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Abstract
Lenalidomide is an oral immunomodulatory agent approved in relapsed 
multiple myeloma with dexamethasone, for transfusion-dependent ane-
mia in myelodysplastic syndrome associated with deletion 5q, and in 
relapsed/progressive mantle cell lymphoma following bortezomib. In 
recent clinical trials, lenalidomide has shown promising activity in he-
matologic malignancies, including chronic lymphocytic leukemia (CLL) 
and non-Hodgkin lymphoma (NHL). Starting doses and dosing sched-
ules vary by malignancy, with lenalidomide started at a lower dose for 
CLL than for NHL or multiple myeloma. Certain adverse events (AEs) are 
common across tumor types (e.g., neutropenia, thrombocytopenia, fa-
tigue), whereas others are more often associated with CLL patients (e.g., 
tumor lysis syndrome and tumor flare reaction). Effective management 
requires awareness of these differences as well as appropriate prophy-
laxis, monitoring, and treatment of AEs. This article reviews the efficacy 
and safety of lenalidomide in CLL and NHL, focusing on approaches 
for the advanced practitioner to improve patient quality of life through 
optimal management of side effects. With these steps, lenalidomide can 
be administered safely, at the best starting doses and with minimal dose 
interruptions or reductions across hematologic malignancies.
					     J Adv Pract Oncol 2014;5:269–279

L enalidomide (Revlimid) 
is an oral immunomodu-
latory agent approved in 
the United States in com-

bination with dexamethasone for pa-
tients with multiple myeloma (MM) 
who have received one or more prior 
therapies and as a single agent for 
transfusion-dependent anemia due 
to low-/intermediate-1–risk myelo-

dysplastic syndrome (MDS) associ-
ated with deletion 5q with/without 
additional cytogenetic abnormalities 
(Dimopoulos et al., 2007; Celgene, 
2013; Weber et al., 2007). Its mech-
anisms of action involve multiple 
processes that depend on the tumor 
type and microenvironment to col-
lectively reduce tumor cell prolifera-
tion and survival (Anderson, 2005; 
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Chanan-Khan & Cheson, 2008; Hayashi et al., 
2005; Kotla et al., 2009; Wu et al., 2008). The 
immunomodulatory properties of lenalidomide 
provide a basis for clinical investigations in pa-
tients with B-cell chronic lymphocytic leukemia 
(CLL) and non-Hodgkin lymphoma (NHL). This 
article reviews the efficacy and safety of lenalid-
omide in CLL and NHL, focusing on approaches 
for the advanced practitioner to improve patient 
quality of life through optimal management of 
side effects in patients receiving lenalidomide.

CLINICAL STUDIES IN LYMPHOID  
MALIGNANCIES
Relapsed/Refractory CLL

Early phase II investigations at Roswell Park 
Cancer Institute (RPCI) and M. D. Anderson Can-
cer Center (MDACC) focused on lenalidomide 
dose optimization in heavily pretreated patients 
with relapsed/refractory CLL for maximal activi-
ty without compromising safety (Chanan-Khan et 
al., 2006; Ferrajoli et al., 2008). Lenalidomide pro-
duced overall response rates (ORR) of 47% (21/45 
patients, 9% complete response [CR], RPCI; Chan-
an-Khan et al., 2006) and 32% (14/44 patients, 7% 
CR, MDACC; Ferrajoli et al., 2008). 

Tumor lysis syndrome (TLS) was observed 
in 2 of the first 29 patients who received 25 mg  
lenalidomide on days 1–21 of a 28-day cycle 
(Chanan-Khan et al., 2006), prompting lower 
initial doses with subsequent dose escalation 
(Figure 1; Chanan-Khan et al., 2006; Ferrajoli et 
al., 2008). Grade 3/4 adverse events (AEs) were 
mainly hematologic, and included neutropenia 
(70% patients [RPCI], 41% of treatment courses 
[MDACC]) and thrombocytopenia (45% of pa-
tients and 15% of treatment courses, respective-
ly). Fatigue, diarrhea, rash, and tumor flare reac-
tions (TFRs) were common nonhematologic AEs, 
although they were mostly grade 1/2 (Chanan-
Khan et al., 2006; Ferrajoli et al., 2008). 

