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The bispecific monoclonal antibody (biMAb) OC/ TR com
bines the anti-ovarian-cancer reactivity of the MOvl8 monoclo
nal antibody (MAb) with the reactivity of an anti-CD3 MAb.  
Pre-clinical studies have indicated that this biMAb is able to 
redirect the cytolytic activity of T cells towards tumour cells, 
resulting in efficient tumour-cell lysis. To assess the clinical 
potential of systemic biMAb-based cancer therapy we initiated 
a study in ovarian-cancer patients. Five patients suspected of 
ovarian cancer received l23l-OC/ TR F(ab')2 i.v. Unexpectedly,  
the first patient developed side effects (grade III—IV toxicity) 
starting 30 min after infusion (p.h) of I mg of OC/ TR F(ab')2. 
After approval of the Ethical Committee, the study was contin
ued at lower dose levels (0.1 mg; 0.2 mg). However, at the
0.2-mg dose level similar side effects were observed. FACS 
analysis indicated that all peripheral T cells were coated with 
biMAb immediately following the infusion. The cytokines tu
mour necrosis factor-a, interferon-7 and interleukin-2 showed 
maximum serum concentrations 2 h p.i. Tumour uptake ranged 
from 0.8 to 1.9% ID/ kg,  resulting in tumour/background ratios 
of 3 to 8. Our results suggest that at higher antibody dose levels 
OC/ TR F(ab')2 causes T-cell activation with acute release of 
cytokines. Only low doses of biMAb can be administered safely. 
Despite the interaction with T  cells, OC/ TR F(ab')2 preferen
tially localizes in tumours following i.v. administration, thus 
offering therapeutic perspectives.
© 1 9 9 6  W i le y - L i s s ,  In c .

A decade ago, redirecting  effector cells towards tum our cells 
using bispecific m onoclonal antibodies (biMAbs) was p ro 
posed as a new concept for cancer therapy (Perez e t  a l ,  1985). 
In this approach, biM A bs com posed of an anti-tum our an ti 
body on one hand and an anti-effector cell antibody on th e  
other, are used to red irec t the  cytotoxic activity of effector cells 
towards tum our cells. T-cell target recognition and cytolytic 
activity is re s tr ic te d  to m ajor-h istocom patib iiity -com - 
plex(M HC)-associated epitope presentation. I n  v i t r o  s tud ies 
have indicated that M H C  restriction as well as ep ito p e  
specificity of T  cells can be circumvented with biMAbs. W ith  
biMAbs physically linking a T  cell with a tum our cell, tu m o u r 
cell lysis could be obtained  using either tum our cell lines o r  
freshly isolated tum our cells (Perez e t  a L , 1986; Pupa e t  a l ,  
1988). In a num ber o f pre-clinical studies, inhibition o f  tu m o u r 
growth after loco-regional adm inistration of pre-activated  
human peripheral-b lood lymphocytes (PBL) retargeted w ith 
anti-tumour x  anti-CD 3 biM Abs has been dem onstra ted  
(Titus e t  a l ,  1987; V an Ravenswaay Claasen e t  a l ,  1994).

Clinical experience with anti-tum our X  anti-CD3 biM A bs is 
limited and confined to locoregional administration of p re 
activated PB L red irected  with biM Abs (Bolhuis e t a l>  1992; 
Kroesen e t  a l ,  1993). T h e  first results of these studies ind ica ted  
that locoregional adm inistration  can induce local clinical 
responses. However, with locoregional adm inistration th e  
growth of d istant m etastases was not controlled.

It remains to be  investigated w hether this approach can also 
be applied systemically. In mice with s.c. human H odgkin  
lymphomas, i.v. adm inistration  of anti-tum our x  anti-T-cell 
biMAb and pre-activated  hum an PBL resulted in tum our-cell 
lysis and cure (R en n er  e t  a l ,  1994). Furtherm ore, in a 
syngeneic m ouse lym phom a m odel long-term survival and  cure

of th e  anim als was d em o n s tra ted  a fte r a sole i.v. injection o f 
b iM A b (Brissincke/¿?/., 1991).

I n  v i t r o  studies have d em o n s tra ted  that, a fter one cytolytic 
cycle, c lu s te red  C D 3/T -ce lI-recep to r(T C R ) com plexes on the  
T  cell can no longer tran sd u ce  the lytic signal. R e p e a te d  
add ition  of b iM A b is req u ired  fo r  binding newly expressed  
C D 3 /T C R  com plexes to re -engage  the  T  cell in a n o th e r  lytic 
cycle (B lank-V oorthuis e t  a l ,  1993). This lim itation o f the  
cytolytic m echanism  w ould  ind ica te  tha t adm in is tra tion  o f  
p re -co a ted  T  cells is a  p o o r  strategy, even if the re ta rg e te d  T  
cells w ould find the  ta rg e t cell i n  v i v o .  Based on this, an 
ap p ro ach  in which the  tu m o u r  cells are  coated with b iM A b  
seem s p re fe rab le . In such an approach , it would be desirab le  to 
adm in is te r  b iM A bs systemically. T h e  present study a im ed  to  
investigate localization in tu m our, biodistribution and toxicity 
associated  w ith  the systemic adm inistration  of the  b iM A b  
O C /T R  F (a b ') 2 in ovarian cancer patients.

E stim ates  on the  toxicity re la ted  to i.v. adm in is tra tion  o f  
O C /T R  F (a b ')2 w ere based  on th e  following observations and  
considera tions. A fte r  re p e a te d  i.p. infusions of red irec ted  
PBL, in terIeuk ine-2  (IL-2) and mg doses of O C /T R  F ( a b ') 2, 
only mild toxicity was observed (Bolhuis e t  a l ,  1992). F ( a b ') 2 
fragm ents o f th e  biM A b w ere  chosen  to exclude o th e r  cytolytic 
m echanism s (an tib o d y -d ep en d en t cell cytotoxicity, co m p le 
m en t activation) th an  red irec tio n  of T  cells. A  m onovalen t 
an ti-C D 3 arm  lacking an  Fc p a r t  excludes cross-linking o f  
C D 3-T C R  recep to r  com plexes, therefo re  no activation of 
lym phocytes was expected  to  occur (Segal e t  a l ,  1991). B ased  
on these  considerations, no  o r  a t  the  most mild toxicity was 
expected  a f te r  a single i.v, infusion of a low p ro te in  dose  o f
O C /T R  F (ab ')z .

T o  visualize and quantify  th e  biodistribution, th e  b iM A b w as 
rad io labeled . 123I was chosen as th e  m ost suitable rad ionuc lide  
for this study because  of its rad ia tion  characteristics and , 
com pared  w ith  IUIn and  99niTc, its reduced tendency  to 
accum ulate  non-specifically in liver, spleen, kidney and  b o n e  
m arrow .

A  w eighted antibody-dose escalation  was p roposed , s ince  it 
was assum ed th a t th e  b iM A b u p tak e  in tum our in te rm s of 
p ro te in  am o u n t p e r  gram  of tu m o u r  would increase w h e n  a 
h igher p ro te in  dose w ould b e  adm inistered .

