deletion at 20q11.2q13.1
(5 vs 24%) (P=0.0004), and comparable frequency
of interstitial deletion at 20q11.2q13.3 (Table 3).

Interphase fluorescence in situ hybridization for
del(20q) was performed on 49 patients. The clonal
size was significantly larger in patients who devel-
oped therapy-related myeloid neoplasms (median,
46%; range, 11–93%) compared with patients
who did not develop therapy-related myeloid neo-
plasms (median, 15%; range, 6–78%) (P=0.0055).
The clonal size detected by interphase fluorescence
in situ hybridization was slightly smaller but propor-
tional to the percentage of metaphases detected by
conventional chromosomal analysis (r=0.9285).

Combined morphologic and fluorescence in situ
hybridization analysis was performed in 13 patients
who had 11–50% primary tumor involvement in
bone marrow and who had Wright-Giemsa stained
bone marrow aspirate smears available. These
included 12 patients with chronic lymphocytic
leukemia and 1 with plasma cell myeloma. Del
(20q) was detected exclusively in myeloid and
erythroid cells, but not in lymphocytes or plasma
cells (Figure 1).

Sixty-two (67%) patients had one or more follow-
up cytogenetic studies (median 2; range 1–9 times).
Patients who developed therapy-related myeloid
neoplasms were significantly more likely to have
persistence of del(20q) on follow-up bone marrow
samples (median 6 samples; range 1–9 samples)
compared with patients who did not develop
therapy-related myeloid neoplasms (median 2
samples; range 1–5 samples) (Po0.0001). In addi-
tion, the duration of del(20q) persistence was

significantly longer in patients who developed
therapy-related myeloid neoplasms than those who
did not (24 vs 10 months; P=0.0487). At the time of
last follow-up, 15 (71%) patients who developed
therapy-related myeloid neoplasms and 31 (44%)
patients who did not develop therapy-related mye-
loid neoplasms had persistent del(20q) (P=0.0006)
(Table 3).

Clonal evolution was detected in four (19%)
patients who developed therapy-related myeloid
neoplasms after 2–48 months of having del(20q).
Acquired additional clonal abnormalities were as
follows (1 patient each): 47,XY,+13,del(20)(q11.2);
46,X,der(Y)t(Y;1)(q12;q12),del(20)(q11.2q13.3); 47,
del(20)(q11.2q13.3),+mar; and 45,XY,add(2)(q37),-7,
del(20)(q11.2q13.3). In the group of patients who did
not develop therapy-related myeloid neoplasms, no
patients showed clonal evolution.

Last Clinical Follow-up and Outcome

The median follow-up interval was 23 months
(range, 1–183 months) after detection of del(20q).
Among the 71 patients who did not meet the criteria
for therapy-related myeloid neoplasm, 46 patients
had completely normal blood cell counts and never
showed dysplasia in bone marrow or peripheral
blood at the time of del(20q) detection or during
follow-up. For the remaining 25 patients, 3 patients
had anemia and thrombocytopenia with hypoplastic
bone marrow, no dysplasia was detected; 3 patients
had persistent but stable thrombocytopenia, and
mild or occasional dysplasia in one or two hemato-
poietic lineages that did not meet the criteria for
therapy-related myelodysplastic syndromes; 12
patients had cytopenia and/or mild dysplasia but
were either receiving active chemotherapy or had
substantial bone marrow involvement by primary
tumor (or both); 7 patients had cytopenia without
dysplasia at the time of del(20q) detection, but did not
have adequate follow-up (o3 months) due to death,
stem-cell transplantation, or being lost to follow-up.

Among the 21 patients who developed therapy-
related myeloid neoplasms, 1 patient was diagnosed
with therapy-related acute myeloid leukemia at the
time of del(20q) detection; and 4 patients were
transformed from myelodysplastic syndromes into
acute myeloid leukemia 6–12 months after diagnosis
of therapy-related myelodysplastic syndromes.
At last follow-up, 18 (86%) patients had died of
acute myeloid leukemia/myelodysplastic syndromes
(n=12), complications of stem-cell transplantation
(n=2), peripheral T-cell lymphoma (n=1), or
unknown causes (n=3); 3 (14%) patients were alive
with persistent myelodysplastic syndromes and
concurrent chronic lymphocytic leukemia (n=2) or
follicular lymphoma (n=1). The median overall
survival was 24 months after detection of del(20q)
and 13 months after diagnosis of therapy-related
myeloid neoplasms.
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Of the group of patients who never developed
therapy-related myeloid neoplasm, 25 (35%) patients
died, 18 (25%) patients were alive with persistent
primary malignancy, and 28 (40%) patients were alive
and in clinical remission. The cause of death included
primary malignancy (n=21), complications of stem-
cell transplantation (n=1), or unknown causes (n=3).
The median overall survival was 86 months after
detection of del(20q), which was significantly longer
than 24 months in patients who developed therapy-
related myeloid neoplasms (P=0.0036).

