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Disorders of Granulocytes Induced by Toxic Agents
L U D O L P H  H . VAN D E R  H O E V E N , M .D.* and  JAE C. C H A N G , M .D .f

Good Samaritan H ospital,$ 
and

Departments o f  Pathology* and Medicine, t 
Wright State University School o f  Medicine, 

Dayton, OH 45406

ABSTRACT
T he  effec t o f various toxic agen ts on granu locytes o r th e ir  p recursors is 

rev iew ed  w ith  em p h asis  on  hy po p lastic  anem ia, g ranu lo cy to pen ia  (toxic, 
id io syncratic  and  im m une), leu k em ia  an d  m orphologic cytop lasm ic and  
n u c lea r changes.

transform ation  o f  e ith e r  m u ltip o ten tia l or 
com m itted  stem  cells (leukem ia).

O n th e  o th e r  han d , ce rta in  agen ts  have 
a d ire c t  e ffec t on  m a tu rin g  o r  m a tu re  
granu locytes th ro ug h  im m unologic  m ech ­
anism s 16' 53 o r by  in h ib itio n  o f p ro te in  syn­
th e s is .38,59 I t  is also  know n th a t chem icals 
o r  d ru g s  m ay b e  a b le  to  p ro v o k e  im ­
m unologic resp on ses in  ce rta in  su scep ti­
b le  in d iv id u a ls  an d  re su lt in  an  abnorm al 
in crease  o f  e o s in o p h ilic  g ran u lo p o ies is  
( e o s in o p h i l ia ).11,31 In  a d d it io n , d ru g -  
in d u ced  m orphologic changes m ay occur 
in  g ran u lo cy tes .51 In  th is  rev iew  th e  m ore 
com m on form s o f granu locytic  d iso rders  
occu rring  w ith  toxic agen ts w ill b e  d is ­
cussed .
H y po p lastic  A nem ia

H y poplastic  anem ia  is a d isease  charac­
te riz ed  by anem ia , g ran u lo cy to p en ia  and  
th ro m b ocy to pen ia  ow ing  to in su ffic ien t 
p rod uc tion  o f  norm al b lood  ce lls  in  th e  
m arrow . T h e  vo lum e o f b o n e  m arrow  is
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In tro d u c tio n
I t  is w ell know n th a t toxic agen ts in flu ­

en ce  g ranu locytes in  various w ays by  af­
fec tin g  th e ir  p ro d u c tio n , d e s tru c tio n  or 
u tiliz a tio n .8,21 T h e  m echan ism s are very  
com plex and  m ost o f  th em  are n o t c learly  
k n o w n . A b n o rm a l g r a n u lo p o ie s is  o r  
granu lok inetics in d u c e d  by toxic agen ts 
are  no t uncom m on, and  chem ica ls as w ell 
as nu m ero us drugs have b e e n  im p lica ted  
in  ce rta in  g ranu locyte  d iso rders . T he  d is­
orders m ay b e  p e rm a n e n t b u t  u su a lly  are 
tem porary , and  w ith d raw al o f  th e  re sp o n ­
sib le  d ru g  or ch em ica l f re q u e n tly  cor­
rec ts th e  abn orm alities . S tu d ies4,26,39 in ­
d ica te  th a t m ost toxic agen ts  have d irec t 
m y elo su p p ress iv e  effect, th u s  re su ltin g  
in  in ju ry  o f  m u lt ip o te n tia l  s tem  ce lls  
(hypop lastic  anem ia), in ju ry  o f  com m it­
te d  s te m  c e l ls  ( g ra n u lo c y to p e n ia )  o r