P A T I E N T S  A N D  M E T H O D S  

M o n o c l o n a l  a n t i b o d y

T h e  b iM A b O C /T R  ( Ig G i/Ig G i)  was obtained afte r fusion  
of th e  M O v l8 hybridom a with sp leen  cells from  a B A L B /c  
m ouse im m unized  w ith a h u m an  T-cell clone (V an R a v e n 
swaay C laasen  e t  a l ,  1993). T h e  M O v l8 M Ab is a m u rin e

3T o  w h o m  c o r r e s p o n d e n c e  a n d  r e p r i n t  r e q u e s t s  s h o u l d  b e  s e n t ,  a t  
D e p a r t m e n t  o f  O b s t e t r i c s  a n d  G y n a e c o l o g y ,  4 1 5  G Y N ,  U n i v e r s i t y  
H o s p i t a l  N i j m e g e n ,  P . O .  B o x  9 1 0 1 ,  6 5 0 0  H B  N i j m e g e n ,  T h e  N e t h e r 

l a n d s .  F a x :  ( 3 1 ) 2 4 - 3 5 4 1 1 9 4 .
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antibody of th e  IgG i im m unoglobulin  sub-class tha t recognizes 
a 38-kD a fo late-binding  p ro te in  expressed on the  m ajority of 
ovarian carcinom as as well as on adenocarcinom as of the  
F a llop ian  tube, endom etrium  and  cervix (M iotti e l  a l ,  1987; 
C am pbell e t  a l ,  1991), U sing im m unoblotting and N orthern - 
b lo t techniques, reactivity with norm al tissues was seen with 
ovarian, fallopian tube , kidney, lung, thyroid, and choroid 
plexus tissue (W eitm an  e t  a l ,  1992). N o reactivity w ith  bone 
m arrow  or peripheral-b lood  cells was observed (M iotti e t  a l ,  
1987). T h e  antibody p rep a ra tio n s  were p rep a red  and supplied 
by C entocor E u ro p e  (Leiden , T h e  N etherlands). T he product 
was subjected to a w ide range of quality-control tests, including 
tests fo r endotoxin an d  pyrogen contam ination. T h e  p re p a ra 
tion was negative in th e  limulus am ebocyte lysate (LA L) test 
(sensitivity: 0.06 E U /m L ).

R a d i o l a b e l i n g  a n d  q u a l i t y  c o n t r o l

F (a b ')2 fragm ents o f O C /T R  w ere labelled with approxi 
m ately 185 M Bq (5 mCi) of m l  using the Iodogen m ethod 
(F rak e r  and Speck, 1978). All solutions and labware used  w ere 
sterile  and pyrogen-free. Briefly, the O C /T R  F (a b ')2 with 50 
m M  sodium  phospha te  (pH  7.2) was added to an iodogen- 
co a ted  tube  (10 |xg/100 |xl). Following IG-min incubation with 
123I (370 M Bq; 25 fil; M edgenix, Fleurus, Belgium), the 
reac tion  m ixture was applied  on a Sephadex G-25 colum n and 
e lu ted  w ith  PBS. T h e  fractions containing the labelled anti 
body w ere  pooled. In s tan t thin-layer chrom atography was used 
to d e te rm in e  the p resence  o f free  123I in the preparations. 
A fte r  labelling, the radio-im m unoconjugates were subjected to 
a L A L  test: these  tests w ere negative as well.

Im m unoreactiv ity  o f the  p repara tions was assessed towards 
H eL a  (hum an cervix-carcinoma) cells and towards Jurkat 
(C D 3-positive hum an  acute T-cell leukem ia) cells, as d e 
scribed (T ibben e t  a l ,  1994). D a ta  w ere plotted  as described by 
L indm o  e t  a l  (1984) and  the im m unoreactive fraction (IR F) 
was calcu lated  from th e  Y-axis abscissa.

P a t i e n t s

P a tien ts  enrolled  in the  study (n -  5) w ere suspected of 
having ovarian  cancer and w ere scheduled for surgery. Patients 
h ad  to be  over the  age of 18 years and had to  have a life 
expectancy of at least 3 m onths. All patients with previous 
exposure  to m urine  M A bs, known allergy for rodents, allergic 
d iathesis, life-th reaten ing  infection, organ failure, evidence of 
recen t m yocardial infarction or diagnosis of a second malig 
nancy w ere  excluded. W ritten  inform ed consent was obtained 
p r io r  to study entry. P a tien t characteristics are sum m arized in 
T ab le  I. All studies w ere conducted  w ith  the approval of the 
In te rn a l  Review B oard  of the  University Hospital Nijmegen, 
T h e  N etherlands .

S t u d y  d e s i g n

P rio r to th e  antibody injection, patients were evaluated by 
m edical history and physical exam ination. A n electrocardio 
g ram , a chest rad iograph, u ltrasonography of the pelvis and 
X -ray-com puted  tom ography o f the  abdom en (optional) w ere 
ob ta ined .

A  w eighted protein-dose escalation  was intended, starting at 
1.0 mg. Three patients w ere p lan n ed  to  receive the same 
dosage. If no toxicity was observed, th e  study was to be 
co n tin u ed  at the next h ighest dose level. E ndpo in t of the study 
w ould  be  WHO-toxicity g rade III o r IV.

P a tien ts  received a single i.v. infusion of 123I-O C /T R  F(ab ' )2. 
T h e  radio-im m unoconjugate was d ilu ted  in 5 ml of saline and 
in fu sed  over 30 min. In  o rder to  p reven t thyroid radiation, 
p a t ie n ts  were given 100 mg potassium  iodide twice a day and 
200 m g  potassium perch lora te  4 tim es a day, orally, starting 4 
h r  b e fo re  the infusion and  con tinued  for 3 days. Vital signs 
w ere  m easured frequently up to 8 h r post infusion (p.i.).

B lo od  samples were collected ju s t p rio r  to antibody adminis 
t ra t io n  and at various tim e intervals until surgery. Radioactiv 
ity in  th e  blood as a percen tage o f th e  injected dose per gram 
(% ID /g )  of blood was de te rm ined . T h e  half-life of disappear 
an ce  from  the blood was calculated  using non-linear least- 
sq u a re  regression analysis.

P la n a r  images of chest, abdom en  and  pelvic region in 
a n te r io r  and in posterior views w ere  ob ta ined  at approximately 
4, 24 and  48 hr p.i. w ith a p rese t tim e o f 5, 10 and 15 min 
respectively. Images w ere obtained  with a  single-headed gamma 
c am era  (Type Orbiter, Siemens, H offm an Estates, IL) equipped 
w ith  a medium-energy collim ator. P lan a r  views were recorded 
using  th e  159-keV gam m a ray p e ak  of 123I with a symmetric 
15%  window. To reduce b lad d er  activity, patients were asked 
to  void prior to imaging o f  the pelvic region.

T h e  conjugate view-counting techn ique  was used to quan ti 
ta te  th e  activity uptake in som e organs (Buijs e t  a l .s 1992). 
Briefly, region-of-in terest(R O I) m easurem ents of these o r 
gans w ere perform ed on  an te rio r and posterio r view images at 
all t im e  points. A fter correction  for background activity, the 
geom etric  mean of an te rio r and poste rio r images was calcu- 
a ted . The absolute u p tak e  in an  organ  was calculated via 

com parison  with whole-body co u n te r  m easurem ents.