Discussion

In this study, we present detailed clinicopathologic
follow up of 92 patients who developed isolated
del(20q) following cytotoxic chemotherapy/radio-
therapy. Twenty-one (23%) patients developed
therapy-related myeloid neoplasms at the time of
del(20q) detection or during the follow-up period,
but the majority (71, 77%) of patients did not
develop therapy-related myeloid neoplasm after a

median of 23 months follow-up. We also found
three factors that are associated with a high risk of
developing therapy-related myeloid neoplasm: clone
size of del(20q), the deleted region of 20q, and
persistence of del(20q).

In this study, the size of del(20q) clone was signi-
ficantly higher in patients who developed therapy-
related myeloid neoplasm than those who did not.
Among the 21 patients who developed therapy-
related myeloid neoplasms, 15 (71%) had del(20q) as
the major clone (in ≥50% cells); 3 showed del(20q)
in 20–40%metaphases at the first time detection, but
the clone became a major clone in the follow-up
bone marrow; and 2 had persistent del(20q) as the
minor clone (20–30%). One patient showed del(20q)
in 10% of metaphases with no cytopenia or dys-
plasia; however, 17 months later, del(20q) was
disappeared and a new hypodiploid clone of 45,
XX,-5,add(6)(p23) emerged, accompanied with cyto-
penia and overt dysplasia. Therefore, it seems likely
that the therapy-related myeloid neoplasm in this
patient was associated with the hypodiploid clone
instead of del(20q). Among the 71 patients who did

Figure 1 Combine morphologic and fluorescence in situ hybridization analysis with LSI D20S108 probe (×100 objective) in two patients
without therapy-related myeloid neoplasm. No morphological dysplasia was noted in myeloid or erythroid lineages. Del(20q) was
detected in myeloid and erythroid lineages (red arrows), but not in lymphocytes or plasma cells (green arrows). (a and c) Bone marrow
with involvement of plasma cell myeloma; (b and d) Bone marrow with involvement of chronic lymphocytic leukemia. (a and b) Bone
marrow smear stained with Wright-Giemsa; (c and d) fluorescence in situ hybridization analysis with probe of D20S108.
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not develop therapy-related myeloid neoplasm, 55
(77%) patients had del(20q) as a minor clone (o50%
cells) and 16 patients had del(20q) as a major clone.
Among these 16 patients with major clone, 6 had
cytopenia but no overt dysplasia, the other 10
patients showed no evidence of cytopenia or
dysplasia. Although longer follow-up time may be
helpful in determining whether these patients will
eventually develop therapy-related myeloid neo-
plasm, our data clearly show that patients with a
major del(20q) clone are more likely to develop
therapy-related myeloid neoplasm compared with
those patients with a minor clone. When del(20q)
presents as a minor clone in the bone marrow,
normal hematopoietic elements are usually adequate
to compensate and maintain the normal hemato-
poietic function, patients are therefore unlikely show
cytopenia or overt dysplasia. This may also explain
why patients with a minor del(20q) clone have a
superior overall survival compared with patients
with a major clone.21,22

Most patients in our cohort and those reported in
the literatures have interstitial deletion of 20q.
The breakpoints of 20q deletion reported have
been heterogeneous. The most common breakpoints
were at 20q11.2 (for both interstitial and terminal
deletion), 20q13.1 or 20q13.3 (for interstitial dele-
tion).4,23–25 Two common deleted regions (CDRs)
have been identified, one is located within 20q12
and spans ~ 8Mb;24,26 the other is located within
20q13.2 and spans ~ 1.8Mb.27 In this study, 20q12
was deleted in all patients; however, 20q13.2 was
preserved in 17 (24%) patients who did not develop
therapy-related myeloid neoplasm and only 1 (5%)
patient with therapy-related myeloid neoplasm. In
addition, a higher percentage of patients with
therapy-related myeloid neoplasm showed terminal
deletion. Loss of genetic material from 20q may
confer a proliferative advantage to myeloid cells,
possibly through loss of function of a tumor
suppressor gene. Although no specific gene thought
to be responsible for the pathogenesis of myeloid
neoplasms has been identified on chromosome 20q,
L3MBTL1 is considered as a candidate gene.
L3MBTL1 is a human homolog of the Drosophila
polycomb L(3)MBT tumor suppressor gene which is
located at 20q12. By using a loss-of-function
approach, Gurvich et al28 found that deletion of the
L3MBTL1 gene causes replicative stress, DNA
breaks, activation of the DNA damage response,
and genomic instability, which could contribute to
the development of myeloid neoplasms.