|  A ddress rep rin t requests to D r. van d e r H oeven  
at G ood Sam aritan H osp ita l and  H ealth  C en ter, 
2222 P h ilad elph ia  D rive, D ayton, O H  45406
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re d u c e d  an d  fat re p lace s  no rm al fu n c ­
tional m arrow  tissue . T h e  d iso rd e r is as­
soc ia ted  w ith  a varie ty  o f  etio log ies th a t 
in c lu d e  id io p a th ic  d rug s o r chem ica ls , 
in fections, m etabolic , im m unologic  an d  
n e o p la s t ic  m e c h a n is m s . A m o n g  th e  
know n e tio log ies, adv erse  reactions in ­
d u c e d  by  to x ic  a g e n ts  a re  a co m m o n  
cause  o f  hy po p lastic  anem ia. T h e  d iag­
nosis can  b e  e s ta b lish e d  by  fin d in g  o f 
p an cy top en ia , re ticu lo cy to p en ia  and  in ­
c reased  am o u n t o f  fat in  random  b o n e  
m arrow  sam ples. O w in g  to  a red u c tio n  o f 
n o rm a l m a rro w  c e l l u la r  e le m e n ts ,  a 
sm ear from  b o n e  m arrow  asp ira te  is often  
unsatisfactory , an d  a b o n e  m arrow  b io p sy  
is u su a lly  r e q u ire d  to  d e m o n s tra te  re ­
p lacem en t o f  hem ato p o ie tic  tissue  by  fat. 
In  th is d iso rder, th e  red u c tio n  o f g ranu lo ­
cy tes is a p a rt o f  g en e ra lized  b o n e  m ar­
row  sup pression . T w o d iffe ren t m ech a­
n ism s  h a v e  b e e n  p o s tu la te d  in  th e  
p a th o g e n e s i s  o f  h y p o p la s t ic  a n e m ia  
ow ing  to  toxic a g e n ts .37

Toxic M a r r o w  S u p p r e s s i o n
In  th is  ty p e , an  a g en t regu la rly  su p ­

p resses b o n e  m arrow  in  all p a tien ts  ex­
p o sed  to  a su ffic ien t q u an tity  over a suffi­
c ien tly  lo ng  p e rio d  o f tim e. T h e re  m ay b e  
som e in d iv id u a l varia tion  o f to le ran ce  to 
th e  drug , b u t a ll exposed  w ill ev en tu a lly  
d e v e lo p  s e v e re  m a rro w  s u p p re s s io n . 
C la ss ic  ex am p le s  are  (1) a ro m atic  h y ­
drocarbons such  as b en zen e , to lu en e  and  
xylene ;33 (2 ) alkylating agents such as ni­
trog en  m ustard , ch lo ram bucil, busu lfan , 
c y c lo p h o sp h a m id e  a n d  m e lp h a la n ; (3) 
an tim e tab o lite s  such  as m ercap to pu rin e , 
cy to sin e  a rab in o sid e , m eth o trexate  and  
5-fluorouracil; an d  (4) an tib io tics such  as 
actinom ycin-D , ad riam ycin  an d  (5) v inca 
a lk a lo id s  v in c r is t in e  a n d  v in b la s t in e . 
T h ese  agen ts u su ally  in h ib it h em ato p o ie ­
tic  cells  in  m itosis o r at som e part o f  th e  
ce ll cycle; thus, th e  p rod uc tion  o f e ry th ­
rocytes, g ranu locy tes an d  th rom bocy tes 
is su p p ressed . P resu m ab ly  th is  is d u e  to

in ju ry  o f  m u ltip o ten tia l stem  ce lls ,17 al­
th o u g h  som etim es im p airm en t o f  norm al 
h e m a to p o ie s is  m ay b e  re sp o n s ib le  for 
h y p o p la s t ic  a n e m ia  fro m  p e r m a n e n t  
dam age o f th e  strom al h em ato p o ie tic  in ­
d u c tiv e  m ic ro en v iro n m en t .27,50
I d i o s y n c r a t i c  B o n e  M a r r o w  
S u p p r e s s i o n

