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General introduction

PART A. SQUAMOUS CELL CARCINOMA OF THE HEAD AND NECK

Head and neck cancer traditionally refers to malignant tumors that arise in the
mucosa of the upper aerodigestive tract including the oral cavity, pharynx, larynx, nasal
cavity, and paranasal sinuses (Fig. 1). More than 90% of these tumors are squamouscell

carcinomas (SCC) '. Malignant tumors arising in adjacent structures including the salivary
glands, thyroid gland, soft tissues, and boneare relatively infrequent.

I. Epidemiology
Squamous cell carcinoma of the head and neck (HNSCC) is a disease

predominantly of males and has a peak incidencein the seventh decade of life. World-
wide, more than 500,000 new cases are projected annually, and this incidence is rising *
HNSCCaccounts for approximately 5% of all newly diagnosed malignant neoplasms in

North Western Europe and the United States '’*. During 1994, approximately 42,100

U.S.A.citizens developed head and neck cancer and 11,725 died from head and neck

cancer *. In the Netherlands the incidence of HNSCC is about 14 per 100,000 persons a

year. In 1991, 1996 Dutch people developed HNSCC and 663 died from it >. About one-

third of the patients presents with early stage disease (stage I and II), while two-third pre-

sents with advanced disease (stage III and IV)°.

I. Extension

II-1. The primary tumor

Spread at the primary site is dictated by the local anatomy, and each anatomicsite

has its own spread pattern "*

II-2. Lymph node metastases
Lymphatic dissemination is an important mechanismin the spread of HNSCC.

After penetration in the basement membrane of the epithelium, cancer cells enter the
lymphatics partly by active movement, partly by hydrostatic pressure. These cells pass

through the lymphatic vessels and settle in the subcapsular sinus of the first echelon of

lymphnodes. Clinical practice reveals that lymph nodes provide a very good soil for
tumor growth. After local proliferation and infiltration into the lymph node, the capsule of

the lymph node can ultimately be destroyed. A tumorinfiltrated lymph node itself can Bet
as a focus for further dissemination into the surrounding lymphatics or the blood stream °

The incidence of lymph node involvement depends mainly on the site and size of
the primary tumor. Thedistribution of lymphatic metastases is mainly explicable in
anatomical terms and depends on the site of the primary tumor ‘°"’.

Several methods for describing the various clusters of the lymph nodes in the neck
are in use. The original nomenclature of lymph nodes is based on the classical work of
Rouviére ', who defined lymph node clusters according to their location relative to other

structures of the neck. A practical classification system of the lymph nodes in the neck has
been developed by head and neck surgeons from the Memorial Sloan-Kettering Center '*
and this has found widespread acceptance. In this system which is depicted in Figure 2,

five levels are distinguished. Level I includes the content of the submental and
submandibular triangles. Levels II, II, and IV include the lymph nodes adjacent to the
internal jugular vein and the lymph nodes contained within the fibroadipose tissue located
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Figure 1, Sites of the upper aerodigestive tract. Figure 2. Lymph node levels of the neck.

medial to the sternocleidomastoid muscle. This area is arbitrarily divided into equal thirds,

in which level II is the highest and level IV the lowest. Level V includes the contents of
the posterior triangle of the neck. As an addition to this classification, clinical and surgical
landmarks are described for the boundaries of the three jugular levels (II, III, and IV): the

hyoid bone and the carotid bifurcation between levels IT and III, and the cricothyroid

notch and the omohyoid muscle betweenregions II and IV ™*.
The status of the lymph nodes in the neck is one of the most important prognostic

factors in head and neck cancer *"*. The presence of lymph node metastasis in the neck

cuts the expected survival in half. In addition, among patients with involved nodes,
survival is significantly lower if more nodes are involved °°, if there is nodal involve-
mentat multiple levels *!, or if extranodal spread is present *°*!’**°. Survival worsens as
lower lymph nodelevels are involved **”.

U-3. Distant metastases
Distant metastases usually occur late in the disease. The overall incidence of

clinically detected distant metastases in HNSCCis 10-24% '°°*%5_ The actual incidence
may even be higher as autopsy studies report on an incidence of 37-47% *°**. Eighty per-
cent of the distant metastases become manifest within 2 years after the appearance of
lymph node metastasis '*°. The lungs are the most frequent initial site of distant metasta-
ses (52-60%), followed by the skeletal system (19-35%). Other localizations of metastatic
deposits are the liver, mediastinum, skin, and brain 1°°?"?,

The rate of distant metastases correlates more with the appearance of cervical node

metastases than with the primary tumorstage *’*3**“° The numberof histopathologically
positive lymph nodes, extra nodal spread, and lymph node metastases at multiple levels in
the neck have been shown to berisk factors for the development of distant metastases
19.20,35,.40° Patients with more than three lymph node metastases have a risk of almost 50%
to develop distant metastases |”.
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Il. Staging
Staging of cancer is a method of gathering groups ofclassified patients for the

purpose of analysis: to aid the clinician in the planning of treatment, to give some

indication of prognosis, to assist in the evaluation of the results of treatment, and to
facilitate the exchange of information. Fortunately, since 1988 the rules of classification
and stage grouping according to the International Union Against Cancer (Union
Internationale Contre le Cancer, UICC) “' correspond with those of the American Joint

Committee on Cancer (AJCC) *. The TNM system for describing the anatomic extent of

disease is based on the assessment of three components: T, extent of the primary tumor;
N, status of regional lymph nodes: M,presence or absence of distant metastases. The
addition of numbers to these three components indicates the extent of the disease. The

clinical classification is based on evidence acquired from physical examination, imaging,

endoscopy, biopsy, surgical exploration, or other relevant examinations. Apart from pret-

reatment clinical classification, pathological classification can be carried out

postsurgically, designated as pTNM. This is based on the evidence acquired before treat-

ment, supplemented or modified by the additional evidence acquired from surgery and

from histopathological examination. The T classification is dependent on the size of the

tumorand its extension into adjacentstructures, like cartilage and bone. Differentcriteria

are operative for each tumor site. The definitions for tumor involved regional lymph nodes

(N categories) are based on size, number, and neck side (Table 1). If distant metastasis is

present (M1) the site is recorded. After T, N, and M categories are assigned, these may

be grouped into stages, Stage groupingis identical for all primary tumorsites. Stages I

and II refer to small tumors without lymph node or distant metastases, whereas stagesIII

and IV consist of large tumors or tumors with lymph node or distant metastases (Table 2).

Althoughthe histological grade of the tumor does not enter into staging of the

tumor, it should be determined. The definitions of the tumor grade (G) are as follows:

G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; G4,

undifferentiated.

Table 1. N-Classification of regional lymph nodes according to the UICC.

Nx Regional lymph nodes can not be assessed
NO No regional lymph node metastasis
Nl Metastasis in a single ipsilateral lymph node, 3 cm orless in greatest dimension
N2a Metastasis in a single ipsilateral lymph node, between 3 cm and 6 cm in greatest dimension.
N2b Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension
N2c Metastasis in bilateral or contralateral lymph nodes, none more than 6 cmin greatest dimension

N3 Metastasis in a lymph node more than 6 cm in greatest dimension
 

Table 2. Stage grouping for all head and necksites according to the UICC.

Stage I T1,N0,MO

Stage II T2,NO0,MO
Stage III T3,N0,MO

Tl or T2 or T3, N1, MO

Stage IV T4, NO or NI, MO

any T, N2 or N3, MO

any T, any N, M1

13
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TV. Assessment
Because HNSCCarises from mucosal surfaces, most tumors can be detected by

physical examination. In almost all patients an endoscopic evaluation is performed. The
major objectives of endoscopy are confirmation of the diagnosis by biopsy and deter-
mination of the extent of the lesion “:‘*. The tumor stage can be assessed more accurately

if endoscopic findings are used in conjunction with imaging techniques, like computed
tomography (CT) and magnetic resonance imaging (MRI) *-*°.
The assessment of the status of the neck lymph nodesis essential for optimal treatment
planning. In many institutions, this is mainly based on palpation. However, palpationis
not reliable for the detection of lymph node metastasis *“*’*, Histopathological studies
have demonstrated that both the false positive rate and the false negative rate are unsatis-
factory high “°°, The overall error of palpation is about 20-30% *"“**!, Modern imaging
techniques, like CT, MRI, ultrasound (US), and US-guided fine needle aspiration cytology

(FNAC)are more reliable than palpation, butstill leave much to be desired *'**. At our
department radiological criteria for the optimal assessment of cervical lymph node

metastases with CT or MRI were defined: nodes with necrosis, or nodes with a minimal

diameterin the axial plane of 11 mm or more for nodes located in the subdigastric level

and 10 mm or moreforall other nodes, or groups of three or more borderline lymph

nodes (1-2 mm smaller) °°. Using these criteria, the overall error of CT and MRI in the

preoperative detection of lymph node metastases in neck sides is about 20%. For US-

guided FNAC,this figure is about 10%. However, the accuracy of this methodis fully

dependent on the skill and the motivation of the ultrasonographer and the cytopathologist