Based on phase II studies, the CLL-001 phase 
II/III trial compared starting doses of 10 vs. 25 
mg/day lenalidomide in patients with heavily 
pretreated, relapsed/refractory CLL (see Figure 
1; Wendtner et al., 2012b). Patients had a median 
age of 65 years; 69% had bulky lymphadenopa-
thy (> 5 cm), and 48% had high-risk genomic 
abnormalities. Four serious cases of TLS were 
observed in the first 18 patients, leading to a pro-
tocol amendment to identify the maximum tol-
erated dose (MTD, defined as the highest dose 
of a treatment that does not cause unacceptable 
side effects) escalation level with lower initial 
lenalidomide, added TLS prophylaxis, increased 
TLS/TFR monitoring, and the exclusion of any 
patients with severe renal dysfunction, who were 
defined as those having a history of renal failure 
that required dialysis (Moutouh-de Parseval, 
Weiss, DeLap, Knight, & Zeldis, 2007). 

Dose escalation from 2.5 mg/day lenalido-
mide, increasing in 5-mg increments every 28 
days, achieved safe titration to 20 mg/day without 
reaching the MTD (Wendtner et al., 2012b). The 
most common grade 3/4 AEs were neutropenia 
(65%), thrombocytopenia (33%), and pneumonia 
(21%). The occurrence of 4% TLS and 44% TFR 
(10% grade 3) was successfully managed with 
treatment (e.g., nonsteroidal anti-inflammato-
ry agents or corticosteroids) and/or temporary 
treatment interruption. A total of 58% of patients 
experienced ≥ 1 dose reduction/interruption due 
to AEs. Six patients reached the maximum dose 
of 20 mg; other dose levels of 15 mg (n = 10), 10 
mg (n = 14), 5 mg (n = 6), and 2.5 mg (n = 16) were 
also achieved. Six patients (12%) achieved partial 
responses with 10 to 20 mg lenalidomide. Thirty 
patients (58%) had stable disease, including 7 at 
a maximum 2.5 mg. Median progression-free sur-
vival (PFS) was 24.1 weeks for all patients and 
42.1 weeks for responders. 

This conservative dose-escalation approach 
with lenalidomide for heavily pretreated, bulky, 
high-risk CLL patients demonstrated safe titra-
tion from an initial dose of 2.5 mg up to 20 mg. 
Moreover, the use of TLS prophylaxis and moni-
toring may facilitate more rapid dose escalation or 
higher starting doses in future studies. 

Based on these findings, a randomized, dou-
ble-blind phase II trial (CLL-009; ClinicalTri-
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als.gov Identifier NCT00963105) was initiated 
in relapsed/refractory CLL, with lenalidomide 
at 5, 10, or 15 mg daily (28-day cycles), with dose 
escalation in 5-mg increments every 28 days 
as tolerated to  25 mg/day (Wendtner et al., 
2012a). The most common grade 3/4 AEs seen in 
104 patients were neutropenia (67%), thrombo-
cytopenia (38%), pneumonia (14%), TFR (14%), 
and fatigue (12%). Grade  3 TLS occurred in 
four patients (1 at 5 mg/day, 3 at 15 mg/day). 
Dose escalation to 25 mg/day was achieved in 
24% of patients; the mean dose administered 
was 12 mg/day. The overall response rate was 
38% (102/104 evaluable patients), including 
three patients with CR (3%). 

B-CELL NHL
Indolent NHL

Indolent lymphomas comprise a group of in-
curable and generally slow-growing entities, of 
which follicular lymphoma (FL), marginal zone 
lymphoma, and small lymphocytic lymphoma 
(SLL) are the most common (Armitage & Weisen-
burger, 1998; Lunning & Vose, 2012). The phase 
II NHL-001 study of lenalidomide 25 mg/day on 
days 1 through 21 every 28 days produced a modest 
23% ORR (10/43 patients), including 7% CR/CR 
unconfirmed (CRu) in heavily pretreated patients 
with refractory indolent lymphoma (Witzig et al., 
2009). Median PFS was 4.4 months, and median 
duration of response (DOR) was > 16.5 months, 

Phase II trial (Roswell Park)
N = 45; 69% advanced stage; 
51% fludarabine refractory;

Median 3 (1–10) prior treatments

Lenalidomide 25 mg on days 1–21 of 
28-day cycle; modified to 5 mg 

starting dose with 5-mg escalation 
every 1–2 weeks to 25 mg maximum 

after TLS seen in 2 of first 29 patients 

Phase II trial (MD Anderson)
N = 44; 45% advanced stage; 
27% fludarabine refractory;

Median 5 (1–15) prior treatments

Lenalidomide 10 mg/day in 28-day 
cycle, with 5-mg escalation every 28 

days to 25 mg maximum

Planned phase II/III trial (CLL - 001)
Comparison of starting doses of
10 mg vs. 25 mg on days 1–21

of 28-day cycle

Trial redesigned as phase I study 
after TLS seen in 4 of first 18 patients 

Phase I trial to define maximum 
tolerated dose-escalation level

N = 52; 69% with bulky disease;
54% fludarabine refractory

Median 4 (1–14) prior treatments

Lenalidomide 2.5 mg for 28 days, 
then 5 mg for 28 days, with 5-mg 
escalation every 28 days to cohort 

maximum (10, 15, or 20 mg) 

