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Abstract 

High-count monoclonal  B-cel l  lymphocytosis  (MBL) with  a  chronic  lymphocytic  leukemia  

(CLL)-phenotype is  a  wel l -known en ti ty ,  fea tur ing 1 -4% annual  r i sk  of  progress ion  

towards CLL requir ing  trea tment .  Lymphoma- like  MBL (L-MBL),  on the other  hand ,  

remains poorly  def ined  and da ta regard ing outcome are  lacking .  We re trospec tive ly 

evalua ted  33 L-MBL cases  with in our  hosp ital  populat ion  and compared them to  95  

subjects  with  CLL-l ike MBL (C-MBL).  Diagnoses of  L-MBL were based on asymptomat ic  

B-cel l  c lones with  Matutes score  <3,  B-cel l s  <5 .0  x  10 3 /µ l ,  and  negative computer ized  

tomography scans .  We found that  median B-ce ll  counts were considerab ly lower compared  

to  C-MBL (0.6 vs 2 .3  x  10 3 /µl ) ,  and remained stable  over  t ime.  Based  on  

immunophenotyping  and  immunogenet ic  prof i l ing,  most  L -MBL clones d id not  correspond  

to  known lymphoma enti t ies.  A st r ik ingly high occurrence of  paraproteinemia (48%) ,  

hypogammaglobulinemia (45%) and bic lonali ty  (21%) was seen,  these incidences be ing  

sign if icant ly  h igher  than in  C -MBL (17%, 21% and  5%, respec t ively) .  Unrelated 

monoclonal  gammopathy of  undetermined  s igni f icance was a  f requent  feature,  as  the  l ight  

chain type of  5/12 paraproteins detec ted was differ ent  f rom the clonal  surface 

immunoglobulin .  Af ter  46 months median fo llow -up,  2/24 pat ien ts (8%) had progressed  

towards indolent  lymphoma requir ing no  treatment.  In  cont rast ,  41% of  C-MBL cases  

evolved to  CLL and  17% required treatment.  We conclude tha t  c l inica l  L-MBL is  

charac ter ized by pronounced immune dysregulat ion and very slow or  absen t  progression ,  

clear ly  separa t ing i t  f rom it s  CLL -l ike counterpar t .  

 

Keywords:  monoclonal  B-ce ll  lymphocytosis ,  chronic lymphocyt ic  leukemia ,  non-

Hodgkin 's  Lymphoma,  MGUS, immunophenotyping  
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Introduction  

Monoclonal  B-cel l  lymphocytosis i s  def ined as  a  small  monoclonal  B-cell  populat ion  (B-

cel ls  <5.0 x  10 3 /µl)  presen t  in  the per iphera l  b lood  of  persons wi thout  B-symptoms (eg.  

weigh t  loss and night  sweating) ,  au toimmune phenomena,  lymphadenopathy  or  

organomegaly.  Three  types  of  MBL can be dis t inguished  based on  the express ion of  CD5 

and CD23: CLL-l ike MBL (C-MBL),  by far  the most  f requent form, with  CD5 and CD23  

posi t iv i ty ,  a typical  CLL-like MBL (CD5+, CD23-)  and non-CLL-l ike MBL (CD5-)  [1] .  

However ,  recent  data  have shown that  an  indolent  form of  mant le  ce l l  lymphoma ex is ts ,  

which  may account for  a  substan tia l  percen tage of  MBL cases  wi th  a  CD5+, CD23-  

phenotype  [2] .  I t  i s  therefore more  log ica l  and  prac tical  to  group  this  sub type  toge ther  

with  the non-CLL-l ike  populat ion,  under  the  common name of  non -Hodgkin lymphoma-

like MBL (L-MBL)  [3] .  

The outcome of  C-MBL mainly  depends on the B-cel l  count at  d iagnosis.  When B-

cel l  count s are  below 0.5  x  10 3 /µ l ,  a l so  termed  low-count  MBL, progression  i s  rare .  These 

clones a re typical ly  found  when screen ing hea lthy subjec ts  ( ‘ screening’  MBL) [4] .  High-

count C-MBL, frequently  found when invest igat ing lymphocytosis  ( ‘cl in ical ’  MBL),  

involves a  r i sk  of  evolution to  CLL requir ing  therapy of  about 1 -4% per  year  [5-8] .  

However ,  the  0 .5  x  10 3 /µl  cutoff  has on ly been  val ida ted for  C -MBL, and thus  cannot be  

readi ly  app lied to  L-MBL.  