Surgery was perfo rm ed  at approxim ately  72 hr p.i. in all 
p a tien ts . The tum our sta tus was carefully mapped. Ascites or 
p e r ito n ea l washings w ere collected. Suspected tissues were 
e i th e r  removed or biopsied. All tissues obtained at operation 
w ere  weighed and the am ount o f  radioactivity of 123I  was 
m easu red  using a well-type gam m a counter.

F A C S  a n a l y s i s

Two-colour fluorescence-assistant-cell-sorter(FA CS) analy 
sis w as performed to study the b inding o f O C /T R  to white 
b lood  cells. Briefly, 100 |jl1 sam ples o f whole blood were 
in cu b a ted  with anti-IgG i-phycoerytrin  (P E ) (50 |xl; 10 jxg/ml; 
S o u th e rn  Biotechnology A ssociates, Birm ingham , AL) a n d /o r  
w ith  anti-CD3-fluorescein isothiocyanate (FITC ) (15 jjul; Bec- 
ton  an d  Dickinson, E tten -L eu r, T h e  N etherlands). Control 
sam ples  were incubated with species and isotype-matched 
co n tro l antibodies (PE  o r F IT C -labelled). A fter washing (200 
jxl H B SS, 0.5% BSA, 0.1%  N aN 3) red blood cells were lysed 
w ith  FACS-lysing solution (B ecton  and  Dickinson, E tten - 
L e u r , T h e  N etherlands). T h e  fluorescence of the lymphocytes 
was analyzed on a C oulter Epics E lite  flow cytometer (Coulter, 
H ia leah , FL).

TABLE I -  PA TIEN T CH A R A C TER ISTICS AND OBSERVATIONS

Patient
num ber

biMAb
dose
(mg)

Age
<yr)

FIGO
stage Histology Diff.

grade
Side

effects
Cyto
kines

RIS

01 1.0 71 IIIc serous papillary cystadenocarcinoma II 4- + +  + M ü f

02 0.1 71 IIIc serous papillary adenocarcinoma III — — +
03 0.1 49 NA uterine myoma — — *

04 0.1 66 la endometrioid adenocarcinoma II + ----- +
05 0.2 56 NA serous cystadenoma + + _ j _  _ | _ -----

NA, not applicable; - ,  negative; + , positive; + + ,  strongly positive.
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C y t o k i n e s

Blood was collected in E D T A  tubes and im m ediately  p u t on 
ice. A fter centrifugation at 4°C, plasm a was s to red  at - 2 0 ° C  
until analysis. P lasm a levels of the cytokines IL-2, tu m o u r  
necrosis fac to r-a  (T N F -a) and in terferon -7 (IF N -7) w ere  
determ ined  using com m ercial im m unorad iom etric  assays 
(IR M A ) (IL-2 and IFN ; Medgenix, Fleurus, Belgium ) an d  an 
in-house radio-im m uno assay (TN F).

H u m o r a l  a n t i - O C I T R  r e s p o n s e

D evelopm ent of h u m an  anti-m ouse antibodies (H A M A ) 
was assessed using O C /T R  F (a b ')2 in an in-house hom ologous 
sandwich-type IR M A . Briefly, O C /T R  F (a b ')2-coated  polysty 
rene  wells w ere incubated  with pa tien ts’ sera. A fte r  washing, 
the bound H A M A  w ere  traced  with I25I- labe led  O C /T R
F(ab') *
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R E S U L T S  

R a d i o l a b e l i n g  a n d  q u a l i t y  c o n t r o l

T he labeling efficiency of the radio-iodination of the a n ti 
body was betw een 42 and 78%. A fter gel filtration, IT L C  
indicated th a t  m ore th an  95% of the  123I was p ro te in -b oun d . 
T he IR F  was 40 to 52%  for the anti-tum our arm  o f  the b iM A b 
and 76 to 84% for the anti-C D 3 arm  of the antibody.

P a t i e n t s

D o s e  l e v e l  1 . 0  m g .  Thirty  m inutes after the i.v. infusion o f 1 
mg of 123I -O C /T R  F ( a b ')2 the first patien t experienced  the 
following symptoms: chills and headache; nausea , vom iting 
and diarrhoea; fever up to 40°C in com bination w ith hyp o ten 
sion; and fatigue. Sym ptom atic trea tm ent consisted of adm in is 
tration of plasm a substitutes, m etoclopram ide and  paracetam ol. 
A t 48 hr p.i. the p a t ie n t’s clinical condition was norm alized.

According to  the  study protocol, the protein  dose should  be  
decreased if toxicity g rade III (nausea and vom iting) or IV  
(fever in com bination with hypotension) occurred. H ow ever, 
toxicity occurred  at the lowest dose level. I t  seem ed of 
scientific in terest to fu rth e r  investigate the objectives o f th e  
study, and afte r approval of the  Review B oard the study was 
continued at lower dose levels, starting at 0.1 mg.

D o s e  l e v e l  0 . 1  m g .  T h ree  patients were injected with 0.1 m g 
123I-O C /T R  F ( a b ') 2. O ne  of these patients developed fever up 
to 39°C from 8 to 10 hr p.i. N o o ther side effects w ere  observed.

D o s e  l e v e l  0 . 2  m g .  O n e  p a tien t received 0.2 mg. This p a tien t 
developed symptoms alm ost identical to those o f the first 
patient: chills and  headache; nausea and vomiting; h y p o ten 
sion in com bination with fever up to 39.1°C. Again, p lasm a 
substitutes and parace tam ol w ere given to reduce these  sym p 
toms. A t 24 h r  p.i., the p a tie n t’s clinical condition  was 
normalized. G rade-IV  toxicity (fever in com bination  with 
hypotension) had  again occurred  now at the 0,2-mg dose level. 
A t this point the investigators decided to stop th e  study.

P h a r m a c o k i n e t i c s

Blood clearance da ta  are p resen ted  in Figure 1. T he blood 
concentrations in term s of % ID /g  did not appear to  be re la ted  
to the adm inistered antibody dose. Therefore th e  da ta  o f all 5 
patients were pooled. C learance of 123I from th e  blood could 
be described by a bi-exponential model with m ean  half-life 
values of 1.0 ±  0.2 hr (range: 0.7- 1.2 hr) for th e  d istribu tion  
phase (T ‘/2 a )  and  18.1 ±  6.7 h (range: 13.0-29.6 hr) for th e  
elimination phase ( P /2 p), which is in the norm al range for a 
F (a b ')2 fragm ent (Buist e t  a l ,  1993), M ean cum ulative excre 
tion of the radiolabel in the urine was 63 ±  15% ID  in 24 h r  
and 76 ± 16% ID  in 48 hr.

