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Abstract 

Introduction: Myeloma is the second most common haematological cancer, 
with 5800 cases per year diagnosed in the UK. Despite improved treatment it is 
still considered non-curable, although the median survival has increased from 
3 to 8 years over the past 20 years. Treatment involves the use of induction 
therapy and consolidation with autologous stem cell transplant (ASCT) in 
patients deemed fit enough. Further attempts to improve outcomes have 
included the use of maintenance therapy. Areas covered: This review details 
all trials in which lenalidomide has been used as maintenance following ASCT. 
PubMed searches included randomised control trials, observational cohort, 
reviews and meta-analysis. Expert opinion: Lenalidomide is a well-tolerated, 
oral agent that is associated with increased overall and progression free 
survival when used as maintenance following ASCT. Its use in this setting is 
FDA and EMA approved and is standard of care in Europe and North America. 
The early link between lenalidomide and second haematological cancers 
appears to be associated with use in combination with melphalan. There is an 
increase in non-melanoma skin cancers and solid tumours in the elderly but 
this has minimal impact on mortality. Lenalidomide use as part of combination 
maintenance is underway and may further improve outcomes. 

Key words: Lenalidomide, immunomodulatory agent, maintenance, 
continuous therapy, overall survival, progression free survival.  

 

 

 

 

 

 

 

 

 

 

 

 



1. Introduction 

Myeloma accounts for approximately 10% of haematological malignancies and 
2% of all cancers, with an overall UK incidence of 9.3 persons per 100,000 of 
the population [1, 2]. The median age at diagnosis is 69 with most patients 
presenting with signs and symptoms of bone marrow failure, recurrent 
infections or pathological fractures. Prognosis is dependent on many factors, 
including co-morbidity, disease burden at diagnosis and the genetic profile of 
the patient’s myeloma cells. Outcomes have improved dramatically over the 
past 20 years with the median survival increasing from 3 to 8 years [3-6]. This 
has been due to an increasing repertoire of available medications with differing 
mechanisms of action, including immunomodulatory agents (IMiDs), 
proteasome inhibitors (PIs) and monoclonal antibodies.  

Despite such improvement, relapse remains almost universal and as a 
consequence maintenance therapy has been trialled, aiming to prolong the 
duration of first remission. Initial studies of maintenance therapy in myeloma 
did not result in better patient outcomes but recent trial evidence incorporating 
the use of IMiD drugs has been more positive [7-9]. Historically, the use of 
steroids in combination with Interferon did result in a positive impact on 
progression free survival (PFS) and overall survival (OS) but at the expense of 
significant drug-related co-morbidity [10]. Other studies evaluating the use of 
low dose, long term alkylating agent use did not result in improved survival and 
were also linked to an increased incidence of second primary malignancy 
(SPM) [7-9]. The IMiD drug thalidomide has been shown to improve PFS but 
again its use is limited by an adverse side effect profile, particularly peripheral 
neuropathy [11]. In this review the safety of lenalidomide as a maintenance 
strategy post ASCT will be appraised.  

2. Structure and mechanism of action 

Lenalidomide, along with pomalidomide is a structural analog of thalidomide 
and only differs due to the structure of the glutarimide ring, Figure 1. 
Thalidomide was first found to be effective in myeloma in 1999, with 
lenalidomide noted to be effective in North American and European clinical 
trials in 2006 [12-14].  

Lenalidomide and the other IMiD agents have a broad mechanism of action 
that can be broadly divided into 3 main categories, Figure 2; 

1. Anti-myeloma effects, mediated by altered tumour suppressor gene 
and oncogene expression particularly decreased expression of IRF4 
which leads to direct cell cycle arrest and apoptosis.  

2. Micro-environmental processes, affected by lenalidomide include 
downregulation of factors required for angiogenesis, for example, 
interleukin 6 (IL-6) and vascular and endothelial growth factor leading to 



an antiangiogenic effect. Inhibition of IL-6 and tumour necrosis factor 
alpha, also leads to hindered plasma cell division and osteoclast 
differentiation [15].  