Whi le the charac ter is t ics  of  C-MBL are  well  documented ,  L-MBL remains largely  

unexplored .  Stud ies focusing on sma ll  non-CLL-like clones  are scarce ,  and most  do not  

mention  medical  imaging  as a  way  of  rul ing ou t  B-cel l  non -Hodgkin lymphoma (B-NHL)  

and/or  include sub jects  wi th  B-ce ll  count s above 5 .0  x  10 3 /µl  [9-14] .  We a imed to  

accura te ly  def ine and charac ter ize  a  number of  c l inica l  L-MBL cases,  thus gain ing  a be tte r  

ins ight  in to  the b iology of  L -MBL. We reviewed c l in ica l ,  immunophenotypic  and  

immunogenetic  charac ter is t ics  at  d iagnosis ,  and evaluated  the natural  his tory of  these  

patients .  A compara tive  analysis wi th  C -MBL subjec ts  was also performed .  
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Methods 

Study population  

The study  was approved by the  Eth ics  Committee  of  the  Univers i ty  of  Brusse ls .  We 

retrospec tively analyzed  the f low cytometr ic  da tabase of  our  laboratory  at  the Univers i ty  

Hosp ital  o f  Brusse ls be tween 2000  and  2016.  Cases  of  L-MBL were  identif ied  using  the 

cr i ter ia  for  MBL as def ined by Shanafe lt  e t  a l  [1] .  Cases wi th  a  Matutes score ≥3 were  

excluded .  Al l  c l in ica l  and rad iolog ic a l  data  available  in  the pa tient’ s data  shee t ,  were  

examined .  Pa tien ts with  a  diagnosis of  B-NHL, or  in  whom computer ized  tomography  

scanning (chest  and  abdomen) was no t  performed,  were  omit ted.  We excluded  al l  cases  

with  impor tan t  cy topenia (hemoglobin <10g/d l ,  p latele ts  <100  x  10 3 /µ l  or  abso lute 

neutrophi l  count <0.8  x  10 3 /µ l)  that  cou ld not  be explained by another  pa tholo g ica l  

condit ion in  the pa tient ,  unless a  BM specimen had clear ly  shown tha t  cytopenia was not  

caused by  impor tan t  lymphocytic  invasion .  C-MBL patients iden tif ied  in  the  same t ime 

frame were a lso  s tudied .  Al l  met the  cr i ter ia  fo r  MBL and had B-ce ll  c lones with  Matutes  

score ≥3.  

 

Immunophenotyping  

Three-co lor  flow cy tometr ic  ana lys is was per formed us ing s tandard methods  [15]  on a 

Beckman Coul ter  XL (before Apr il  2009)  or  FC500 ins trument  (af ter  April  2009; Beck man 

Coul ter ,  Miami,  FL)  using the fol lowing  mult icolor  ant ibody  stainings:  CD45-

phycoerythr incyanin  5 .1  (PC5)/CD3-fluorescein  i so thiocyanate  (FITC)/CD19 -

phycoerythr in  (PE) ;  CD19 -PC5/kappa-FITC/Lambda-PE; CD19-

PC5/ immunoglobulin( Ig)M-FITC/IgD-PE; CD19-PC5/IgG-FITC/IgA-PE; CD19-

PC5/ iso type contro l(IC) -FITC/IC-PE.  When a B-cel l  c lone was de tected  ( i .e .  a  skewed κ/λ  

rat io  of   >3 or  <0 .3,  o r  abnormal  clus ter ing in  κ  or  λ)   the  fo l lowing  antibody  stain ings 

were  added :  CD19-PC5/CD5-FITC/CD23-PE;  CD19-PC5/CD20-FITC/CD10-PE;  CD19-

PC5/FMC7-FITC/CD22-PE; CD19-PC5/CD103-FITC/CD25-PE; CD19-PC5/CD79b-

FITC/CD11c-PE; CD19-PC5/CD24-FITC/CD138-PE; CD19-PC5/CD5-FITC/CD38-PE and  

CD19-PC5/CD43-FITC.  For  each measurement ,  2 .5  x  10 3  B-ce ll  events were co llected.  

Fluorospheres (Dako,  Glostrup,  Denmark)  and SPHERO Cal ibra t ion Part icles (Sphero tech ,  
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Lake Forest ,  I l l inois,  USA) were  used to  moni tor  the f luorescence detection vo ltages and 

the f luorescence l inear i ty ,  respect ive ly.  The  SPHERO par t icles were also used to  

harmonize the Beckman Coul ter  FC500 wi th  the XL ins trument,  leading to  iden tical  

resu lt s  on bo th machines.   