50.53.58 Byrthermore, US-guided FNAC and other conventional imaging techniques provide
only locoregional information, while no information on systemic dissemination is

obtained.
For further refinement of staging a numberof (experimental) radiopharmaceuticals

have been evaluated in conventional scintigraphy and positron emission tomography

(PET). Where CT and MRI provide anatomical information, radionuclide scintigrams can

provide functional information. Radionuclide scintigrams generally have a resolution of 8

mm at best ®, but can easily be used for investigation of the whole body. Scintigraphy,
using intramucosalinjection of technetium (Tc) labeled colloids has been used for the
assessment of lymph node metastases in the neck “. Scintigraphy using intravenous
injection of *”Tc-labeled (V) DMSA or gluthatione, has been used for the detection of

lymph node anddistant metastases **’. Other experimental methods for evaluation of the
neck include scintigraphy using radiolabeled bleomycin *® and “gallium citrate . PET
relies on the use of radionuclides which decay with emission of positively charged parti-
cles with the mass of an electron. In comparison to conventional scintigraphy, PET

provides superior sensitivity, resolution, and allows absolute quantification. Depending on
the radionuclide, different aspects of cellular metabolism can be measured, such as oxygen
utilization, protein synthesis, and glucose consumption "’. For imaging of head and neck
cancer, “carbon-methionine and 'fluorine-fluorodeoxyglucose (FDG) have been used 7”.
However, all experimental radiopharmaceuticals mentioned above also accumulate to some
extent in inflammatory processes, like reactive lymph nodes, which limit their role in
tumordetection and delineation *”. Other disadvantages of conventional scintigraphy and
PET are the lack of anatomical information and poorer resolution as compared to CT and

MRI.
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The capability of all the above mentioned techniques to detect small tumor deposits
is limited. Moreover, these imaging techniques very often can not discriminate between

normal lymph nodes, reactively enlarged lymph nodes, and tumorinfiltrated lymph nodes.
Because of these problems with the pretreatment assessment of the status of the neck, it
may be difficult to decide whether the neck should be treated or not and this may lead to

over- or undertreatment of the neck. Also the presence of distant metastases has impact on
the choice of the treatment. Thus, there is a great demand for a specific method to detect
small metastases in the lymph nodes in the neck as weil as at distant sites.

V. Treatment
Therapy usually consists of surgery, radiotherapy, or a combination of these

modalities. Generally, patients with stage I and II disease undergo either surgery or

radiotherapy with curative intent *. This goal will be achieved in 80% of the patients with

stage I disease and in more than 60% of patients with stage Il disease. Hor patients with

local or regional advanced disease (stage III and IV), the prognosis is much worse.

Frequently, a planned combination of surgery and radiotherapy is used 7.80 Less than

30% of these patients are cured *.
It is disappointing that the survival rates ofpatients with advanced stage head and

neck cancer have not been increased much over the last decades 7. Although many studies

have observed a decrease of local and particularly regional failures by the widespread use

ofplanned combined surgery and radiation therapy 1822 this has not been reflected in a

proportional increase of the five-year survival rates. As fewer patients die from

uncontrolled discase in the head and neck, more are exposedto the risk of disseminated

disease below the clavicles ***°. It is obvious that there is a great demand for a systemic

treatment effective in destroying micrometastases at distant sites and minimal residual

disease at the local or regional level. Initially hope was high for chemotherapyto play this

role, but unfortunately these expectations have not been materialized ***°. Clearly, a

more tumorspecific systemic therapy is needed.

PART B. MONOCLONAL ANTIBODIES FOR TUMOR TARGETING.

Based on the assumption that tumors possess specific antigens, Ehrlich proposed

the concept of the ‘magic bullet’ *’. At the beginning of this century he envisioned that

antibodies, being part of individual's natural anti-tumor surveillance system, can deliver

toxic reagents to tumorcells to detect or eradicate these cells. In 1975, Kohler and

Milstein ® introduced the hybridoma technology. This technology madeit possible to

develop monoclonal antibodies (MAbs) specifically directed against each particular cellular

antigen. However, tumor specific antigens (TSA), antigens exclusively restricted to tumor

tissue, are found in experimentally induced tumors, but evidenceis still lacking that TSAs

are also present on so-called spontaneous tumors *’. Most identified antigens in human

tumors represent tumor associated antigens (TAAs), present on tumor tissue but also

detectable on normal tissues %. Despite this shortcomings, the accessibility of TAAs can

make a MAb ‘operationally’ selective for tumor targeting. The barrier offered by the

normal capillary endothelial cells varies greatly between tissues. In the liver, spleen, and

bone marrow there is virtually no barrier as there is a discontinuous endothelium with

numerous gaps betweenthe cells, fenestrations in the cells, and no basement membrane
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beneath the cells. At the other end of the scale, the endothelium of, for example, the lung

and skin is particularly poorly permeable to MAbs and passage across the endothelial cells
is generally believed to occur by intracytoplasmic vesicles and transendothelial cell
channels. Intermediate permeability is seen in organs such as intestine, endocrine and
exocrine glands, and kidney, where the endothelial cells have fenestrations and a basement

membrane. In contrast to normal tissues, tumor tissue can be characterized by the
presence of fenestrated endothelium and a frequently defective basement membrane *’.
These histological features are likely to facilitate the access of MAbs to tumor cells more

than to normaltissues.
The distribution of injected MAbis likely to vary between tumors and within an

individual tumor. Heterogenecity of TAA expression alone cannot account for

heterogeneousdistribution of antibodies throughout tumors. Three physiological barriers
responsible for the poor localization of MAbs in tumors have been identified: heteroge-
neous blood supply, elevated interstitial pressure, and large transport distances in the
interstitium. Also less obvious structural differences in blood vessel walls and biochemical
differences in the extracellular matrix may play a role. Strong antigen-antibody binding at
the periphery of a tumor may prevent deeper penetration. However, these physiological

barriers may not be a problem for radioimmunodetection and treatment of leukemia,

lymphomas, and small tumors (e.g. micrometastases) in which the interstitial pressure is

low and diffusion distances are short *',
Anticancer MAbshavea long history in the management of cancer, with major

applications in the immunohistochemistry and immunoassays to TSA or TAA markers.

Later, diagnostic and therapeutic strategies were explored whereby MAbsare used as
carriers of radionuclides for in vivo localization of or radiation to tumors. The underlying
principle is that when these radiolabeled MAbsare introduced into the bloodstream of

patients with certain tumors, the MAbsare passively carried to the tumor, whereby they
specifically bind to tumor at tumor-antigen binding sites. The MAbs bypass the normal
tissues, because there are no specific binding sites in these tissues or these binding sites
are not or less accessible. Gradually, over the course of several hours to a few days, a

progressive higher amount of radiolabeled MAb accumulates in the tumor as compared to

normal tissue. When tracer doses of radionuclides are used to label the MAbs, the location

of the primary tumor, recurrence, and metastases can be detected using a gamma camera;
this general procedure has been termed radioimmunoscintigraphy (RIS). When larger

amounts of radiation are employed. antitumor therapy is possible; this process is termed

radioimmunotherapy (RIT).

I, Radioimmunoconjugates

J-1. Size of monoclonal antibodies
A smaller molecular size has been shown to have better accessibility to tissue, to

distribute more homogeneously throughout tumorand to clear faster from blood and

tissues “. Controlled proteolytic cleavage of a purified intact MAb can be used to obtain
several smaller fragments which can be separated chromatographically: F(ab’), and Fab.

Using recombinant DNA technology even smaller derivates of the MAbs can be produced:
Fv fragments °° (Fig. 3). For radioimmunoscintigraphy better results are reported using

MAbfragments instead of intact MAbs, probably due to higher tumorto blood ratios
obtained shortly after injection 7’*. However, tumor to non-tumorratios can be similar as
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shown by a study of Buist et al. ° in which ovarian cancer patients were simultaneously
injected with both [gG and its F(ab’), fragment. For radioimmunotherapy intact MAb may

be preferable, because of higher and prolonged uptake in tumortissues. In comparison to

their intact MAb all the MAb fragments mentioned above lack the Fe domain needed for
antibody dependent cellular cytotoxicity (ADCC) and complement binding. MAb frag-

ments usually show lower immunogenicity.

1-2. Genetically modified monoclonal antibodies
Besides the use of MAb fragments, other strategies to avoid human anti-mouse

antibody (HAMA)responses, which can lead to anaphylactic shock and rapid clearance of

the injected MAb, are the development of chimeric, humanized, and human MAbs(Fig.