 
3. Immunomodulation, via cytokine augmentation, particularly increased 

expression of the T helper 1 cytokines, interleukin 2 and interferon 
gamma lead to a predominately T cell mediated immune response, 
resulting in direct plasma cell death and heightened recognition of 
malignant cells by natural killer cells.  
 

3. Pharmacokinetics 

Lenalidomide is best absorbed under fasting conditions. The presence of 
gastric contents may reduce the maximum concentration achieved by up to 
50%. The drug is mainly renally excreted and remains in an unaltered form, 
with 82-84% of the oral dose excreted in the urine within 24hrs [16, 17]. The 
half-life is 3-4 hours with pharmacokinetics remaining universal across all 
patient groups. Renal impairment is the only factor that affects plasma 
concentrations with lower dosing required [16, 17]. Dose alterations are not 
required based on age, mild hepatic impairment or drug interactions.  

4. Clinical applications 

Lenalidomide maintenance post ASCT in myeloma patients is approved by the 
FDA and EMA and is standard of care in most countries in Europe and North 
America. It is not indicated in patients who have previously been refractory and 
therefore this group of patients will not be discussed in the manuscript. 

Lenalidomide is also used in an ever expanding group of haematological 
malignancies including myelodyplastic syndrome with 5q deletion, mantle cell 
lymphoma and follicular lymphoma (in combination with rituximab) [18-20]. The 
use of lenalidomide outside of these approved indications remains an active 
area of research.  

5. Safety evaluation 

Lenalidomide is a derivative of thalidomide and has an overall improved side 
effect profile. A number of studies assessing lenalidomide post ASCT, have 
been undertaken, Table 1.  

5.1. Maximum tolerated dose (MTD) 

Two phase I trials designed to find the MTD began in 2000. Both trials included 
heavily pre-treated patients with best responses noted (partial response in 20% 
of patients) in patients receiving doses of 25-50mg per day [21, 22]. As a 
consequence, the lower dose was deemed the MTD. Continual therapy was 
associated with a greater incidence of cytopenias during the second cycle and 



therefore a 21/28day cycle was deemed safer. Due to the short half-life a twice 
daily dose was trialled in the phase II setting. The BD regime was associated 
with a greater incidence of grade 3 and 4 myelosuppression, noted to be seen 
in 41% of patients vs 13% in the once daily arm (15mg BD vs 30 OD). In 
addition the once daily arm was not associated with a significant inferior OS 
(28 months OD vs 37 months BD) [23].  

In the maintenance setting a dose of 10mg is most commonly used to reduce 
side effects, particularly cytopenias thereby facilitating prolonged and 
uninterrupted application.  Initial use of 25mg in the Myeloma XI trial was 
amended to 10mg following concerns of an increased incidence of second 
primary malignancies in 3 earlier published phase III studies [7-9, 24].  

5.2. SPMs 

In the original trials that addressed the role of lenalidomide maintenance an 
increased incidence of SPM was reported, particularly second haematological 
malignancies [7, 8, 25]. Later, meta-analysis suggested that the increased risk 
was primarily associated with lenalidomide in combination with oral melphalan 
[26]. It is important to note that has not been a link with the use of high-dose 
melphalan used as pre ASCT conditioning and SPM risk. Analysis within the 
largest trial to date, Myeloma XI, did not reveal an increased incidence of 
second haematological malignancy in patients receiving lenalidomide post-
transplant.  The overall incidence of all cancers was however higher in patients 
receiving lenalidomide vs observation post transplant at 5.8% vs 2.0% at three 
years. Low risk non-melanoma skin cancers formed more than a third of all 
cases and death secondary to SPM was low at 1% [27].  