 

Serum immunoglobulin analysis  

Serum pro te in  e lec trophores is  was performed by capi l la ry e lec trophoresis (Capil larys  I I ,  

Seb ia ,  Norcross,  GA,  USA).  When a paraprote in  was detected ,  immunof ixat ion 

elec trophores is  (Hydragel ,  Sebia )  was  used  for  iso type iden tif icat ion.  

Hypogammaglobul inemia was def ined as a  decrease in  the gamma zone below  8 g/ l  

( loca l ly  def ined  reference range) .  Cases wi th  a  paraprotein  together  wi th  normal or  

increased gamma globulin  level s were  considered uncertain  of  hav ing  

hypogammaglobulinemia ,  and were removed from data  ana lysis.  

 

Histopathology and immunohistochemistry  

Bone marrow treph ine  biopsy  spec imens were  rout inely  embedded  in  paraff in ,  and  the  

or igina l  diagnostic  sec t ions were used for  th is study.  The sec tions were  stained with  

hematoxylin  and eosin  to  evalua te morphologic fea tures.  Sta ining  for  CD79a was 

performed in  al l  b iopsies.  CD20,  CD45 and CD3 ant ibodies  were  used in  most  cases,  a t  the  

discret ion of  the patho logis t .  

 

Analysis of  IGHV gene rearrangements  

DNA-PCR amplif icat ion and sequ encing of  IGHV  gene rearrangements was performed 

following an establ ished protoco l ,  as p reviously descr ibed  [16] .  The in ternat ional  

immunogenetics information system (IMGT) da t abase and the IMGT/V -QUEST tool  were 

used to  analyze  the  sequence data .  Somatica l ly  muta ted sequences  with  >3% deviat ion 

from the germline  sequence  were considered signif icant ly  mutated  [17] .  

 

Statist ical  analysis  



 6 

Nonparametr ic  methods were appl ied  because  most  parameters were no t  normally  

dis tr ibu ted .  Median  va lue and range were  de te rmined for  each parameter .  To  assess  

differences in  continuous data ,  the Wilcoxon  signed -rank test  was  used for  paired samples ,  

and the Mann-Whi tney U test  fo r  independent samples .  The Chi- squared test  was used to  

compare nominal  var iab les  in  independent  s amples.  

 

Results  

Patient characterist ics  

By reviewing  our  f low cytometry  records ,  33 pa t ients  could be c lassif ied  as  having  L-MBL 

(Table  1) .  None presented with  B-symptoms or  autoimmune phenomena.  Lymphadenopathy  

and sp lenomegaly were undetec tab le by c l in ica l  examinat ion ,  and absen t  on compute r ized  

tomography scans  in  al l  pa t ien ts.  Most  L-MBL cases were  referred for  a  hemato logical  

workup because  of  mild  lymphocytosis ,  anemia  or  presence  of  a  paraprotein .  A negat ive  

hepat i t is  C serology was seen in  a l l  case s with  avai lable da ta (11 /33) .  In  the same t ime 

per iod,  95 C-MBL pat ients were ident if ied.  Basic laboratory and c l in ica l  character i st ics of  

both groups are shown in  Table 2 .  In  addi t ion ,  we ident if ied f ive pa tients with  bo th a  L-  

and C-MBL clone.  These were no t  inc luded in  e i ther  cohort ,  and are discussed separately .  

In  f ive  L-MBL pat ien ts  a  hemoglobin value <10  g/d l  was present  a t  d iagnosis but  could be  

clear ly  a t tr ibuted to  a  pers is ten t  infect ious process ,  and normal va lues were seen before 

star t  of  the  infect ion .  For  the same reason,  high maximum pla telet ,  leukocyte  and  

neutrophi l  counts were  noted in  our  s tudy populat ion ( Table 2) .  One patient  had an 

abso lute neu trophil  count  <0.8  x  10 3 /µl  which was accredi ted  to  coexistent  chron ic  

myelomonocytic  leukemia.  