The results in this study also show that del(20q)
persists longer (24 vs 10 months, P=0.0487) and is
detected more often (6 vs 2 times, Po0.0001) in
patients who developed therapy-related myeloid
neoplasm compared with those who did not. Among
the 21 patients who developed therapy-related
myeloid neoplasm, only 1 patient showed disap-
pearance of del(20q) with replacement by a hypodi-
ploid clone as mentioned above. Among the patients

who did not develop therapy-related myeloid neo-
plasm, 13 (30%) patients showed transient and 31
showed persistent del(20q) detection; the other 27
patients had no further cytogenetic testing, which is
mainly due to a lack of clinical indication (primary
disease in remission and no cytopenia). An abnormal
clone could be a transient finding, especially when it
presents as a small clone,29 or a clone developing
during or immediately following chemotherapy30 or
stem-cell transplant.31 Bone marrow repair capacity
and body immunosurveillance may have key roles in
suppressing abnormal clones and clearing abnormal
clones from the bone marrow.

Among the 21 patients who developed therapy-
related myeloid neoplasm, 12 patients were diag-
nosed with therapy-related myeloid neoplasm at
the time when del(20q) was first detected, whereas
the other 9 patients were diagnosed 4–68 months
after detection of del(20q). Of these 9 patients, 2 had
cytopenia but no dysplasia; 2 showed mild/occa-
sional dysplasia but no cytopenia, and 5 had no
dysplasia or cytopenia at the first time of del(20q)
detection. Three of these patients showed del(20q)
as major clone and six as minor clone at the time
of initial detection. Interestingly, other karyotypic
alternations occurred in six of these nine patients at
the time when therapy-related myeloid neoplasm
was diagnosed: a minor clone evolved to a major
clone in bone marrow (n=3); clonal evolution (n=2);
or a new hypodiploid clone emerged (n=1). These
findings suggest that (1) detection of del(20q) clone
can occur before the detection of cytopenia and/or
dysplasia, which is consistent with the findings by
Kanagal-Shamanna et al;17 (2) clonal size is a very
important risk factor for developing therapy-related
myeloid neoplasm as mentioned above; (3) del(20q)
may not be sufficient to cause therapy-related
myeloid neoplasm in some patients and additional
genetic changes are required to further potentiate
the leukemic clone.

Among the 71 patients who did not meet the
criteria for therapy-related myeloid neoplasm, 25
patients showed different degrees of cytopenia at the
time of del(20q) detection or during the follow-up.
Although the cytopenia could be explained by
hypoplastic bone marrow (n=3) or the undergoing
chemotherapy and/or bone marrow involvement
by primary malignancy (n=12), we cannot exclude
the possibility of therapy-related myeloid neoplasm
in these 15 patients with certainty. This is also true
for the seven patients who had cytopenia but had
inadequate follow-up (o3 months), as we know that
the detection of del(20q) may precede the appear-
ance of overt dysplasia as discussed above. It is
debatable whether the remaining three patients who
had persistent but stable thrombocytopenia, and
mild or occasional dysplasia, should be diagnosed
with therapy-related myeloid neoplasm. These three
patients would not meet the WHO criteria for
therapy-related myeloid neoplasm due to lack of
overt dysplasia;1 however, these three patients might
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have a low-grade myelodysplastic syndromes under
the observations that myelodysplastic syndromes
with isolated del(20q) may only show minimal/mild
dysplasia.6,12

In summary, isolated del(20q) developing in
patients with prior cytotoxic therapies is not always
associated with progression to a therapy-related
myeloid neoplasm, only a subset of the patients
will develop therapy-related myeloid neoplasm. In
patients who develop therapy-related myeloid neo-
plasm, del(20q) usually presents in a higher percen-
tage of metaphases, persists for a longer time period,
and is more often a terminal deletion or mani-
festation of clonal evolution. Close follow-up and
surveillance for clonal evolution rather than an
immediate therapeutic intervention seems most
appropriate for patients with a minor del(20q) clone
and a morphologically normal bone marrow.
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