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Abstract

Lenalidomide (LEN) treatment in multiple myeloma (MM) results in superior outcome. However, 

there is concern for increased myelodysplastic syndromes/acute myeloid leukemias (MDS/AML) 

associated with LEN. Thus, bone marrow morphology and cytogenetic studies from 40 patients 

were evaluated for early signs of MDS prior to therapy, during therapy and at follow-up. Newly 

diagnosed MM patients treated with LEN and dexamethasone (LD) alone or followed by ASCT 

(LD/ASCT), or relapsed/refractory MM patients treated with LEN, bendamustine and 

dexamethasone (BLD) were included. One patient developed MDS. Baseline prevalence of mild 

morphologic myelodysplasia was highest in pretreated MM patients (BLD, 71%), but was also 

seen in newly diagnosed patients (LD and LD/ASCT, 17%). Prevalence of myelodysplasia did not 

increase over time. Thus, this study did not reveal rapidly emerging MDS in 39 of 40 MM patients 

treated with LEN. Development of MDS in one patient suggests that longer follow up is needed 

for all.
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INTRODUCTION

Lenalidomide (LEN) induces high response rates in multiple myeloma (MM). Recently, two 

randomized phase 3 trials (IFM 2005-02, CALGB 100104) have shown that LEN 

maintenance given after autologous stem cell transplant (ASCT) in newly diagnosed MM 

patients resulted in significant prolongation of the progression-free survival [1,2] and, in one 

of the trials, a survival benefit [2]. Unfortunately, an increased rate of second cancer with 

concern for the development of myelodysplastic syndrome/acute myeloid leukemia (MDS/

AML) was observed in both trials [2,3], resulting in an FDA safety alert: http://

www.fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/

ucm250606.htm. The MM-015 trial, combining LEN, melphalan and prednisone with LEN 

maintenance in transplant-ineligible patients ≥65 years, also showed excellent response data, 

but found an increased incidence of MDS/AML compared to melphalan and prednisone 

alone [4]. In contrast, a recent pooled analysis of LEN-based therapy for relapsed/refractory 

MM did not reveal an increased incidence of invasive solid tumor or hematologic 

malignancies, including MDS/AML [5]. Overall, the benefit of LEN maintenance therapy 

likely outweighs the risk for MDS/AML for the majority of MM patients [6]. However, the 

possible role of LEN in the development of MDS/AML in some MM patients requires 

further investigation [7]. In this study, longitudinal bone marrow and corresponding 

cytogenetic data of newly diagnosed MM patients treated with LEN and dexamethasone 

(LD) alone or in combination with ASCT or relapsed/refractory MM patients treated with 

bendamustine were re-evaluated to analyze the impact of LEN alone, in combination with 

ASCT, prior myeloma treatment, and concomitant alkylator treatment on development of 

early signs of MDS.

PATIENTS AND METHODS

Patients and Treatments

The study was approved by the University of Pittsburgh Institutional Review Board and 

patients gave written informed consent in accordance with the Declaration of Helsinki. The 

diagnosis of myeloma was established according to the latest international myeloma 

working group criteria [8]. The study included patients from three different treatment 

groups:

1. Newly diagnosed MM: LD alone 6–9 cycles (LD alone)

2. Newly diagnosed MM: LD 4 cycles followed by ASCT with high dose melphalan 

(LD/ASCT) [9]

3. Relapsed/refractory MM: (median 3 prior treatments; range 1–6): bendamustine, 

lenalidomide, dexamethasone 4–8 cycles (BLD) [10]
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Newly diagnosed MM patients were randomized within a clinical trial at the University of 

Pittsburgh Cancer Institute (UPCI) to either LD alone or LD/ASCT (UPCI# 07–134; 

ClinicalTrials.gov Identifier NCT00777881). The patients underwent stem cell mobilization 

with up to 4 g/m2 cyclophosphamide regardless of which treatment group they were 

assigned (LD alone or LD/ASCT), but only those assigned to the LD/ASCT group received 

high dose melphalan. Patients with relapsed/refractory MM were treated with BLD within a 

separate clinical trial (UPCI# 07–089; ClinicalTrials.gov Identifier NCT01042704).