T h e  m echan ism  o f b o n e  m arrow  su p ­
p r e s s io n  is le s s  w e l l  u n d e r s to o d  in  
id iosyncra tic  m arrow  in jury. O n ly  a very  
sm all n u m b e r o f  in d iv id ua ls  exp osed  to 
c e r ta in  a g e n ts  d e v e lo p  h y p o p la s t ic  
anem ia . In  con trast to  th e  toxic ty p e  d e ­
sc rib ed  p rev iously , th e  su p p ress io n  is u n ­
p red ic tab le  an d  th e  severity  is u n re la ted  
to dose. Som e in d iv id uals  are abnorm ally  
su scep tib le . I t  m ay b e  d u e  to congen ita l 
m e ta b o lic  a b n o rm a lit ie s ,36 to  a c q u ire d  
d isease  seen  w ith  c h lo ram p h en ico l45 o r to 
T -ly m p h o c y te  m e d ia te d  im m u n o lo g ic  
reac tio n . In  som e in stances, th e  d isease  is 
assoc ia ted  w ith  skin  m an ifesta tions, p re ­
sum ab ly  o f an  a llerg ic  n a tu re .41 A bnorm al 
ly m p h o c y te  t r a n s fo rm a t io n  h a s  b e e n  
d e m o n s tra te d  from  th e  ce lls  o b ta in e d  
from  p a tien ts  w ith  b o n e  m arrow  in ju ry  
afte r ad m in istra tio n  of g o ld .14 W ell k now n 
exam ples o f  drugs causing  id io syncratic  
m arrow  su p p re ss io n  are  (1) an tib io tics  
such  as ch lo ram phen ico l, su lfonam ides, 
m e th ic illin , nafcillin ; (2 ) analgesics such  
as p h en y lb u tazo n e , in do m ethacin ; an d  (3) 
an tim a la r ia ls  su ch  as c h lo ro q u in e  an d  
m e p a c r in e .  A m o n g  th e s e  a g e n ts ,  
c h lo ram p h en ico l has b e e n  s tu d ie d  th e  
m o st18,58 becau se  o f th e  h ig h e r association  
w ith  hypo p lastic  anem ia  an d  th e  im p or­
tan ce  o f  th e  d rug  in  c lin ical p ractice . A fter 
an  exp osu re  to  ch lo ram phen ico l, th e  risk 
o f  d ev e lo p in g  fatal hy p o p lastic  an em ia  
m ay b e  in  th e  range o f  1 in  30 ,000 to 
4 0 ,0 0 0 44' 45 C h lo ram ph en ico l can  p ro d u ce  
tw o ty p es o f  bo n e  m arrow  reaction ; one  is 
rev e rs ib le  and  th e  o th e r is a severe  and  
o ften  irre v e rs ib le  m arrow  su p p ress io n . 
T h e  form er is associated  w ith  su p p ress io n  
o f  e ry th ro p o ies is  and  app ears  to b e  d u e  to
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an  acq u ired  m ito cho nd ria l in ju ry ,18,60 and  
th e  la tte r  u su a lly  in d u ces  severe  ap lastic  
an em ia  and  seem s to b e  re la te d  to in d iv id ­
u a l su sc e p tib il i ty  o w in g  to  a c o n s titu ­
tion al stem  ce ll sen sitiv ity  to  th e  d ru g .17

Im m u n o lo g ic  m e c h a n ism s  h a v e  n o t 
b e e n  im p lica ted  in  hy po p lastic  anem ia. 
H o w ev er, toxic agen ts o r th e ir  m etab o ­
lites  m ay b e  re sp o n sib le  for u n u su a l sus­
cep tib ility  in  ce rta in  in d iv id u a ls , possib ly  
th ro u g h  th e  ce llu la r  im m u n e  system . No 
ev id en ce  has b e e n  p re se n te d  to  su p p o rt 
an  a n t ib o d y -m e d ia te d  m e c h a n ism , a l­
th ou gh  in  som e in stances cross reac tiv ity  
has b e e n  o b serv ed  b e tw e e n  agen ts w ith  
s im ila r  s t r u c t u r e s .37 W h a te v e r  th e  
p a th o g en esis  m ay b e , it app ears  th a t th e  
agen ts have an effect on  m u ltip o ten tia l 
stem  ce lls .17
Granulocytopenia

G ran u lo cy to p en ia  m eans an  abso lu te  
red u c tio n  in  th e  n u m b e r  o f  c ircu la tin g  
granu locy tes in  th e  p e rip h e ra l b lood. T he  
te rm  agranu locytosis im p lies  a m ore  se­
v e re  d e fec t. G ra n u lo c y to p e n ia  m ay b e  
d u e  to e ith e r  a d ec rea sed  p ro d u c tio n  o r an  
in c reased  destru c tio n .