 

Serum immunoglobulin analysis  

A paraprotein  could  be  detec ted  by serum pro te in  e lec trophores is  in  16/33 L-MBL patien ts  

(Table  1) .  In  most  cases the s ize  of  the monoclonal  peak was  too small  for  accurate  

quantif icat ion .  Immunofixat ion  was  successfu lly  performed in  10 /16 pat ien ts wi th  a  

monoclonal  gammopathy ,  and  de tec ted  t welve  parapro te ins .  In  5 /12 paraproteins  (5/10  

patients)  the l igh t  chain  d id not  match  the surface  immunoglobulin  ( sIg)  on  the 
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monoclonal  B-ce ll s .  Four  of  these  unre la ted  paraprote ins w ere  of  the IgG iso type.  In  the  

f ive  remain ing pat ien ts  with  avai lab le da ta ,  both the paraprotein  heavy and l ight  chain  

were  of  the same type as the sIg.  Monoclonal  gammopathy  was  signi f icantly  less prevalent  

in  C-MBL cases (Table  2) .  The parapro te in  l ight  cha in  was differen t  f rom the  sIg  l ight  

chain  in  six  out  of  th ir teen  C-MBL pat ien ts  with  ava ilable  immunofixat ion  data .  A 

discordance in  the  heavy cha in i sotype  was observed  in  four  of  the  other  seven  C-MBL 

cases with  ava ilable  da ta .  Each of  these  had a B-cel l  c lone  with  IgMD kappa express ion on 

the surface,  and an associa ted  IgG kappa paraprotein .  

Out of  22 L-MBL cases with  available da ta ,  ten  had hypogammaglobulinemia  which  

was sign if icant ly  more  than in  C -MBL (Table  2) .  

 

Bone marrow examination  

A BM biopsy was ava ilab le in  12  pa tien ts.  In  6  cases there was no clear  inf i l t ra te  

detec tab le ;  al l  had a B-cel l  count <1 .0 x  10 3 /µl .  An in terst i t ia l  inf i l t rat ion of  sca ttered 

cel ls  could  be seen in  5/6  other  cases ,  and in  one pa tien t  a  para trabecular  pa ttern  of  

invasion  was  observed  (Fig .  1) .  All  s ix  pa tients  wi th  clear  invasion  presen ted wi th  >1.0 x  

10 3 /µ l  B-ce ll s .  Flow cy tometr ic  data  ana lys is could demonstrate  BM inf i l t ra t ion by the  

monoclonal  B-cell  populat ion in  al l  14 pa tients wi th  available da ta ,  wi th  a  maximum 

invasion of  20% relat ive  to  the nuclea ted cel l  populat ion .  

 

Genetic analysis  

Thir teen  monoclonal  Ig  rearrangements  were  found in  12  pa tients wi th  avai lable data  

(Table 1) .  E leven c lones (85%) used IGHV3 -  and IGHV4 - fami ly genes ,  and  an  equal  

proport ion  (11 /13)  had s ignif ican tly  muta ted  IGHV  genes.  

 

Flow cytometric analysis at  diagnosis and during follow-up 

Thir ty-s ix  L-MBL clones were de tec ted in  33 pa tien ts  (Table 1) .  At d iagnosis,  the median  

B-cel l  count was 0 .6  x  10 3 /µ l  which was sign if ican tly  lower than in  C-MBL patien ts (F ig .  

2a) .  The percen tage  of  monoclonal  B-cel ls  among the tota l  B-cel l  populat ion was  80% 

(median value;  range 13-100%).  Twenty-one monoclonal  popula t ions  (64%) presen ted wi th  
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kappa l ight  chain  res tr ict ion .  Two clones had coexpress ion o f  µ and γ  heavy cha ins ,  and 

sIg  was not  detec table in  one case .  An  immunophenotype  no t  specif ic  for  one of  the WHO 

lymphoma ent i t ies  was observed  in  28/36  cases  (78%) .  E ight  clones had a more  d is t inc t  

lymphoma phenotype .  Three resembled  the  phenotype  of  sp len ic  B-ce ll  

lymphoma/ leukemia  unclass if iable (SLLU),  encompassing  ha iry  cel l  leukemia-variant  and 

splenic red pulp lymphoma ,  overlapping en ti t ies with  simi lar  immunophenotypic fea tures  

[18] :  CD25- and CD103+ or  a  combinat ion of  CD11c ,  br igh t  CD22 and coexpression of  µ  

and γ  heavy cha ins .  A mantle  cel l  lymphoma- l ike  phenotype (CD5+,  CD23 -,  CD11c-  and 

sIgMD+) was seen in  two cases.  Two clones had a fol l icu lar  lymphoma-l ike  phenotype  

(CD10+),  whi le  one was  suggestive of  a  LPL phenotype (IgM+, IgD-,  CD25+ and CD38+).  

Due to  the re trospec tive natu re of  th is  s tudy,  i t  was no t  possible to  perform addit iona l  

molecu lar  test ing in  order  to  bet ter  character ize these cases.  

