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Phase | Therapy Study &fRe-Labeled Chimeric
Monoclonal Antibody U36 in Patients with
Squamous Cell Carcinoma of the Head and Neck
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A phase | therapy study was conducted to determine the safety,
maximum tolerated dose (MTD), pharmacokinetics, dosimetry,
immunogenicity, and therapeutic potential of 186Re-labeled anti-
CD44v6 chimeric monoclonal antibody (cMAb) U36 in patients
with squamous cell carcinoma of the head and neck (HNSCC).
The potential of a diagnostic study with 9°™Tc-cMAb U36 to
predict the biodistribution of 186Re-cMAb U36 was evaluated.
Methods: Thirteen patients with recurrent or metastatic HNSCC
were given 750 MBq °™Tc-cMAb U36 (2 mg) followed 1 wk later
by a single dose of 186Re-cMAb U36 (12 or 52 mg) in radiation
dose-escalating steps of 0.4, 1.0, and 1.5 GBg/m?2. After each
administration, planar and SPECT images were obtained, and
the pharmacokinetics and development of human antimurine as
well as anti-cMADb responses were determined. Radiation ab-
sorbed doses to tumor, red marrow, and organs were calculated.
Results: Administration was well tolerated, and excellent target-
ing of tumor lesions was seen in all patients. Dose-limiting
myelotoxicity (thrombocytopenia being most prominent) was the
only toxicity observed, resulting in grade 4 myelotoxicity in 2
patients treated with 1.5 GBg/m2. The MTD was established at
1.0 GBg/m?, at which a transient grade 3 thrombocytopenia was
seen in 1 patient. One patient showed stable disease for 6 mo
after treatment at the MTD. The 2 patients with dose-limiting
myelotoxicity showed a marked reduction in tumor size. The
reduction was of short duration and, therefore, not considered an
objective response. Tumor absorbed doses at MTD ranged from
3.0 to 18.1 Gy. Red marrow doses ranged from 20 to 112 cGy
(mean, 51 = 16 cGy/GBq) and correlated with platelet nadir (r =
0.8; P < 0.01). Pharmacokinetics varied between patients
treated at the same dose level and were accurately predicted by
the diagnostic procedure. Five patients experienced a human
anti-cMAb response, 1 of which was a human antimouse anti-
body response. Conclusion: This study shows that 186Re-cMAb
U36 can be safely administered, with dose-limiting myelotoxicity
at 41 mCi/m2. The use of cMAb U36 instead of its murine
counterpart did not decrease the induction of human antibody
responses. The availability of a °*mTc-labeled diagnostic study
that can predict the pharmacokinetics of 186Re-cMAb U36 offers
the possibility of using such a study for selection of a safe
radioimmunotherapy dose.
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S}uamous cell carcinoma of the head and neck (HNSCC)
accounts for approximately 5% of all newly diagnosed
malignancies in northwestern Europe and the United States,
and the worldwide incidence is 500,000 cases each yéar (
Despite improvements in locoregional treatment by surgery
and radiotherapy for stages Ill and IV (70%), the failure rate,
either locally or at distant sites, is still high. An effective
adjuvant systemic treatment is therefore needed to improve
survival in this patient group.

Among the novel approaches for selective treatment is the
use of monoclonal antibodies (MAbs) conjugated with
radionuclides. In the last decade, successful treatment with
radioimmunotherapy (RIT) of hematologic malignancies
refractory to chemotherapy has been reported (2,3). How-
ever, for solid tumors such results have not yet been reached,
although some studies have reported encouraging results
with RIT for small metastatic lesions or as adjuvant treat-
ment (4-8). To date, most clinical RIT studies have been
performed with'3l. However, the low percentage (33%) of
therapeutig3-emission of'3Y is suboptimal, and its abun-
danty-emission can cause an unnecessary radiation burden
for medical personnel and relatives, requiring extensive
radiation safety measure§®Re is considered to be a better
candidate, because almost all decay (91%) is by therapeutic
B-emission with an ideal energy for eradicating minimal
residual disease: a maximupenergy of 1.07 MeV, and
90% of it delivered within 1.8 mm of a point source,10).

The 9% y-emission has excellent imaging properties for
scintigraphy and dosimetry and results in minimal radiation
exposure of medical personnel. Its physical half-life of 3.7 d
is considered compatible with the time needed for intact
MADs to achieve optimal tumor-to-nontumor ratios. To date,
few studies have been performed wifRe-labeled MAbs
(11-13).
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Murine MAb (MMADb) U36 has been extensively studiedervix, but also for adenocarcinomas of the breast, colon, lung, and
in patients with primary HNSCC and lymph node metastasg®mach 19,20). In patients with carcinoma of the breast and colon
undergoing surgery (14,15). Tumor uptake values up to 43®d with non-Hodgkin’s lymphoma, a correlation has been shown

of the injected dose per kilogram (%ID/kg) of tumor werd@etween an overexpression of CD44v6 and reduced survival

reached, with a mean value of 20.4 %ID/kg 2 d aft 1-23). The CD44v6 overexpression is thought to confer meta-

. . . . static potential to tumor cells (24). Screening of normal tissues has
administration (14). Immunohistochemistry has shown reac- A X .
revealed expression in skin keratinocytes, breast and prostate

tvity _W'th 99% of primary HNSCC and a homoqe_neou%yoepithelium, and bronchial epitheliurh§;20,25).
reactivity pattern with 96% of these tumors, making the ', 3 previous radioimmunoscintigraphy (RIS) study, HAMA
antibody an ideal candidate for targeting nearly all HNSCfasponses were observed in 37% of patiets).(Therefore, for
(16). The antigen recognized by MAb U36 is the v6 domaifeduction of immunogenicity, a cMAb U36 was constructed
of the CD44 glycoproteini(7). The development of humancontaining the murine-variable domains attached to the huytan
antimouse (HAMA) responses in patients treated witheavy-chain and humar light-chain constant regions using
mMAb U36 could hamper its use for multiple-treatmentecombinant DNA technology, as has been descrigéj (
RIT, and a chimeric MAb (cMAb) U36 was therefore
constructed. Radiolabeling and Quality Controls

This phase | radiation dose-escalation trial witRe- Al patients received bot#*"Tc-cMAb U36 and'®Re-cMAb
labeled cMAb U36 was performed on HNSCC patients #436. The final quality of each batch of radiolabeled cMAb U36
determine safety, dose-limiting toxicity, and maximum tolet/@s testedd?). For coupling of*"Tc and®*Re to cMAb U36, the