A granulocytosis an d  g ranu lo cy to pen ia  
are  th e  m ost com m on form s o f w h ite  cell 
d iso rd e rs  a sso c ia ted  w ith  toxic agen ts. 
N u m e ro u s  d ru g s  a n d  c h e m ic a ls  h a v e  
b e e n  im p lica ted  in  th e  d e v e lo p m e n t o f 
g ran u lo cy to p en ia . G ra n u lo c y to p e n ia  is 
u su a lly  m ild  an d  tra n s ie n t, b u t  sev e re  
g ran u lo cy to p en ia  (agranulocy tosis) m ay

occur an d  re su lt in  serious c lin ica l com ­
p lica tions. B one m arrow  asp ira tion  often  
show s hy p o p lastic  m arrow  w ith  m ark ed  
red u c tio n  o f g ranu locytic  p recursors, b u t 
th e  f in d in g  o f  s y n c h r o n iz a t io n  o f  
g ranu lo cy tic  p recu rso rs  is no t u n u su a l, 
e sp e c ia lly  d u r in g  th e  reco v e ry  p h ase . 
T h is  m ay b e  m yelob lastic , p rom yelocytic , 
m y e lo - o r  m e ta m y e lo c y tic  d e p e n d in g  
up on  th e  stage o f th e  d isease . W h en  th e re  
is synchron iza tion  o f granu locytic  p recu r­
sors a t th e  stage o f  m yelob lasts or p ro ­
m yelocytes, it m ay b e  m isd iagn osed  as 
acu te  leu kem ia .

In  m ost in stan ces, th e  m echan ism s are 
n o t w e ll u n d e rs to o d ; n e v e rth e le s s , th e  
g ran u lo cy to p en ia s  m ay  b e  g ro u p e d  ac­
co rd in g  to  th e ir  c lin ica l ch arac te ris tic s  
a n d  p a th o g e n e s is . A t le a s t th re e  basic  
m echan ism s are  know n. T he  firs t m echa­
n ism  is toxic g ran u lo cy to p en ia , w h ic h  
ev en tu a lly  occurs in  all p a tien ts  exp osed  
to a toxic agen t. T h e  second  is id io sy n ­
cratic  g ran u lo cy to p en ia  re su ltin g  from  a 
d ec reased  p ro d u c tio n  o f  g ranu locy tes in 
th e  m arrow  from  a  se lec tive  su p p ress io n  
o f norm al g ranu lo po iesis  in  a fe w  exp osed  
individuals only. T he  th ird  is a m echanism  
w hich involves an  accelerated destruction  
o f granu locy tes ow in g  to a d ru g -in d u ced  
im m unologic  abn orm ality  (table I).
Toxic G r a n u l o c y t o p e n i a

T h e  o ccu rren ce  o f g ranu lo cy to pen ia  is 
in ev itab le  w ith  ce rta in  toxic agen ts  an d  is 
d o se-re la ted . All d rugs and  agen ts  re su lt­

TABLE I 

Drug-induced Granulocytopenia

Toxic Type Idiosyncratic Type Immune Type

Mechanism Inhibition of cell cycle Antibody mediated
Onset Slow (days to weeks) Insidious (days to weeks) Acute (hours)
Recovery after Days to weeks Days to weeks Hours to days
cessation of drug

Relation to No Usually no Yes
previous exposure

Examples Nitrogen mustard Indomethacin Aminopyrine
Cyclophosphamide Phenylbutaz6ne Dipyrone
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F i g u r e  1. Schem atic course o f th ree  d ifferen t 
types o f d rug-induced  granulocytopenia. In  toxic 
type (A) and  in  idiosyncratic type (B), the  onset of 
granulocytopenia is d elayed  after su b seq u en t chal­
lenges w ith  the  drug, b u t in im m une type (C) it is 
abrupt.

ing  in  hy p o p las tic  a n em ia  o f th e  toxic ty pe  
m ay p ro d u ce  “ g ranu lo cy to pen ia” a t som e 
tim e  d u rin g  th e  exp osu re  by  se lec tiv e  
su p p ression  o f  granu lopoiesis . H ow ever, 
so o n e r  o r  l a t e r  a n e m ia  a n d  th ro m ­
bo cy topen ia  follow  th e  granu locytopen ia , 
if  th e  tre a tm e n t is co n tin u ed , thus re su lt­
ing  in  h y p o p las tic  an em ia  o f  th e  toxic 
type. T h e  o n se t o f  g ran u lo cy to p en ia  is 
slow  (figure 1A) and  recovery  m ay take 
several days to  w eeks.
I d i o s y n c r a t i c  G r a n u l o c y t o p e n i a  