The time points for morphologic and cytogenetic review are specified in Figure 1. Patients 

were included if they had at least two adequate specimens available for morphologic review 

corresponding to the specified evaluation time points. Diagnostic criteria for MDS was in 

accordance with the 2008 WHO Classification [11].

Peripheral Blood and Bone Marrow Evaluations

Peripheral blood films, bone marrow aspirate smears and biopsies were systematically 

reassessed by one hematopathologist (S.A.M.) blinded as to treatment group. Manual 

differential counts were performed on aspirate smears. Dysplastic forms were enumerated 

among 100 erythroid precursors, 100 maturing neutrophils, and 50 (minimum 20) 

megakaryocytes when available. Dysplasia in a cell line was deemed present when 

dysplastic forms, defined according to the 2008 WHO Classification, accounted for ≥10% of 

the cells [11]. In addition, morphology was assessed for forms likely to be more specific for 

MDS (pseudo Pelger-Huët anomaly, agranular neutrophils & precursors, 

micromegakaryocytes, mature megakaryocytes with completely round non-lobated nuclei, 

megakaryocytes with widely separated nuclei, and ring sideroblasts) according to standard 

practice and precedence in the literature [12–16]; these findings were designated as “severe 

dysplasia” when such forms accounted for ≥10% of cells.

Images were captured using an Olympus BX51 microscope, an Olympus DP26 digital 

camera and cellSens Entry 1.6 digital imaging software (Olympus America Inc., Center 

Valley, PA).

Classical and Molecular Cytogenetic Studies

Results of classical cytogenetic studies and interphase fluorescence in situ hybridization 

(FISH) panel studies for myeloma were reviewed to evaluate for abnormalities not likely 

attributable to MM. For classical chromosome analysis, trypsin–Giemsa banded metaphase 

cells were analyzed from 24-hour harvests of unstimulated and 72-hour harvest of PHA-

stimulated bone marrow aspirate cell cultures. The FISH panel used Abbott Molecular 

probes (Des Plaines, IL) to detect abnormalities involving CCND1 (11q13), ATM 
(11q22.3), D13S319/LAMP1 (13q14/13q34), IGH@ (14q32.3) and TP53 (17p13.1).

FISH assays were carried out to assess for NUP98 gene arrangement using archived bone 

marrow aspirate smears from two patients with evidence of 11p15 rearrangement detected 

by classical cytogenetic analysis. A dual-color breakapart probe for detection of NUP98 
(11p15) rearrangements was designed using two BAC clones RP11-258P13 

(SpectrumGreen) and RP11-120E20 (SpectrumOrange) [17]. Fusion signals indicate an 

intact NUP98 gene and signal separation supports NUP98 gene rearrangement. A normal 
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concurrent blood control slide showed two fusion signals in 99% (100/101) of the cells. 

Images were captured using an Olympus BX61 epifluorescence microscope (Olympus 

America Inc.) and Genus software platform on the Cytovision System (Leica Microsystems, 

San Jose, CA).

All classical chromosome analyses and FISH assays were performed on specimens without 

selection procedures for plasma cells or CD34 positive progenitor cells.

Statistical Analysis

Fisher’s exact test was used to evaluate relationships between categorical variables. A 

generalized random effects model [18] was used to evaluate the effect of time since 

treatment initiation on the prevalence of morphological dysplasia. SAS v9.2 (SAS Institute, 

Cary, NC) was used for statistical analyses.