S ..o . same  chelateS-benzoyl-mercaptoacetyltriglycine (MAG3) was
ated dose (MTD). The pharmacokinetics, bIOdlsmbUtlor?sed as described previousl27(28). The radionuclides and

'mmunoQQmC'ty’ 'magmg',dOSImetrY’ and thgrapeutlc effec ﬁelate were obtained from Mallinckrodt, Inc. (Petten, The Nether-
were studied to evaIu.aF(.a its potential .for adjuvan.t treatme'ghds)_ The mean specific activity 8¥Re at the time of labeling
of HNSCC. The feasibility of a scouting study WitA"Tc- a5 13.2+ 5.6 MBg/nmol. In short, after synthesis 8t"Tc-

labeled cMAb U36, given 1 wk before RIT to predict theuaG3 or 18Re-MAG3, an esterification with tetrafluorophenol

biodistribution of cMAb U36, was assessed. was performed. Subsequently, the ester was purified and conju-
gated to cMAb U36. Radiolabeled cMAb U36 was purified on a
MATERIALS AND METHODS PD10 column (Pharmacia-Biotech, Woerden, The Netherlands)

Patient Eligibilit with 0.9% NaCl as eluent for t8™Tc-cMAb U36 conjugates and
9oty 0.9% NaCl with 5 mg/mL ascorbic acid (pH 5) for tHéRe-cMAb

Patients with clinical evidence of recurrent HNSCC, e'theLrJ% conjugates. Finally, the conjugates were filter sterilized. The

locally or at distant sites, refractory to conventional therapy or f%ltio of 18Re-MAG3 to cMAb U36 was always lower than 4. The
\r/lv_horln no Itl:uratlv;? Opgoailggga _avar:IabIe were candu_jatdes}. Hg‘diochemical purity of the conjugates was more than 93% (mean,
_|sto ogically confirmed St N the past was require O£57%), as assessed by high-performance liquid chromatography
inclusion. Other eligibility criteria were an age between 18 anﬁ—{PLC) and thin-layer chromatography of the final product. Each
80y, a Karn?fsk?/ perf3orman:e _statusloff at Ileast go,kafnd ali Sdiolabeled cMADb U36 preparation was assayed for immunoreac-
expectancy of at least mo. An Interval o at_ east 6 wk from th‘fia\/ity by measuring binding to 0.1% paraformaldehyde-fixed cells
last chemotherapy or radiotherapy was required, as well as goé)fdthe HNSCC cell line UM-SCC-11B as described previously

recovery after prior treatment. Patients were excluded if their whi 57) The immunoreactive fraction of botfiTc- and®Re-cMAb
blood cell count was less than 3500/uL, if platelets were less th 6. as determined by a modified Lineweaver Burk plot, ranged

150,000/uL, if the serum creatinine concentration was greater than . 2-o, 10 100% (mean, 96%) for all preparations
150 pmol/mL, or if the bilirubin level was greater than 40 ' '

pmol/mL. Other exclusion criteria were pregnancy, past administra- . . .
tion of MMADbs, evidence of a life-threatening infection, a”ergifrestudy screta,nl_ng and Radlolqglc Asse§§ment .

diathesis, or serious cardiac disease. The study was approved by thEh€ Patients’ history and physical condition were examined, and
Institutional Review Board of the University Hospital Vrije Univer-routine laboratory analyses were performed, including serum
siteit, Amsterdam, The Netherlands. All patients gave sign&iectrolytes, hepatic enzymes, thyroid and renal function, and

informed consent after receiving a thorough explanation of t%(ine. Complete blood cell and platelet counts, an electrocardio-
study. gram, and a chest radiograph were obtained. CT or MRI scans were

obtained as previously describelb].

cMAb U36 Tumor volume was assessed by an experienced radiologist

MADb U36 (Centocor B.V., Leiden, The Netherlands) waslrawing regions of interest (ROIs) on consecutive CT or MRI
generated by immunizing BALB/c mice with viable cells of theslices with a VoxelQ system (Picker International, Highland
HNSCC cell line UM-SCC-22B18). The antigen recognized by Heights, OH), which enables 3-dimensional reconstruction and
MAb U36 is a 200-kDa glycoprotein located on the outer celutomated volume calculation. The volume of recurrent tumors or
surface. Characterization of the target antigen by complementangtastases was determined in cubic centimeters and used for tumor
DNA cloning and sequence analysis revealed that the antigendissimetry and evaluation of RIT efficacy. Because of the use of a
identical to keratinocyte-specific CD44 splice variant epicef).( gantry tilt in some of the CT studies, 3-dimensional reconstruction
Through screening of overlapping synthetic peptides, the epitoped automatic volume calculation was not always possible. In these
appeared to be located in the v6 domain of CD#A)( Expression cases, the sum of individual ROI surfaces and slice thicknesses was
of the v6-containing CD44 variants has been observed for a varietyed for tumor volume estimation and corrected for the degree of
of carcinomas, including head and neck, lung, skin, esophagus, ajahtry tilt.
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Study Design and SPECT images of the region of tumor recurrence, that is, the

All patients underwent a scouting study before RIT with 2 mghorax or the head and neck, were acquired at 21 K°f@ic-RIS
99 Tc-labeled cMAb U36 (750 MBQ) to evaluate whether such and at 21, 72, and 144 h fé#Re-RIS. Acquisition parameters for
procedure could predict the biodistribution of cMAb U36. Aplanar and SPECT images were as previously describép (n
complete pretreatment assessment was performed before this stabigrt, studies were performed with 360° rotation, 64 steps, and
and blood samples were taken for pharmacokinetic analysgestfiltering with a Hanning filter (cutoff at 1 cycle/cm). Imaging
Irrespective of the outcome of the RIS study, RIT was given withifesults were interpreted by an experienced examiner, who was
1 wk in escalating dose steps ¥fRe-labeled cMAb U36. Two unaware of the site of recurrence or the presence of distant
patients (patients 1 and 2) received 12 mg cMAb U36 labeled withetastases.
0.4 GBg/n? 18Re. All other patients received 52 mg cMAb U36 L

Euarmacoklnetlcs

labeled with escalating radiation doses. The dose levels were d:) ) ) )
Blood samples were taken from the opposite antecubital vein at