T his rare reac tio n  is ch arac te rized  by 
th e  u n ex p ec ted  d e v e lo p m en t o f  m oderate

to  sev ere  g ranu lo cy to pen ia  fo llow ing  an 
exp osu re  to  a d ru g  over several days. T he  
o n se t o f  g ran u lo c y to p e n ia  is in s id io u s  
(figure IB ). F re q u e n tly  th e  g ranu locy to ­
p e n ia  p ersis ts  for days or w eeks after d is­
co n tin u a tio n  o f th e  drug  and  u su a lly  th e  
reac tio n  is n o t dose-re la ted . T h is ty pe  in ­
c lu d es  a range  o f  drugs from  an tib io tics 
to  t r a n q u i l i z e r s .  S u c h  r e a c t io n s  a re  
ca lled  id io sy ncrac ies  since  on ly  a very  
few  suscep tib le  individuals develop  gran­
ulocytopenia, although certain  drugs have 
b e e n  im p lica ted  m ore o ften  th an  o thers. 
P h en y lb u tazo n e , th e  p h en o th iaz in e s  and  
th e  an tith y ro id  drugs such as p ro p y lth io ­
u rac il, m e th y lth io u rac il an d  th iam azo le  
h av e  b e e n  m ore com m only  im p lica ted .

S tu d ie s  w i th  th e  m a rro w  c e l l s  o f  
ch lo rp ro m azin e  sen sitiv e  p a tie n ts  have 
o f fe re d  a n  e x p la n a t io n  fo r  s u c h  
g ranu lo cy to pen ia , since  th e  cells  show  a 
m ito tic  index  lo w er th an  th a t o f  norm al 
m arrow  cells , an d  th e  m yelocytes incor­
p o ra te  le s s  t r i t i a t e d  th y m id in e  in to  
d e o x y rib o n u c le ic  a c id  (D N A ) th a n  do 
n o rm a l c e l l s .38 P h e n o th ia z in e - in d u c e d  
g ra n u lo c y to p e n ia  is d u e  to  d e c re a s e d  
p ro d u c tio n  o f  g ranu lo cy tes in  th e  m ar­
row , secon dary  to m etabolic  effects o f  th e  
drug , p resu m ab ly  by  an  in h ib itio n  o f n u c­
le ic  acid  syn th esis  at th e  lev e l o f  com m it­
te d  stem  cells . T h e  reason  th e  d ru g  in ­
h ib its  D N A  syn th esis  in  ce rta in  su scep ti­
b le  in d iv id u a ls  is unknow n. O th e r  drugs 
a ls o  m ay  in v o lv e  s im ila r  m e ta b o l ic  
c h a n g e s  in  th e  p r o d u c t io n  o f  
g ra n u lo c y to p e n ia . In  so m e in s ta n c e s , 
e o s in ip h i l ia  has b e e n  a s s o c ia te d  w ith  
d ru g -in d u ced  granu locy topen ia , sug gest­
in g  an  a lle rg ic  m echan ism , an d  it is po s­
sib le  th a t ce llu la r  im m un ity  has an  im ­
po rtan t ro le  in  its pa tho gen esis .

I m m u n o - g r a n u l o c y t o p e n i a
T h e  o n se t o f g ranu lo cy to pen ia  is acute, 

an d  th e re  is a p rec ip ito us d ec lin e  o f  th e  
g ranu lo cy te  co u n t a fter ad m in istra tion  o f 
sm all am ou nts o f  th e  d rug  in  a p rev iou sly
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0  HAPTEN 

( d r u g ) SE N SITIZ A T IO N

ANTIGEN 

( g r a n u l o c y t e )

F i g u r e  2 . S c h e m a t i c  
d ia g ra m  s h o w in g  p o ss ib le  
p a th o g e n e s i s  o f  im m u n o -  
g r a n u lo c y to p e n ia .

ANTIBODY

+  T  COMPLEMENT

I
GRANULOCYTOLYSIS

se n s itiz e d  p a t ie n t (figure 1C). T h e  se­
q u e n c e  o f  even ts suggests an  acce le ra ted  
de s tru c tio n  o f  large nu m bers o f  g ranu lo ­
cy tes in  th e  c ircu la tin g  pool. T h e  b e s t 
know n exam ple  is am in o p y rin e .10,22,30,43 
Im m un olog ic  m echan ism s have  b e e n  sug­
g e s te d  a lth o u g h  th is  is n o t c lea rly  e s ­
ta b lis h e d .10,34 F o llo w in g  ad m in is tra tio n  
o f  am in o p y rin e  to  a p a tie n t p rev iou sly  
s e n s i t iz e d  to  th e  d ru g , im m u n e  co m ­
p lexes con sisting  o f  d ru g  (hap ten), an ti­
gen  (granulocyte) and  an tib ody  (an im ­
m u n o g lo b u l in  a g a in s t  th e  d ru g -  
g ra n u lo c y te  co m b in a tio n )  a re  fo rm ed . 
T h e  reac tio n  occurs at th e  g ranu lo cy te  
surface an d  involves co m p lem en t com ­
p o n en ts , lead in g  to ce ll ly s is19 (figure 2 ).