5.3. Haematological  

Cytopenias are a common side effect of lenalidomide, particularly neutropenia 
and thrombocytopenia. There is a dose dependent correlation, with higher 
doses leading to a greater incidence of cytopenia. Grade 3/4 neutropenia may 
be seen in up to 50% of patients, Table 1. Neutrophil counts of <0.5 x 109/L 
should result in a treatment pause, to enable recovery. Grade 3/4 
thrombocytopenia is seen less frequently, affecting approximately 10% of 
patients across most trials. Pausing treatment is usually undertaken when 
counts fall to <30 x 109/L. Tentative re-introduction of lenalidomide following 
count recovery is standard practice, often with a dose reduction or growth 
factor support e.g. filgrastim to maintain neutrophil counts of >1 x 109/L. An 
example management approach for cytopenia in the context of lenalidomide 
maintenance is detailed in Table 2.  

5.4. Infections 



Immune compromise and infection as a consequence of myeloma is a major 
cause of death, occurring in approximately a fifth of newly diagnosed patients 
within a year of diagnosis [28]. Following successful induction and 
consolidation the disease burden should be low with a varying degree of 
immune reconstitution, leading to less infection risk. As a consequence, grade 
3 and 4 infection rates are low in patients receiving single agent lenalidomide 
maintenance, reported in 6-15% of trial patients [29]. 

5.5. Gastro-intestinal  

Gastro-intestinal side effects such as diarrhoea, bloating and constipation are 
commonly reported but grade 3 and 4 toxicity is rare, occurring in between 1-
7.5% of patients [24, 30, 31]. Recognition and investigation of diarrhoea is vital, 
as it could be secondary to bile acid malabsorption, potentially reversible with 
the use of bile salt binding agents [32]. 

5.6. Peripheral neuropathy 

Despite being a structural homologue, the incidence of peripheral neuropathy 
is low in comparison to thalidomide. In trials where lenalidomide has been used 
post ASCT the incidence of grade 2- 4 neuropathy is reported at between 1-4% 
[7, 24, 31, 33] .  

5.7. Venous thromboembolism 

Patients with myeloma have a higher risk of thrombosis compared to the 
healthy aged matched population. The aetiology is likely multifactorial but 
includes anaemia, malignancy related pro-coagulopathic state, therapy and 
other patient related factors [34].  The greatest risk is noted within the first year 
of diagnosis, when the disease burden is high [35].  The use of thrombosis risk 
scores, such as IMPEDE, SAVED and VTE help stratify patients and guide 
anticoagulation strategy [36-38]. IMiDs, including lenalidomide are associated 
with thrombosis development [39]. However, the use of single agent 
lenalidomide maintenance following ASCT hasn’t been associated with such a 
marked thrombosis risk, with an incidence of between 1-6% of patients [7, 31, 
40]. As a consequence, most patients will not require anticoagulation in the 
maintenance setting. Patients with risk factors, for example, previous venous 
thromboembolism, prophylactic intervention, such as aspirin, low molecular 
weight heparin or equivalent may be appropriate [39]. 

5.8. Cutaneous effects 

Adverse dermatological reactions in patients treated with single agent 
lenalidomide maintenance have been reported in up to 20% of patients [7, 24]. 
In most patients, the rash will be mild, usually characterised by raised macules, 
often with localised urticaria and associated pruritus. Oral antihistamine and/or 
topical steroids are usually a successful management strategy [41]. Review of 



possible other causes, should also be undertaken, for example concurrent 
medications. Short courses of oral steroids and treatment pause, with re-
commencement of lenalidomide at a lower dose have been successful [30]. In 
refractory, or high grade rash, treatment cessation may be required, although 
this an infrequent occurrence [42]. Severe reactions, such as toxic epidermal 
necrolysis or Stevens-Johnson syndrome have rarely been reported. [43] 

6. Special populations 
 

6.1. Pregnancy/breast feeding 

Lenalidomide is a close structural analogue of thalidomide and therefore 
teratogenicity risk is an important consideration. Prior to initiation all patients 
must be counselled regarding the potential risks and a patient information 
leaflet provided. Breast feeding is an absolute contra-indication to its use. All 
females of child bearing potential must have a negative pregnancy test before 
each cycle is commenced. Male patients must either adhere to complete 
abstinence or agree to use barrier protection.  