1.0, and 1.5 GBg/fhand were planned to rise with escalating steps ; T
of 0.5 GBg/n?. Vital functions (blood pressure, pulse rate, breatt? 10: and30minandat1,2, 4,16, and 21 h after injectiGff@i-

ek il i
ing rate, and temperature) were assessed before administratfshVell s ofi“Re-cMAb U36. For'*Re-cMAb U36, additional

after 20. 40 60. 120. and 240 min: and at 21 h. samples were taken at 72 and 144 h after injection. Whole-blood
T ' and plasma samples were counted i multiwell counter (1470
Safety Wizard; Wallac, Turku, Finland), and radioactivity levels were

Patients were admitted for 21 h in a special treatment room at txepressed as %ID/kg. Corrections were made for background
Department of Nuclear Medicine. Thereafter, they stayed for activity and decay; the %ID/kg was determined by comparison
additional 3 d in asingle room. Dose rates (in uSv/h) werewith an aliquot retained from the conjugate preparation for
measured directly after administration, and after 21 and 72 h,iajection. For*®Re-cMAb U36, an area under the time—activity
distances of 50 and 100 cm withvaradiation dose rate counter concentration curve (AUC) to infinity was calculated using a
(Berthold LB 123; EG&G, Ortec, Oak Ridge, TN). The patientsurve-fitting program (Multifit, Groningen, The Netherlands) to
were discharged 4 d after administration'#Re-cMAb U36, and generate monoexponential or biexponential clearance curves. To
the set of pretreatment laboratory analyses was repeated weeklydampare the pharmacokinetic behavior of both radioimmunoconju-
at least 6 wk. The severity of toxicities was graded according to tigates for each individual patient, AUCs from O to 25 h after
National Cancer Institute Common Toxicity Criteria. The MTDinjection were calculated. The biologic half-life was calculated as
was defined as the dose level at which a grade 4 hematologictes, or as t{,x and §,,83 for monoexponential and biexponential
grade 3 nonhematologic toxicity developed in not more than 1 ofddearance, respectively, of the radioimmunoconjugate, depending
patients. A complete response was defined as disappearance obrlits best fit. HPLC was performed on plasma samples to assess
measurable disease by physical examination or radiographic critee percentages of radiolabeled free cMAb U36 (retention time,
ria for at least 4 wk. A partial response was defined as a reductionld.9= 0.2 min) and complexed cMAb U36 (retention time, 1+.1
at least 50% in the sum of the products of the perpendicularl min), essentially as described previouy)
diameters of all index lesions for at least 4 wk and no new lesions. .

Stable disease was defined as a 50% reduction or a 25% or smemg?'m?try ) . )

increase in the sum of the perpendicular diameter products and ndg* Piclogic whole-body half-life was calculated using least
new lesions. This state had to persist for a minimum of 3 mgauares fitting of the curve for whole-body time versus %ID.
Progression was defined as an unequivocal increase in size (>259%apolation was done from the latest time points to infinity. The

of any lesion or the appearance of a new lesion. conjugate view counting technique was used for quantification of
activity in the organs, and the initial whole-body counts were
Imaging Studies regarded as representing 100% of the injected dose. On all

The same acquisitions were made for RIS WitfTc-cMAb  whole-body scans, ROIs were drawn around the following organs:
U36 as for RIS with8%Re-cMAb U36. In thé®®Tc-RIS procedure, liver, lungs, spleen, and left kidney. For dosimetry of the lungs, a
simultaneously acquired planar anterior and posterior whole-bodmaller ROl was drawn in the right lung to reduce the contribution
scans were obtained within 1 h after administration of thef scatter originating from the cardiac blood pool and liver. Total
radioimmunoconjugate and after 21 h. For #fRe procedure, lung counts were obtained by correction of the counts per pixel of
further scans were obtained after 72 and 144 h and, if feasible, fbe smaller ROI for the total lung size. A background ROI was
up to 2 wk. For all scintigraphic studies, a large field-of-viewdrawn in the lower left quadrant of the abdomen, and 75% and 50%
gamma camera (Dual Head Genesys Imaging System; ADAEthe counts were used for background correction of activity in the
Laboratories, Milpitas, CA) equipped with low-energy highspleen and kidney, respectivel8l). For lung and liver, no
resolution parallel-hole collimators and connected to a computeackground correction was performed. An effective attenuation
system (Pegasys; ADAC Laboratories) was used. Use of the safaetor was derived from phantom studies by Breitz et 2B) (vho
collimator for °*™Tc-cMAb U36 imaging as fot®Re-cMAb U36 obtained fractions of counts transmitted to examine the attenuation
imaging was expected to result in good image resolution. The Idar 18Re. The background subtracted counts from each organ were
percentage of high-energy gamma photon¥®&e (0.05%> 600 multiplied by this attenuation factor. Correction for counting
keV) was not expected to require the use of a medium-energfficiency of the gamma camera was done using an imaged
collimator, as was done in other studi&930). Camera quality- standard with8Re. The %ID was calculated for each organ at each
control measures were taken at each imaging time. With the aliquiwtaging time, and the effective AUC for the whole body as well as
retained from the radioimmunoconjugate preparation for injectiofgr all organs was used to obtain residence times in a spreadsheet
a weighed dilution of the injected patient dose was prepared saftware program (Lotus 1-2-3, release 5; Lotus Development
standard and measured simultaneously during imaging on @lbrporation, Cambridge, MA). Residence times were implemented
whole-body scans. Lateral, anterior, and posterior planar imagasMIRDOSES3 software (Oak Ridge Associated Universities, Oak
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Ridge, TN), to obtain S values and the total absorbed radiation ddke previous step. After washing, the wells were incubated with 100

per injected dose (cGy/GBq) to organs and the whole body. UL (10 ng per well) poly-HRP-conjugated streptavidin (CLB,
Using the whole-blood time-activity concentration curve foAmsterdam, The Netherlands) in assay buffer for 20 min at 400

186Re-cMAb U36, AUCs to infinity were calculated for red marrowpm at room temperature. The wells were then washed, and HRP

dosimetry. Patient-specific red marrow dosimetry was performedtivity was determined by adding 100 pL tetramethylbenzidine

according to the method of Shen et a&2). This method also substrate solution per well (100 mg/L tetramethylbenzidine in 0.1

considers the contribution of other organs and the whole body. Thml/L sodium acetate and citric acid buffer [pH 4.0]) and incubat-

concentration of intact MAbs in bone marrow is regarded to biag for 30 min in the dark at room temperature. The reaction was