S c i n t i g r a p h y  a n d  d o s i m e t r i c  a n a l y s i s  o f  t h e  i m a g e s

O n the images of 2 pa tien ts  with ovarian carcinom a, the  
tum our was visualized (Fig. 2). W ith an antibody dose o f  0.1

t i m e  p o s t  i n f u s i o n  (h)

F ig u r e  1 -  Blood c l e a r a n c e  of 123I-OC/TR F ( a b ' ) ? a f t e r  i.v. 
a d m i n i s t r a t i o n  in  p a t i e n t s  s u s p e c te d  o f  h av in g  o v a r ia n  c a n c e r  
(n  =  5 ).
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F i g u r e  2 - A nterio r p lanar image of the pelvis at 24 hr p.i. o f 
patient 0 4  who received 0.1  mg O C /TR  F (ab ')2. The image shows 
elevated tum our uptake (arrow) in the solid part of the endom etri 
oid adenocarcinom a o f the left ovary, whereas the cystic part 
rem ained photopenic (+ ) .  In the upper right part of the abdom en, 
elevated uptake in the right kidney is visualized. In the upper left 
part of the abdom en, spleen uptake is shown.

mg, tu m o u r  w as im aged as early as 3 hr p.i. In the  third pa tien t, 
th e  ovarian -tum our d ep o s it w ith a diam eter o f 3 cm was n o t 
visualized. T his  may have been  due to activity in the urinary 
b ladder. T h e  p re sen ce  o f m alignant tum our was surgically and  
h is topatho log ic  ally confirm ed. The benign tum ours o f 2 p a 
tien ts (u te rin e  m yom a, and serous cystadenoma of th e  ovary) 
did n o t show  elevated  up take .

H ig h 1231 u p ta k e  in th e  sp leen  was seen throughout the  study 
in all pa tien ts . D raw ing  R O Is, uptake in various organs was 
calcu la ted  for all pa tien ts . T h e  uptake in normal tissues did n o t 
a p p e a r  to  be re la te d  to  th e  p ro te in  dose. T herefore  the da ta  o f  
all 5 pa tien ts  w e re  poo led . M ean retention in organs expressed 
as % ID  is p re se n te d  in T ab le  II. The uptake in the  spleen w as
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T A B L E  II -  R E T E N T I O N  I N  O R G A N S  B A S E D  O N  R O I  M E A S U R E M E N T S

O r g a n

T i m e  post infusion (h r )

4 2 4 4 8

Spleen
Bone marrow 
Liver 
Kidney 
Thyroid

1 5 .2  ±  3 .8  

3 0 .4  ±  1 0 .0  

8 .5  ±  5 .1
1 .3  ±  0 .6

1 .3  ±  0 .2

3 .9  ±  0 .7  

1 0 .1  ±  7 .0  

2 .5  ±  1 .5 

0 .7  ±  0 .3  
1.0 ±  0 .1

1.2 ±  0 .8

5 .1  ±  3 .3
1.2 ±  1 .2  

0 .3  ±  0 .2

0 .7

!% ID ; mean ±  SE.
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F i g u r e  3 -  A nterior planar image of the thorax at 3 hr p.i, of 
a tient 02 who received 0.1 mg O C /T R  F (a b ')2- The image shows 
igh uptake in the lymphoid organs and the bone-marrow- 

containing structures.
E

ca lcu la ted  to  be  15.2 ±  3.8% ID  at 4 h r  p.i. T hroughout the  
study, th e  splenic u p tak e  decreased  to 1.2 ±  0.8% ID at 48 hr 
p.i. Particu larly  at the  early im ages (1-4  h r p.i.), bone m arrow  
was clearly dep ic ted  (Fig. 3). U p ta k e  in 2 lum bar vertebrae  was
1.4 ±  0 .5%  ID  at 4 h r  p.i. T h e  b o n e  m arrow  in these  2 
v e r teb rae  constitu tes 4 .6%  of all bone m arrow (ICRP, 1975). 
T h e re fo re , to ta l bone-m arrow  uptake rep resen ted  approx i 
m ate ly  30%  ID  a t 4 hr p.i., w hereas at 48 hr p.i. to tal 
bo ne-m arrow  u p tak e  was reduced  to approximately 5%  ID . 
T h e  liver show ed som e e levated  uptake. T he up take  was 
ca lcu la ted  to  be  8.5 ±  5.1% ID  a t 4 h r  p.i. T he kidneys w ere  
hard ly  visible and, in ag reem en t therewith, the calculated 
u p ta k e  was low at 1.3 ±  0.6% ID  at 4 h r  p.i. R eten tion  o f the  
rad io labe l in the  urinary  b lad d er  was seen at all time points. 
T hyro id  up take  was clearly visible at 24 hr and 48 h r  p.i., 
desp ite  the  in ten d ed  b lockade of iodine uptake. F rom  R O I  
m easu rem en ts  thyroid  up take  was calculated to  be approx i 
m ately  1.0% ID  th ro ugh ou t th e  study.

T i s s u e  u p t a k e

U p ta k e  da ta  o f th e  5 pa tien ts  w ere pooled, since no 
in fluence o f the  antibody dose was observed. T hree  p a tien ts  
had  ovarian  carcinom a. In pa tien ts  01 and 02, the largest 
tu m o u r  deposits  w ere  located in the upper abdom en. T he  
tum our-tissue  sam ples w eighed 0.6 and 1.0 g respectively. In 
p a tie n t  04 th e  tu m o u r was confined to  the left ovary. T he  
tu m o u r  w eighed 1.9 kg. U p ta k e  in m alignant tum our deposits 
a t approxim ately  72 h r  p.i. varied  from  0.8 to  1.9% ID /k g .

U p ta k e  in th e  benign tum ours o f p a tien t 03 (tum our weight: 
0.7 kg) and  05 (tum our weight: 0.2 kg) was 0.6 and 0.3% ID /kg  
respectively. U p tak e  in background tissue (muscle) samples 
varied  from  0.1 to 0.6% ID /kg . T h e  tum our-to-m uscle ratio 
was 8, 3 and  3 for the  pa tien ts  w ith m alignant tumours, 
w hereas in  th e  patien ts  w ith  benign tum ours  this ratio was 1.5 
and  1 respectively.

F A C S  a n a l y s i s

In all 5 pa tien ts , FACS analysis revealed  that, at 10 min 
befo re  th e  com pletion o f the  30-min antibody infusion, virtu 
ally all CD 3+ cells (C D 4+ as well as C D8+) were coated with 
O C /T R  F ( a b ') 2 (Fig. 4). In the  p a tien ts  that received the 
h igher p ro te in  dose levels (1.0 and  0.2 mg), the decrease of 
lym phocytes a t  la te r tim e points h a m p ered  accurate gating of 
large n u m b ers  of lymphocytes. Consequently, these FACS 
analyses a re  based  on m uch low er lymphocyte numbers, and 
are  less accu ra te .

D ifferentia l counting o f the b lood cells and the plasma 
ind icated  th a t  less than  15% of th e  radioactivity was associated 
w ith the  b lood  cells, indicating th a t  the  majority of the biMAb 
in the  c ircu lation  was no t cell-associated.

W h i t e - b  l o o d - c e l l  d i f f e r e n t i a  t i o n

T h e  w hite-b lood-cell(W B C ) d ifferen tia tion  showed relevant 
changes p.i. in  4 patients. In  p a tien t 01, this W BC counting was 
p e rfo rm ed  at only 3 time points (pre-infusion, and 24 and 48 hr 
p.i.). F A C S  analysis o f the W B C  of this patient semi- 
quan tita tively  showed a decrease  o f leucocytes at the time in 
be tw een  (pre-infusion— 28 hr p.i.). In pa tien t 03, the WBC 
d ifferen tia tion  did not change. In  the  o th e r  3 patients, the 
abso lu te  n u m b e r  of lymphocytes decreased  6 to 21 times, 
s ta rting  from  half an h o u r p.i. (Fig. 5). A t 48 hr p.i., the 
lym phocyte num bers  had  recovered  to pre-infusion levels. The 
absolu te  n u m b e r  of granulocytes show ed no consistent changes.