RESULTS

We retrospectively analyzed 113 bone marrow biopsy samples of patients prior, during and 

after LEN-based treatment (Table I). The study included newly diagnosed MM patients 

randomized to either LD alone (14 patients, average age ± 2SD: 61 ± 13 years, M:F = 7:7) 

or LD/ASCT (18 patients, average age ± 2SD: 60 ± 14 years, M:F = 9:9) and relapsed/

refractory MM patients treated with BLD (8 patients, average age ± 2SD: 62 ± 11 years, 

M:F = 6:2).

Development of MDS in one patient

One newly diagnosed MM patient developed severe dysplasia and clonal cytogenetic 

abnormalities, consistent with emergence of MDS during follow-up after 7 cycles of LD 

alone treatment and subsequent salvage therapy. The pretreatment evaluation of this 63 year 

old female revealed 30% plasma cells in the bone marrow. Mild dyserythropoiesis (i.e., 

nuclear budding, nuclear irregularities and megaloblastic changes) was present. Classical 

cytogenetic analysis revealed a normal karyotype, 46,XX[20], and the FISH panel studies 

for MM were negative. The bone marrow after 7 cycles of therapy was insufficient for 

morphologic evaluation, but did yield a normal karyotype. The patient achieved a very good 

partial response, but a follow-up bone marrow 10 months after initiation of therapy 

demonstrated recurrent MM with occasional ring sideroblasts (<10%) and a normal 

karyotype. She was treated with salvage Velcade/dexamethasone. A bone marrow 

evaluation 3 months after initiation of salvage therapy (i.e., 13 months after initiation of LD 

alone) revealed severe megakaryocytic dysplasia and ring sideroblasts (≥10%) without 

evidence of myeloma [Figure 2(a-c)]. The classical cytogenetic analysis revealed an 

abnormal clone consistent with MDS: 46,XX,t(4;11)(q31;p15)[3]/46,XX[18]. She 

underwent ASCT for relapsed MM and a follow-up bone marrow evaluation 3 months after 

ASCT (i.e., 18 months after initiation of the LD alone) revealed persistent ring sideroblasts 

(<10%) and the same chromosomal abnormality in one metaphase cell: 46,XX,t(4;11)

(q31;p15)[1]/46,XX[19].
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Mild Morphologic Myelodysplasia in Patients without MDS

Severe dysplasia affecting ≥ 10% of any cell line, strongly suggesting MDS, was not 

identified in any other patient. However, mild dysplasia predominantly affecting 

megakaryocytes was present in 5 (71%) of 7 specimens from relapsed/refractory patients 

even prior to beginning therapy in the BLD group (Table I, Figure 3). The baseline 

prevalence in untreated newly diagnosed MM patients (LD alone and LD/ASCT groups) 

was significantly lower, being detected in 5 (17%) of 29 pretreatment evaluations. The 

proportion of specimens with dysplasia from the newly diagnosed MM patients did slightly 

increase with exposure to lenalidomide, but there was no evidence for a significantly 

increased prevalence over time within any of the three treatment groups (generalized 

random effects model, p=0.27).

Dysmegakaryopoiesis—Among patients with newly diagnosed MM assigned to either 

LD or LD/ASCT treatment group, dysmegakaryopoiesis was seen in 3 (10%) of 29 of 

patients prior to the start of treatment (Table I, Figure 3). Among these patients, the 

incidence of dysmegakaryopoiesis involving bone marrow specimens immediately 

following therapy or upon longer follow-up ranged from 0% to 50%. Dysmegakaryopoiesis 

was significantly higher among relapsed/refractory and heavily pretreated MM patients 

treated with BLD therapy and was seen in 5 (71%) of 7 pretreatment specimens with a 

similar prevalence observed at the end of therapy (88%) and during follow-up (60%).

Except for the specimen from the patient who developed MDS, all 30 remaining specimens 

with dysmegakaryopoiesis displayed a predominance of mild dyspoietic forms with nuclear 

hypolobation [Figure 2(e)] and only occasional severe dysplastic forms (<10% of the cells) 

without any micromegakaryocytes.