6.2. Renal impairment 

Most ingested lenalidomide is excreted by the kidney in an unmodified form 
[17, 44]. As a result, renal impairment may lead to drug accumulation and 
reduced treatment tolerance. Dose adjustments are required for patients with a 
creatinine clearance of <50mls/min, with a starting dose of 10mg OD 
recommended. No phase 3 studies have been undertaken in patients with end 
stage renal failure, defined as a creatinine clearance of <30mls/min, requiring 
dialysis. In this group of patients, lenalidomide can be used but at a dose of 
5mg OD. If the patient is receiving dialysis the drug should be administered 
following dialysis.  

6.3. Other considerations 

Intolerance and allergy are considered contra-indications to use but tentative, 
controlled, desensitisation strategies have been successfully undertaken [45, 
46]. No dose alterations are required in patients with hepatic impairment. 

7. Comparison with other pharmacological agents trialled in 
the maintenance setting in myeloma.  

Maintenance therapy post ASCT using a number of classes of anti-myeloma 
drugs has been trialled, including other IMiDs, proteasome inhibitors, 
monoclonal antibodies and immune mediators i.e. interferon alpha. The use of 
continuous therapy, generally regarded as prolonged therapy in the non-
transplant setting will not be discussed here.  



7.1. Thalidomide 

Thalidomide has been trialled extensively in the maintenance setting and 
although prolongs PFS, has not been shown to consistently improve OS [11, 
47-49] . Toxicity, including peripheral neuropathy meant tolerance was an 
issue with long term use and is therefore not approved as a maintenance 
option following ASCT.  Thalidomide maintenance also appeared to cause 
poorer outcomes in patients with high risk genetics. This was postulated to 
potentially be secondary to the selection of treatment resistance clones [11, 
50]. A recent analysis looking at the potential selection of clones in the context 
of lenalidomide maintenance, did not suggest that selection of treatment 
resistant clones is a major cause for disease progression in non-heavily pre-
treated patients [51]. 

7.2. Proteasome inhibition  

Bortezomib, Ixazomib and carfilzomib have all been trialled in the maintenance 
setting. Bortezomib maintenance, within the context of the HOVON-65/GMMG-
HD4 study was superior to thalidomide maintenance [52, 53]. In addition, 
discontinuation rates were not as marked, 11% compared to 30% of patients 
receiving thalidomide. Polyneuropathy was the main cause for discontinuation 
in both those receiving thalidomide and bortezomib. Within the context of the 
PETHEMA/GEM trial, post ASCT maintenance included bortezomib + 
thalidomide (VT) vs thalidomide vs interferon. PFS and OS was superior in the 
VT arm but grade 2 and 3 peripheral neuropathy was seen in almost 50% of 
patients. Discontinuation rates were high in all 3 arms, notably 21.9% in the VT 
arm and 39.7% in the thalidomide only arm [54]. Triplet maintenance, including 
lenalidomide, bortezomib and dexamethasone has also been trialled in patients 
with high risk disease following ASCT. Within this setting, stringent complete 
responses were noted in 51% of patients and an OS of 93% at 3 years [55]. In 
addition, no patient had to stop therapy due to adverse events [55]. This 
suggests that in young, fit patients, combination maintenance strategies may 
be well tolerated and provide superior outcomes in patients with adverse 
genetics.  

Ixazomib, given as a once weekly tablet has been trialled within the context of 
the TOURMALINE-MM3 study. At 31 months follow-up PFS was noted to be 
26.5 months in comparison to 21.3 months in those receiving placebo (HR 
0.72) [56]. There was also a deepening response noted in 46% of patients 
compared to 32% of patients receiving placebo. Discontinuation due to 
adverse events (AEs) was low, occurring in 7% of patients but all grade 3 AEs 
were seen in 42% of patients. The use of combination therapy with ixazomib 
and lenalidomide has been trialled in the phase 2 setting. After a median 
follow-up in excess of 3 years, PFS had not been reached and an improved 
response was noted in 45% of patients [57]. Discontinuation rates were notably 



low at 6%, therefore suggesting that doublets with acceptable side effect 
profiles may be suitable post ASCT. The addition of ixazomib to the doublet 
lenalidomide and dexamethasone is also being investigated in the context of 
the GEM2014MAIN study, although the data is yet to be reported.  