C y t o k i n e s

Only th e  p a tien ts  who received the  1.0- and 0.2-mg antibody 
doses show ed IL-2 concentra tions above the  detection limit of 
the  assay shortly  after the  infusion. T h e  maximum concentra 
tions w e re  m easu red  2 h r  p.i. A t 5 and 7 h r p.i., respectively, 
the  IL-2 concen tra tions  w ere still elevated, while in the next 
sam ples o b ta in ed  the  following day the  concentrations had 
no rm alized  to  below the  detection  limit. Maximum serum 
levels o f  T N F -a  w ere also ob ta ined  2 hr p.i. (Fig. 6 a ) .  The 
pa tien ts  w ho  received the  h igher doses (1.0 and 0.2 mg) 
d em o n s tra ted  m uch higher T N F -a  peaks than those who 
received the  low er dose (0.1 mg). T h e  T N F -a  concentrations 
had  no rm alized  to pre-injection levels at approximately 24 hr 
p.i. in all p a tien ts . In  the  higher-dose pa tien ts  (1.0 and 0.2 mg), 
serum  IF N -7 levels peaked  sim ultaneously  with IL-2 and 
T N F -a  (Fig. 6 b ) .  T he concen tra tions o f IL-2 and T N F -a  
co rre la ted  well w ith the clinical sym ptom s: highest levels were 
ob ta ined  in th e  patients w ho experienced  the most severe side 
effects (0.2- an d  1.0-mg dose level). M oreover, at the 0.1-mg 
dose, th e  highest T N F -a  serum  level was observed in the 
p a tie n t w ho  experienced  fever.

H A M A  r e s p o n s e

As early  as 1 and  3 weeks p.i., respectively, elevated H A M A  
tite rs  w ere  d e tec ted  in th e  serum  sam ples of the patients who 
received th e  1.0- and 0.2-mg antibody dose. O ne of the 3 
p a tien ts  receiving the 0.1-mg dose  dem onstra ted  apparent 
pre-existing  H A M A , while no H A M A  responses were ob 
served in th e  o th e r  2 patients.

D I S C U S S I O N

T h e  p re s e n t  study was perfo rm ed  to investigate the applica 
bility o f i.v. adm in is tra tion  of the  b iM A b O C /T R  F(ab')a* The 
toxicity and pharm acokinetics associated  with the systemic 
adm in is tra tion  of this biM A b and  its po ten tia l to localize in
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F i g u r e  4  -  A  typical example of FACS analysis of peripheral 
lymphocytes of patient 02 shows that immediately post infusion of 
0.1 mg O C /TR  F(ab ')2 all peripheral CD3+ cells are coated with 
this biMAb. However, from 5 hr p.i. onwards O C /TR  cannot be 
detected on the peripheral CD3 ' cells.

ovarian tum our were studied in patients suspected o f having 
ovarian carcinom a.

After i.v. infusion, tu m ou r localization of O C /T R  F (a b ') 2 
could be visualized on the  p lanar images in 2 out of 3 p a tien ts  
with ovarian carcinom a. Tum our-to-m uscle ratios varied from  
3 to 8 in the 3 patien ts  with m alignant tumours, suggesting 
specific tum our re ten tion . Buist e t  a l  (1993) reported that, 2 
days after i.v. injection o f 1 mg o f the parental M O v l8, F ( a b ' ) 2 
tumour uptake was 2.4 ±  1.4% ID /kg, with m ean tum our-to - 
background ratios of 4.0 ±  1.8. T um our uptake of the O C /T R  
F(ab ')2 was som ew hat lower. This could be due either to  the  
monovalent an ti-tum our reactivity or to its interaction w ith T  
cells. O ur findings suggest tha t the absolute tum our u p tak e

F i g u r e  5 -  Num bers of granulocytes ( O )  and lymphocytes ( • )  
before and after i.v. infusion of O C/TR F(ab ')2 in patients 02, 04 
and 05.

o b ta in e d  w ith  O C /T R  F (a b ')2 is the  result of the ovarian - 
carcinom a-specific  M O v l8 reactivity of this biMAb. H ow ever, 
final p ro o f  on  specific tu m ou r uptake can be ob ta ined  only by 
com paring  th e  tu m o u r up take  of the biMAb O C /T R  w ith  th a t  
o f a contro l b iM A b w ith  CD3 reactivity and an irrelevant o th e r  
arm.

Several investigational m ethods provided in form ation  on  
the  in te rac tio n  o f O C /T R  F (ab ')2 with C D 3+ lym phocytes. 
Early  p lan a r  im ages show ed high uptake in spleen a n d  b o n e  
m arrow  in all p a tien ts . FA C S analysis revealed that d u rin g  th e  
i.v. infusion all p e rip h era l C D 3+ lymphocytes becam e c o a te d  
with th e  b iM A b. A fte r  com pletion of the infusion, the  n u m b e r  
of b iM A b -co a ted  lym phocytes decreased somewhat rapidly. In  
add ition , the  w hite-b lood-cell differentiation showed a  signifi 
can t d ec rease  in the n u m b e r  of lymphocytes, starting im m ed i 
ately a f te r  com ple tion  o f  the  infusion. Taken together, th e se  
findings suggest th a t th e  biM Ab-coated lymphocytes leave th e  
c ircu lation  and  traffic to the lymphoid organs. K roesen  e t  a l .  
(1994) d esc rib ed  a sim ilar rapid decrease of BIS-1 F (a b ' ) 2 
b iM A b-coa ted  lym phocytes in blood after i.v. adm in is tra tion  
in rena l-cell-cancer p a tien ts . Their i n  v i t r o  experim ents in d i 
ca ted  th a t  th is  could not be attributed to in te rna liza tion , 
supp o rtin g  th e  hypothesis that T  cells loaded with b iM A b 
leave th e  circulation.

In  2 p a tien ts , side effects occurred as early as 30 m in  a f te r  
the  i.v. infusion  of 1.0 and 0.2 mg O C /T R  F (a b ')2. P a tie n ts  
experienced  chills, h ead ac h e , nausea and vomiting, d ia rrh o ea , 
hypotension  a n d  fever until approximately 20 hr p .i. T h e  
observed  com plex  of sym ptom s suggested the acute re lease  o f  
cytokines a fte r  th e  infusion o f  O C /T R  F (a b ')2. Serum  levels o f  
IL-2, T N F -a  and I F N -7 increased immediately a f te r  th e  
infusion and reach ed  m axim um  concentrations at ap p ro x i 
m ate ly  2 h r p.i. T h e  IL -2  and T N F-a  levels correlated w ell w ith  
the  clinical cond ition  o f  the patients: the highest levels and  the  
s tro n g es t in c rease  w ere  observed in the  patients who experi 
enced  th e  m ost severe adverse  reactions.