0.2-0.4 times that in circulating blood, and this red marrow-testopped with 50 pL 2N B8O, per well, and the absorption was

blood ratio was determined using the patients’ hematocrit and regtasured at 450 nm in a microtiter plate reader. The sensitivity of

marrow extracellular fluid fraction3@). A comparable clearancethe HACA assay was at a concentration of 0.2 mg/L. The intraassay

from blood and red marrow was assumed, as well as a unifoenefficient of variation (CV), as calculated from duplicate measure-

distribution throughout the red marrow. ments in serum samples with test results greater than the detection
An ROI for the tumor was drawn on the anterior whole-bodyimit, was 6.5%. A HACA test value 3 times this limit, 0¢0.6

scan obtained at 72 h after injection and then copied to anteriog/L, was arbitrarily considered positive.

scans acquired at other times. Another ROI was drawn for tumor

background correction on the contralateral side of the neck. THéatistical Analysis

relative tumor-to-neck diameter, as assessed with CT or MRI, wasAll mean values reported represent arithmetic means with

used for background correction according to the method of Buijs@rresponding SDs. Associations between variables were calcu-

al. (31). Background-subtracted counts were corrected for attenlgied with SPSS 7.5 software (SPSS Inc., Chicago, IL) using

tion depending on tumor depth derived from CT or MRI results arfdearson correlation tests. Two-sided significance levels were

the effective attenuation facto29). Tumor volume was measuredcalculated for all parameters, wikh<< 0.05 considered statistically

to obtain S values for tumor nodules using MIRDOSES3 softwarsignificant.

The tumor absorbed dose estimates were obtained after implemen-

tation of the residence times in MIRDOSE3 software. For eaghegy 715

evaluable patient, the ratio of tumor absorbed dose to red marrow_ .
absorbed dose was determined. Thirteen patients (10 men, 3 women; age range, 47-68 y;

mean age, 57 y) entered this study. Their characteristics are

Human Anti-cMAb U36 Response shown in Table 1.

To evaluate the immunogenicity of cMAb U36, a humaréafe,[y and Nonhematologic Toxicity

anti-cMADb (anti-isotypic, HACA) assay was performed. To evalu- . . o 18
ate whether there were responses against the murine part (anti- Il administrations OP_ "Tc- and GRe__CMAb U36 were
idiotypic, HAMA), a second assay was included. Human antibod@le” tolerated by the patients, and no signs of acute adverse

response was tested in patients’ sera before administratffiiat ~ €Vents were observed. No relevant changes occurred in
and!®Re-cMAb U36, and 1 and 6 wk after the start of RIT. For th@hysical parameters during the first few days after adminis-
detection of HAMA, an enzyme-linked immunosorbent assdyation, and no changes in blood parameters indicated
(ELISA) with mMAb U36 was used as described previously (15Yoxicity of organs such as the liver or kidneys. Although in
In short, ELISA plates were coated with goat polyclonal antimoussome patients accumulation of radioactivity in feces was
IgG, followed by mMAb U36 solution. Prediluted patient serunyisiple by scintigraphy, no symptoms of gastrointestinal
samples were added, and for detection, rabbit polyclonal antifdiation toxicity were observed. Two weeks aftéiRe-

man 1gG conjugated with horseradish peroxidase (HRP) followeq) Ay y36 administration, bilateral erysipelas developed in

by o-phenylenediamine was used. The sensitivity of the HAMAh : . :
. ) . R the face of patient 2 and was effectively treated with
assay was at a titer of 50. AHAMA titer of 3 times this limit £50) antibiotics. Pgtient 5 died 2 d after adr)1l1inistration of

was arbitrarily considered positive. 18 . .
The concentration of HACA was measured by coating aGRe'CMAb U36, most likely because of cardiopulmonary

microtiter plate (Costar Europe Ltd., Badhoevendorp, The Nethdpsufficiency or a myocardial infarction. In this patient,
lands) with cMAb U36 1gG, 2 pg per well, in phosphate-bufferegcintigraphy 21 h after administration #"Tc-cMAb U36
saline (PBS), pH 7.2, and incubating overnight at room temperghowed relatively high uptake in the lungs, but this was not
ture. After the contents were discarded, the plate was blocked withserved on images obtained aft&éRe-cMAb U36 injec-

200 pL assay buffer per well (1% volume in volume newborn catfon. This apparent difference was considered to be related to
serum [BioWhittaker, Verviers, Belgium] in PBS with 0.02%the difference in MAb doses used in RIS and RIT. No other
Tween 20 [Sigma, Zwijndrecht, The Netherlgnds]) by incubation %ﬁgns indicating a possible relationship between antibody
37° Cfor 1 h. The wells were then washed with 200 uL wash buffefy inistration and death were noticed, but the possibility of
per well (PBS with 0.05% Tween 20). Thereafter, 100-pL Standagjrelationship could not be excluded.

dilutions of rabbit antihuman IgG (A0424; Dako, Glostrup, Den- Mean radiation dose rates 1 m from the patients treated

mark) in assay buffer and diluted patients’ serum (1:10 in assay. . . L
buffer) were pipetted into the wells and incubated on an orbit&%th the highest dose were 3.2 uSv/h directly after injection

shaker at 400 rpm fol h at room temperature. The rabbit and 1.6 uSv/h at discharge 3 d after injection. These dose

antihuman IgG was used to construct a calibration curve. The welé€s would result in cumulative doses far less than the
were washed, and after the addition of 100 pL biotinylated cMA8nnual limit of 2 mSv considered acceptable for medical
U36 in assay buffer (1 ug per well), the plate was incubated aspersonnel and family members.
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TABLE 1
Patient and Tumor Characteristics
Patient Age Prior treatment
no. Sex y) Site of disease Radiotherapy Chemotherapy
1 M 53 Oropharynx Yes MTX
2 F 54 Posterior pharyngeal wall Yes None
3 M 54 Oropharynx Yes None
4 M 47 Oropharynx No None
5 M 56 Piriform sinus, left and right parapharyngeal area Yes Cis + 5-FU
6 M 66 Larynx and cystic lesion, neck, right side Yes Cis + Gem/MTX
7 F 56 Oropharynx, both sides Yes None
8 M 58 Hypopharynx Yes None
9 M 67 Neck recurrence, left side Yes None
10 M 68 Oropharynx, right axilla metastasis Yes None
11 M 52 Larynx Yes None
12 M 52 Floor of mouth, submental recurrence Yes Cis + Gem
13 F 59 Esophagus Yes None
MTX = methotrexate; Cis = cisplatin; 5-FU = fluorouracil; Gem = gemcitabine.
Hematologic Toxicity grade 4 thrombocytopenia developed in 2. One of these 2