Carfilzomib, a non-reversible and potent proteasome inhibitor is being trialled 
in both phase II and III trials. The phase III ATLAS trial compares carfilzomib, 
lenalidomide and dexamethasone maintenance to lenalidomide only and the 
phase II FORTE study, compared carfilzomib + lenalidomide versus 
lenalidomide [58].  

7.3. Monoclonal antibodies 

Monoclonal antibody (mAb) therapies are attractive options for maintenance 
post ASCT. mAbs have long half-lives, usually only requiring administration 
once every four weeks and sub-cutaneous preparations are now further 
improving the patient experience. In addition, mABs have few side effects, with 
infusion related reactions and cytopenias rarely noted in the maintenance 
setting. 

Daratumumab (dara), an anti CD38 IgG monoclonal antibody is being 
investigated in a number trials, both as a single agent and in combination. The 
Cassiopeia trial is assessing single agent dara versus observation [59]. The 
combination of dara+lenalidomide is being investigation in multiple phase II 
and III trials including DRAMMATIC, GRIFFIN and AURIGA [60]. Elotuzumab, 
an anti SLAMF7 MAb is being used in combination with lenalidomide versus 
single agent lenalidomide in the GMMG-HD6 trial [61]. Safety and efficacy data 
for these trials is currently awaited.  

8. Conclusion 

Lenalidomide has emerged as an effective and well tolerated treatment for 
myeloma at all stages of the disease. In the maintenance setting, single agent 
use is currently considered the standard of care. Studies have consistently 
shown a significant PFS benefit and most recently prolonged OS has been 
confirmed [24]. The side effect profile is acceptable and dosing alterations can 
be made for patients with pre-existing renal impairment or treatment related 
cytopenias. SPM risk is a consideration, but second haematological 
malignancy development is low when combination therapy with melphalan is 
avoided. The overall mortality due to second malignancies is low (1%) [27]. 
The acceptable side effect profile and survival benefit supports the use of 
lenalidomide in combination with other therapies in the maintenance setting. 
The outcome of many such trials is awaited but could lead to further 
improvements in myeloma patient survival.    

 



9. Expert opinion 
 

9.1.  Does this drug offer an improvement to existing treatment 
options? 

Lenalidomide forms a well-established backbone to many treatment regimes in 
myeloma. Importantly, it has emerged as a safe maintenance option in the post 
ASCT setting and has proven efficacy, both prolonging PFS and OS in large 
multi-centre phase III trials [7, 8, 24, 62]. In addition, the use of lenalidomide 
maintenance within the Myeloma XI trial was beneficial in all risk groups, 
including those with ultra-high risk disease [24]. It is clear however, that 
patients with adverse cytogenetics still have shorter survival, compared to 
those with standard risk disease. As a consequence, combination maintenance 
approaches may prove to be more beneficial in high risk individuals.  

9.2.  Will this drug impact current treatment strategies? 

The use of lenalidomide as post-ASCT maintenance is considered the 
standard of care across most countries in Europe and North America. 
However, within the UK, the National Institute for Health and Care Excellence 
is yet to approve its use in this setting. The application of lenalidomide as 
combination therapy post ASCT will depend on the results of current phase II 
and III trials. However, the impact on PFS, OS and deepening of response post 
ASCT compared to observation means lenalidomide use is likely to be 
extended [24, 62].  