Dysmegakaryopoiesis among patients in the three treatment groups was transient in 7 (37%) 

of 19 patients and appeared persistent in 7 (37%) patients. Persistence could not be 

evaluated in 5 (26%) patients because the dysmegakaryopoiesis was detected only once on 

their final specimens.

Dyserythropoiesis—Among patients with newly diagnosed MM assigned to either LD or 

LD/ASCT treatment group, dyerythropoiesis was detected in 2 (7%) of 29 patients prior to 

start of treatment (Table I, Figure 3). Among patients treated with LD alone, 

dyserythropoiesis was seen in 23% patients after 6–9 cycles of LD therapy and in 25% of 

specimens during follow-up. No dyserythropoiesis was detected during therapy or follow-up 

from patients assigned to the LD/ASCT group. Dyserythropoiesis was seen in the BLD 

group in 1 (14%) of 7 patients at the pretreatment evaluation, but was not detected during 

therapy or follow-up.

Severe dysplasia (i.e., ring sideroblasts) was only detected in specimens from the patient 

diagnosed with MDS, subsequent to completion of LD alone therapy. The dyserythropoiesis 

in the other 7 specimens was mild [Figure 2(f)].
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Dyserythropoiesis was transient in 3 (50%) of 6 patients and appeared persistent in 1 (17%) 

patient in the LD alone treatment group. Persistence could not be evaluated in 2 (33%) 

patients because the dyserythropoiesis was detected only once on their final specimens.

Dysgranulopoiesis—No specimen had dysgranulopoiesis involving ≥10% of the cells. A 

trend was found for a shift to more immature granulocytic precursors after 3–4 cycles of LD 

in the LD+ASCT treatment group when compared to their pretreatment specimens, based on 

mean percentage of promyelocytes and myelocytes (25% vs. 22%), but this did not reach 

statistical significance (p = 0.09).

Classical and Molecular Cytogenetic Studies

Classical chromosome analysis was performed in 109 of the 113 bone marrow samples. The 

analysis was performed on ≥ 20 consecutive metaphases (range: 9–26 metaphases) in 108 of 

the 109 samples.

In addition to the clonal abnormality already described in the patient who developed MDS, a 

transient clonal cytogenetic abnormality not likely related to MM was detected in a 53 year 

old male during LD/ASCT treatment. His bone marrow after 4 cycles of LD therapy 

revealed MM, accounting for 15% of the cellularity, and a normal karyotype, 46,XY[20]. 

Three months after ASCT (9 months after therapy initiation), his bone marrow was 

hypocellular without MM, but classical cytogenetic analysis revealed a clonal abnormality 

in two cells: 46,XY,t(2;17)(p23;q11.2)[2]/46,XY[17]. In addition, one nonclonal cell had a 

46,XY,t(4;11)(q12;p15) chromosome pattern at this time, an interesting finding given that 

rearrangement of 11p15 with a different partner was the clonal abnormality seen in the 

patient who developed MDS. A follow-up bone marrow 16 months after therapy initiation 

revealed persistence of t(2;17), but the t(4;11) was not detected: 46,XY,t(2;17)(p23;q11.2)

[1]/46,XY[19]; there was no definitive morphologic evidence of MM at this time The 

karyotype returned to normal with no cytogenetic abnormalities noted at 18 months after 

therapy initiation, but a low level of MM involving the marrow emerged. Morphologic 

dysplasia was not detected at any time point in this patient. Transient loss of the Y-

chromosome was also detected in a pretreatment bone marrow specimen without 

morphologic myelodysplasia from a 66 year old male going on to the LD alone treatment 

group: 45,X,-Y[13]/46,XY[7]; however, the abnormality was no longer present on 

subsequent evaluations.