3) !Chimeric antibodies, made by genetic manipulation, possess murine variable
domains and human constant regions. If the antigenicity of a MAbis resided in the varia-

ble domains, HAMA responses will still occur. To prevent HAMAresponses, other MAb
types have been developed. Structural analysis of antigen-antibody complexes shows that

the antigen binding surface of the antibody is formed by six hypervariable loops of amino

acids called complementarity determining regions (CDRs), These loops are mounted on
relatively constant framework regions and by genetic manipulation can be transplanted
from a murine antibody on to a human framework. This results in a CDR grafted or

humanized antibody with the same specificity as the murine MAb from which the loops
were grafted. This process may reduce the affinity of the antibody. In vitro gene

amplification and genetic enginecring of bacteriophage have resulted in the production of

human monoclonal antibodies with high specificity °°.

Fab), Fab

I

a,

SH

MURINE HUMAN

GENE MANIPULATION
|yy KR, YY,

= o. a
d
CDR Tv

CHEMERIC HUMANIZED

Figure 3. Modifications of monoclonal antibodies.
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I-3. Selection of monoclonal antibodies
Selection of appropriate MAbs is of paramount importance for succesful clinical

use of MAbs. Thefirst step in the selection of MAbs is an extensive immunchistochemical
screening of tumors and normal tissues. The MAbs have to show minimal reactivity with
normal tissues, with special emphasis on normaltissues lacking the physiological barriers

mentioned above. Ideally, the MAb reacts with all tumors and with all cells within these

tumors. However, the heterogeneity of antigen expression in tumors is a major problem.

Several MAb characteristics may influence tumor targeting in vivo. MAbs should be
preferentially of the IgG subclass rather than of the IgM subclass, because extravasation

and penetration into tumorwill be better for the smaller lgG molecules, The recognized

epitope should have a surface domain rather than a cytoplasmic localization. Less absolute

criteria are: the MAb should not react with an antigen shed into the blood and the MAb

should bind the antigen with high affinity '”.
Experiments in an animal modelare a prerequisite in evaluating the properties of a

radiolabeled MAb. In preclinical testing, nude mice bearing human tumor xenografts

receive intravenous injections of radiolabeled MAbs. Whenin this animal modellocalizati-

on in tumor tissue occurs in a satisfactory way, clinical studies will have to determine the

localization characteristics in patients. Practice has learned that many of the MAbs with

favorable characteristics in immunohistochemical selection as well as in xenograft bearing

nude mice, show unexpected and unwanted localizations when administered to patients '”.

Requirements for tumorselectivity may be more strict when MAbsare used for

therapeutic approaches than when used for diagnosis.

I-4, Radionuclides

Different radionuclides were used and investigated in clinical radioimmunodetection

studies, Several comments can be madeonthe applicability of these radionuclides in

radioimmunotargeting of HNSCC. 131-Iodine ('*'I)- and 123-Iodine ('*I)-labels are not

favorable because of dehalogenation of MAbs, which may result in radionuclide uptake in

the thyroid hampering interpretation of the images. Similar considerations can be made for

detached 111-Indium ('"In) which may accumulate in reticuloendothelial organs,

particulary the liver. High costs ('*I and ''In), high radiation exposure to the patient (1

and '!'In), limited availability (1D, long half-life (1), and poor imaging qualities (‘*'T)

are other drawbacks. 99m-Technetium ("T'c) has many advantages over the previous

mentioned radionuclides because the low radiation delivery to the patient, its ideal

properties for gamma cameras, low costs, and good availability. Its short physical half-life

of 6.02 h, however, limits its use for late imaging.

Unlike radionuclides used for diagnostic imaging which are y-emitters, therapeutic

radionuclides by definition emit radiation that has high linear energy transfer and an

appropriate range in order to destroy tumortissue. Concomittant y-emission in high

abundance merely contribute to the whole body radiation burden and may cause problems

in the radiation protection of medical personnel, other patients, and relatives. In contrast,

the use of therapeutic radionuclides with some y-emission makes radioimmunoscintigraphy

possible and might confirm tumortargeting. Low-dose experiments may determine the

biodistribution prior to the administration of a therapeutic dose of the same preparation.

This is a real advantage because it has been observed that the biodistribution can be influ-

enced by the choice of the radionuclide alone, even with the same chelate-antibody

complex ', Radioimmunoconjugates with @-emitters are limited in that they can only kill
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cells from close proximity, that is, only those cells that are directly targeted by the radi-
oimmunoconjugate. Because Auger electron-emitters, like 125-Iodine, can only damage
DNA, when they are in the vicinity of the nucleus, the radioimmunoconjugate should be
bound and internalized. Until now, the 8-emitters "I and 90-yttrium (°Y) are the most
widely used radionuclides in clinical radioimmunotherapy studies. However, '*'] is not the

radionuclide of choice for clinical application because of the low percentage of 6-emi-
ssion, the high y-energy, and because of the rapid dehalogenation of the ''I-labeled conju-

gates. Disadvantages of “Y are its high particle energy accompanied by a path length
which may be too long for treatment of minimal residual disease, the lack of y-emission
which makes it impossible to monitor the localization of the radioimmunoconjugate, and
sequestration of the radionuclide in organs like spleen, liver, and bone marrowas a result

of the instability of the antibody-chelate-radionuclide complex '". 186-Rhenium (?*°Re)
may be a better candidate for radioimmunotherapy '*'"°, Its physical half-life of 3.7 days
seems appropriate, its 9% y-emission which has an energy of 137 KeV is ideal for
imaging, and its B-energy and path length (1.8 mm) seemsto be favorable for treatment of

minimal residual disease ‘°""’. Stable coupling of a MAb with "Re was the major
problem limiting its clinical application. However, recently a solid state synthesis of ““Re-
MAG3for reproducible and aseptical production of stable '“"Re-MAb conjugates was
developed at our department !%.

Clinically it may be necessary to image each patient prior to radioimmunotherapy
in order to assess antigenic status and to calculate the absorbed radiation doses in tumor
and sensitive tissue doses from the observed biodistribution. However, even though

imaging photons in '**Re can be used particularly at therapeutic dose levels, the ’matched

pair’ approach using “Tc and '*°Re, the former for imaging and the latter for therapy is a
very attractive option. These radionuclides can both be attached to antibodies via similar
chemistry and the thus obtained radioimmunoconjugates gencrally show a similar
biodistribution 1°3!’,

1-5. Routes of administration

In general, radioimmunoconjugates are administered intravenously. However, in
some cases regional administration is advocated. In the treatment of central nervous

system malignancies MAbs weredirectly injected into the primary tumor '"”""', The ratio-
nale for this type of administration is that brain tumors are only locally invasive and gross
metastatic disease is uncommon 7°. For diagnosis and treatment of brain gliomas and liver
metastases, MAbs have beeninfused intra-arterially '!!7,

Analternative route is the intracavital administration. Intracavitary disease such as
pleural effusions, ascites, peritoneal implants, or intrathecal tumors are fairly common

manifestations of carcinoma. The most extensively investigated intracavitary route is the
intraperitoneal injection ''*"’. For example, the peritoneal cavity is the primary disease
site of ovarian carcinoma, and metastases originating from the breast and colon.

Administration of diagnostic or therapeutic tumor targeting agents via an intracavitary
route provides the theoretical advantages of increasing the concentration of the agent pre-
sent at the tumor site and decreasing toxicity to normal organs such as bone marrow, as

well as those organs that may be involved in immunoglobulin catabolism. The radiolabeled
MAbs have a more direct contact with the tumor cells. As soon as the tumor exceeds 5-10
mm in diameter, however, locally injected MAbs penctrate less well than intravenously

injected ones |'*. Intravenous and intracavitity injections can be complementary ''*. Forthe
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treatment of pleural effusions MAbs have been injected into the thoracic cavity '’. In
leptomengeal tumors MAbs have been adminisiered intrathecally 120Tn superficial bladder
carcinoma intravesical administration of radiolabeled MAb can achieve selective tumor
targeting of malignant cells 71”.

Whenthe objective is to detect tumor in regional lymph nodes, subcutaneous

injections may prove more effective. After subcutaneousinjection, MAbs enter local

lymphatic capillaries, pass to the draining lymph nodes, and bind to the target cells. A

major disadvantage of local injections in general, however, is that distant metastases are

not reached adequately. Subcutaneous radioimmunotherapy may result in a high radiation

dose at the injection site '”’.

Il. Clinical applications

TI-1. Monoclonal antibodies in diagnosis

Detection of tumors by radioimmunoscintigraphy, even of lesions of <0.5 cm in

diameter, has been achieved with MAbsof different species, isotypes, and forms, even

when they were not truly specific for the neoplasm targeted. Many antigentargets,

although merely quantitatively increased in certain cancers, are suitable for antibody

targeting. In the case of imaging small lesions, a tumor to non-tumor ratio larger than 10

results in sufficient contrast in single photon emission computed tomography (SPECT)

imaging, but not in planar images. In fact, independentofthe size of the lesion, contrast

on radioimmunoscintigrams is visuable for an experienced investigator when the uptake

ratio of two related pixels is at least 1.2. Performing RIS, spatial resolution is most

important, since specific MAbuptake is often superimposed by non-specific uptake in

non-target organs (liver, spleen, kidneys, bladder) and blood pool. Thus, SPECT imaging

delineates lesions better than planar imaging by improving lesion to backgroundratios.