  Flow cytometr ic  fol low -up data were ava ilab le  in  19 pat ients  with  a  median fol low-

up t ime of  41 mon ths.  B-cel l  counts  at  fol low-up were  not  s ignif ican tly  different  f rom the  

values at  diagnosis ,  con trast ing wi th  resu lt s  in  C -MBL (Fig.  2b) .  All  c lones persisted ,  and  

two L-MBL pat ients presen ted wi th  more than 5 .0  x  10 3 /µl  B-cel l s  a t  fol low-up.  

 

Biclonal  cases  

Eight out  of  133 MBL (6%) pat ien ts had a second clone.  Combinat ions  of  C-MBL and L-

MBL were  most  common (n=5) ,  and three  pat ients  had  a double L-MBL clone.  Subjects  

with  two C-MBL c lones  were not  seen.  From these  da ta we can der ive that  b iclonal i ty  wa s  

present  in  8/38  (21%)  pat ien ts  wi th  a  L-MBL c lone  and in  5/100  (5%)  pat ien ts  that  

harbored a C-MBL clone ,  which proved  sta t i s t ical ly  differen t  (p -value 0 .004) .  

Immunogenetic  analys is  was performed in  two biclonal  cases and  usage of  two di fferen t  

IGHV  genes was demonstrated  in  both .  

 

Clinical follow-up 

Twenty-four  L-MBL patien ts could be fol lowed in  t ime,  wi th  a  median durat ion of  46 

months (range 1 -108 months) .  Twenty -one cases  presen ted wi th  a  s table disease course,  

remain ing without symptoms,  c l inica l ly  palpab le lymph nodes or  sp lenomegaly (Table 1) .  
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Two pat ient s  (8%) progressed  to  lymphoma .  At  three years  f rom diagnosis,  p a t ien t  #26  

showed lymphocytosis with  >5.0 x  10 3 /µ l  B-ce ll s ,  and developed mild  splenomegaly and  

lymphadenopathy.  Because  of  age  and  a  symptom-free presenta t ion ,  t reatment  was  not  

given .  She  died from acute  hear t  fai lure four  months  af ter  progression.  A substant ia l  B-

cel l  inf i l t rat ion of  BM and lymph nodes  was  revealed  by  the au topsy .  Immunohisto logical  

examinat ion of  the spleen disc losed  a  diffuse  invasion of  the red pu lp lead ing to  a  SLLU 

diagnosis .  Pa tien t  #3  evolved towards B-cel l  lymphocytosis above 5 .0  x  10 3 /µ l  whi le  a lso 

develop ing axi l lary  lymphadenopathy  wi th  indolent  behavior .  Up un ti l  present  (3 .5  years  

af ter  progression)  the patient  i s  s t i l l  untreated and in  excel len t  condi t ion,  withholding  the  

cl in ic ian from lymph node biopsy.  The monoclonal  gammopathy of  undetermined  

sign if icance (MGUS) de tec ted in  pat ien t  #9 (with  l igh t  cha in  differen t  f rom the sIg  on the  

B-cel ls)  progressed  to  mult iple  myeloma  17  months  af ter  di agnosis.  Because  of  mul t ip le  

comorbid it ies,  cura t iv e trea tment was no t  considered.  In  the C-MBL group,  incidences of  

both progression and therapy -requir ing d isease were s ignif ican tly  higher  (Table 2) .  

 

Discussion 

MBL is a  rather  common f inding amongst  healthy indiv iduals.  Several  la rge screening  

stud ies have d isc losed a  prevalence ranging  from 0.6% to more than 20% in persons o lder  

than 60 years ,  depending on the sensi t iv i ty  o f  the used technique  [1] .  In  hea lthy b lood 

donors,  a  prevalence of  approximately 7%  was observed [19] .  The current  consensus i s  a  

prevalence of  3-5% for  persons o lder  than 40  years  [20] .  For  L-MBL, the prevalence  

var ies  around 1-2% in the overa l l  popula t ion  [21,  22] .  Few data exis t  for  high-

count /cl inical  MBL. Rawstron  et  a l .  found 309  cases of  C-MBL in 2228 subjects refer red 

for  lymphocytosis  (13.9%) ,  bu t  the  prevalence of  cl inical  L -MBL was not  mentioned  in  

this study  [5] .  In  our  patient  cohort ,  we  found an  L-MBL prevalence tha t  was roughly  

three  t imes lower compared to  C-MBL, a l though this i s  biased due to  the fac t  that  40  

presumed L-MBL cases  were omitted  because of  miss ing  imaging  s tudies.  