T h e  fo llow ing find ings te n d  to  su p p o rt 
a n  a n t ib o d y - m e d ia te d  im m u n o lo g ic  
m e c h a n is m : ( 1 ) th e r e  is a n  in i t i a l  
a sym p tom atic  la te n t p e r io d  d u rin g  th e  
e a r ly  p h a s e  o f  t r e a tm e n t  w i th  
a m in o p y r in e  w h ic h  is te r m in a te d  by  
su d d e n  p ro found  g ranu locy topen ia; (2 ) a 
v e ry  sm a ll  d o se  m ay  in d u c e  s e v e re  
g ranu lo cy te  destru c tio n ; an d  (3) th e  p a ­
t i e n t ’s b lo o d  is c a p a b le  o f  in d u c in g  
g ranu lo cy to pen ia  in  h ea lth y  norm al vo l­
u n te e rs . A lth o u g h  su ccessfu l a tte m p ts

have  b e e n  m ade to dem o nstra te  leu k o ­
c y te  a g g lu t in a t in g  a n t ib o d ie s  in  p a ­
t i e n t s ,34 i t  is d if f ic u lt  to  a c c e p t th e s e  
s tu d ie s  as a c o n firm a tio n  o f  im m u n e -  
m ed ia ted  p a th o g en esis  since m any  te c h ­
n ical d ifficu lties occur w ith  such  te s t s 20 
an d  no good corre la tion  has b e e n  found  
b e tw e e n  th e  sero logic find ing s an d  th e  
d eg ree  o f g ran u lo cy to p en ia .19 M uch  w ork 
rem ains to  b e  do n e  to clarify  th e  exact 
m echan ism  o f th e  im m unolog ic  p rocess. 
At least it is c lea r  th a t g ranu lo cy to pen ia  
in d u c e d  by  a m in o p y rin e  is p a r tly  th e  
re su lt o f  in c reased  d estru c tio n  o f c ircu la t­
in g  m atu re  granu locytes.
L euk em ia

L euk em ogen esis  ow ing  to  toxic agen ts 
has b e e n  sug gested  for m any years. T h e  
m o st f re q u e n t ly  s u s p e c te d  a g e n ts  a re  
b e n z e n e , ch lo ram p h en ico l an d  p h e n y l­
b u ta z o n e . T h e  f ir s t  c l in ic a l  o b s e rv a ­
tion  o f b e n z e n e - in d u c e d  le u k em ia  w as 
m ad e  by  D e lo re  a n d  B o rg o m a n o 13 in  
1928, and  soon ex p erim en ta l s tu d ies  p ro ­
d u c e d  v a rio u s  form s o f  le u k e m ia  a n d  
m a lig n a n t ly m p h o m as  in  r a ts .29 S in ce  
th en  m any reports  o f  acu te  leu k em ia  in  
hum ans have  su g g ested  b e n z e n e  as an
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etio logic ag en t or at lea s t as a  c o n trib u t­
ing  factor in  leu k em o g en es is .1,2,12,33,47,53 
T h e  m ost freq u en tly  associa ted  leu k em ia  
has b e e n  acu te  m y elob lastic  leu k em ia . 
E ry th ro le u k e m ia ,5,40 ch ron ic  g ran u lo cy ­
tic leu k em ia9,47 an d  chron ic  lym phocy tic  
leu k em ia 47 have  b e e n  rep o rted  also after 
exposure  to  b e n z e n e  or to re la te d  com ­
p o u n d s . H o w e v e r , i t  is p o s s ib le  th a t  
th e s e  is o la te d  c a se s  a re  c o in c id e n ta l  
o th e r  th a n  e ry th ro le u k e m ia , w h ic h  is 
c lo s e ly  r e la te d  to  a c u te  m y e lo b la s tic  
le u k e m ia .  B e n z e n e - in d u c e d  a c u te  
leu k em ia  is often  p re c e d e d  by  p erio d s  of 
h y p o p la s tic  an em ia  w ith  p a n c y to p e n ia  
an d  in  th is  in stance  th e  e tio log ic  re la tio n ­
sh ip  is m uch  m ore convincing.