Therefore, SPECT may be useful to increase diagnostic accuracy of RIS '24 Some studies

suggest that a combination of planar and tomographic RIS are necessary to provide most

information '5, In general, the limit of resolution appears to be about 1 cm %_ This does

not mean that the size of a single lesion has to be 1 cm or more, but that its size on the

radioimmunoscintigramslooks like 1 cm, at the cost of lower intensity. Still, lesions of a

few millimeters can be detected if the difference in uptake between the lesion and its

environment is high enough.

RIS studies have been performed in patients with many commontumors, including

solid tumors, such as colorectal, melanoma, breast, ovarian, prostate, and lung, and

lymphomas, such as cutaneous T-cell lymphoma °*'7*7°". In melanoma, lymphoma,

neuroblastoma, and colorectal cancer, RIS has demonstrated occult tumors, which were

not found by conventional methodologies '*’. At the present time, RIS has been succes-

sfully employed to assess the extent of disease in patients being evaluated for different

therapy options, to assess the location of tumor deposits in patients suspected for recurrent

disease, and to discriminate whethera lesion is malignant or a scar following radiation

therapy or surgery ‘*. Despite these observations, a clear positive impact of routinely

used RIS on the managementof the cancerpatients has not been demonstrated yet ”.

However, when used in selected clinical situations RIS detects more tumors in comparison

to state of the art diagnostic procedures and alters patient management in some cases BS

In contrast to external scintigraphic examinations a gamma probe can be used intra-

operatively for the detection of tumor deposits '*°. The use of positron-emission
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tomography (PET) to detect MAbslabeled with positron-emitting radionuclides should

increase the sensitivity and specificity for tumor detection and should allow more precise

dosimetry estimations '*°.

II-2. Monoclonal antibodies in therapy

Presently, muchinterest is focussed on the potential of MAbsin the treatment of

cancer, Research on the therapeutic utility of MAbsis characterized by its great diversity.

In some approaches unconjugated antibodies are being used for elimination of tumorcells.

The rationale for their use is that immunological effector mechanisms like antibody

dependent cellular cytotoxicity (ADCC), complement dependent cytotoxicty (CDC), and

induction of anti-anti-idiotype MAbs can serve as cytotoxic modality, or that MAbs block

tumor-associated processes, like proliferation and dissemination, by binding to receptors

directly involved in these processes ‘37 Anti-idiotypic antibodies can be usedin active

immunotherapy approaches “8, In other approaches, MAbsare used as targeting agents for

selective delivery of radionuclides, chemotherapeutics, toxins, enzymes, photosensitizers,

and biologic response modifiers to tumorcells *™.

Unmodified MAbs have demonstrated efficacy in some tumortypes. The best results,

including complete remissions, have been observed in patients with hematological

malignancies “*. MAbs having the human ‘y, constant region of the IgG molecule were the

most effective in ADCC experiments *“°. Tumors in lymph nodes and solid tumors were

generally found refractory to treatment '“*'*'. However, in most ofthesetrials, the

patients had an advanced stage disease and immunodeficiencies. Therapy with unconjuga-

ted MAbs may be considerably moreeffective in cases of minimal disease than in cases of

well established tumor '*. In colorectal cancer adjuvant treatment with repeated injections

of unlabeled MAbresulted in significantly less relapses at distant sites and higher 5-year

survival rates 3, Even when the MAbcan bedelivered, simple binding of immunoglobu-

lin to the tumor-cell surface will not necessarily inhibit tumor growth. With the exception

of MAbsdirected against peptide growthfactor receptors or other critical growth-regu-

lating molecules, the lysis of tumor cells by immunologic mechanisms requires

complement components or cellular effectors that may not function optimally in patients

with cancer ‘*'55, Enhancementof patients immunestatus by cytokines, like IL-2, and

colony-stimulating-factors (CSF), like GM-CSF, may support the therapeutic efficacy of

unconjugated MAbs '*!'5°, In experiments with blood from healthy donors the lytic

capacity of peripheral blood mononuclear cells (PBMC) and granulocytes on tumorcells

in ADCC was enhanced when in addition to MAbs a CSF was added ™.

An argumentin favor of radiolabeled MAbsis related to heterogenicity in antigen

expression and the heterogeneous penetration of MAbsin solid tumors.It is not necessary

for radiolabeled MAbs to bind to each single tumorcell to achieve maximal therapeutic

effects, because most radionuclides in use are cytotoxic at a distance of several cell

diameters. Cells not targeted by the MAb can thus be eliminated by *cross-fire’ of

radiation from a radioimmunoconjugate molecule bound to an adjacent tumor cell. The

nonuniform distribution of MAbs will certainly limit the efficacy of MAb-drug and MAb-

toxin conjugates, because for these approaches every cell must be directly exposed to the

therapeutic agent. Therefore, radionuclide linked MAbs may have a clear advantage over

drug and toxin conjugates *”*’,
From a radiobiological perspective, it appears that RIT aloneis unlikely to cure

many tumors and that combination with other treatment modalities will be essential in
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which RIT is used as an adjuvant treatment '*7, It is expected that the most probable areas

of success for this approach in solid tumors would be in tumors of the head and neck and
metastatic ovarian and prostate cancer '*.

In clinical radiommunotherapy trials, remissions were observed in patients with
hepatoma, Hodgkin’s and Non-Hodgkin’s lymphoma, cutaneous T-cell lymphoma,
melanoma, ovarian cancer, colorectal cancer, brain gliomas, and leptomeningeal tumors
112,117,120,130,159165| Trials in patients with B-cell lymphoma have been the most promising.
Response rates of greater than 90% with many complete remissions have been reported by
several groups using radiolabeled MAbsagainst B-cell antigens !161.166,

II-3. Limitations of MAbsin clinical applications
A homogeneous expression of the antigen, recognized by the MAb,is preferable

for all clinical applications, althoughit is not fully required for RIT. There are only a few

detailed reports on the antigen expression pattern in tumors. In most papers the terms
*homogeneous’ and *heterogeneous’ are not defined. In colorectal cancer antigen
expression by more than 50 % of the tumorcells was found for CEA in 59 %, for B72.3
in 33 %, for 19.9 in 54 %, and for 29-1 in 85 % of the tumors '. This figure was for

OKB7 in Non-Hodgkin’s lymphoma 74 % '**, for PD41 in prostate adenocarcinoma 26 %
10? and for G250 in renal cell carcinoma 85 % ':'”!_ In adenocarcinomas of colon, sto-
mach, pancreas, breast, ovarian, and lung the percentage of the tumorbiopsies in which

50 % of the tumorcells showed expression of the B72.3 antigen ranged from 29 to 67 %,
while the percentage positive tumorcells never exceeded 95 % '”.

A major limitation for the therapeutic application of MAbs may be the low uptake
of the MAb in the tumor. In general, the tumor uptake is 1 to 15 % ofthe injected MAb
dose per kilogram (%ID/kg) '°. For instance, the mean uptake was for AUA1 IgG and
HMFG2 IgG in breast, ovarian, and gastrointestinal cancer 1 day p.i. 15 %ID/kg '™, for
OC 125 IgG in large ovarian cancer 2 days p.i. 3.1 %ID/kg ', for 81C6 IgG in intracra-
nial malignancies 29-77 h p.i. 1.6 %ID/kg '*, for OKB7 IgG in Non-Hodgkin’s lympho-
mas 3-5 days p.i. 1.8 %ID/kg 1°, for B72.3 IgG in colon cancer 4-14 days p.i. 7.5

%1D/kg '”, for BW431 IgG in colorectal cancer 4-14 days p.i. 7.7 %ID/kg "8, for G250
IgG in renal cell carcinoma 8 days p.i. 14 %ID/kg '”, for chimeric MOv18 IgG in
ovarian cancer 2 days p.i. 8.7 %ID/kg ”, for human 16.88 IgM in colorectal carcinoma
0.2 %ID/kg '*°, and for HMFG1 IgG in HNSCC 1 day p.i. 5.0 %ID/kg '*',

The tumor uptake of radiolabeled MAbsin animals and humans, is generally a
function of tumor mass: the smaller the mass, the higher the uptake. In ovarian cancer

uptake in small tumor nodules and malignantcell clusters is even up to 100 times higher
than in large tumors. Therefore, it can be expected that radioimmunotherapy may be more

effective in minimal residual disease than in bulky tumors '?!®_ Extrapolation of murine
to human data can be used to estimate the amount of radioactivity needed to achieve

therapeutic doses in humans. In an animal model small metastases are a preferential target
for MAbs, especially in the absence of primary tumor masses and at subsaturating MAb

concentrations. Therefore, RIT may be especially suitable in a postoperative adjuvant
setting 1.