S im ilar sym ptom s w e re  observed in renal-cell-cancer p a 
tien ts  a f te r  i.v. ad m in is tra tio n  of the biMAb BIS-1 F ( a b ') 2 in  
com bina tion  w ith  s.c. in jection of IL-2 (Kroesen e t a l ,  1994). In  
these  p a tie n ts ,  th e  T N F -a  levels also peaked at 2 hr p.i. T h ese  
findings suggest th a t th e  symptoms observed in the 2 s tud ies  
are  n o t th e  re su lt  o f in trinsic  characteristics o f  a p a r t ic u la r  
M A b, b u t  th e  con seq u en ce  of the an ti-C D 3-x -an ti- tum o ur- 
an tibody  construct.

A  sim ilar com plex o f  symptoms has been reported  a f te r  i.v. 
ad m in is tra tio n  o f  the  an ti-C D 3 MAb OKT3 in ren a l- tran s-
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F i g u r e  6 - ( a )  TN F-a serum levels before and after i.v. infusion 
of the biMAb O C /T R  F (ab ')2 in patients suspected of having 
ovarian carcinoma, (b) IL-z, IFN -7 and T N F-a serum levels before 
and after i.v. infusion of 0.2 mg of the biMAb O C /T R  F (ab f)2 
(patient 05).

Diant patients (A bram ow icz e t  a l } 1989). T he serum  cytokine 
evels showed a p a tte rn  o f  p ro m p t increase o f both  T N F -a  and 
IFN -7. It is thought th a t  the  acu te  symptoms are caused by 
cytokine release resulting  from  T-cell activation by the  OKT3 
MAb. I n  v i t r o  studies ind ica te  th a t in tracellu lar clustering o f  
the  C D 3 /T C R  com plex is a p re req u is ite  for effective T-cell 
activation with anti-C D 3 M A bs (Segal e t  a l ,  1991). However, 
this clustering can occur only w hen  the  biM A b is immobilized 
(e .g . , via an intact Fc  p a r t  or via an antibody-antigen in terac 
tion) (Segal e t  a l ,  1991), T h e  an ti-tum our M Ab M O v l8 is 
reactive with an ep ito p e  w ith very restric ted  expression on 
normal tissue (M iotti e t  a l ,  1987; W eitm an  e t  a l ,  1992). It was

th e re fo re  assum ed that F (a b ') 2 fragm ents of the biMAb 
O C /T R  can n o t induce such clustering except in the presence 
o f tu m o u r cells. Theoretically, any cells expressing the MOV18 
antigen could serve as a tem p la te  for C D  3/TC R -com p I ex 
clustering- Assum ing that a lim ited n u m b er of T  cells would 
have to b e  activated to p roduce  cytokines in concentrations 
able to  cause the observed side effects, this could have 
h ap p en ed  in any tissue of the  body expressing the M O v l8 
epitope.

I t has b e e n  suggested th a t the  p resence  of trace quantities of 
in tact an ti-C D 3 in the biM A b p rep a ra tio n s  could induce T-cell 
activation (W einer e t  ctL, 1994). In  ou r study this appeared 
highly unlikely, since h igh-perform ance liquid-chromatogra- 
phy analysis of the  O C /T R  F (a b ') 2 p rep a ra tio n  confirmed the 
absence o f  any intact IgG m olecules.

K ro esen  e t  a l .  (1994) p roposed  th a t th e  increase in serum 
cytokine levels may be the resu lt o f  local activation of T  cells at 
the  site  o f  the  tum our after cross-linking of the biMAb with 
tu m o u r antigens. However, we also observed the  syndrome in a 
p a tie n t w ithou t any known m alignant tu m o ur lesion (patient 
n u m b er 05). In  addition, T-cell activation occurred very early 
a fte r  in jection, whereas localization of M A bs in tumours 
occurs som ew hat later.

In conclusion, the concept of red irecting  effector cells of the 
im m une system  towards tu m our cells using bispecific antibod 
ies is an  attractive therapy  concep t for cancer patients. In 
po ten tia l, the  biM Ab O C /T R  offers th e rap eu tic  perspectives, 
since th e  i,p. adm inistration of this b iM A b, in combination 
with p re-ac tiva ted  PBL, resu lted  in clinical responses. Toxicity 
o f i.v. adm in istered  biM Ab seem s to be dose-dependent, with 
evident clinical symptoms at 0.2 and  1.0 mg (2 patients) and 
only sub-clinical changes in leucocyte d ifferentiation counts at 
the  0,1-mg dose (3 patien ts). B ased  on o u r  observations, the 
m axim al to le ra ted  dose a fte r  a 30-min i.v. infusion is 0.1 mg, 
R e p e a te d  injections with 0.1 mg o r even low er doses of biMAb 
may circum vent the toxicity w hile still allowing sufficient 
tu m o u r up tak e . It is possible that i.p. adm inistra tion  may serve 
as a con tinuous systemic infusion o f  low doses of biMAb. 
F u r th e r  s tud ies are requ ired  to b e t te r  unders tand  the m echa 
nisms involved in T-cell activation and  the  effects at the site of 
the  tu m o u r after systemic adm in is tra tion  of the bispecific 
antibody O C /T R .

A C K N O W L E D G E M E N T S

W e a re  grateful to D r. K .G .G . Keijser, gynaecologist, and 
D r. P .H .M . de  M ulder and Dr. C. Punt, medical oncologists, 
and  th e  nursery  staffs of th e  M edical Oncology ward and the 
G ynecology ward for the ir  excellent care  of the participating 
patients* W e thank Mr. E.B. K oenders  for radiolabeling o f  the 
antibody, and  Mr. A. M eeuwis, M r. D .J. Im m erzeel and Mr. P. 
Kok fo r imaging. W e are  grateful to M rs. J. van der Ven- 
Jongekrijg  fo r perform ing the  T N F  and IF N  determinations. 
T h e  excellen t perform ance of th e  FA C S analysis by Mr. C. 
Jacobs is greatly appreciated . W e are gratefu l to Dr. C.M.G. 
T hom as and Mr. M .F.G . Segers for H A M A  determination, 
W e th an k  M rs. W .C.A.M . Buijs for her assistance in dosimetric 
analysis.

R E F E R E N C E S

A B R A M O W I C Z , D .,  S C H A N D E N E ,  L . ,  G O L D M A N ,  M .,  C R U S I A U X ,  A . ,

V e r e e r s t r a e t e n , p . ,  D e  P a u w , L . ,  W y b r a n , J . ,  K i n n a e r t , P .,  

D u p o n t , E .  a n d  T o u s s a i n t , C .,  R e l e a s e  o f  t u m o r  n e c r o s i s  f a c t o r ,  
i n t e r l e u k i n - 2  a n d  g a m m a - i n t e r f e r o n  in  s e r u m  a f t e r  in j e c t io n  o f  O K T 3  
m o n o c l o n a l  a n t ib o d y  in  k i d n e y - t r a n s p l a n t  r e c i p i e n t s .  Transplantation,

4 7 , 6 0 6 - 6 0 8  ( 1 9 8 9 ) .