O th e r  th a n  b e n z e n e ,  c h lo r a m ­
p h e n ic o l3,7,35 an d  p h e n y lb u ta z o n e 6,24,57 
hav e  b e e n  su g g e s te d  as c a u s in g  acu te  
m yelob lastic  leukem ia . R ecen tly  a case  o f 
p seu d o leu k em ia  w as o b serv ed  b y  us w ith  
find ings o f acu te  m yelob lastic  leu k em ia  
in  th e  b o n e  m arrow , a fte r a b o u t th re e  
w ee k s’ tre a tm e n t w ith  p h en y lb u tazo n e . 
H o w ev er, th e  leukem ic  p ic tu re  re tu rn e d  
to norm al ab o u t tw o w eeks after cessa tion  
o f  th e  drug . U nlike  b e n z e n e , so lid  ev i­
d e n c e  l in k in g  c h lo r a m p h e n ic o l  o r 
p h en y lb u tazo n e  to  leu k em ia  is lacking. 
In  m o st r e p o r te d  ca se s , d ru g - in d u c e d  
b o n e  m arro w  h y p o p la s ia  u s u a lly  p r e ­
c e d e d  leu k em ic  changes, an d  th is  m ay 
b e  e v id e n c e  th a t  c h lo ra m p h e n ic o l or 
p h en y lb u tazo n e  m ig h t b e  re la te d  to  th e  
o n se t o f  leu kem ia . Som e drugs u se d  in  
c a n c e r  c h e m o th e ra p y  a lso  h a v e  b e e n  
su sp ec ted  o f leu kem og enesis. An exam ­
p le  is acu te  m yelom on ocy tic  leu k em ia  
d e v e lo p in g  in  p a t ie n ts  w ith  m u ltip le  
m y elo m a a fte r tre a tm e n t w ith  m elp ha- 
la n .28

T h e  m echan ism  o f th e  leu k em o g en esis  
by  th e se  agen ts is un kn ow n, b u t it ap ­
pears  th a t th e y  re su lt in  dy sfu nction  o f 
h em ato p o ie tic  stem  cells, by  in te rfe rin g  
in  in te rm ed ia ry  m etabo lism , an d  in d u c ­
in g  c h ro m o so m e  d a m a g e , th e r e b y

stim u la ting  abnorm al g ran u lo p o ies is .15,52 
I t  has b e e n  know n th a t toxic agen ts cause  
som e chrom osom al ab n o rm alities  in  v ivo  
an d  in  v itro  42,49

To su p p o rt th e  d iagnosis o f  b en zen e - 
in d u c e d  le u k e m ia , th e  p a t ie n t  sh o u ld  
have a h is to ry  o f exp osu re  o f  at leas t th ree  
years, w ith  re la tiv e ly  h ig h  con cen tra tion  
o f th e  agent. I t  m ay also b e  n ecessa ry  to 
o b ta in  a h is to ry  o f  p re c e d in g  bo ne  m ar­
row  in ju ry  to  su b stan tia te  th e  case.
M orpho log ic C hanges o f G ranu locy tes

R e c e n tly  d ru g - in d u c e d  m o rp h o lo g ic  
chan ges in  g ranu lo cy tes have  b e e n  re ­
v ie w e d  in  d e ta i l  b y  T ro w b r id g e  a n d  
L in m a n .51 T h e se  in c lu d e  m egalob lastic  
changes secondary  to th e  adm in istra tion  
o f cy tosine a rab in o s id e46 and  m eth o trex­
a t e ; 48 c y to p la s m ic  in c lu s io n  b o d ie s  
(D o h le  b o d ie s )  w i th  c y c lo p h o s ­
p h a m id e ;23 P e lg e r-H u e t an o m aly  w ith  
s u l f i s o x a z o le ;25 a n d  v a c u o l iz a t io n  o f  
g ran u lo cy tic  p re c u rso rs  w ith  ch lo ram ­
p h en ico l32 an d  d au n o m y c in .56 H ow ever, 
d ru g - in d u c e d  m o rp h o lo g ic  ch an g es  in  
g ran u lo cy te s  a re  q u ite  in f re q u e n t  an d  
lack  specificity .
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