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Abstract  Lenalidomide  is  an  immunomodulatory  drug  (IMiD)  used  principally  in  the  treatment
of multiple  myeloma  (MM),  myelodysplastic  syndromes  (MS)  and  amyloidosis.

Adverse  reactions  related  to  lenalidomide  include  myelosuppression  (mainly  neutropenia
but also  thrombocytopenia),  gastrointestinal  problems,  skin  eruption,  atrial  fibrillation  and
asthenia,  decreased  peripheral  blood  stem  cell  yield  during  stem  cell  collection,  venous  throm-
boembolism,  and  secondary  malignances.  In  this  review  we  focused  our  attention  on  the
cutaneous  adverse  reactions  to  lenalidomide.
© 2013  SEICAP.  Published  by  Elsevier  España,  S.L.  All  rights  reserved.
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Lenalidomide  is  an  immunomodulatory  drug  (IMiD)  used
principally  in  the  treatment  of  multiple  myeloma  (MM),
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yelodysplastic  syndromes  (MS)  and  amyloidosis.  Fur-
hermore,  several  studies  on  the  association  between
enalidomide  and  the  standard  therapies  are  ongoing
n  patients  affected  by  diffuse  large  B-cell  lymphoma.1

owever,  lenalidomide  is  the  most  potent  analogue  of
dverse  reactions  to  lenalidomide.  Allergol  Immunopathol

halidomide  but  causes  fewer  adverse  reactions,  thus  show-
ng  a better  safety  profile.

These  drugs  have  direct  antitumour  action  and  indi-
ect  immunomodulatory  and  anti-angiogenic  effects.  In

aña, S.L. All rights reserved.
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act,  through  induction  of  cell  cycle  arrest  and  caspase-
ependent  apoptosis  they  may  kill  myeloma  multiple  cells.
oreover  some  authors  have  shown  that  they  also  target  a

tem  cell-like  subpopulation.2

More  specifically,  IMiDs  directly  induce  apoptosis  of  MM
ells  via  caspase-8  activation,  block  MM  cell---bone  marrow
tromal  cell  interactions,  inhibit  secretion  of  cytokines  in
he  bone  marrow  responsible  for  MM  cell  growth  and  sur-
ival,  and  inhibit  angiogenesis.3---5

Moreover,  IMiDs  increase  NK  cell  cytotoxicity  against  MM
ells,  induce  T-cell  proliferation,  modulate  IL-12  produc-
ion  and  interfere  with  the  action  of  several  cytokines,
uch  as  IL-2,  IFN-�, IL-1�, IL-6,  GM-CSF,  and  TNF-
.6---8

Adverse  reactions  related  to  lenalidomide  include
yelosuppression  (mainly  neutropenia  but  also  thrombo-

ytopenia),  gastrointestinal  problems,  skin  eruption,  atrial
brillation,  asthenia,  and  decreased  peripheral  blood  stem
ell  yield  during  stem  cell  collection  when  lenalidomide  is
sed  after  a  long  period  of  time.9

In  addition,  when  lenalidomide  is  combined  with  dexa-
ethasone  or  other  conventional  cytotoxic  agents,  there

s  an  increase  in  the  incidence  of  venous  thromboem-
olic  events.2 The  venous  thromboembolic  risk  with
enalidomide---dexamethasone  is  further  increased  with
oncomitant  erythropoietin.10

Finally,  there  is  an  increased  incidence  of  secondary
alignancies  in  newly  diagnosed  MM  patients  receiving

enalidomide  plus  melphalan/prednisone.11,12

iterature review

nown  complications  of  cutaneous  areas  are  due  to  lenalido-
ide  side  effects.
A  retrospective  study  found  incidences  of  skin  eruptions,

enerally  mild,  in  43%  of  23  patients  with  MM  treated  with
enalidomide  and  dexamethasone  and  in  29%  of  seven  with
M  on  lenalidomide  alone.