The red marrow appeared to be the dose-limiting orgafpatient 13), who had never been treated with chemotherapy,
Myelotoxicity consisted mainly of thrombocytopenia, with aecovered within 1 wk from grade 4 thrombocytopenia and
nadir 4 wk after RIT. At the lowest dose level—O0.4grade 2 leukocytopenia. The other patient (patient 12) had
GBg/nm?*—no clinically relevant hematologic toxicity waspreviously experienced myelotoxicity as a result of 3
seen, whereas at the next dose level—1.0 GBgfonly courses of cisplatin and gemcitabine, given 6 mo before
mild toxicity was observed (Table 2). In 1 patient at this dosentry into the RIT study, but hematologic parameters had
level (patient 6), grade 3 thrombocytopenia and graderécovered to baseline. In that patient, grade 4 thrombocyto-
leucocytopenia developed, and the patient recovered frgrania and leukocytopenia developed 4 wk after administra-
both conditions within 1 wk. He had been treated 14 mton of 188Re-cMAb U36, and he died from an opportunistic
before RIT with 2 courses of cisplatin and gemcitabine arldng infection shortly thereafter. Autopsy confirmed bilateral
had received a weekly dose of 60 mg methotrexate for 20 wkonchopneumonitis with signs of an adult respiratory
6 mo before RIT. Of 3 patients treated with 1.5 GBg/mdistress syndrome resulting from pneumonia caused by a

TABLE 2
Absorbed Dose Estimates and Myelotoxicity
Total Absorbed dose, Absorbed
Patient Dose administered whole body dose, red Platelet Toxicity WBC Toxicity Granulocyte Toxicity
no. (GBg/m2)  dose (GBq) (cGy/GBq) marrow (cGy) nadir grade  nadir grade nadir grade
1 0.4 0.48 35.1 46 230 0 3.4 1 2.3 0
2 0.4 0.59 24.3 25*% NA NA NA NA NA NA
3 0.4 0.70 324 30 200 0 6.1 0 5.2 0
4 0.4 0.70 35.1 20 285 0 5.7 0 4.1 0
5 1.0 1.60 21.6 73* NA NA NA NA NA NA
6 1.0 211 21.6 109 37 3 3.6 1 21 0
7 1.0 1.63 NA 91 206 0 53 0 4.5 0
8 1.0 1.70 37.8 7 97 1 4.7 0 3.7 0
9 1.0 1.70 29.7 110 190 0 7.6 0 6.2 0
10 1.0 1.78 29.7 100 126 0 4.9 0 3.4 0
11 15 2.96 27.0 104 118 0 4.3 0 3.2 0
12 15 2.18 8.1 107 24 4 0.6 4 0.1 4
13 15 2.15 29.7 112 22 4 2.3 2 1.8 1

*Patients 2 and 5 did not complete follow-up for evaluation of hematologic toxicity and are therefore not included for analysis of correlation
between red marrow dose and development of hematologic toxicity.
WBC = white blood cell count; NA = not available.
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mixture ofStreptococcus pneumonidescherichia coli, and of patient 10 was not detected by scintigraphy during RIT.
Pseudomonas aeruginosa. Although the red marrow whiigh uptake in the lungs was seen in patient 5 on whole-
greatly aplastic, some erythropoietic activity was seen. Qody scans obtained at 21 h after administratioiTc-
the basis of the results, 1.0 GBd/mas regarded to be thecMAb U36. Imaging at 21 h after administration HfRe-
MTD level. cMAb U36 did not show this high uptake. Patient 7 showed

Imaging increased uptake in a decubitus lesion on her left shoulder.

Whole-body scans obtained directly after administration
of ¥Re-cMAb U36 showed mainly blood-pool activity,Pharmacokinetics
which was decreasing over time but clearly present up to 72HPLC analysis of the conjugates for injection showed a
h after injection in most patients. Representative wholeaonomeric peak, with more than 97% of the radioactivity
body scans are shown in Figure 1. At later intervals, lfound to cMAb U36. In plasma samples taken after
homogeneous distribution was observed in the lungs, livi@ministration of:88Re-cMAb U36, HPLC analysis identi-
spleen, and kidneys, except for increased uptake at tunfigld monomeric radiolabeled cMAb U36 (retention time,
sites. In general, no selective accumulation at nontumor sitg$ g + g 2 min) and a second small peak corresponding to
was visible, except in feces and urine (bladder). In 1 patiefiss than 5% of the total radioactivity, representing com-
a relatively high accumulation was seen in the liver at 21|5|exed CMAb U36 (retention time, 11.1= 1.1 min).
afte_r injection. This patient (patient 2) also had rEIative|¥herefore, all radioactivity in plasma was assumed to be
rapld_clgarance df*GRe-cMAp U36_ from the blood. 18 monomeric radiolabeled cMAb U36, and pharmacokinetic

scintigraphy after administration GF™Te- and Re- analysis was based on these data. B#e-cMAb U36, in

CMAb U36 showed a similar biodistribution, including ost patients a biexponential whole-blood disappearance
comparable uptake at tumor sites in the head and neck (r_rln st p P pp

2). Planar and SPECT images obtained at later intervals w| Eltlj'f be descnt;e;i szih g\lmchear} :?pld dd|ztr|butloln—phase
18Re-cMAb U36 showed improved delineation of smalff'®'' " e,(tl’zo‘) or 7. = 9.0 0, 10 Ofe y a slower
lesions and distant metastases. These concerned mainly |Ehré1|nat|on—phase half-life {3) of 80.0* 36.6 h. Accurate

metastases, of which visualization was hampered by tReSessment of these parameters®foirc-cMAb U36 was
presence of blood-pool activity, requiring imaging at latdpampered by the limited number of measurements at times

intervals (Fig. 3). Because of the small size of some |ur{§terthan 21 h after injection. The effective AUCs to infinity
metastases, not all detected with CT could be detected wighbe used for red marrow dosimetry ¥fRe-cMAb U36
planar imaging or SPECT of the chest. Prolonged higanged from 4.6 to 24.6 GB¥ h/L. Biologic AUCs for both
blood-pool activity in 1 patient (patient 13) disturbed thé®"Tc- and*®®Re-cMAb U36, as determined up to 25 h after
visualization of a tumor in the distal esophagus, because ihgection, showed variability between patients but, if com-
tumor was directly posterior to the heart. A palpablegared for individual patients, showed a strong correlation
cytologically proven, 2< 4 cm metastasis in the right axilla(r = 0.94;P < 0.01), as is illustrated in Figure 4.