9.3.  How likely are physicians to prescribe the drug? 

Lenalidomide is an attractive option to both patients and clinicians, being a 
safe, effective and well tolerated oral drug. It has been consistently shown to 
provide PFS and OS benefit in the post-transplant setting and therefore is likely 
to be widely utilised [7, 8, 24], Concerns regarding haematological SPM have 
been alleviated by meta-analysis but there is an increased incidence of non-
melanoma skin cancer and solid tumours noted. This is risk is greatest in older 
populations, who have not been transplanted but patients should receive 
appropriate counselling in this regard [27]. Death from SPM was only 1% in the 
Myeloma XI Trial, whilst death from progressive myeloma was 6% higher in 
patients not receiving maintenance lenalidomide (deaths 21% in patients 
receiving lenalidomide maintenance versus 27% in those being observed). 
This further illustrates the benefit of lenalidomide over observation [24, 27]. In 
addition, there has not been a mutational signature associated with 
maintenance lenaldomide, following relapse [51].    

 

 



9.4.  What data is still required? 

A number of important trials looking at lenalidomide as combination therapy for 
post ASCT maintenance are yet to report outcomes. These data, once 
available may further guide maintenance strategy in myeloma. In addition, data 
from trials aimed at determining the optimal during of lenalidomide 
maintenance, for example the Determination Trial, may further refine its use. 

9.5.  Where is the drug likely to be in 5 years’ time?  

Regimes using drugs with differing mechanisms of action are required to 
successfully eliminate myeloma clones. As a consequence, lenalidomide and 
other IMiD drugs will continue to be important in the treatment of the disease, 
both up-front, at relapse and as a maintenance option. The use of lenalidomide 
maintenance post-ASCT will continue but it is likely that combination therapy, 
inclusive of a PI, MAb or other agents will emerge at standard of care within 
the next 5 years.  

Drug summary box 

Drug name 
- Lenalidomide 

Phase  
- EMA and FDA approved  

Indication 
- Treatment of myeloma, MDS, mantle cell lymphoma and follicular 

lymphoma. This review will focus on the use of lenalidomide as a post 
ASCT maintenance option in myeloma.   

Pharmacology description/mechanism of action 
IMIDs, including lenaliomide exert their action by interaction with cereblon 
(CRBN) [63]. CRBN once bound by IMID forms a ubiquitin ligase complex with 
cullin-4A, damaged DNA binding protein 1 and regulator of cullins 1. Once 
activated the ubiquitin ligase complex targets a number of molecules for 
degradation in the proteasome, including ikaros and aiolos, both of which are 
transcription factors pivotal to B cell differentiation and survival [64-67]. 
Downregulation of IKZF1/3 results in decreased MYC and IRF4 leading to 
cytokine augmentation and a promotion of Th1 T cell activity (↑ IL-2, ↓ IL-6 + 
TNFα), direct malignant plasma cell cytotoxicity and immune modulation.  
Route of administration 

- Oral 
Chemical structure 

- Lenalidomide is a structural analogue of thalidomide, containing a  
phthalimide and  glutarimide ring with the chemical formula C13H13N303.  

Pivotal trial(s) 
- The findings of two major phase 3 trials assessing lenalidomide 

maintenance following ASCT were published in 2012 [7, 8]. The trials 
reported a significant PFS benefit. Both trials and another in non-ASCT 
patients reported a high incidence of second primary malignancy (SPM), 
particularly haematological cancer [9]. Subsequent meta-analysis 



indicated that this risk was mainly linked to the use of lenalidomide in 
combination with oral melphalan, providing reassurance for the safety of 
single agent, long-term lenalidomide [26]. Most recently, analysis within 
the Myeloma XI trial, the largest maintenance trial to date has shown 
that lenalidomide maintenance prolongs both PFS and OS following 
ASCT [24].  
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Figure 1 – Structure of the IMID molecules 

 

 

All three immunomodulatory molecules share a phthalimide and glutarimide 
ring. Pomalidomide has an amino group at the forth position of the phthalimide 
ring, differentiating it from thalidomide and two oxo groups differentiating it from 
lenalidomide.  
 