FISH assays were carried out on bone marrow aspirate smears from the two patients with 

evidence for 11p15 rearrangement detected by classical cytogenetic analysis: in one patient 

at the time of diagnosis of MDS associated with clonal t(4;11)(q31;p15) at 13 months after 

initiation of LD alone therapy and, in the other patient, at the time of detection of one cell 

with t(4;11)(q12;p15) that was associated with transient clonal t(2;17)(p23;q11.2). Two 

fusion signals were detected in 317 (99%) of 320 interphase nuclei in the MDS patient; three 

(0.9%) of 320 interphase nuclei displayed a pattern that may represent a low level of NUP98 
gene rearrangement with one fusion signal and one pair of separate green and orange signals 

each [Figure 2(d)]. The aspirate smear available from the MDS patient was hemodilute and 

this could have precluded the detection of evidence for NUP98 gene rearrangement in a 
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greater number of nuclei. The slide from the second patient did not hybridize uniformly and 

the findings are not reported.

DISCUSSION

Treatment with melphalan is associated with an increased incidence of MDS/AML in MM 

patients [19–23]. It has been difficult to pinpoint factors other than melphalan-based therapy 

that contribute to the increased risk for MDS/AML among MM patients. Conventional 

chemotherapy preceding ASCT appears to play a larger role in contributing to MDS/AML 

than does the high-dose melphalan-based myeloablative therapy used for ASCT in MM 

patients [22,24], but one study did support the role of factors other than chemotherapy 

preceding ASCT [25]. Indeed, there is evidence that some patients with MM and related 

plasma cell disorders may inherently be at a higher risk for MDS/AML. An 8-fold increased 

risk of MDS/AML in patients with IgG/IgA MGUS has been reported [7,22]. Furthermore, 

an increased prevalence of a single-nucleotide polymorphism for the erythropoietin gene 

promoter, associated with MDS in general, has been found among MM patients who 

developed MDS [26]. As LEN has become part of the therapeutic armamentarium for MM 

in the last decade, it has become important to consider what contribution, if any, LEN may 

make toward increasing this risk.

In two randomized phase 3 trials (IFM 2005-02, CALGB 100104), maintenance treatment 

with LEN improved progression-free survival compared to placebo after first line ASCT for 

MM [1,2]. The CALGB 100104 trial demonstrated a survival advantage among the patients 

receiving maintenance therapy with LEN despite 80% of the patients having crossed over 

from the placebo arm [2]. However, both trials have reported evidence that maintenance 

therapy with LEN is associated with an increase in second malignancies, including a 

concern for a low-level increase in the incidence of MDS/AML. In addition, the phase 3 

MM-015 trial reported an increased incidence of MDS/AML among transplant-ineligible 

MM patients ≥65 years treated with either melphalan-prednisone-LEN (MPR) or MPR 

followed by LEN maintenance (MPR-R) when compared to those treated with melphalan-

prednisone [4]. Notably, the benefit of superior progression-free survival observed with 

MPR-R was upheld even when second primary malignancies were considered. In contrast, 

an increased incidence of hematologic malignancies and solid tumors was not found upon 

retrospective comparison of pooled data from multiple clinical trials of LEN-based therapy 

for relapsed/refractory multiple myeloma when compared to the general population of the 

United States or upon comparison between a subset of patients randomized to either LEN/

dexamethasone or placebo/dexamethasone [5]. However, adverse-event data were not 

mandated for the follow-up period after discontinuation of LEN therapy for that study. An 

increase in solid tissue or hematologic second malignancies was also not found upon 

comparison of patients from four trial components of the Total Therapy 2 and 3 trials, which 

differed in the use of thalidomide or LEN with Velcade and dexamethasone as maintenance 

therapy for MM patients [27]. Thus, more investigation is required to determine whether or 

not LEN plays any role in the development of MDS/AML in MM patients.