Phase II trial to identify optimal 
starting dose (CLL-009)

Lenalidomide 5, 10, or 15 mg 
starting dose with 5- mg escalation 
every 28 days to 25 mg maximum

TLS prophylaxis with oral 
hydration and allopurinol 
300 mg/day, and frequent 
monitoring for TLS and TFR

Figure 1. Evolution of single-agent lenalidomide dosing regimen in relapsed/refractory chronic lymphocytic  
leukemia (CLL). TFR = tumor flare reaction; TLS = �tumor lysis syndrome (Chanan-Khan et al., 2006; Celgene, 
2013; Ferrajoli et al., 2008; Wendtner et al., 2012a; Wendtner et al., 2012b; Wiernik et al., 2008; Witzig et al., 2011).
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with 7/10 responses ongoing at 15 to 28 months.  
Adverse events were predictable; the most com-
mon grade 3/4 AEs were neutropenia (46%) and 
thrombocytopenia (19%). Tumor flare reactions 
occurred in 3/18 SLL patients and 1 FL patient 
but were not correlated with response. Studies 
continue to be conducted in indolent lymphomas 
(ClinicalTrials.gov Identifiers NCT00695786, 
NCT01938001, NCT01316523, NCT01996865, and 
NCT01476787).

Mantle Cell Lymphoma
Mantle cell lymphoma (MCL) is an aggressive 

subtype of NHL initially treated with induction 
chemoimmunotherapy, but with relatively short 
duration and poor prognosis upon relapse (Haber-
mann et al., 2009). The NHL-002 and NHL-003 
trials included 15 and 57 MCL patients receiving 
lenalidomide who achieved ORRs of 53% (20% 
CR) and 42% (21% CR), respectively (Habermann 
et al., 2009; Witzig et al., 2011). Across the stud-
ies, grade 3/4 neutropenia and thrombocytopenia 
were reported in approximately 40% and 20% 
of patients, respectively. Results from the recent 
prospective phase II MCL-001 study (EMERGE) 
confirmed these findings in 134 heavily pretreated 
MCL patients who were relapsed/refractory to 
bortezomib (Goy et al., 2013). Mantle cell lympho-
ma patients showed a 28% ORR (7.5% CR/CRu), 
with a durable median DOR of 16.6 months. 

The most common grade 3/4 AEs were neutro-
penia (43%), thrombocytopenia (28%), and ane-
mia (11%). Rash was reported in 30 patients (22%; 
grade 1/2 in 28 patients) and was manageable with 
antihistamines or low-dose steroids. Grade 1/2 
TFR was reported in 13 patients (10%); there were 
no reports of TLS. The EMERGE study demon-
strated predictable safety and durable activity of 
lenalidomide in heavily pretreated patients with 
advanced-stage relapsed/refractory MCL post-
bortezomib, regardless of tumor burden, prior 
autologous stem cell transplantation (ASCT), or 
number of prior therapies (Goy et al., 2013). 

Diffuse Large B-Cell Lymphoma
Diffuse large B-cell lymphoma (DLBCL), the 

most common form of NHL, has an aggressive 
clinical course with poor prognosis after first re-
lapse. In a pooled analysis of patients from the 

NHL-002 and NHL-003 studies, 35/134 relapsed/
refractory DLBCL patients achieved a 26% ORR 
(12% CR) and median 6.0-month DOR (10.4 
months for responders). Consistent with other 
studies of lenalidomide, neutropenia (36%) and 
thrombocytopenia (21%) were the most common 
grade 3/4 AEs. 

Diffuse large B-cell lymphoma can be divided 
into subgroups with distinct characteristics and 
prognoses based on gene expression profiling 
(Hernandez-Ilizaliturri et al., 2011). In a retrospec-
tive analysis of 40 relapsed/refractory DLBCL 
patients, non–germinal center B-cell (non-GCB)–
like vs. germinal center B-cell (GCB)–like patients 
treated with lenalidomide showed similar overall 
survival but significantly higher ORR (53% vs. 9%, 
p = .006), CR (24% vs. 4%), and median PFS (6.2 
vs. 1.7 months, p = .004), respectively (Hernandez-
Ilizaliturri et al., 2011). These findings remain to 
be validated in future studies. 