4
f‘-.i". r
_a;_ il
- e
: . i i
1h 21h 72h 144 h 2 wks

FIGURE 1. Whole-body scans of patient 4 acquired within 1 h after administration of 186Re-cMAb U36 and after 21, 72, and 144 h
and 2 wk. Immediately after injection, most prominent activity is in blood pool. This activity remains high up to 72 h after injection.
Relative uptake of radioimmunoconjugate in tumor in right oropharynx increases over time. Tumor becomes better delineated as
background activity decreases.
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FIGURE 2. Comparison of planar imag-
ing of head and neck region of patient 1 21 h
after administration of ™Tc-cMAb U36 (A)
and 18Re-cMAb U36 (B). Accumulation of
radiolabeled cMAb U36 is visible at tumor
recurrence in right oropharynx.

Human Anti-cMAb U36 Response uptake of 18.6+ 9.1 %ID/kg. The mean tumor absorbed
HACA and HAMA immune responses were evaluable fodose was 486.5+ 297.3 cGy/GBq, with tumor doses
all patients except patient 5. Five of the 12 evaluable patiemenging from 3.0 to 18.1 Gy at the MTD. For the 10 patients
showed a HACA response (Table 3). In 3 of these patieneyaluable with tumor dosimetry, the ratio between tumor
elevated HACA levels were observed within 1 wk after thabsorbed dose and red marrow absorbed dose was 8.2
99mTc-cMAb U36 study procedure, before the start of
186Re-cMAb U36 RIT. One of these patients (patient 6)umor Response
already showed detectable HACA levels before cMAb U36 One patient (patient 8), treated at the dose level of 1.0
administration. He had never before been exposed &Bg/nm?, had stable disease for 6 mo as assessed with CT. At
mMADbs or cMAbs. In 3 patients with an immune responséhe highest dose level—1.5 GBg#obvious tumor shrink-
the highest HACA levels were found 1 wk after the start cige was observed in 2 patients. A marked reduction in the
RIT. One of the patients with a HACA response also showstie of a tumor in the esophagus (patient 13) was observed 3
elevated HAMA titers, indicating that only in this patientwk after administration ot®**Re-cMAb U36 (Fig. 6). This
had antibodies directed against the murine-variable regidiignor partly compressed a stent placed in the esophagus,
been formed. and after RIT a 60% decrease in tumor size was observed
) simultaneously with relaxation of the stent. Another patient
Dosimetry o (patient 11) showed a reduction in the size of a bulky tumor
Assuming a homogeneous distribution, absorbed dos€ [, irence located submentally and of a lymph node metas-
the whole body could be estimated for 12 patients (Table 2)is on the right side of the neck. These two antitumor
One patient (panent 7) was not able_to con_wplete_ the ?e”ese‘ﬁfects were observed in the 1.5 GBd/group and did not
whole-body images, and planar serial regional imaging Wit the criteria for an objective response because of a short
done. The whole-body absorbed self-dose was 27.8.4  y,1a4ion. In other patients, who experienced disease progres-
cGy/GBg. The mean biologic whole-body half-life was;j, nger previous treatment, RIT stabilized the growth of
344 + 164 h. For liver, lungs, spleen, and kidneysyomne of the lesions. These stabilizations did not meet the
calculated absorbed dose estimates to organs were 1324, ¢or objective response and included small lung

200.0, 137.8, and 135.1 cGy/GBq, respectively. metastases (patients 1 and 7) that seemed unchanged while
Red marrow doses, determined from the whole-bloqgj[her neck lesions progressed.

time-188Re activity concentration curve, ranged from 20 to

112 cGy. The mean radiation dose to the red marrow was

51.4 = 16.2 cGy/GBq. The most frequently observe@!SCUSSION

myelotoxicity, that is, the decrease in the number of RIT with 18%Re-cMAb U36 seems to be safe, and no

platelets, correlated with the red marrow dose=(0.8 [P< side-effects were observed in this phase | study besides

0.01] for platelet nadir and = 0.6 [P < 0.05] for the dose-limiting myelosuppression at tk#Re dose level of

percentage decrease from baseline platelet counts) (Fig.BR GBg/n¥. The MTD of 1.0 GBg/M as found for

A significant correlation was found between red marrow®Re-cMAb U36 is considerably lower than has been

dose and decrease in granulocytes=(0.7 [P < 0.05] for described for other®Re-labeled MAbs in dose-finding

the percentage decrease ang 0.6 [P < 0.05] for the studies. For mMMADb NR-LU-10, the MTD was established at

granulocyte nadir). No significant correlation was foun8.3 GBq/n%, whereas for cMAb NR-LU-13, the MTD was

between red marrow dose and decrease in white blood delind to be 2.2 GBqg/f(11,13). This difference can be

count. explained by the longer circulating half-life in blood of
Tumor dosimetry was possible for 10 patients (Table 4MAb U36, compared with the other 2 radioimmunoconju-

The volumes of these lesions ranged from 14 to 135. cngates. The mean43 of cMAb U36 was 80.0 h, whereas for

The ROI method on whole-body scans revealed the high&#R-LU-10 and NR-LU-13, a mean 8 of 26.5 and 36.5 h,

tumor uptake values at 72 h after injection, with a meamspectively, was found. MAb U36 does not bind to the
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cellular fraction of the bone marrow, and no patients witfi—
bone metastases participated in this study, nor did RIS revgal
increased radioactivity uptake in the red marrow.
Myelotoxicity consisted mainly of thrombocytopenia
with a nadir 4 wk after administration éf®Re-cMAb U36.
Grade 4 thrombocytopenia was observed at the highest d
level—1.5 GBg/m—for 2 patients, whereas grade 3 throm
bocytopenia developed in 1 of 5 evaluable patients at t
MTD level. Leukocytopenia of a grade higher than 3 wg
seen only at the 1.5 GBgAdose level. The development of

O

wn =2
AUC 186Re-cMAD U36
[ ]

MRAGE 3E
' U e

can. 11

‘ 2 4 6 8 10
AUC 99mTc-cMAb U36

FIGURE 4. Relationship between AUC (expressed as %ID X
h) determined for 0-25 h after injection for individual patients,
both for *°mTc-cMAb U36 (horizontal axis) and for 86Re-cMAb
U36 (vertical axis). Although relatively large variations are seen
between patients, pharmacokinetic behavior of the 2 conjugates
seems similar for individual patients (r = 0.94; P < 0.01).