B l a n k - V o o r t h u i s , C .J .A . C . ,  B r a a k m a n , E . ,  R o n t e l t a p , C .P .M . ,  
T i l l y , B .C . ,  S t u r m , E . ,  W a r n a a r , S .O .  a n d  B o l h u i s , R .L .H . ,  

C l u s t e r e d  C D 3 / T C R  c o m p l e x e s  d o  n o t  t r a n s d u c e  a c t i v a t io n  s i g n a l s

a f t e r  b i s p e c i f i c - m o n o c l o n a l - a n t i b o d y - t r i g g e r e d  ly s is  b y  c y t o t o x ic  T  
l y m p h o c y t e s  v ia  C D 3 .7 .  I m m u n o l 1 5 1 , 2 9 0 4 - 2 9 1 4  ( 1 9 9 3 ) .

B o l h u i s , R . L . H . ,  L a m e r s , C .H .J . ,  G o e y , S . H . ,  E g g e r m o n t , A .M .M .,  

T r i m b o s , J .B .M .Z . ,  S t o t e r , G .,  L a n z a v e c c h i a , A . ,  D i  R e , E ,  

M i o t t i , S . ,  R a s p a g i l i e s i , F . ,  R i v o l t i n i , L . a n d  C o l n a g h i , M .I., 
A d o p t i v e  i m m u n o t h e r a p y  o f  o v a r ia n  c a r c i n o m a  w i t h  b s - M A b - t a r g e t e d  
l y m p h o c y t e s :  a  m u l t i c e n t e r  s t u d y .  Int. J. Cancer, S u p p l .  7 , 7 8 - 8 1  (1 9 9 2 ) .

B r i s s i n c k , J ., D e m a n e t , C ,  M o s e r , M .,  L e o , O . a n d  T h i e l e m a n s , K m



BISPEC1F1C A N T IB O D Y  T H E R A P Y 483

T r e a t m e n t  o f  m i c e  b e a r i n g  B C L i  l y m p h o m a  w i t h  b i s p e c i f i c  a n t i b o d i e s .  

ƒ  Immunol, 1 4 7 , 4 0 1 9 - 4 0 2 6  ( 1 9 9 1 ) .

B u u s ,  W .C.A.M ., M a s s u g e r , L . F . A . G . ,  C l a e s s e n s , R . A . M . J . ,  K e n - 
e m a n s , P . a n d  C o r s t e n s , F . H . M . ,  D o s i m e t r i c  e v a lu a t io n  o f  i m m u n o -  

s c in t ig r a p h y  u s i n g  i n d i u m -111- l a b e l e d  m o n o c l o n a l - a n t i b o d y  f r a g 

m e n t s  in  p a t i e n t s  w i t h  o v a r ia n  c a n c e r .  J. nucl. Med., 3 3 ,  1 1 1 3 - 1 1 2 0

( 1 9 9 2 ) .

B u i s t , M .R., K e n e m a n s , P .,  D e n  H o l l a n d e r , W .,  V e r m o r k e n , J .B . ,  

M o l t h o f f , C .J.M ., Bu r g e r , C .W .,  H e l m e r h o r s t , T.J .M ., Ba a k , 

J .P .A .  a n d  R o o s ,  J .C . ,  K i n e t i c s  a n d  t i s s u e  d i s t r i b u t i o n  o f  t h e  r a d i o l a 

b e l e d  c h i m e r i c  m o n o c l o n a l  a n t i b o d y  M O v l8 I g G  a n d  F ( a b ')2 f r a g 

m e n t s  in  o v a r i a n - c a r c i n o m a  p a t i e n t s .  Cancer Res., 5 3 ,  5 4 1 3 - 5 4 1 8

( 1 9 9 3 ) .

Ca m pb e l l , L G . ,  J o n e s , T . A . ,  F o u l k e s , W . D .  a n d  T r o w s d a l e , J .,  

F o l a t e - b i n d i n g  p r o t e i n  i s  a  m a r k e r  f o r  o v a r ia n  c a n c e r .  Cancer Res., 5 1 ,  

5 3 2 9 - 5 3 3 8 ( 1 9 9 1 ) .

F r a k e r , P .J .  a n d  Sp e c k , J .C . ,  P r o t e i n  a n d  c e l l - m e m b r a n e  i o d i n a t i o n  

w it h  a s p a r in g ly  s o l u b l e  c h l o r a m i d e ,  l ,3 ,4 ,6 - t e t r a c h lo r o - 3 a ,6 < X “d ip h e n y I ~  

g ly c o lu r i l ,  Biochem . biophys. Res. Commun., 8 0 , 8 4 9 - 8 5 7  ( 1 9 7 8 ) .

I C R P ,  Report o f  the Task Group on reference man, P u b l i c a t i o n  2 3 ,  

P e r g a m o n  P r e s s ,  O x f o r d  ( 1 9 7 5 ) ,

K r o e s e n , B.J., B u t e r , J., S l e i j f e r , D . T . ,  Ja n s s e n , R .A .J . ,  V a n  d e r  

G r a a f , W . T . A . ,  T h e , T . H . ,  D e  L e i j , L. a n d  M u l d e r , N . H . ,  P h a s e ~ I  

s t u d y  o f  i n t r a v e n o u s l y  a p p l i e d  b i s p e c i f i c  a n t i b o d y  in  r e n a l - c e l l - c a n c e r  

p a t i e n t s  r e c e i v i n g  s u b c u t a n e o u s  i n t e r l e u k in  2 . Brit. J. Cancer; 7 0 ,  

6 5 2 - 6 6 1  ( 1 9 9 4 ) .

K r o e s e n , B.J., T e r  H a a r , A., Sp a k m a n , H., W i l l e m s e , P., S l e i j f e r , 
D . T . ,  D e  V r i e s  E .G .E ., M u l d e r , N . H . ,  B e r e n d s e n , H .H., L i m b u r g , 
P.C., T h e , T .H . a n d  D e  L e i j , L ,,  L o c a l  a n t i - t u m o r  t r e a t m e n t  in  

c a r c in o m a  p a t i e n t s  w i t h  b i s p e c i f i c - m o n o c l o n a l - a n t i b o d y - r e d i r e c t e d  T  

c e l l s .  Cancer Immunol Immunother., 3 7 , 4 0 0 - 4 0 7  ( 1 9 9 3 ) .

L i n d m o , T., B o v e n , E ., C u t t i l a , F „  F e d o r k o , J .  a n d  Bu n n , P .A ., J r .,
D e t e r m i n a t i o n  o f  t h e  i m m u n o r e a c t i v e  f r a c t io n  o f  r a d i o l a b e l e d  m o n o 

c l o n a l  a n t i b o d i e s  b y  l i n e a r  e x t r a p o l a t i o n  t o  b i n d i n g  a t  i n f i n i t e  a n t i g e n  

e x c e s s .  J. Immunol Meth>> 7 2 , 7 7 - 8 9  ( 1 9 8 4 ) .

M i o t t i , S .,  Ca n e v a r i , S . ,  M e n a r d , S., M e z z a n z a n i c a , D ., P o r r o , 
G .,  P u p a , S.M., R e g a z z o n i , M., T a g l i a b u e , E . a n d  C o l n a g h i , M J . ,  

C h a r a c t e r i z a t i o n  o f  h u m a n  o v a r i a n - c a r c i n o m a - a s s o c i a t e d  a n t i g e n s  

d e f i n e d  b y  n o v e l  m o n o c l o n a l  a n t i b o d i e s  w i t h  t u m o u r - r e s t r i c t e d  s p e c i 

f ic i ty .  Int. J. Cancer, 3 9 , 2 9 7 - 3 0 3  ( 1 9 8 7 ) .