SIDE-EFFECT MONITORING AND 
MANAGEMENT IN LYMPHOID  
MALIGNANCIES

Hematologic toxicities consistently comprise 
the most common grade 3/4 AEs with lenalido-
mide, and nonhematologic toxicity varies across 
malignancies (Table 1). Suggested monitoring and 
treatment recommendations for the most common 
AEs are based on the regulatory-approved indica-
tions in MM/MDS and clinical experiences with 
CLL and NHL (Table 2; Celgene, 2013). A closer 
look at nonhematologic AEs is outlined below.

Tumor Lysis Syndrome
Tumor lysis syndrome is a group of metabolic 

derangements that may occur when malignant 
cells are rapidly killed, causing a massive release 
of intracellular metabolites into the bloodstream 
(Coiffier, Altman, Pui, Younes, & Cairo, 2008). 
Symptoms include hyperuricemia, hyperkalemia, 
hyperphosphatemia, hypocalcemia, cardiac ar-
rhythmia, and uremia, which may lead to renal 
dysfunction and potentially acute renal failure. 
Risk factors include hematologic malignancies, 
bulky disease (> 10 cm), preexisting renal insuf-
ficiency, elevated baseline serum/plasma uric 
acid level > 7.5 mg/dL, dehydration, elevated lac-
tic dehydrogenase level (> 2 times upper limit of 
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normal), and rapid cytoreduction following treat-
ment (Coiffier et al., 2008; McGraw, 2008). 

Tumor lysis syndrome was seen in 7/260 CLL 
patients (3%) receiving lenalidomide in a review 
of the Celgene Corporation database conducted 
in 2007, with all cases developing during the first 
15 days of treatment (Moutouh-de Parseval et al., 
2007). Acute renal failure and/or cardiac arrhyth-
mia were seen in 3/7 patients. Slow dose titration 
and TLS prophylaxis were subsequently initiated 
in the CLL-001 trial, including oral hydration (to 
promote urinary excretion of uric acid and phos-
phate) and allopurinol 300 mg daily (to prevent 
xanthine and hypoxanthine conversion into uric 
acid) 3 days prior to lenalidomide and continued 

for  3 cycles (Wendtner et al., 2012b). Tumor ly-
sis syndrome prophylaxis with allopurinol 300 mg 
daily was provided on days 1 through 14 of the first 
cycle in a subsequent study of lenalidomide in CLL 
patients (Badoux et al., 2011). These practices were 
carried over into the CLL-009 study to enable iden-
tification of the optimal starting dose of lenalido-
mide in CLL patients (Wendtner et al., 2012b).

Tumor Flare Reaction
Tumor flare reaction in CLL is characterized 

by a sudden and/or tender enlargement of the 
lymph nodes and/or spleen, often in association 
with low-grade fever and rash, and sometimes 
bone pain or increased white blood cells (Chanan-

Table 1.  �Common Grade 3/4 Adverse Events With Lenalidomide-Based Therapy Across  
Relapsed/Refractory Myeloid and Lymphoid Malignancies

MMa

(N = 353)

CLL 
(RPCI)b

(N = 45)
CLL-001
(N = 52)

CLL-009 
(N = 35)

NHL-002 
(N = 49)

NHL-003
(N = 217)

Adverse event (grade 3/4)

Len 25 
mg/day, 
d1–21c

Len 25 
mg/day, 
d1–21c

Len 2.5 to 
20 mg/dayc

Len 10 
mg/dayc

Len 25 
mg/day, 
d1–21c

Len 25 
mg/day, 
d1–21c

Hematologic

Neutropenia 33% 70% 65% 74% 33% 41%

Thrombocytopenia 12% 45% 33% 46% 20% 19%

Anemia 10% 18% 10% 9% 6% 9%

Febrile neutropenia 2% 15% 8% 14% 6% 2%

Leukopenia 4% NR 6% NR 14% 7%

Nonhematologic

Pneumonia 9% NR 21% 9% 4% 3%

DVT 8% NR NR 3% 2% 2%

Fatigue 7% 10% NR 14% 6% 5%

Pulmonary embolism 4% 5% 6% 6% 2% NR

Tumor flare reaction NR 8% 10% 11% NR 1%

Tumor lysis syndrome NR 5% 4% 0% NR NR

Rash NR 3% NR NR 4% NR

Note. MM = multiple myeloma; CLL = chronic lymphocytic leukemia; NHL = non-Hodgkin lymphoma; Len = lenalidomide; 
NR = not reported; DVT = deep vein thrombosis; FDA = US Food and Drug Administration; MDACC = MD Anderson 
Cancer Center. Information from Chanan-Khan et al. (2006), Celgene (2013); Wendtner et al. (2012a), Wendtner et al. 
(2012b), Wiernik et al. (2008), Witzig et al. (2011). 
aData from treatment with FDA-recommended dose of lenalidomide plus dexamethasone.  
bData from MDACC phase II study were reported as a percentage per number of courses of therapy and are not reported 
here (Ferrajoli et al., 2008). 
cLenalidomide dose administered per each 28-day cycle. 
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Table 2.  Monitoring and Treatment Recommendations for Most Common Adverse Events 
Adverse event Monitoring recommendations Treatment recommendations