thrombocytopenia could be related to the red marrow dose,

calculated from the whole-blood tim&%Re activity curve.
Because cMAb U36 clearance differed considerably be-

tween patients in the same dose group and resulted in

A 3;: thrombocytopenia of variable severity, an individualized
} radiation dose selection for cMAb U36 RIT candidates
o ., seemed mandatory. In this study, we evaluated the possibil-
; j,";-_l ¢ “dn ity of using %°"Tc-cMAb U36 for prediction of the8Re-

[ A

. cMADb U36 biodistribution. To limit antigen occupation in

B the tumor because of such scouting studfégTc-cMAb
U36 was administered at a much lower antibody dose than
18Re-cMAb U36: 2 mg versus 52 mg. The overall biodistri-
bution of the conjugates observed with RIS seemed to be the
same at 21 h after injection, and comparable targeting of
tumor lesions was seen (Fig. 2). At later times, imaging with
99mMTc-cMAb U36 is not feasible because of the short
half-life of %°"Tc, which is consistent with the findings of
Breitz et al., who evaluated the use 6&Tc-labeled
NR-CO-G, (Fab') to predict'®Re dosimetry (29). There-
fore, some distant metastases clearly delineated®iRe-
cMAb U36 RIS at later times could not be visualized
reliably by %" Tc-cMAb U36 RIS. Despite the difference in
antibody dose, the pharmacokinetic behavior of @c-
and!8Re-conjugates appeared to be similar during the first

. 25hafterinjection. The physical half-life compared with the

"% biologic half-life of %"Tc-cMAb U36, however, did not

: allow accurate prediction at later times. On the basis of these
data, we think that prediction of radiation dose delivery to
bone marrow, tumor, and normal tissues in individual

FIGURE 3. - CT scan (A) and planar anterior gamma camera  1siRe.cMAb U36 RIT candidates may be feasible but that

fgf;an (B) of patient 7 obtained 144 h after administration of because of the short physical half-life Bf'Tc, it is not the

Re-cMAb U36 show targeting of lung metastasis in upper lobe | . . . !
of left lung. Accumulation of 1#Re-cMAb U36 is also visible on  ideal radionuclide for such a scouting procedure. A better
both sides of oropharynx, where recurrent tumor is present. candidate may bé&*Re itself. Data on radiation dose rates
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TABLE 3
Human Anti-cMAb U36 Antibody Response
cMAb Before RIS Before RIT 1 wk after RIT 6 wk after RIT

Patient U36 dose HAMA HACA HAMA HACA HAMA HACA HAMA HACA
no. (mg) titer (mg/L) titer (mg/L) titer (mg/L) titer (mg/L)
1 2+12 <50 <0.2 <50 1.50* <50 2.05* <50 0.33

2 2+12 <50 <0.2 <50 1.30* 113 5.73* ND ND

3 2+ 52 <50 <0.2 <50 <0.2 52 <0.2 55 <0.2

4 2+ 52 ND ND <50 <0.2 <50 <0.2 110 <0.2

5 2+ 52 <50 <0.2 <50 <0.2 ND ND ND ND
6 2+ 52 <50 0.7* <50 1.21* 87 5.29* 133 2.46*
7 2+52 <50 <0.2 <50 <0.2 <50 <0.2 510* 1.76*

8 2+ 52 <50 <0.2 <50 <0.2 <50 <0.2 <50 <0.2

9 2+ 52 <50 <0.2 67 <0.2 <50 <0.2 119 <0.2

10 2+ 52 <50 <0.2 <50 <0.2 <50 <0.2 <50 <0.2

11 2+ 52 <50 <0.2 <50 <0.2 <50 <0.2 147 <0.2
12 2+ 52 <50 <0.2 <50 <0.2 136 1.88* 94 1.32*

13 2+ 52 <50 <0.2 <50 <0.2 <50 <0.2 <50 <0.2

*Positive responses.

ND = not done.

HAMA titers and HACA levels were measured before administration of 2 mg %mTc-cMAb U36 for RIS and within 1 wk when patients
received 12 or 52 mg 86Re-cMAb U36 for RIT. After start of RIT, HAMA and HACA responses were measured at 1 and 6 wk.

and red marrow dosimetry from this study indicate that up tocytopenia). This result was most likely related to past
370 MBq ¥Re can be safely used as a trace-labeled doseyelotoxic treatment. In addition, patient 13 suffered from
thus allowing imaging and sampling for pharmacokineticsevere myelotoxicity that could be explained neither by a
until 7 d after injection. An advantage of usitf§Re is that history of myelosuppressive therapy nor by an increased
just 1 radioimmunoconjugate has to be developed for bothAb retention. This result indicated that although scouting
the scouting procedure and RIT. procedures are used for individual red marrow dosimetry,
Besides the level of radiation dose delivery to the reiddividual variation in the development of myelotoxicity can
marrow, other factors may affect the severity of thrombocye considerable.
topenia on RIT. For example, among the 3 patients in the 1.5Previous immunohistochemical studids{19) revealed
GBag/n? group, patient 11 received a red marrow dosgat high CD44v6 expression in HNSCC tumors is similar to
similar to that received by patient 12 but showed mongat in normal squamous epithelia; therefore, we anticipated
severe myelotoxicity (grade 4 thrombocytopenia and grangat acute local toxicity might become apparent in the oral
mucosa. However, despite the fact that most patients previ-
ously experienced mucositis after external beam irradiation,
none of the patients experienced such toxicity during this
RIT study, possibly because the target antigen is less
accessible in normal mucosa than in HNSCC. Previous
| o biodistribution studies in which tissue uptake of radiola-
beled mMMAb U36 was assessed by biopsy of the surgical
60 | . specimen revealed a 2.3 times lower uptake of the MAD in
normal mucosa than in HNSCC tissue, at 2 and 7 d after
injection (14,15). Moreover, for dosimetric calculations one
must consider that a part of the disintegration energy
dissipates outside the distribution volume of the tissue.

100 — - -
N |

40 - . ot

decrease from baseline platelets (%)

- o . Maraveyas et al.34) reconstructed a larynx phantom and
concluded that, fot8Re, the absorbed fraction in normal
= mucosal linings will be about 1.6 times less than in HNSCC
[ e R E—— ! tissue, leading to a greater tumor-versus-mucosa dose advan-
0 20 40 60 BO 100 120 140
red marrow dose (cGy) tage.