A second MBL clone was de tected in  21% of  our  L-MBL patients ,  in  l ine wi th  a  

previous repor t  [23] .  Importan t  immunophenotypic  d ifferences  between both c lones were 

seen in  al l  these cases,  suggest ing  an unrelated or igin .  Two such  patien ts in  whom 
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immunogenetic  analys is  was  performed,  sh owed usage  of  two d iffe rent  IGHV  genes,  

thereby  re inforc ing this hypothesis .  F low cy tometr ic  detect ion of  two concurr ing  CLL - like  

clones has rarely  been  reported  [22,  24 ,  25] ,  and  was also no t  observed  in  our  pat ien t  

group.  We presume that  i t  i s  more  d if f icu lt  to  ident ify  because  both  c lones  wil l  have an 

ident ica l  immunophenotype  in  most  cases .  However ,  by using  molecular  techniques ,  

ol igoc lonali ty  was  detected  in  a lmost  one-quarter  of  low-count C-MBL cases  [26] .  In  

contrast ,  CLL is  mostly  monoclonal  [27] .  I t  i s  postu la ted tha t ,  in  the oncogenesis of  CLL,  

one C-MBL clone achieves do minance over  the others and  progresses to  cl inical  CLL  [28] .  

Whether  this also occurs  in  L -MBL is a  top ic for  fur ther  s tudy.  

We de tec ted  a paraprotein  in  almost  ha lf  of  the  L -MBL cases ,  which is  

considerab ly  more  frequent  than  in  o ther  B-ce ll  lymphopro life ra t ive d isorders  such  as C-

MBL (17%),  CLL (4 -20%) [29,  30]  and B-NHL (17-28%) [31-33] .  More s tr ik ing was the  

discordance  between  the  i sotype  of  the parapro tein  and the  sIg  on  the  c lonal  B-ce ll s .  From 

our  data we can deduce  that  in  near ly  one-quarter  of  L-MBL patients  a  paraprote in  i s  

present  with  a  Ig  l igh t  chain that  d iffers f rom the sIg ,  indica ting  coex is ten t  MGUS. The  

prevalence  of  MGUS in  the  genera l  elder ly  populat ion has been est imated  a t  3 .2% [34] ,  

and could therefore on ly  account  for  about one eighth of  the incidence in  our  L -MBL 

cohort .  The t rue prevalence of  MGUS in L -MBL could be even higher  since paraproteins  

with  l ight  chain s iden t ica l  to  the sIg  might a lso be unre la ted,  bu t  this  would require 

sequencing  ana lysis .  Few data ex ist  concerning the  c o inc idence  of  MGUS and  B-ce ll  

lymphoprol iferat ive disorders  because  the re lat ionship be tween the  iso type of  the  

paraprotein  and the sIg has rare ly  been stud ied .  Hansen DA e t  a l .  repor ted on this sub jec t  

for  HCL and CLL  [35] .  From the ir  da ta we can deduce an MGUS prevalence of  8 .5% and  

6.5% in HCL and CLL, respec tively.  The la t ter  contras ts  with  a  more recent  study ,  

demonstra t ing a 100% light  chain i so type concordance in  27 CLL pat ients with  

paraproteinemia  [30] .  In  63 cl in ica l  MBL patients ,  an unre la ted MGU S was seen  in  two 

cases (3%) [14] .  For  one pat ien t  of  our  cohort  i t  was c lear  that  the parapro te inemia  

der ived from a  plasma cel l  c lone,  because of  p rogress ion towards mult iple  myeloma  wi th  

ident ica l  Ig  i so type .  This assoc ia t ion  be tween MBL and p lasma cel l  dyscras ia  has recen tly  

been documented .  Using  molecu lar  techniques,  a  B-ce ll  c lone was found to  be present  in  
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16% of  myeloma pat ien ts  [36] .  However ,  the assoc iat ion was less c lear  for  MGUS, where 

only 2% had a de tec tab le MBL. Genetic  ana lys is  showed tha t ,  in  al l  these  cases,  the B-ce ll  

c lone was unrelated to  the plasma cel l  mal ignancy .  I t  i s  specu lated tha t  both plasma cel l  

and B-cel l  c lones ar i se f rom cel l s  developing in  an underly ing microenvironmental  n iche 

that  promotes clonal  evolution .  The h igh frequ ency of  biclonali ty  and  MGUS in L-MBL 

indeed  suggests an ol igoclonal  d iversif ica t ion  process.  A poss ible exp lanation  comes from 

the study of  o l igoclonal i ty  in  C -MBL tha t  has shown an an tigen -in i t iated process in  some 

subjects  [28] .  Of note ,  when comparing heavy chain i so types between the parapro te in  and  

the sIg,  we no ticed a perfect  agreement  in  the non -MGUS L-MBL group ,  but  a  d iscordance 

in  the C-MBL group for  over  ha lf  of  the  pa tien ts.  The lat ter  poss ibly re f lec ts  the potency  

of  i sotype -swi tch ing by CLL c el ls  [37] ,  or  i t  migh t  ye t  be ano ther  manifes ta t ion of  

ol igoc lonali ty .  