Neutropenia and 
thrombocytopenia

• �Monitor CBC every 2 weeks 
during first 12 wk and then 
at least monthly thereafter; 
monitor weekly after 
development of neutropenia or 
thrombocytopenia 

• �Interrupt treatment if neutrophils < 1,000/µL or platelets  
< 30,000/µL (< 50,000/µL in NHL)

• �Resume lenalidomide after blood counts exceed the cut-
points or toxicity resolves to grade  2 at reduced dose by 
5 mg to minimum of 5 mg 

• �In NHL, reduce lenalidomide dose if sustained neutropenia 
> 7 days or neutropenia is associated with fever; use of 
G-CSF is permitted at physician discretiona 

Tumor lysis syndrome • �Monitor for clinical signs of 
TLS: fever, shortness of breath, 
peripheral edema, weakness, 
sweating, and tachycardiab 

• �Obtain full metabolic profile, 
including uric acid, potassium, 
phosphate, calcium, creatinine, 
and lactate dehydrogenase 
several times per day during first 
week after starting lenalidomide 
or escalating dose in CLL; 
monitor high-risk patients with 
other malignancies

• �If TLS, patient should be hospitalized and treated with 
vigorous intravenous hydration and diuresis to correct 
electrolyte abnormalities; manage hyperuricemia with 
allopurinol or rasburicasec 

• �Grade  2 laboratory or clinical TLS: interrupt lenalidomide 
until TLS resolves; reinitiate at a lower dose level with TLS 
prophylaxisd 

• �Grade  1: May continue lenalidomide without interruption 
or dose reductione 

Tumor flare reaction • �Monitor during each physical 
exam during follow-up for 
sudden swelling or tenderness 
of lymph nodes, rash, low-grade 
fever, or rise in WBC count

• �Treat with a nonsteroidal anti-inflammatory drug (e.g., 
ibuprofen 400–600 mg every 4–6 hr) without the need to 
discontinue or dose reduce lenalidomidef 

• �Severe tumor flare reactions may be treated with 
corticosteroids and may require interruption in dosing at 
physician discretiona 

• �May also require an opioid (e.g., morphine sulfate) for pain 
controlg 

Rash • �Monitor during each physical exam 
during follow-up, paying particular 
attention when TFR is present 

• �Grade 1/2: Manage with topical hydrocortisone (or 
another OTC corticosteroid) and an H1-antihistamine

• �Grade 2/3: Consider oral steroids, or interrupting or 
discontinuing lenalidomide 

• �Discontinue lenalidomide if angioedema, grade 4 rash, or 
exfoliative or bullous rash occurs, or if Stevens-Johnson 
syndrome or toxic epidermal necrolysis is suspectedg 

Thromboembolic events • �Monitor for potential signs and 
symptoms such as shortness of 
breath, chest pain, or peripheral 
swelling, and seek medical 
attention if any occur

• �Provide thromboembolic 
prophylaxis, which should be 
individualized on the basis of 
patient-, treatment-, and disease-
related risk factors 

• �Low-risk patients: Use low-dose aspirin (75–100 mg daily) 
• �High-risk patients: Use heparin, warfarin, or fondaparinux 

(high-risk patients are considered those with a history of 
VTE; use hormone-replacement therapy, erythropoietic 
agents, or high-dose dexamethasone)g

Infectious complications • �Monitor during each physical 
exam for elevated temperature > 
101.5°F and flulike symptoms

• �Provide antimicrobial therapy appropriate for the 
causative pathogenb

Fatigue • �Monitor during each physical exam 
by asking patient about exercise, 
physical activity, and sleep quality

• �Common interventions: exercise, energy conservation, 
activity management, relaxation therapy, and optimizing 
sleep qualityh

GI complications • �Monitor during each physical exam, 
paying attention to diet, physical 
activity, and use of OTC remedies

• �Diet modification with avoidance of high-fat foods and 
caffeine for diarrhea prevention and antidiarrheal agents 
(e.g., loperamide) for treatment