A detailed, longitudinal evaluation of bone marrows for morphologic dysplasia among MM 

patients treated with LEN has not been previously reported. Our study is the first to focus on 
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early signs of MDS in association with LEN treatment. Our evaluation of bone marrow 

specimens and corresponding cytogenetic studies from MM patients treated with LEN alone, 

in combination with ASCT or bendamustine did not reveal clear-cut evidence for early or 

overt MDS related to LEN therapy in 39 (98%) of 40 patients. Only one patient developed 

severe dysplasia and a clonal cytogenetic abnormality diagnostic of MDS. This patient 

developed MDS 13 months after initiation of LD alone therapy, but was also 3 months status 

post initiation of salvage therapy with Velcade/dexamethasone. The short latency between 

LEN initiation and MDS in this patient contrasts with a median of 45.3 months between the 

diagnosis of MM and MDS/AML reported recently in patients receiving primarily 

melphalan-based therapy [22]. Although her pretreatment morphologic and cytogenetic 

evaluations would not have distinguished her from other patients in this study, the short 

latency suggests that this patient may have had a higher predisposition to develop MDS 

regardless of therapy for MM. Thus, the role LEN had in the development of MDS in a 

single patient in this study is unclear.

Although severe dysplasia was not detected in specimens from any patient other than the 

one who developed MDS, mild morphologic dysplasia was common in MM patients in this 

study and, in some, was transient. As might be expected, dysplasia was seen most often in 

heavily pretreated MM patients assigned to the BLD treatment group. However, mild 

dysplasia was also seen in some of the pretreatment specimens from newly diagnosed MM 

patients. Mild dysmegakaryopoiesis was most common while mild dyserythropoiesis was 

only occasionally observed. Dysgranulopoiesis was not found, but a trend was noted for an 

increased proportion of promyelocytes and myelocytes after 3–4 cycles of LD. This trend is 

consistent with our previous study, which demonstrated that LEN therapy causes 

downregulation of the transcription factor PU.1 in maturing granulocytes and leads to a 

block in maturation [28]. Interestingly, LEN and the related immunomodulatory drug 

pomalidomide have also recently been found to inhibit maturation of megakaryocytes [29], 

which may, in part, be contributing to the mild dysmegakaryopoiesis observed in this study. 

It is worth acknowledging that consistent assessment for morphologic dysplasia is difficult. 

In a prior study using the same methods for morphologic assessment of myelodysplasia [30], 

we found that discrepancies between two hematopathologists that required consensus review 

ranged from 10–30% depending on the cell lineage (data not shown). Although the highest 

rate of discrepancy was for megakaryocytes, the majority (77%) was between “no dysplasia” 

and “mild dysplasia”. Recognizing this difficulty and knowing that mild dyspoiesis is not 

uncommon in MM patients treated with LEN are both important so that undue significance 

is not assigned to mild morphologic myelodysplasia in these patients.

Cytogenetic abnormalities not attributable to myeloma were found at a low frequency in this 

study. In addition to the clonal abnormality detected in the specimen diagnostic for MDS, an 

unusual balanced translocation was detected in one patient from the LD/ASCT treatment 

group when there was no detectable evidence for MM. The clonal t(2;17)(p23;q11.2) 

persisted on one subsequent analysis, but was not associated with morphologic dysplasia and 

was ultimately transient. To our knowledge, this particular translocation pattern has not been 

previously reported in MDS or other neoplasms. Translocations involving 2p23 (ALK gene 

rearrangements) are well recognized in lymphoma and inflammatory myofibroblastic tumors 

[31–34], but breakpoints at 2p23 have only rarely been described in myeloid neoplasms 
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[35]. Rearrangement of 17q11 has occasionally been reported in myeloid neoplasms [36,37] 

and is a chromosomal band in which several cancer-related genes map, including the NF1 
gene. Notably, some cytogenetic abnormalities not directly attributable to MM or related 

plasma cell disorders that emerge in these patients may be less likely to herald MDS/AML 

than others. Among melphalan-treated MM patients without clinical signs of MDS, 14–17% 

of them harbored 5q- when evaluated by FISH studies whereas none had 7q- [38,39]. 