Il-4. Improvement of tumor targeting

The strength of radiolabeled monoclonal antibodies include their high degree of
specificity for TAAs. Their clinical limitation, however, results from their low uptake and
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heterogeneous distribution. Therefore, several attempts were made to improve tumor

targeting.
Several physical (e.g., radiation, heat) and chemical stimuli (e.g., vasoactive

agents) may lead to an increase in tumor blood flow. A key problem with this approachis
that the increase in blood flow is short-lived and usually confined to well vascularized
regions. Lytic enzymes, fractionated radiation, and osmotic agents (€.g., mannitol) may

lower the interstitial pressure '*.
There are numerous other factors that can effect the pharmacology of MAbs in

tumortargeting. Some of these factors are intrinsic, such as size and location of the tumor

mass, while others can be manipulated. Most of these manipulations are aiming to

increase the percentage ofthe injected dose taken up by the tumoror to increase the tumor

to non-tumorratios. Higher tumor to non-tumorratios have also been seen with the use of

second antibodies to clear the blood pool of primary MAbs '**"*’,
Two-step pre-targeting has been explored as a method to reduce the delivery of

radiolabeled MAbs to normaltissues. First a non-radiolabeled bispecific MAb with one

arm directed against a tumor associated antigen and the second arm directed against a

radiolabeled hapten is injected. After a few days, when the bispecific MAb haslocalized

in the tumor, the low-molecular-weight radiolabeled hapten is injected in large excess

118.188 Similar approaches have been developed using MAbs conjugated with avidin or

biotin and radiolabeled biotin or avidin, MAbs conjugated with an oligonucleotide and a

radiolabeled antisense oligonuceotide, and finally using MAbs conjugated with an enzyme

and a radiolabeled enzyme inhibitor.

Injection of unlabeled MAbprior to the administration of the labeled MAb may result in

saturation of antigen at non-tumorsites, while due to excess of the antigen in the tumor

the tumortargeting becomes more specific.

Besides the use of smaller MAb fragments, a more homogeneousdistribution can

also be obtained by MAb doseescalation '*’, Increase of MAb dose mayalso result in

saturating uptake at non-tumorsites and higher tumoruptake '”. As a consequence,
improvementof imaging is reported using higher MAb doses ‘*:""'.

To overcome the heterogeneousdistribution of MAbs within tumortissue caused

by heterogeneousantigen expression, cocktails of different MAbs directed against the

same tumor type may be ofbenefit. Another method to overcome the dose heterogenicity

in RIT is to combine antibody treatment with other modalities depending upon the tumor

type ”. By using RIT to provide a substantial proportion of the treatment to a defined

volume, a modest reduction in the external beam total dose may leadto significantly less

complications '°7'*!,

Ill. Monoclonal antibodies directed against squamouscell carcinomas
So far, only a limited number of MAbs directed against HNSCC have been

produced '°??°*, Many of these MAbs and the antigens recognized by these MAbs are

poorly characterized, e.g. 1g6 '*, Al 16 ', and 1/A to 1/E*”. Almostall of the more

extensively described MAbs have drawbacks for tumortargeting in patients. Therefore,

most MAbs have been used for immunohistochemical purposes only. MAbs B10 7", 1H5
2 174H.64 2, and 3H1 *” recognize antigens which are predominantly intracellular and
thus less accessible for these MAbs as compared to an antigen on the outercell surface.
Almost all MAbs directed to HNSCC, recognize an antigen with restricted expression.
The 1741.64 22, 3F8E3 2, 3H1 7°, and G6K12 ** antigens are not expressed in all
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grades of tumorcell differentiation. Positive immunohistochemical staining of more than

50 % of the HNSCCcells was observed for MAbs SQM1 '*°, 3H1,7 and 1/A to 1/E 2%
in 60 % orless of the tumor biopsies. MAbs G10 ', SQM1 '°, LAM2 '°, 17.13. !%,
3H1 , BM2 *', and G6K12 * are large molecules of the IgM isotype, and thus less
suitable for in vivo tumortargeting. MAb 3F8E3 7 showed a low affinity binding. Final-
ly, some MAbs show considerable reactivity with normal tissues: MAb G10 reacts with a
precursor blood group antigen '7, MAbs A9 and SQM1 with normal blood vessels !*%,
MAb LuCa2 with several normal tissues like thyroid, kidney, colon, and other epithelia
‘87 and MAb B10 with connective tissue, striated muscle, and nerve fiber |”.

Based on these data the development of new MAbsdirected against HNSCC was
pursued 7”. As a result, a panel of 5 high affinity MAbs of the IgG subclass directed

against antigens at the outer cell surface of HNSCC was generated: MAbs E48, U36,

K928, K931, and K984. MAbs E48 and U36,the latter being developed only recently, are

selectively reactive with squamousand transitional epithelia and their malignant counter-
parts *!°21| MAb K928is reactive with HNSCCand with suprabasal keratinocytes in
norma! stratified squamousepithelia 7°. This MAb recognizes a so called pan-carcinoma
marker expressed by squamouscell carcinoma (SCC), small cell lung carcinoma, and
adenocarcinomasoflung, breast, and ovarium. MAbs with similar features to MAb K928
have not been described before. K931 is reactive with HNSCC but not with normal stra-
tified epithelia °°. This MAb recognizes a pan-carcinoma marker expressed by SCC,
small cell lung carcinoma, and adenocarcinomas of lung, breast, colon, and ovarium.
Biochemical characterization revealed that the antigen recognized by MAb K931 is similar

to the one recognized by MAb 17-1A, a MAb produced by the group of Koprowski ~**,
and by MAb 323/A3, a MAb developed by Edwardset al. 7°. MAb K984is reactive with
HNSCCand basal keratinocytes in normal stratified squamous epithelia *!*. This MAb
recognizes also a pan-carcinoma marker expressed by SCC, small cell lung carcinoma,
and adenocarcinomas of lung, breast, and ovarium. Biochemical characterization indicated

that the antigen recognized by MAb K984is similar to the antigen recognized by MAb

SF-25, a MAb produced by the group of Wands *’°.
Because of the drawbacks mentioned above only a few MAbs have been adminis-

tered to HNSCC patients. Until now, a limited number of clinical RIS studies in head and

neck cancer patients have been described *”””*', Results obtained in clinical RIS studies are
difficult to compare. Firstly, in almost all studies only a small proportion of the S-21 pa-
tients included in these studies had lymph node involvement, thus limiting accurate calcu-
lation of sensitivity and specificity. Secondly, studies differ considerably with respect to

(a) patient selection, (b) control of tumor deposits for antigen expression, (c) scintigraphic
methods, (d) the way of topographical evaluation of the diagnostic findings, and (c¢) the

way to confirm scintigraphic findings. In the study of Tranter et al. 7!” 5 patients were
included who received '*"I-labeled sheep IgG to carcinoembryogenic antigen (CEA). In
this study tumor masses aboye 2 cm were detected by RIS as confirmed by CT or
surgery. Soo et al. *“* have reported on the use of an ''In-labeled MAb directed against
the epidermal growth factor receptor (EGFR) for localizing HNSCC tumors. Positive

images were obtained in 8 of 11 patients with tumors larger than 3 cm diameter. All five
neck node metastases (diameter > 4 cm) were detected. Anti-EGFR MAbs, however,

accummulate to a high level in the liver, hampering their applicability for RIT 7”.
Kairemo et al. 7° used an '!'In-labeled F(ab’), directed against CEA. Without using
SPECT imaging they visualized 17 out of 19 tumorsites in 13 patients. From the 19 sites,

24

General introduction

7 comprised lymph node metastases which were all larger than 2 cm in size. Timonetal.
20 have presented a study on 7 patients with 5 primary tumors and 3 lymph node
metastases. All deposits except one lymph node metastasis were detected by RIS using an