• �Laxatives and stool softeners may be helpful for 
constipationb

Note. CBC = complete blood count; NHL = non-Hodgkin lymphoma; G-CSF = granulocyte colony-stimulating factor; TLS = 
tumor lysis syndrome; CLL = chronic lymphocytic leukemia; WBC = white blood cell; TFR = tumor flare reaction; OTC = over 
the counter; VTE = venous thromboembolism; GI = gastrointestinal.
aCelgene (2013). bMiller et al. (2010). cCoiffier et al. (2008), Wendtner et al. (2012b). dMiller et al. (2010), Wendtner et al. 
(2012b). eWendtner et al. (2012b). fChanan-Khan et al. (2011). gMiller et al. (2010). Celgene (2013). hMitchell et al. (2007).
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Khan et al., 2006; Ferrajoli et al., 2008). It is im-
portant for advanced practitioners to recognize 
TFR as a possible complication of therapy, as the 
associated signs and symptoms may be mistaken 
for disease progression (Table 2). 

Tumor flare reaction developed in 44% (10% 
grade 3) of CLL patients in the CLL-001 trial 
(Wendtner et al., 2012b). In the MDACC phase II 
trial, any-grade TFR was higher among patients 
with lymph nodes > 5 cm (53% vs. 15% for patients 
with  5 cm nodes; Ferrajoli et al., 2008). In the 
RPCI phase II study, TFR incidence (58% overall, 
8% grade 3/4) was associated with advanced-stage 
CLL and younger age, but not with bulky disease 
(Chanan-Khan et al., 2006, 2011). Severe, life-
threatening TFR that necessitated hospitalization 
was reported in four patients with relapsed/refrac-
tory CLL who received lenalidomide at a starting 
dose of 25 mg (Andritsos et al., 2008). Tumor flare 
reaction was reported in 14% of patients overall in 
the CLL-009 study, at a similar incidence regard-
less of the starting dose of lenalidomide (5, 10, or 
15 mg/day; Wendtner et al., 2012a).

Tumor flare reaction usually occurs during the 
first treatment cycle, with a median time to onset 
of 6 days (range, 0–56) and a median time to reso-
lution of 14 days (95% CI, 10-26), and the intensity 
of TFR may be positively correlated with achieving 
a CR with lenalidomide in CLL patients (Chanan-
Khan et al., 2011). Prophylaxis with low-dose oral 
prednisone (20 mg for 5 days followed by 10 mg for 
5 days) decreased severity and delayed onset but did 
not reduce the incidence and may slow resolution 
(Chanan-Khan et al., 2011). Tumor flare reaction has 
also been reported mainly within the first cycle of 
lenalidomide in relapsed MCL patients, including 
13/134 patients (10%, all grade 1/2) in the MCL-001 
study and 4/26 patients (15%; 3 grade  2) reported 
by Eve and Rule (Eve & Rule, 2010; Goy et al., 2013). 

Rash
Grade 1/2 rash is relatively common with le-

nalidomide in CLL and NHL, often presenting 
as generalized pruritic, macular, and/or raised 
erythema (Miller, Musial, Whitworth, & Chanan-
Khan, 2010). In clinical studies, rash was reported 
in  40% of CLL patients and approximately 30% 
of NHL patients; grade 3 events were uncommon 
at < 5% (Chanan-Khan et al., 2006; Ferrajoli et al., 

2008; Wendtner et al., 2012b; Wiernik et al., 2008; 
Witzig et al., 2011). Rash was also observed in 46% 
of patients with indolent lymphoma who received 
combination lenalidomide and rituximab thera-
py in a phase II study; most cases were grade 1/2 
(Nelson et al., 2012). Rash may be associated with 
TFR or caused by treatment. 

Treatment of rash is directed by severity of 
symptoms and may include observation, oral or 
topical antihistamines, oral or topical steroids, or 
in severe cases, discontinuation of lenalidomide. 
Hypersensitivity reactions include rare cases of 
Stevens-Johnson syndrome and toxic epidermal 
necrolysis (0.02% based on postmarketing reports 
of lenalidomide use for MM, myelofibrosis, and 
amyloidosis), in which cytotoxicity causes separa-
tion of the epidermis from the dermis (Castaneda, 
Brandenburg, Bwire, Burton, & Zeldis, 2009). 

Deep Vein Thrombosis and  
Pulmonary Embolism

Lenalidomide may carry a thromboembolic 
risk in CLL and NHL. Grade 3/4 pulmonary em-
bolism was observed in 3/52 patients (6%) in the 
CLL-001 trial (Wendtner et al., 2012b), and grade 
3 deep vein thrombosis occurred in 5/217 patients 
(2%) in the NHL-003 trial (Witzig et al., 2011).  Al-
though rare, thrombotic events are potentially life 
threatening. Consideration of daily prophylactic 
low-dose aspirin is warranted in patients not cur-
rently receiving anticoagulant therapy (e.g., war-
farin; Miller et al., 2010).