Nilsson et al. [40] found isolated 20q- in six (5%) MM patients and in two patients (8%) 

with untreated MGUS/smoldering MM, all of whom lacked clinical or morphologic signs of 

MDS/AML. Notably, myelodysplasia-type abnormalities after melphalan-based ASCT for 

MM were reported with an overall frequency of 6% at 10 years and, even though the 

majority of abnormalities were transient, they were associated with significantly shorter 

survival [41]. Therefore, there could be longer term clinical significance of the transient 

clonal abnormality detected in one patient in this study, but there is no feasible way to 

predict this for an individual patient.

In addition to the clonal t(2;17)(p23;q11.2) that developed in the one patient without MDS, a 

single metaphase cell from the same specimen expressed a nonclonal t(4;11)(q12;p15). 

Notably, rearrangements of the NUP98 gene at 11p15 with various partner genes are 

associated with myeloid malignancies, including therapy-related MDS/AML [17,42–44]. It 

is important to confirm NUP98 rearrangements by FISH because they are detected in only a 

subset of patients with translocations involving 11p15. In our study, FISH analysis offered 

some support for a low level of NUP98 gene rearrangement in a hemodilute aspirate smear 

from the patient with MDS and clonal t(4;11)(q31;p15), but was not successful in the other 

patient. Thus, further studies to investigate the role of NUP98 gene rearrangements in MM 

patients may be of interest.

Of note, our FISH panel for abnormalities associated with MDS [−5/del(5)(q31), −7/del(7)

(q31),+8, del(20q)] was not carried out in these patients, as it was not indicated clinically or 

feasible financially. Most studies have shown that FISH panel studies for targeted MDS-

associated abnormalities do not yield a significant rate of abnormalities in the setting of a 

normal karyotype when ≥20 consecutive well-banded, well-spread metaphases are evaluated 

by classical cytogenetics [45–50]. However, some investigators have found an increased rate 

of abnormalities detected by FISH in higher-risk MDS or in association with a higher blast 

count [51–54]. Thus, the role of FISH in screening for early or emerging MDS currently 

does not seem sufficiently supported for routine practice. However, no study has 

systematically investigated this question in myeloma patients. In addition, there are 

techniques [e.g., array comparative genomic hybridization (aCGH) comprised of combined, 

targeted and well-distributed oligonucleotides and single nucleotide polymorphisms (SNP) 

to detect zygosity, deep sequencing analysis, and profiling to detect epigenetic 

abnormalities) that might detect MDS-associated abnormalities in cases that are normal by 

classical cytogenetic analysis. However, like other molecular genetic methods that analyze 

pooled DNA, these techniques may not be as sensitive as the cell-by-cell analysis of FISH 

studies. A recent study of MDS-related myeloid malignancies showed that, among three 

methods (classical cytogenetics, FISH for MDS-associated abnormalities, and SNP aCGH), 

no single method detected defects in all cases that had abnormalities and that together, they 

increased the detection rate by about 5% [55]. However, the application and feasibility of 
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newer techniques for detecting an early or emerging MDS has not been evaluated 

thoroughly and was beyond the scope of the present study.

Limitations of this study are the small number of patients in each of the three different 

treatment groups and short follow-up. The exposure to LEN therapy that patients received 

was also short. It is reassuring that an overt increase in rapidly emerging MDS was not 

detected. However, greater numbers of patients on carefully designed clinical trials with 

longer follow-up are needed. The timing of LEN therapy within a therapeutic sequence 

and/or a specific combination of therapy with LEN may be important factors because, to 

date, an increased rate of MDS has been reported in MM patients receiving maintenance 

LEN after ASCT [2,3] or in newly diagnosed MM patients treated with LEN in combination 

with melphalan [4]. Newly diagnosed MM patients receiving frontline LEN may not be the 

ones with an increased risk for MDS/AML [56]. Therefore, it is possible that an increase in 

MDS was not suggested by our study also because the majority of patients were newly 

diagnosed and treated upfront with LEN and dexamethasone.