The  skin  eruptions  were  of  morbilliform,  urticarial,
ermatitic,  acneiform,  and  undefined  forms.  Severe  skin
ruptions  required  permanent  discontinuation  of  lenalido-
ide  therapy  in  two  patients.  In  23  patients  (72%),  skin

ruptions  occurred  in  the  first  month  after  therapy  was  ini-
iated  while  delayed-onset  skin  eruptions  occurred  in  nine
28%).13

Celgene  Corporation  has  received  12  reports  of
tevens---Johnson  Syndrome  (SJS),  three  reports  of  Erythema
ultiforme  (EM)  and  one  report  of  toxic  epidermal  necroly-

is  (TEN)  among  approximately  57,000  patients  who  received
enalidomide  from  its  launch  on  the  market  on  December
7,  2005  through  to  June  26,  2008.  Ten  SJS  cases  were
pontaneous  reports  from  US  health  care  professionals  while
he  other  two  cases  where  reported  by  the  US  investigator-
nitiated  trials.  The  12  cases  occurred  in  seven  women  and
ve  men  with  a  median  age  of  63.5  years  (range,  50---83
ears).

Erythema  multiforme  occurred  in  three  patients  (two
Please  cite  this  article  in  press  as:  Imbesi  S,  et  al.  Cutaneous  a
(Madr).  2013.  http://dx.doi.org/10.1016/j.aller.2013.07.005

omen  and  one  man,  aged  85,  74,  and  70  years,  respec-
ively)  after  7,  24  and  112  days  from  the  start  of  the
reatment  with  lenalidomide  in  association  with  dexameth-
sone.  Cutaneous  lesions  were  accompanied  by  blistering,
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ores,  mucosal  involvement,  crusting,  and  fever.  Two
atients  were  hospitalised,  and  one  died.

Toxic  epidermal  necrolysis  was  reported  in  an  85-year-
ld  woman  hospitalised  18  days  after  initiating  lenalidomide
ith  dexamethasone  for  multiple  myeloma.14

Stevens---Johnson  Syndrome  was  described  in  a  patient
ith  multiple  myeloma  who  received  lenalidomide  in  com-
ination  with  prednisolone.  In  literature,  there  are  various
eports  as  to  the  correlation  between  SJS  and  lenalidomide
reatment.13---20 Among  these  cases,  one  was  particularly
nteresting  because  the  patient  experienced  a  complete
emission  of  the  multiple  myeloma  after  the  severe
utaneous  reaction.  A  69-year-old  woman  with  multiple
yeloma  presented  erythema,  mucocutaneous  tenderness

nd  haemorrhagic  lesions  which  developed  into  a  SJS  at  the
nd  of  the  first  cycle  of  lenalidomide  and  prednisolone  com-
ination  treatment  regimen.  Subsequently,  lenalidomide
reatment  was  stopped  and  replaced  with  dexamethasone
nd  clodronate.  Upon  patient  follow-up,  serum  and  urine
ere  negative  for  M  protein  as  was  immunofixation  and  <5%
lasma  cells  in  bone  marrow  were  found;  thus  complete
emission  was  achieved.

It may  be  that  the  cytokine  storm  caused  by  SJS  could
ave  determined  the  induction  of  idiotype-specific  T  cells
ble  to  act  against  the  myeloma  cells.17

Another  case  of  SJS  was  described  in  a  51-year-old  man
ffected  by  primary  plasma  cell  leukaemia  and  treated
ith  lenalidomide  and  dexamethasone.18 Boruah  instead
escribed  the  onset  of  a  severe  cutaneous  manifestation
robably  induced  by  lenalidomide  in  a  73-year-old  Caucasian
emale  undergoing  induction  therapy  for  multiple  myeloma.
n  this  case  lenalidomide  was  substituted  with  bortezomib
or  her  induction  therapy  and  the  patient  did  not  experience
ny  further  cutaneous  reactions.19

In  most  cases  the  therapy  with  lenalidomide  is  not  com-
letely  discontinued  but  only  temporarily  interrupted  or
educed  in  dosage.

An  interesting  study  was  conducted  to  evaluate  the  his-
ocompatibility  antigen  genes,  HLA-A,  B,  C,  DRB1  and  DQB1,
f  Italian  MM  patients  with  dermatologic  adverse  reactions
fter  lenalidomide  treatment.