‘Ntn-labeled anti-CEA antibody. Unfortunately, in this study no tumor sizes are mentioned
and it is not clear how the scintigraphic findings were confirmed. Disadvantages of MAbs
directed against CEA may be that they are not specifically directed against HNSCC which
may result in false-positive scintigrams 7 and limitted applicability for therapy. Despite
the intracellular localisation of the antigen Baum et al. *' recently reported on a RIS study
in which °"Tc-labeled MAb 174H.64 showed good tumortargeting. Unfortunately, tissue
uptake levels were not determined for this MAb. For RIT the intracellular localization of
the 174H.64 antigen maybe a serious problem. From all forementioned studies it is not

clear whether the examiner for RLS was blinded to the results of the other diagnostic

examinations.
Maraveyas et al. '’ performed a biodistribution study with iodine-labeled HMFG1

in HNSCCpatients. The mean tumor uptake of this MAb was low: 5.0 %ID/kg one day

after injection. Another limitation of this MAbis its heterogeneous reactivity pattern in
HNSCCs. Since MAb HMFG1wasraised against the human milk fat globule, this MAb
may react with normaltissues as well. Because RIS was not performed, uptake of the
MAbat non-tumorsites can not be excluded. For these reasons MAb HMFGI does no

seem to be the MAb of choice for RIT.
Until now, there are noclinical RIT studies in HNSCCpatients. In ferritin-positive

human HNSCC xenograft bearing nude mice injection of 90-yttrium labeled antiferritin

polyclonal antibodies resulted in tumor reduction **, In this study polyclonal antibodies

were used, which implicates limitations with respect to antibody availability and excludes
the possibility of humanization or chimerization. These factors will certainly limit its

applicability in HNSCC patients.
Using rhenium-186 labeled MAb E48 tumor growth delay and complete remissions

occured in HNSCC xenograft bearing nude mice *”. In mice bearing small HNSCC
tumors even 100% complete remissions could be obtained after one single injection of
'86Re-labeled MAb E48 ~°. In experimental models also MAbslinked to drugs or
photosensitizers have been tested *???*. The group of Mach investigated the feasibility of
MAb E48 labeled with a fluorescent dye for immunophotodiagnosis and therapy in
squamouscell carcinoma xenograft bearing nude mice ”°.

PART C. AIM OF THE STUDY.

The major aim of the present study is to investigate the perspectives of promising
candidate monoclonal antibodies for diagnosis and therapy of head and neck cancer.

As stated previously, the assessment of lymph node metastases in the neck is of
major importance. Pre-treatment assessment of the status of the lymph nodesis essential

for optimal treatment planning. Since the current staging techniques are not fully reliable,
the managementofthe clinical negative neck remains a problem. Radioim-

munoscintigraphy (RIS) using radiolabeled monoclonal antibodies (MAbs) against tumor
associated antigens has been successful in the detection of metastases from several tumor
types. In chapter 2, 4, and 5 the diagnostic value of RIS with MAb E48, 323/A3, cSF25,
K928, and U36 in head and neck cancer is investigated.
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From these kind of studies one can also obtain information about the feasibility of

these MAbs for RIT. In fact, there is a great demand for a systemic adjuvant therapy
effective in destroying both micrometastases at distant sites as well as minimal residual
disease at the locoregional level. From radioimmunoscintigrams in combination with
biopsy measurements from the surgical specimen extensive information on tumor targeting

and biodistribution can be obtained. In chapter 3, 4, 5, and 6 the feasibility of several

MAbsfor therapy of head and neck cancer is examined and finally the most suitable MAb

is selected.
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ADDENDUM. REMARKS ON ANALYSIS OF DATA.

For topographical evaluation on the detection of lymph node metastases, the findings were recorded

per neck side (left or right) and per lymph node level (1 to V) and compared to the histopathological

outcome ofthe surgical specimen (gold standard). Per neck side or level (Fig. 2) diagnostic findings can be

considered true positive (TP), false negative (FN), false positive (FP), or true negative (TN). To compare

the diagnostic findings of the different techniques different statistical measures can be used. The sensitivity is

defined as the chance of a positive test finding when a metastasis is present, while the specificity is the
chance ofa negative finding when no metastases is present in that side or level. The accuracy is the propor-
tionofall test findings that are correct, whereas the overall error expresses the chance thatthe test findings

are incorrect. The positive predictive value is defined as the probability of having metastasis, given a
positive test finding, wative predictive value is the probability of not having metastasis if the test findings are

negative.

To assess agreement betweentests, the measure Kappa can be used, Kappa reflects agreement

between tests beyond the agreement expected by chance alone. The size of Kappa, of course, depends both
on the diagnostic tests and the group of patients. When Kappa is systematically smaller for one group of
patients than for another,it is likely that this group is moredifficult to assess than the other group of

patients.
A few remarks on these statistical measures should be made. Because sensitivity and specificity

express the relationship between test findings and the histopathological outcome (gold standard), these
measures are generally accepted to be characteristics of a certain test. However, these statistical measures

are dependent on the population studied. If the prevalence of lymph node metastases is low, the specificity
will be relatively high. On the other hand if this prevalence is high, the sensitivity is relatively high, All

other measures are also dependent on the patient population studied. Also the value of these parameters will

not be very precise if the numberofpatients is low.

When data are available at the end ofclinical trials, a statistical test (e.g., Student's t-test) is
performed to compare the various outcomes. Thestatistical significant difference between data is reflected in
its "p-value". Tf the p-value is less than the significance level which was chosenbefore the trial (in most
cases p < 0.05), the test is said to be statistically significant. If the standard deviation is high and/or the
numberofpatients is low the p-value will be high. Therefore, statistics in small groups may be oflimited

value.
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ABSTRACT

In 32 patients, who were suspected of having neck lymph node metastasis from a
histologically proven squamouscell carcinoma of the head and neck (HNSCC), the
diagnostic value of °"Tc-labeled (750 MBg) monoclonal antibody (1-2 mg) E48 IgG

(n=17)and its F(ab’), fragment (n=15) was evaluated and compared.
Preoperative findings on lymph nodestatus obtained by radioimmunoscintigraphy (RIS),

computerized tomography (CT), magnetic resonance imaging (MRI), and palpation were

defined per side (left and/or right side of the neck) as well as per lymph node level (1

through V) and compared to the histopathological outcome of the neck dissection

specimen.
All 31 tumors at the primary site were visualized. RIS was correct in 201 of 221

levels (accuracy 91 %) and in 38 of 47 sides (accuracy 81 %). Fifteen levels and 7 sides

with limited tumor load were scored falsely negative and 5 levels and 2 sides were scored

falsely positive. Sensitivity and specificity of RIS were similar to those of palpation, CT,

and MRI. The diagnostic value of RIS with E48 F(ab’), or E48 IgG appeared to be

similar.
The present study shows that RIS with either E48 F(ab’), or B48 IgG is as valuable

as the other imaging techniques. The selective accumulation of radioactivity in tumor

tissues, in combination with the knownintrinsic radiosensitivity of HNSCC, does justify

the development of radioimmunoconjugates for radioimmunotherapy.
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INTRODUCTION

Squamouscell carcinoma (SCC)is the major histological type of neoplasmsarising
from the head and neck. Since the status of the cervical lymph nodesis the single most
important tumor related prognostic factor, it is of great importance to know the exact
involvement of the neck nodes !*?.

The assessment of the status of the neck nodes is mainly based on palpation,
although this ts generally accepted to be inaccurate. The overall error in the assessment of

the presence or absence of cervical lymph node metastasis is 20 to 30 % *. The high false-
positive and false-negative rates of palpation causes over- and undertreatment in many pa-
tients. Modern imaging techniques like computerized tomography (CT), magnetic
resonance imaging (MRI), and ultrasound (US) appear to be superior to palpation. Since
none of these techniques is fully accurate, the need for a more reliable technique remains.

US-guided aspiration cytology has been proven to be superior to the current imaging
techniques °. However, this technique strongly depends on the skill of the ultraso-

nographer and cytopathologist. Therefore, the assessment ofthe status of the neck in
patients with SCC of the head and neck (HNSCC) needs further improvement.

Radioimmunoscintigraphy (RIS) with monoclonal antibodies (MAbs) is an

innovative imaging technique °. In ourinstitute we developed a murine monoclonal
antibody, designated E48, with high specificity to HNSCC ’. A strong reactivity of MAb
E48 was seen towards primary as well as metastatic SCC *. The antibody has been
demonstrated to localize SCC in the nude mice model with high specificity °. In this
murine model, E48 F(ab’), fragment was shown to be superior for tumor detection as
compared to the intact (IgG) antibody '°. Therefore, we prefered to use “"Tc-labeled E48

F(ab’), in a first clinical study to assess the safety and accuracy of RIS with this MAb in

patients with histologically proven HNSCCandclinically suspected for having lymph node
metastases. Recently, the promising preliminary results in the first 10 HNSCC patients
were published ‘'. RIS was found to detect all primary tumors and to be correct in 13 of

13 tumor involved neck sides and 17 of 20 tumor involved lymph nodelevels. Results

with RIS were slightly better than with palpation, CT, or MRI. An unexpected finding in
this study was the consistent uptake of activity in the normal oral mucosa and the

adrenals. Uptake in the mouth may hamperthe diagnosis of oral cancer and submandi-
bular and subdigastric lymph nodes in RIS. Uptake in the adrenal may be a problem in
radioimmunotherapy (RIT). Until now, no explanation has been found for the adrenal

uptake. Immunohistochemical evaluation prior to this study showed no reactivity of MAb
E48 with frozen adrenal tissues. The uptake in the mouth is probably due to specific

antigen-antibody interaction, in which the immunoconjugate has overcomethe natural
barriers offered by the capillary endothelium and the basement membrane of the mucosal

epithelium. We hypothesized that the uptake in normal mucosa of the oral cavity might be
reduced when using *"Tc-labeled E48 IgG.