Figure taken from Jones JR et al, Expert Opin Drug Saf (2016) [68] 



Figure 2 – Biological function of lenalidomide and the other IMID 
members 
 

 
 
The mechanism of action of the immunomodulatory agents, adapted from 
Jones JR et al, Expert Opin Drug Saf (2016) [68]. Lenalidomide binds to CRBN 
resulting in the formation and activation of the CRBN ubiquitin ligase. Once 
activated the CRBN ubiquitin ligase ubiquitinates IKZF1 and IKZF3, targeting 
them for proteasomal degradation. Downregulation of IKZF1/3 results in 
decreased MYC and IRF4 leading to cytokine augmentation and a promotion 
of Th1 T cell activity (↑ IL-2, ↓ IL-6 + TNFα), direct malignant plasma cell 
cytotoxicity and immune modulation.  
 
Abbreviations; DDB1, damaged DNA binding protein 1; CUL4, cullin-4A; 
ROC1, regulator of cullins 1; CRBN, cereblon; IKZF1, ikaros; IKZF3, Aiolos.   



Table 1 – Summary of studies that have included lenalidomide maintenance following ASCT.  

Study Lenalidomide 
dose/strategy 

N Duration of 
therapy (m)** 

Outcome Follow-up** 
(m) 

Discontinuati
on  due to 
AEs 

Haem SE's 
grade 3 or 4 
(>10% only) 

Infections 
(grade 3 or 
4) 

SPM 

GMMG-MM5  Len 25mg 21 
day x 2 as 
post 
transplant 
consolidation, 
then 10mg 
OD for 3/12 
and 
increased to 
15mg for 2 
years or until 
PD.  

PAD len 2 yr = 
91 PAD len  
CR = 82 CVD 
len 2 yr = 95 
CVD len CR = 
92 

Max. 24 No OS or 
survival 
benefit 
between 
the 4 arms 
- but no 
non 
maintenan
ce 
compariso
n 

60.1 Not recorded No non-
maintenance 
comparison. Len 
2y neut 39.3% 
vs 24.9% len-
CR and 
thrombocytopeni
a 13.4% vs 
8.5% (no 
breakdown for 
ASCT vs non) 

Grade 2 of 
greater - 
52.7% vs 
32.3%. 
Breakdown 
of 3+ not 
provided.  

Not recorded 

Myeloma XI 10mg and 
25mg*     21d 
of a 28d cycle 
to PD 

730 vs 518 
(obs) 

Median 18 
cycles 

Median 
PFS: 57 
vs. 30 
months 
(HR 0.48). 
Median 
PFS 2: not 
reached vs 
59 months 
(HR 0.57). 
3 year OS: 
87.5% vs 
80.2% 

31 28% neutropenia in 
len group - 28% 
grade 3, 5% 
grade 4 (all len 
patients, 
including TNE) 

11% grade 
3, 1% 
grade 4, 
1% grade 
5 

IR 7.7% vs 
3.1% all SPM. 
Haem IR 2.8% 
vs 1.8% 
obs*** 

NCT01091831  Len 10mg 
OD to PD. 
Reduced to 
doses of 
7.5mg and 
5mg if 
appropriate 

117 (60 LP vs 
57 Len post 
ASCT)  vs 106  

28.9 vs 25.3 Median 
PFS 31.5 
vs 37.6. 4 
yr OS 77% 
vs 75% 

42.3 vs 41 
(from 
maintenance
) 

5% len+pred, 
8% len alone 

Neut 13% vs 
8%. Infections 
5% vs 8% 

5% vs 8%  Not recorded 

GIMEMA RV-MM-PI-
209 

10mg len to 
PD 

116 vs 115 (57 
len vs 59 obs 
post ASCT 
entered 
maintenance 

NR ASCT+R 
vs ASCT 
only: 
Median 
PFS 54.7 

51.2 from 
entry 

5.20% Neut 23.3% vs 
0% (no 
breakdown for 
len ASCT vs len 
MPR) 

6.0% vs 
1.7% (all 
obs vs all 
len) 

4.3% in both 
groups (no 
record of 
ASCT vs not) 



phase) vs 37.4. 5 
yr OS 
78.4% vs 
66.5%.  