In summary, this longitudinal study provides a detailed description of morphology of 

hematopoietic precursors and reveals rare cytogenetic findings not attributable to MM 

among 40 patients treated with LEN for MM. Mild myelodysplasia was more frequent in 

heavily pretreated MM patients, but was also seen in pretreatment specimens from newly 

diagnosed MM patients. The low incidence of cytogenetic abnormalities not directly 

attributable to MM in this study does not raise alarming concern for rapidly emerging MDS 

in patients treated with LEN. Mild forms of dysplasia and even cytogenetic abnormalities 

not directly related to myeloma that develop during and after LEN therapy may not 

necessarily herald MDS in MM patients. However, larger studies with longer follow-up are 

still needed. Using newer molecular genetic assays, future studies may also be able to 

identify which MM patients are particularly prone to develop MDS when being treated with 

specific therapies, possibly including LEN, and may provide information to better tailor 

therapy for individual patients.
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Figure 1. 
Bone marrow biopsy timeline in different groups. (a) Specimens evaluated among newly 

diagnosed MM patients assigned to the LD alone group included a pretreatment baseline 

specimen, after 6–9 cycles and at last follow-up. (b) Specimens evaluated among newly 

diagnosed MM patients assigned to the LD/ASCT group included a pretreatment specimen, 

after 3–4 cycles of LD, 3 months after ASCT and at last follow-up. (c) Specimens evaluated 

among relapsed/refractory MM patients treated with BLD included a pretreatment specimen, 

at the end of treatment (median 6 cycles, range 4–8 cycles) and at last follow-up.
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Figure 2. 
Bone marrow morphology and FISH analysis in MM patients treated with LEN. (a) The 

biopsy from time of diagnosis of MDS in one patient from the LD alone group, 13 months 

after initiation of therapy, was hypercellular (60%) with loose clusters of megakaryocytes 

(Hematoxylin & Eosin, original magnification X200). (b) Severe dysmegakaryopoiesis, 

including forms with widely separated nuclei and rare micromegakaryocytes (arrows), were 

seen at diagnosis of MDS in the same patient as in panel (a) (Wright-Giemsa, original 

magnification X500). (c) Ring sideroblasts (arrow) were easily seen at diagnosis of MDS in 

the same patient as in panels (a and b) (Prussian blue, original magnification X1000). (d) 

FISH analysis performed on a bone marrow aspirate smear at diagnosis of MDS in the same 

patient as in panels (a–c), whose concurrent classical cytogenetic analysis revealed 

46,XX,t(4;11)(q31;p15)[3]/46,XX[18]. There are two normal cells with two fusion signals 

and a third cell with one fusion signal and one separate orange and green signal each 

(arrows), which suggest a NUP98 gene rearrangement. (e) Mild dysmegakaryopoiesis, 

including this small form with a hypolobated nucleus (arrow), was seen in a patient from the 

LD alone group after 9 cycles of therapy (Wright-Giemsa, original magnification X500). (f) 

Mild dyserythropoiesis, including this normoblast with nuclear irregularity, budding and 

megaloblastoid changes (arrow), was seen in a pretreatment specimen from a patient 

assigned to the LD alone group (Wright-Giemsa, original magnification X500).
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Figure 3. 
Proportion of specimens with dysplasia according to treatment group [lenalidomide and 

dexamethasone (LD) alone, LD followed by autologous stem cell transplant (LD/ASCT) and 

bendamustine, lenalidomide and dexamethasone (BLD)] and time point. “n” represents the 

number of specimens that were evaluated at each time point. One specimen (*) with MDS at 

follow-up in the LD alone group had severe dyserythropoiesis and dysmegakaryopoiesis, but 

the dyserythropoiesis and dysmegakaryopoiesis in all other specimens was mild.
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