Other Adverse Events
Grade 3/4 infections (e.g., pneumonia) were re-

ported in CLL, likely reflective of prior treatment 
and the general immunocompromised nature of the 
disease (Miller et al., 2010). Grade 3/4 infection-re-
lated AEs occurred in 40% of patients in the CLL-
001 study, including 21% with pneumonia (Wendt-
ner et al., 2012b). Severe infections complicated 6% 
of treatment cycles in the phase II MDACC trial 
(Ferrajoli et al., 2008) but were less common in 
the RPCI phase II trial at 4% (Chanan-Khan et al., 
2006). Non-Hodgkin lymphoma patients were less 
prone to infections during treatment: 4% grade 3/4 
pneumonitis in NHL-002 and 3% grade 3/4 pneu-
monia in NHL-003; see Table 1 (Wiernik et al., 2008;  
Witzig et al., 2011). 
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The incidence of predominantly grade 1/2 fa-
tigue is common in both CLL and NHL. Fatigue 
increased from baseline following initiation of 
lenalidomide in CLL and was present at baseline 
(29%) and during treatment (73%) in the RPCI 
study (Chanan-Khan et al., 2006). Four patients 
had grade 3/4 fatigue, which resolved complete-
ly in two cases during continued lenalidomide. 
Any-grade fatigue was common in NHL patients 
in both the NHL-002 (49% overall, 6% grade 3) 
and NHL-003 (28% overall, 5% grade 3) studies 
without the need for dose interruption or reduc-
tion; monitoring/management recommendations 
are outlined in Table 2 (Chanan-Khan et al., 2006; 
Wiernik et al., 2008; Witzig et al., 2011). 

Diarrhea and constipation are the most com-
mon gastrointestinal complications associated 
with lenalidomide (Chanan-Khan et al., 2006; Fer-
rajoli et al., 2008; Wiernik et al., 2008; Witzig et 
al., 2011). Common interventions (e.g., diet modifi-
cation and laxative use) have effectively managed 
these AEs (Miller et al., 2010). 

Second Primary Malignancies After  
Lenalidomide Use 

Patients with cancer are at increased risk of 
developing second primary malignancies (SPMs), 
which are influenced by multiple factors, includ-
ing age and prolonged exposure to chemother-
apy (especially alkylating agents) and radiation 
(Barista et al., 2002; Decaudin et al., 2000; Dimo-
poulos et al., 2012; Palumbo, Freeman, Weiss, & 
Fenaux, 2012; Romaguera et al., 2005). Limited 
SPM data are reported, with the majority of in-
formation in relapsed/refractory MM. 

A retrospective review of 11 lenalidomide 
studies in relapsed/refractory MM showed 52 
invasive SPMs in 3,846 patients, for an over-
all incidence rate of 2.08 per 100 patient-years 
(Altekruse et al., 2010; Dimopoulos et al., 2012; 
Palumbo et al., 2012). In more recent studies in 
patients with relapsed/refractory MCL receiving 
lenalidomide, 3/134 (2%) patients in MCL-001 
and 2/57 (3.5%) in NHL-003 reported invasive 
SPMs (Goy et al., 2013; Zinzani et al., 2013). To 
date, the incidence of SPMs with lenalidomide 
treatment is comparable to the rate of 2.1 per 100 
patient-years expected in the general population 
of older adults (Altekruse et al., 2010).

Risk Counseling
Counseling and education of patients re-

garding potentially life-threatening risks should 
be conducted at regular intervals before and 
throughout treatment. Patients must be informed 
of significant neutropenia and thrombocytopenia 
risks that may require dose modification, trans-
fusions, and/or growth factor administration. 
Patients must also be informed regarding throm-
boembolic risks and instructed to immediately 
report symptoms such as shortness of breath, 
difficulty breathing, chest pain, or swelling  
of the extremities. 

Prevention of fetal risk is an educational pri-
ority for patients receiving lenalidomide, given 
that it is a thalidomide analog. Females of child-
bearing potential should have two negative preg-
nancy tests before starting treatment and must 
use two forms of birth control until 4 weeks after 
treatment discontinuation. Males taking lenalid-
omide must use contraceptives during any sexual 
contact with a female with childbearing poten-
tial, and they must refrain from donating sperm. 