The high  prevalence of  hypogammaglobul inemia  in  our  C-MBL (21%) and 

especial ly  L-MBL populat ion (45%) i s  another  remarkable  f ind ing ,  and could explain  the 

eleva ted  r i sk  of  infect ions  as sociated wi th  MBL [38] .  A previous  repor t  found  an  

occurrence of  29% in  MBL pat ien ts  [39] ,  as opposed to  another  s tudy  report ing  on ly 1% 

[40] .  Differences in  the phenotype (L -MBL/C-MBL) and the abso lute B-cel l  count may  

contr ibu te  to  these d iss imi lar i t ies  bu t  this  informat ion was  not  ava ilable  in  the  

aforementioned stud ies.  Hypogammaglobulinemia in  o ther  B-ce ll  malignancies  i s  rare ly  

seen ,  except  in  CLL where i t  is  common.  Studies on CLL have put  forward a  diminished  

pool of  normal CD5-negative B-cel ls  as an explanation  [41] .  However ,  we could  not  f ind a 

correlat ion between the remainder  of  normal B -cel ls  and the presence of  

hypogammaglobulinemia (data not  shown) .  Al terna tively ,  the nonclonal  B-cell s  may be  

functional ly  inh ibi ted by thei r  c lonal  counterpar t .  

Ten out  of  36 L-MBL clones had  an immunophenotype tha t  matched a  WHO 

lymphoma en ti ty  wi th  a  ( semi-) spec if ic  phenotype such as  SLLU,  LPL,  fo l l icular  o r  

mantle  cel l  lymphoma,  demonstra t ing the  phenotypic  heterogenei ty  among L -MBL. The  

major i ty  however  had  a  non-specif ic  expression of  surface ant igens.  By means of  

exclusion ,  one  could  postu la te  tha t  these  were ei ther  sp len ic marginal  zone lymphoma 

(SMZL)-l ike  or  LPL-l ike clones .  However ,  the immunogenetic  prof i le  d id  not  match 
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either .  None of  the ana lyzed cases  carr ied a  c lone  with  usage of  the  IGHV1-2*04  gene,  and 

only two clones  had  a IGHV  gene  that  was  no t  sign if icant ly  muta ted .  Both fea tures a re  

common in  SMZL, being presen t  in  31% and 51% of  the cases ,  respec tive ly  [17] .  As was  

already suggested by  Xochel l i  e t  a l . ,  these  non-CLL-l ike clones  appear  to  have a  be tter  

immunogenetic  match to  SLLU than to  SMZL [12] .  Also,  h isto logical  examinat ion of  the 

spleen,  avai lab le in  one  of  our  pat ien ts wi th  a  non-specif ic  L -MBL, revea led  a d iffuse  

inf i l t ra t ion of  the red  pulp,  diagnostic  of  SLLU ra ther  than  SMZL. The MYD88 L265P 

mutat ion,  s trongly  assoc iated wi th  LPL [42] ,  was detected in  on ly 1 /14  L-MBL cases (data  

not  shown).  In  a  recen t  report ,  th is  genetic  abnormal i ty  was also  found in  10/53 pa tien ts 

with  a  marginal  zone-l ike clonal  lymphocytosis (also involv ing clones > 5 .0 x  10 3 /µ l)  [43] .  

Although these data seem to  suggest  tha t  most  L-MBL clones  are unrelated  to  ei ther  SMZL 

or  LPL,  they do  not  exc lude i t .  An explanat ion  can be der ived from studies analyzing  the 

Ig  reper to ire  in  C-MBL.  Here in,  invest iga tors  have disc losed a d ifferent  immunogenetic  

prof i le  in  low-count C-MBL compared  to  CLL. Unmuta ted  IGHV  genes  for  example,  

present  in  40-50% of  CLL, were on ly seen in  30% of  C-MBL. Likewise,  the IGHV1-69  

gene,  presen t  in  10-20% of  CLL was not  de tec ted in  C-MBL. Based on  the genet ic  

differences be tween bo th enti t ies ,  i t  is  hypothesized that  only specif ic  subgroups of  low -

count C-MBL progress to  CLL  [25] .  Finally ,  i t  i s  conceivab le  tha t  some L-MBL clones  

der ive  from an  occu lt  mucosa-associated  lymphoid t i ssue  lymphoma.  Previous  s tudies ,  

however ,  have  shown that  th is  i s  a  ra ther  rare f ind ing in  pa tients w ith  non-CLL- like  

lymphocytosis [12] .  