Based onthe first promising results '’, we extended the RIS study with the option
in mind to use either MAb E48 F(ab’), or lgG in future RIT studies. In the present report,

imaging results with E48 F(ab’), in 15 HNSCCpatients are compared to those of E48 IgG
in 17 patients.
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PATIENTS AND METHODS

Patient Study. The protocol was approved by the Dutch Health Council and by the
institutional review board of the Free University Hospital. Informed consent was obtained

fromall participants.
Thirty-two patients, who were at risk for having neck lymph node metastasis from

a histological proven HNSCC and planned to undergo neck dissection(s), participated in
this study, The primary tumor and the status of neck lymph nodes wereclassified

according to the TNM system ofthe International Union Against Cancer, the UICC ”.
Onepatient had his primary tumor resected previously. Prior to enrollment, a biopsy of
the primary tumor,if available, had to show a positive immunoperoxidase staining with
MAb F48. Prior and up to 7 days after administration of °"Tc-labeled MAb E48, urine
and blood were obtained for chemical analysis and assessment of MAb pharmacokinetics.

Electrolytes, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase,
gamma-glutamyl transferase, lactate dehydrogenase, urea nitrogen, creatinine, and uric
acid were determined in serum. Hemathological determinations included hemoglobin,

hematocrit, platelet count, white blood cell count and differentiation, and sedimentation

rate. Skin tests were not performed. Vital signs were recorded before and up to 3 h after

injection.
Fifteen patients received 1-2 mg E48 F(ab’), radiolabeled with ”"Tc (mean dose:

780 MBq, range 560-895 MBq)by i.v. injection in 5 minutes. Two of them received 10
mg unlabeled E48 F(ab’), one h prior to the administration of the labeled MAb with the
option in mind to block the adrenal uptake. Seventeen patients received 1-2 mg £48 IgG

radiolabeled with °"Tc (mean dose 760 MBq, range 510-865 MBq)by i.v. injection in 5

minutes. Patients receiving E48 F(ab’), respectively E48 IgG, suffered from carcinoma of
the larynx (n= 5, respectively n=5), tonsil (n=2, n=4), oral cavity except tongue (n=4,

n=5), tongue (n=2, n=3), nose (n=1, n=0) and lowerlip (n=1, n=O). The age of the

patients receiving E48 F(ab’), was 61.7 + 7.8 year (mean + s.d.) and for those receiving

E48 IgG 57.9 + 9.1 year.
Monoclonal Antibody E48, Monoclonal antibody E48 was derived from mice

immunized with cells from a metastasis of a moderately differentiated SCC of the larynx

(T;N,M*). The antigen recognized by MAb E48 was found to be expressed by 94% of the
primary head and neck tumors (N=128) and by the majority of cells within these tumors.
A comparable reactivity pattern was observed in 26 tumor infiltrated lymph nodes from

neck dissection specimens * . Antibody reactivity with normal tissue is restricted to normal
stratified squamous epithelium and urothelium ofthe bladder.

Antibody Preparation, The E48 IgG and F(ab’), used in this study were supplied

by Centocor Inc. (Leiden, the Netherlands). E48 IgG was purified from a concentrated

tissue culture supernatantby affinity chromatography on a protein A-Sepharose column.
Forvirus inactivation, IgG from the protein A eluate was treated for at least 6 h with
Tween 80 and tri-n-butylphosphate. The protein A purified IgG was further purified on Q-

Sepharose and subsequently digested to F(ab’), by pepsin at pH 3.9. The F(ab’),
fragments were further purified by protein A chromatography to remove residual
undigested IgG, followed by elution over a S-Sepharose column. The purity of F(ab’),

preparations was evaluated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
under non-reducing conditions and appeared to be more than 95%. This product wasfilte-
red through a 0.2-ym filter and dispensed aseptically in a closed environment under
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anaerobic conditions. The preparation was found to be pyrogenicfree.

Preparation of °"Tc-labeled E48 IgG and F(ab’). All radiolabeling procedures
were performed under aseptic conditions in a shielded laminar flow hood. All glasware,
plastics, and solutions were sterile and pyrogen free. For labeling MAb E48 IgG or

F(ab’), with "Tc, a modification of the multistep procedure as described by Fritzberg et
al. '? was followed, using a S-benzoylmercaptoglycylglycylglycine chelator which was a

gift from Mallinckrodt Medical B.V. (Petten, the Netherlands). The purified E48 IgG and

F(ab’), were labeled with a specific activity of 566 + 172 MBg/mg and 629 + 166
MBq/mg protein, respectively. A mean of 98.2 + 1.1 % and 98.1 + 0.9 % of the "Tc
was bound to IgG and F(ab’),, respectively as determined by chromatography on ITLC-SG
strips (Gelman Sciences, Ann Arbor, MI) with 0.1 M citrate buffer, pH 5.0. Every

radiolabeled E48 IgG and E48 F(ab’), preparation was assayed for immunoreactivity by

measuring the binding to gluteraldehyde fixed cells of the vulva SCC cell line A431 '°. As
determined by a modified Lineweaver-Burk plot, the immunoreactive fractions of *"Te-
labeled E48 IgG and F(ab’), at infinite antigen excess were 80.6 + 14.3 % and 77.0 +
6.7 %, respectively. The affinity constants were 1.5 x 10'° m+ for E48 IgG and 1.2 x 10!°
M! for F(ab’), as determined by the Scatchard plot.

Imaging studies. All patients were examined by palpation, CT, MRI, and RIS of

the neck prior to surgery. Preoperative palpation was performed by the same experienced
head and neck surgeon. CT scans were obtained with a third generation Philips Tomoscan
350 (Philips Medical Systems, Best, The Netherlands) or with a fourth generation Siemens
Somaton Plus (Siemens AG, Erlangen, Germany) after intravenous administration of con-

trast medium (Ultravist 300 mg lodine/ml, Schering AG, Germany). Contiguous axial 5-6

min scanning planes were used. MRI examinations were done on a 0.6 Tesla imaging
system (Teslacon, Technicare - General Electric, Milwaukee) using a partial volumecoil.

Axial T1-weighted spin echo and Gadolinium-diethylenetriaminepentaacetic acid

(Magnevist, Schering AG, Germany) enhanced Tl-weighted gradient recalled echo images

were made in all patients without claustrophobia. Slice thickness varied from 3 to 5 mm,
with an interslice gap of 50% as described by Van den Brekel et al. **. Criteria for the
optimal assessment of cervical lymph node metastases by CT or MRI, as defined in our

institute, were used. At CT and MRI, neck levels were considered malignant if nodes with
necrosis were depicted, or if the minimal diameter in the axial plane of a node was 11 mm
or more for nodes located in level I (subdigastric) and 10 mm or more forall other
nodes. or if groups of 3 or more borderline lymph nodes (1 or 2 mm smaller) were seen'>.

The radioimmunoscintigrams were obtained with a large field of view gamma
camera (Gemini; General Electric, Milwaukee, WI) equipped with a low energy parallel
hole collimator, connected to a computer (Bartec, Farnborough, United Kingdom). Whole

body images (anterior and posterior views) and planar images of the head and neck

(anterior views) were obtained immediately, 16 h, and 21 h after injection. Single Photon
Emission Computerized Tomography (SPECT) images ofthe head and neck were acquired
16 h after injection, while lateral scans of the head and neck were obtained 21 h after
injection. Planar images included the following acquisition parameters: matrix size 128 x

128 (head and neck) or 256 x 256 (whole body) and at least 100 kilocounts were obtained

per view during 5-20 min. Acquisition data for SPECT imaging: 64 angles were recorded,
30-second acquisition per angle, 360-degree circular orbit, and matrix size 64 x 64.
Interpretation of increased uptake ofactivity was based on asymmetry and retention,
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specially on late images.
CT, MRI, or RIS examinations were each scored by one experienced examiner.

All examiners were blinded to the results of other examinations and the histopathological

outcome. They only were informed about the site of the primary tumor. All patients had

uni- or bilateral neck dissections performed between 2 and 7 days after administration of

the radioimmunoconjugate. After fixation, all palpable and visible lymph nodes were
dissected from the surgical specimen and cut into 2-4 mm-thick slices for microscopic
examination. The size of lymph nodes does not changeby fixation ». The different slices
of one lymph node were examined by a pathologist and the percentage tumor involvernent

was estimated. The outcome of the histopathological examination of the neck dissection

specimens was used as ‘gold standard’.
For topographical evaluation the findings were recorded per side as well as per

lymph node level (Fig. 1) according to the Memorial Sloan Kettering Cancer Center
Classification !°. Level I includes the contents of the submental and the submandibular

triangles. Level II, III, and IV include the lymph nodes adjacent to the internal jugular

vein and the lymph nodes contained within the fibroadipose tissue located medial to the

sternocleidomastoid muscle. This area is arbitrarily divided into 3 equal parts, level I

being the highest and level IV the lowest level. Level V includes the contents of the poste-

rior cervical triangle. Lymph nodes located outside these levels are mentioned separately.