Lenalidomide, marketed as Revlimid, is only 
available through the Revlimid Risk Evaluation 
and Mitigation Strategy (REMS), a restricted dis-
tribution program. Only certified prescribers and 
pharmacies can prescribe and dispense lenalido-
mide to patients who are enrolled and meet all the 
conditions of the REMS program.

DOSING SCHEDULES AND  
OPTIMIZATION IN MM, CLL, AND NHL

Current dosing schedules are outlined in Fig-
ure 2. Dose adjustments are recommended for re-
nal impairment initially or from resultant cytope-
nia/other grade 3/4 AEs. The dosing schedule in 
MM provided a basis for that in relapsed/refrac-
tory NHL, as shown in the NHL-001, NHL-002, 
and NHL-003 studies (Wiernik et al., 2008; Wit-
zig et al., 2011; Witzig et al., 2009). A lower initial 
lenalidomide dose of 20 mg/day may be needed 
to minimize toxicity when used in combination, 
as shown in relapsed/refractory MCL with le-
nalidomide plus rituximab (Wang et al., 2012). 
Patients with CLL require a lower starting dose 
(e.g., 5–10 mg/day) to minimize TLS/TFR risks, 
with dose escalation every 28 days as tolerated  
(Wendtner et al., 2012a).
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DISCUSSION
Recent clinical trials support the activity of le-

nalidomide in lymphoid malignancies, including 
CLL and NHL, and show that dose levels and cer-
tain toxicities differ across cancer types. The le-
nalidomide schedule used in MM also appears to 

be appropriate for NHL, but a lower starting dose 
was used in CLL to minimize certain AEs. Hema-
tologic toxicity, mainly neutropenia and thrombo-
cytopenia, is common across malignancies; there-
fore regular monitoring is recommended. Tumor 
flare reaction and TLS are potentially serious 

Dose modification for renal impairment
(MM: days 1–21 of 28-day cycle;

not evaluated in CLL)

Moderate CrCl 30–60 mL/min: 10 mg/day
Severe CrCl< 30 mL/min: 15 mg q48h
ESRD CrCl < 30 mL/min on dialysis: 5 mg/day

Tolerated 
without disease 
progression ?

Yes
MM: Continue regimen
NHL (MCL):Continue regimen
CLL: Consider 5-mg dose escalation 

(maximum dose 25 mg)

No
Neutropenia (<1,000/µL)
Thrombocytopenia (<30,000/µL MM;  
<50,000/µL MCL)
Treatment-related grade 3/4 toxicity 
(except fatigue)c

Interrupt lenalidomide until blood 
counts exceed cut-points, or toxicity 

resolves to grade 2 or less

Resume lenalidomide at lower dose
MM: 15 mg (except if neutropenia alone; then 
25 mg with G-CSF)
NHL (MCL) and CLL: 5 mg less than previous dose

Reduce dose by 5 mg for each subsequent event

NHL: Restart lenalidomide at same dose with 
neutropenia lasting < 7 days 

Dose modification for moderate renal 
impairment (CrCl 30 – 60 mL/min)

MCL: 10 mg/day, days 1– 21 of 28-day cycle

Starting dose (normal renal function)

MM: 25 mg on days 1–21 in 28-day cycles (with 
dexamethasone)
NHL (MCL): 25 mg on days 1–21 in 28 day cyclesa

CLL: 10 mg/day in 28-day cycles (per CLL-009) ab

Figure 2. Optimized dosing regimens for single-agent lenalidomide in relapsed/refractory �multiple my-
eloma (MM), chronic lymphocytic leukemia (CLL), and non-Hodgkin lymphoma �(NHL, including mantle 
cell lymphoma [MCL]). �CrCl = creatinine clearance; ESRD = end-stage renal disease; G-CSF = granulo-
cyte colony-stimulating �factor (Chanan-Khan et al., 2006; Celgene, 2013; Wendtner et al., 2012a; Wendt-
ner et al., 2012b; Wiernik et al., 2008; Witzig et al., 2011). 
aInvestigational. 
bUse TLS prophylaxis in CLL patients and other patients at high risk of TLS. 
cPermanently discontinue treatment for grade 4 rash, angioedema, exfoliative or bullous rash, or if 
Stevens-Johnson syndrome or toxic epidermal necrolysis is suspected.
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toxicities seen in CLL. Other AEs, such as rash, 
fatigue, diarrhea, and infection, can generally be 
managed with conventional strategies. 

Advanced practitioners are pivotal in provid-
ing the appropriate prophylaxis, patient counsel-
ing, monitoring, and treatment for common toxic-
ities that enables lenalidomide to be administered 
in a safe manner at optimal dose levels as an active 
therapy in hematologic malignancies. l
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