IFM 2005-002 10mg OD to 
PD vs 
placebo 

307 vs 307 NR 4 yr PFS 
43% vs 
22% (HR 
0.5)    4 yr 
OS 73% vs 
75% (HR 
1.06) 

45 27% len  
15% placebo  

Neut 51% vs 
18% 
Thrombocytope
nia 14% vs 7% 

13% vs 5% SPMs 3.1% vs 
1.2p 100py 

CALGB 100104  10mg OD to 
PD vs 
placebo 

231 vs 229 31 vs 18.1  Median 
PFS: 57.3 
vs 28.9 
months 
(HR 0.57). 
Median OS 
113.8 vs 
84.1 (HR 
0.61) 

91 18% Neut 50% vs 
18% 

not 
recorded 

Haem/solid/no
n-invasive 
8%/6%/5% vs 
1%/4%/3% 

Meta-analysis - 
CALGB 100104, 
IFM2005-02, 
GIMEMA RV-MM-P1-
209 

As per 
inidividual 
studies above 

605 vs 603 28 vs 22 Median 
PFS 52.8 
vs 23.5 
(HR 0.48). 
PF2 73.3  
vs 56.7 
(HR 0.72). 
7 year OS 
62% vs 
50% (HR 
0.75) 

79.5 No pooled data for all 3 studies, see individual 
trial details above 

Haem/solid 
5.3%/5.8% len 
vs 0.8%/2.0% 
obs 

* Protocol amendment Sept 14th 2011 resulted in dose reduction from 25mg to 10mg. 442 patients had received 25mg. The change was based on concerns over late toxicity, 
particularly the incidence of SPM. 307 additional patients received lenalidomide and vorinostat, these patients are not included in the analysis.  
** At point of latest trial publication 
*** ASH 2019 SPM abstract (557 observation TE patients) 
 
Abbreviations: Len, lenalidomide; NR, not reached; d, day; m, month; PD, progressive disease; PAD, bortezomib/doxorubicin/dexamethasone; VCD, 
bortezomib/cyclophosphamide/dexamethasone; ASCT, autologous stem cell transplantation; PFS, progression free survival; OS, overall survival; HR, hazard ratio; AE, 
adverse event; SPM, second primary malignancy; TNE, transplant non-eligible; IR, incidence rate 
  



Table 2: Management of lenalidomide related cytopenias in the single agent maintenance setting  

Cytopenia    
Neutropenia Count (x 10 9/L) Action 

  
First falls to < 0.5 x 1 × 109/L Interrupt lenalidomide treatment 

  

Returning to ≥0.5 × 109/L  Resume lenalidomide at next dose reduction level. 
Consider GCSF support* 

  
For each subsequent drop <0.5 × 109/L Interrupt lenalidomide treatment. Consider GCSF 

support* 

  
Returning to ≥0.5 × 109/L on next cycle Resume lenalidomide at next dose reduction level. 

Consider GCSF support* 

Thrombocytopenia     

  
<30 × 109/L on day 1 of a cycle Delay start of the cycle for a week, until platelet count 

≥30 × 109/L 

  <30 × 109/L during a cycle Interruption of lenalidomide until next cycle  

  
Returning to ≥30 × 109/L on next cycle Reduce lenalidomide to the first reduction level 

  
For each subsequent drop <30 × 109/L Interrupt lenalidomide treatment 

  
Returning to ≥30 × 109/L on next cycle Resume lenalidomide at next dose reduction level 

Abbreviations: GCSF, granulocyte and colony stimulating factor 
* If no other significant cytopenias are noted, GCSF can be co-administered with maintenance of lenalidomide dose.  



 
Dose reduction Starting dose – 10mg If dose increased, start at 15mg** 
Dose level – 1 5mg 10mg 
Dose level – 2 5mg (days 1-21 every 28 

days) 
5mg 

Dose level - 3 Not applicable 5mg (days 1-21 every 28 days) 
   
Recommended starting dose is 10mg OD for 28 days continuous therapy 
** After 3 cycles the dose can be increased to 15mg OD if indicated and tolerated.  
 