P e r e z , P., H o f f m a n , R . W . ,  Sh a w , S., B l u e s t o n e , J .A .  a n d  S e g a l , 
D . M . ,  S p e c i f i c  t a r g e t i n g  o f  c y t o t o x i c  T  c e l l s  b y  a n t i - T 3  l i n k e d  t o  

a n t i - t a r g e t - c e l l  a n t i b o d y .  Nature (Lond.), 3 1 6 , 3 5 4 - 3 5 6  ( 1 9 8 5 ) .

P e r e z , P . ,  T i t u s , J .A . ,  L o t z e , M .T . ,  C u t t i t a , F . ,  L o n g o , D . L . ,

G r o v e s , E . S . ,  R a b i n , H . ,  D u r d a , P .J . a n d  Se g a l , D , M . ,  S p e c i f i c  ly s is  
o f  h u m a n  t u m o u r  c e l l s  b y  T  c e i l s  c o a t e d  w i t h  a n t i - T 3  c r o s s - l i n k e d  to  
a n t i - t u m o u r  a n t i b o d y ,  J. Immunol., 1 3 7 , 2 0 6 9 - 2 0 7 2  ( 1 9 8 6 ) .

P u p a , S . M . ,  C a n e v a r i , S . ,  F o n t a n e l l i , R .,  M e n a r d , S .,  M e z z a n z a 
n i c a , D . ,  L a n z a v e c c h i a , A .  a n d  Co l n a g h i , M .I., A c t i v a t i o n  o f  
m o n o n u c l e a r  c e l l s  t o  b e  u s e d  f o r  h y b r id  m o n o c l o n a l - a n t i b o d y - i n d u c e d  
l y s i s  o f  h u m a n  o v a r i a n - c a r c i n o m a  c e l l s .  Int. J. Cancer, 4 2 ,  4 5 5 - 4 5 9  
( 1 9 8 8 ) .

R e n n e r , C .,  J u n g , W ., S a h i n , U . ,  D e n f e l d , R., Po h l , C .,  T r u m p e r , 
L., H a r t m a n n , F . ,  D i e h l , V., Va n  L i e r , R. a n d  P f r e u n d s h u h , M .,  
C u r e  o f  x e n o g r a f t e d  h u m a n  t u m o r s  b y  b i s p e c i f i c  m o n o c l o n a l  a n t i b o d 

i e s  a n d  h u m a n  T  c e l l s .  Science, 264 , 8 3 3 - 8 3 5  ( 1 9 9 4 ) .

S e g a l , D . M . ,  Q i a n , J . H . ,  A n d r e w , S .M .,  T i t u s , J .A . ,  M e z z a n z a n i c a , 
D . ,  G a r r i d o , M .A. a n d  W u n d e r l i c h , J .R . ,  C y t o k i n e  r e l e a s e  b y  
p e r i p h e r a l  l y m p h o c y t e s  t a r g e t e d  w i t h  b i s p e c i f i c  a n t i b o d i e s ,  a n d  i t s  r o l e  
in  b l o c k i n g  t u m o r  g r o w t h .  Ann. N. Y. Acad . ScL, 636 , 2 8 8 - 2 9 4  ( 1 9 9 1 ) .

T ib b e n , J . G . ,  M a s s u g e r , L . F . A . G . ,  B o e r m a n , O . C . ,  B o r m , G .F . ,  
C l a e s s e n s , R . A . M . J .  a n d  C o r s t e n s , F .H .M . ,  E f f e c t  o f  t h e  r o u t e  o f  
a d m i n i s t r a t i o n  o n  t h e  b io d i s t r ib u t io n  o f  r a d i o i o d i n a t e d  O V - T L  3  
F ( a b ')2 in  e x p e r i m e n t a l  o v a r ia n  c a n c e r .  Europ. J. nucl. Med,} 21,

1 1 8 3 - 1 1 9 0 ( 1 9 9 4 ) .

T i t u s , J . A . ,  G a r r i d o , M . A . ,  H e c h t , T .T . ,  W i n k l e r , D . F . ,  W u n 
d e r l i c h , J . R .  a n d  S e g a l , D . M . ,  H u m a n  T  c e l l s  t a r g e t e d  w i t h  a n t i - T 3  
c r o s s - l i n k e d  t o  a n t i - t u m o r  a n t ib o d y  p r e v e n t  t u m o r  g r o w t h  in  n u d e  
m i c e . / .  Im m u n ol, 1 3 8 , 4 0 1 8 - 4 0 2 2  ( 1 9 8 7 ) .

V a n  R a v e n s w a a y  C l a a s e n , H .H . ,  V a n  d e  G r i e n d , R .J . ,  M e z z a n z a 
n i c a , D . ,  B o l i -i u i s , R . L . H . ,  W a r n a a r , S .O .  a n d  F l e u r e n , G.J., 
A n a l y s i s  o f  p r o d u c t i o n ,  p u r i f i c a t i o n  a n d  c y t o ly t ic  p o t e n t i a l  o f  b i s p e c i f i c  
a n t i b o d i e s  r e a c t i v e  w i t h  o v a r i a n - c a r c i n o m a - a s s o c i a t e d  a n t i g e n s  a n d  
t h e  T - c e l l  a n t i g e n  C D 3 .  Int. J. Cancer, 5 5 , 1 2 8 - 1 3 6  ( 1 9 9 3 ) .

V a n  R a v e n s w a a y  C l a a s e n , H .H . ,  E g g e r m o n t , A . M . M . ,  N o o y e n , 
Y . A . ,  W a r n a a r , S .O .  a n d  F l e u r e n , G .J . ,  I m m u n o t h e r a p y  in  a  h u m a n  
o v a r i a n - c a n c e r - x e n o g r a f t  m o d e l  w it h  tw o  b i s p e c i f i c  m o n o c l o n a l  a n t i 

b o d i e s :  O V - T L  3 / C D 3  a n d  O C / T R .  Gynecol Oncol,  5 2 , 1 9 9 - 2 0 6

( 1 9 9 4 ) .

W e i n e r , G .J., K o s t e l n y , S . A . ,  H i l s t r o m , J .R . ,  Co l e , M .S . ,  L i n k , 
B . K . ,  W a n g , S , L .  a n d  T s o ,  J .Y . ,  T h e  r o le  o f  T - c e l l  a c t i v a t i o n  in  
a n t i - C D 3  x  a n t i - t u m o r  b i s p e c i f i c - a n t i b o d y  t h e r a p y .  J. Immunol.t 1 5 2 , 
2 3 8 5 - 2 3 9 2 ( 1 9 9 4 ) .

W e i t m a n , S . D . ,  L a r k , R . H . ,  C o n e y , L .R . ,  F o r t , D . W . ,  F r a s c a , V . ,  
Z u r a w s k i , V . R . ,  J r . a n d  K a m e n , B.A., D i s t r i b u t i o n  o f  t h e  f o l a t e  
r e c e p t o r  G P 3 8  in  n o r m a l  a n d  m a l ig n a n t  c e l l  l in e s  a n d  t i s s u e s .  Cancer 
Res.} 5 2 , 3 3 9 6 - 3 4 0 1  ( 1 9 9 2 ) .