) - ) In previous RIS studies witPP"Tc-labeled mMAb U36,
FIGURE 5. Relationship between red marrow dose derived HAMA b din 5 of 9 patients (56%
from whole-blood time—activity curve for 86Re-cMAb U36 and responses were observed in o 0 patients ( 0)

percentage decrease from baseline platelet count (r = 0.6; P < When using the same criteria for positivity as in this study
0.05). (15). With the aim of reducing immunogenicity, cMAb U36
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TABLE 4
Tumor Absorbed Dose Estimates and Response
Total Tumor Total tumor Tumor
Patient administered volume absorbed absorbed Follow-up
no. dose (GBq) (cm3) dose* (Gy) dose (cGy/GBq) Response (mo)
1 0.48 34 2.0 424.3 Stable lung metastases 4
2 0.59 80 1.8 308.1 Progression 1
3 0.70 37 4.1 578.4 Progression 4
4 0.70 81 6.7 957.1 Progression 3
5 1.60 40 3.0 186.5 NA NA
6 2.11 ND ND ND Progression 5
7 1.63 32 ND ND Stable lung metastases 3
8 1.70 28 35 205.4 Stable disease for 6 mo 8
9 1.70 14 18.1 1064.9 Progression 4
10 1.78 74 4.5 248.6 Progression 3
11 2.96 80 16.7 262.2 Progression 6
12 2.18 135 8.3 383.8 Reduction of tumor mass 1
13 2.15 98 ND ND Reduction of tumor mass 2

*Ten patients were evaluable for tumor dosimetry. Site of origin of tumors is indicated in Table 1. Only volumes of visualized tumor lesions
are included; dosimetry of lung metastases was not possible.
NA = not available; ND = not done.

was constructed. We found HACA responses directed again$iRIT as an adjuvant treatment. Tumor uptake, as assessed
cMADb U36 in 5 of 12 evaluable patients (42%), and in 1 aby ROIs on scintigraphy, agreed with uptake values obtained
these patients (8%) antibodies directed against the muripreviously with mMAb U36 14,15). The calculated tumor
variable region were found. Although a reduction in thabsorbed doses ranged from 3.0 to 18.1 Gy for the 1.06
development of HAMA has been achieved (from 56% t&GBg/n? dose group, whereas the mean absorbed dose to the
8%) with cMAb U36, our data indicate that in 4 (maybe 5) ofumor was 486.5 cGy/GBq for all evaluable patients. As
these patients antibodies directed against epitopes residéhgwn in Table 4, these tumor doses appear sufficient for
in the human portion or in the murine—human fusion regicantitumor effects. That antitumor effects are caused by
of the cMADb had developed. immune modulating effects is unlikely, because cMAb U36
Three patients already showed HACA before the start efas shown to lack antibody-dependent cell-mediated cyto-
RIT. In 2 of these patients, HACA responses were induceaxicity or complement-dependent cytotoxicity—mediating
by administration of 2 m§>Tc-cMAb U36 1 wk before the activity in vitro (15). RIT studies witH8®Re-labeled mMAb
start of RIT, whereas in the third patient an elevateB48 in HNSCC-bearing nude mice revealed that with an
preimmune HACA level was found. In 1 of these patientaccumulated dose in the range of 11-34 Gy, complete
(patient 2), a relatively rapid whole-body and blood clearemissions of 18%-50% could be achieva8)( Breitz et al.
ance of ¥Re-cMAb U36 was observed, whereas RI$11) found a partial response lasting 7 mo on treatment of a
revealed relatively high accumulation of activity in the livercolon cancer patient with 2 cycles BfRe-labeled NR-LU-
This patient had the highest HACA level measured in thE). The tumor doses were 21 and 7 Gy for the 2 cycles.
study, 5.73 mg/L. The HACA response may be responsiblthese data indicate that RIT witi®Re-cMAb U36 in its
for the rapid blood clearance and liver accumulation afurrent form occasionally can cause antitumor effects.
186Re-cMAb U36 in this patient. The fact that a rapid bloodHowever, for complete tumor eradication the radiation
clearance was not observed for the other 2 patients wilklivery to the lesions should be increased several times, as
increased HACA levels at the start of RIT might have beemhen applying RIT in an adjuvant setting for treatment of
caused by the lower HACA levels of these patients or thainimal residual disease. Recently, we reported on the
higher cMAb U36 dose (52 mg instead of 12 mg) theelationship between HNSCC size and MAb accumulation
received for RIT. (36). Data for this report were obtained from several RIS and
We have not analyzed the patients’ sera for humdmodistribution studies with the anti-HNSCC MAbs E48 and
antibodies directed against the MAG3 chelate. Howevdy36 in HNSCC patients. MAb uptake in small-volume
one can conclude already, at this stage, that immunogenidiiynors (1 crd) was found to be approximately 4 times
of cMAb U36 cannot be neglected when starting new studieggher than uptake in large-volume tumors50 cn¥). No
with cMAb U36. This conclusion may be particularly truedata are available for MAb uptake in tumor deposits smaller
when considering scouting studies or repeated dosing.  than 1 cri, but we nevertheless think that the data presented
The observation of antitumor effects in patients witim this article justify the evaluation of RIT witf®Re-cMAb
bulky disease offers opportunities for further developmekt36 in an adjuvant setting.
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FIGURE 6. (A) CT scan of patient 13
shows large tumor originating from esopha-
gus compressing stent that was placed for
palliation 12 mo before RIT. (B) CT scan of
same patient 3 wk after administration of
2.15 GBq '®Re-labeled cMAb U36. Sixty
percent decrease in tumor size was ob-
served as well as relaxation of stent.

Several other strategies are followed at our institute td36, thus creating the possibility of using such a procedure
improve the efficacy of RIT. Most appealing may bédor selection of a safe RIT dose. However, such a scouting
strategies with higher doses ¥fRe-cMAb U36 combined procedure may induce a HACA response. This study shows
with peripheral stem cell reinfusion or a combination of RIThat tumoricidal doses 8#Re-cMAb U36 can be reached in
with inhibitors of the epidermal growth factor receptor. IIHNSCC patients with bulky disease. Avenues for RIT are
the latter approach, RIT is combined with MAbs or chemicahus opened, especially in an adjuvant setting.
inhibitors capable of blocking epidermal growth factor
receptor. In a recent study, we showed that the antiepidermal
growth factor receptor MAb 425 strongly enhanced th@CKNOWLEDGMENTS
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