With regard  to  the natura l  course  of  L-MBL,  Nieto  et  a l .  reported absent  

progress ion in  13 hea lt hy subjects ,  with  an average c lone size of  0 .2  x  10 3 /µ l ,  af ter  one  

year  of  fo l low-up [23] .  In  102 asymptomat ic  patients wi th  a  margina l  zone- l ike B-cel l  

c lone,  progress ion was seen in  17 cases [12] ,  bu t  this  s tudy a lso included patien ts wi th  B-

cel l  count s above 5 .0  x  10 3 /µ l ,  making  i t  d if f icu lt  to  compare  da ta .  In  our  cohort ,  we have  

shown tha t  the  clone  s ize  remained small  in  the majori ty  of  the pat ien ts ,  as re f lected by 

very s tab le median B-ce ll  counts.  Converse ly,  C-MBL patien ts showed  progress ive B-cel l  

counts in  a  sign if ican t  number of  pat ien ts (Fig .  2b) .  This f ind ing could  wel l  explain  the  

three-fo ld d ifference in  B-cel l  counts  between  both groups a t  diagnosis (Fig .  2a) .  We did  
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not see any  clone disappear  during fol low-up,  contras t ing  wi th  the  s tudy of  Fazi  e t  a l .   

showing a non-de tec tab le clone af ter  three years in  33% of  persons with  a  CD5-negative  

screening  MBL [4] .  However ,  the clone s ize in  these cases was much smaller  than in  our  

cohort ,  and might exp la in  i t s  t rans ien t  nature.  During the f ir st  three years of  fol low -up,  

our  C-MBL group  presented  with  a  4 .2% annual  r i sk  o f  evolu tion  to  CLL requir ing  

therapy ,  comparab le  to  what was repor ted  by an I tal ian group [7] ,  bu t  considerab ly more 

frequent than in  o ther  studies [5 ,  6 ,  8] .  Because of  i t s  natural  course ,  annual  fol low-up by  

a hemato-oncolog ist  i s  put  forward  as a  gu idel ine for  management of  c l inical  C-MBL. For  

cl in ica l  L-MBL, fo llow-up every 6 -12 months i s  advised,  al though data regarding ou tcome 

were nonexisten t  unt i l  now [1]) .  Based on  our  resul t s ,  documenting very indolen t  

behavior ,  such a s tr ingent  fol low-up  may no t  be  indicated .  

In  summary ,  we have shown tha t  L-MBL patien ts of ten present  with  mul t iple  B-ce ll  

c lones and /or  unre la ted  paraproteins ,  possib ly  ref lect ing an  antigen-driven  ol igoclonal  

diversif ica t ion  process.  Taken  together  with  the  h igh  inc idence  of  

hypogammaglobulinemia ,  i t  suggests a  dysregulated  immune sys tem in these sub jec ts .  The  

frequent  f ind ing of  seemingly unrelated  MGUS in  L-MBL patien ts  i s  in tr iguing  as to  i ts  

or igin .  I t  may prompt  looking for  clonal  plasma ce ll  populat ions ,  or  ut i l iz ing more  

sensi t ive f low cytometry methods  in  order  to  detec t  smal ler  B -ce ll  c lones.  F ina lly ,  the  

outcome of  L-MBL appears  very  favorable  compared to  C-MBL, bu t  f rom our  da ta we 

could not  extract  cr i ter ia  for  pa tient  fo l low-up .  Prospec tive  s tudies with  larger  cohorts 

wil l  need to  address this  issue.  
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Figure legends 

 

 

 

 

Fig. 1 Bone marrow pathology. Patterns of BM infiltration by mainly small B-

cells displaying (a) an interstitial pattern of infiltration (CD79a antibody), and (b) 

a paratrabecular pattern of infiltration (CD20 antibody) 

Fig. 2 B-lymphocyte counts in MBL. (a) B-cell counts at diagnosis. The whisker 

boxes show the extreme values (vertical bars), the low and high quartiles (rectangles) 

and the median values (horizontal bar); outliers are depicted with "+"; (b) B-cell 

counts in MBL cases with FU flow cytometric data. Results are expressed as median 

counts. nL-MBL=19, nC-MBL=35; median follow-up time was 41 and 30 months 

respectively *Statistically significant differences 