Seven  women  and  three  men  (mean  age  68  ±  10.81
ears)  were  included  in  two  different  controlled  trials.
hey  were  randomised  to  receive  lenalidomide-prednisolone
r  lenalidomide-dexamethasone  with  a  specific  treatment
cheme.

Three  patients  experienced  dermatologic  complications:
rticaria,  EM  and  SJS.  The  polymerase  chain  reaction  (PCR)
mplification  followed  by  sequence  specific  primers  (SSP)
LA  typing  was  performed  and  the  analysis  of  the  Ital-

an  patients  showed  that  the  two  severe  dermatologic
omplications  were  both  related  to  HLA-DRB*1501  and
LA-DQB1*0602,  whereas  the  patient  with  urticaria  pre-
ented  HLA-DRB1*1502  and  HLA  DQB1*0601.The  authors
oncluded  that  application  of  HLA-genotyping  as  a  screening
ool  before  prescribing  lenalidomide  could  contribute
n  evaluating  the  risk  factors  and  preventing  severe
enalidomide-induced  dermatologic  reactions.20
dverse  reactions  to  lenalidomide.  Allergol  Immunopathol

A  particularly  rare  manifestation  was  described  in  a
0-year-old  patient  who  received  lenalidomide  for  the  treat-
ent  of  a  plasmacytoma.  After  four  months  of  treatment,

ed  papules  appeared  on  the  extremities  and  the  trunk

dx.doi.org/10.1016/j.aller.2013.07.005
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following  the  lines  of  Blaschko.  The  lesions  nearly  dis-
appeared  during  drug-free  intervals  and  appeared  with
renewed  intensity  after  readministration  of  a  therapy
cycle.21

Another  manifestation  described  regards  a  patient
treated  with  lenalidomide  again  for  multiple  myeloma  with
the  appearance  of  erythematous  annular  plaques  on  the
trunk  and  extremities.  Skin  biopsy  specimens  revealed
diffuse  interstitial  granulomatous  infiltrates  of  lympho-
cytes,  histiocytes,  eosinophils  and  palisading  degenerated
collagen.22

Finally,  a  purpuric  drug  eruption  was  reported  in  a  74-
year-old  man  receiving  lenalidomide  and  dexamethasone
therapy  after  having  been  erroneously  diagnosed  with  MM.
The  patient  interrupted  both  medications  within  one  week
from  administration  due  to  oedema,  fatigue,  dizziness,  gas-
tritis,  and  a  mildly  pruritic  truncal,  thus  obtaining  quick
resolution  of  symptomatology.  Subsequently,  after  the  cor-
rect  diagnosis  of  amyloidosis,  he  restarted  treatment  with
lenalidomide,  dexhametasone  and  melphalan  thus  devel-
oping  intermittently  pruritic  eruption  on  his  chest,  lower
abdomen,  and  extremities  within  a  week  which  however
spared  mucosae  and  conjunctivae.  The  eruption  consisted
of  polycyclic  erythematous  thin  plaques  with  dusky  cen-
tres  bearing  scant  scale  and  erythematous,  no  blanching
macules.23

Conclusions

Dermatological  side  effects  are  a  known  complication  due
to  lenalidomide  use  with  a  frequency  ranging  from  12%  to
43%,  with  the  highest  rates  similar  to  those  due  to  thalido-
mide  use.  Most  eruptions  occur  during  the  first  month  of
therapy  and  have  been  described  as  morbilliform,  urticarial,
dermatitic,  acneiform,  or  undefined.24 Physicians  prescrib-
ing  lenalidomide  should  monitor  their  patients  for  possible
cutaneous  adverse  reactions,  in  particular  if  patients  have
a  history  of  thalidomide  skin  eruption.

Due  to  the  increasing  number  of  prescriptions  of  lenalido-
mide  for  the  treatment  of  myeloma  multiple  and  other
similar  haematological  conditions,  the  potential  ability  of
lenalidomide  to  induce  severe  cutaneous  adverse  reactions
must  be  taken  into  consideration.
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