These lymph nodes are included in the evaluation per side, but are not included in the

evaluation per level.

 

Figure 1, Lymph node levels in the neck according
to the Memorial Sloan-Kettering Cancer Center

Classification: I=submandibular; [l=subdigastric;

W=midjugular; IV=low jugular; V=posterior
cervical triangle.
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Figure 2, Patient 1. Planar anterior image of the
head and neck 21 h after injection of °"Tc-labeled
E48 F(ab’),. Note the intense activily in the nose and

mouth. The primary tumor in the left tonsil is not
visible on the planar anterior image, probably due to

the highactivity in the mouth. Uptake is seen in the
left subdigastric and midjugular lymph node
metastases (arrowhead),

Radioimmunoscintigraphy with monoclonal antibody E48

Statistical analysis. The statistical analysis was focused on the comparison of the

diagnostic tests. Comparison of the quality of diagnostic tests was as usual based on

sensitivity, specificity and accuracy. Since these parameters were proportions, confidence
intervals could be constructed in two ways. If the denominator was smaller than 100,
exact 95% confidence intervals were determined. In larger samples, confidence intervals
were calculated using the normal approximation.
To assess agreement betweentests, the measured kappa (x) was used '’. x reflects

agreement between tests beyond the agreement expected by chance alone. Thesize of x

depends both on the diagnostic tests and the group of patients. When x is systematically
smaller for one group ofpatients than for another, it is likely that this group is more
difficult to diagnose than the other group ofpatients.

A

 

Figure 3. (A) Patient 32. Planar anterior image of the head and neck 21 hafter injection of "Tc-labeled

E48 IgG. Increased activity is seen in the mouth region on the right. Only one spot can be distinguished. (B)
Axial SPECT image of the same patient shows two separate spots representing the primary tumor in the

amerior floor of mouth (arrow) and the subdigastric lymph node metastases (arrowhead) on the right.

A=anterior; P=posterior; L=left; R=right.

RESULTS

No adverse reactions were observed which could be related to the injection of the

antibody and nosignificant changes were noted in blood and urine analysis. One patient
developed exanthema which was probably related to a recently started diuretic treatment.

Besides all 30 histopathologically confirmed primary tumors one occult larynx

carcinoma was visualized. Whole body images up to 21 h post injection showed blood
pool activity with visualization of liver, lungs, heart, spleen, kidneys, and nose. Blood
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Figure 4. Patient 23, (A) Planar anterior image of the head and neck 21 hafter injection of “"Tc-labeled
E48 IgG. Note the high activity in the primary tumor of the tongue. On this image the lymph node
metastases in the left subdigastric and midjugular levels of the head and neck are not visualized. (B) The left

lateral image shows the primary tumor in the tongue. The lymph node metastases are not visualized. (C)

Axial SPECT images show the primary tumor (arrow) as well as the subdigastric lymph node metastasis

(arrowhead) in one axial plane and separately (D), the midjugular lymph node metastasis (arrowhead) in a

lower axial plane. A=anterior; P=posterior; R=right; L=left.

Radioimmunoscintigraphy with monoclonal antibody B48

pool activity 16 and 21 h p.i. was probably less for E48 F(ab’), than for E48 IgG (Fig. 2,
3A, 4A, and 4B) as can be explained by the faster clearance of F(ab’), from the blood:

F(ab’), tAa: 2.23 + 0.41 h, t4B: 19.6 + 4.46 h and IgG ta: 6.61 + 0.59 h and tsp:
78.10 + 15.01 h. For average blood disappearance curves of E48 F(ab’), and E48 IgG

see Figure 5. Uptake of activity was also seen in the adrenals, scrotal area, gallbladder,
and sometimes intestine, at 16 and 21 h p.i., as described previously "', and appeared to
be similar for F(ab’), and IgG. Besides this, uptake in the mouth was observed, which
seemed to be lower for E48 IgG in comparison to E48 F(ab’), (see for representive
anterior images Figure 2 and 3A). After injection of 10 mg of unlabeled E48 F(ab’), 1h
prior to administration of labeled E48 F(ab’),, visually the adrenals showed lower uptake.
In one of these two patients no adrenals were visualized.
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Figure 5. Average blood disappearance curves of *"Tc-labeled E48

F(ab’), (--) and E48 IgG (—) from 15 and 17 patients, respectively.

Thirty-two patients underwent a neck dissection. In 15 of thema bilateral neck dis-

section was performed. A total number of 47 neck dissection specimens, containing 221

levels, were histopathologically examined. Fourty-eight levels in 32 sides from 25 patients
contained metastases of SCC. In one patient, because of movementartefacts, the quality

of the MRI examination did not allow reliable interpretation. Four patients refused MRI

examination because of claustrophobia. These patients were not included in the evaluation
of MRI examination. Due to technical problems with the camera system, no SPECT
images were acquired in four patients receiving E48 F(ab’),. In one patient, containing an

undifferentiated small cell tumor with locally squamouscell differentiation, level II on the
left side proved to contain a metastasis of an undifferentiated small cell carcinoma.
Because no SCC metastasis was found, this lymph node was not included in the analysis.

The findings on palpation, CT, MRI, and RIS, were analyzed per level and per
side and correlated with histopathological examinations (Table 1 and 2, respectively).
Sensitivity of RIS, palpation, CT, and MRI for the whole group of patients was per level
68 %, 64 %, 68 %, and 62 % and per side 79 %, 88 %, 88 %, and 83 %, respectively.
Only 7 of the 32 levels, which were scored true-positive by RIS, were clearly visualized

on planar images. In all other cases SPECT images provided additional information (Fig.
3 and 4).
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Table 1. Correlation of preoperative diagnostic findings with histopathological findings per level,
 

TP FN FP TN sensitivity specificity accuracy PPV NPV

F(ab’), (2=15)

palpation 15 8 4 90 65 96 90 79 92

Cr 18 5 0 94 78 100 96 100 95

MRI 5 5 0 65 75 100 94 100 93

RIS 19 4 1 93 83 99 96 95 96

IgG (n=17)

palpation 15 9 5 WS 63 94 87 75 89

CT 14 10 9 71 58 89 82 6l 88

MRI 11 ll 4 73 50 95 &5 73 87

RIS 13 lk 4 76 54 95 86 76 87

all (n=32)

palpation 30 17 9 165 64 95 88 719 91

cr 92 15 9 165 68 95 89 77 92

MRI 26 «61606 (4 138 62 97 89 37 90

RIS 32 15) 5 169 68 97 91 86 92

TP, true-positive; FN, false-negative; FP, false-positive; TN, true-negative;
PPV, positive-predictive value; NPV, negative-predictive value.
 

Specificity of RIS, palpation, CT, and MRI wasperlevel 97 %, 95 %, 95 %, and 97 %

and per side 86 %, 79 %, 79 %, and 70 %, respectively. Interpretation of RIS for the
whole group was correct in 201 of 221 levels (accuracy 91 %) and 38 of 47 sides (accu-

racy 81 %). RIS findings were false-positive in 5 levels and 2 sides. Fifteen levels and 7
sides were scored false-negative. Accuracy of palpation , CT, and MRI wasperlevel,

respectively, 88 %, 89 %, and 89 % and perside, respectively, 85 %, 85 %, and 79 %.

Sensitivity per level was 83% for E48 F(ab’), and 54 % for E48 IgG. Sensitivity

per side for these groups was, respectively, 94 % and 65 %. For E48 F(ab’), and E48

IgG the specificity of RIS per level was 99 % and 95 % and per side 100 % and 60 %;
the accuracy of RIS per level was 96 % and 86 % and per side 96 % and 64 %,

respectively.
The capacity of RIS in the detection of tumor involved neck levels/sides, which

were missed (false-negative score) or detected (true-positive score) by palpation, CT,

and/or MRI, is shown in Table 3.

48

Radioimmunoscintigraphy with monoclonal antibody E48

Table 2. Correlation of preoperative diagnostic findings with histopathological findings per side.

TP FN FP TN sensitivity specificity accuracy PPV NPV

F(ab’), (n=15)

palpation 14 2 0 9 88 100 92 100 82

CT i 4 0 9 94 100 96 100 90

MRI 2. 0 5 92 100 94 100 83

RIS 1s 1 0 9 94 100 96 100 90

IgG (n=17)

palpation 15 2 3 2 88 40 77 83 50

cr 143 3 2 82 40 73 82 40

MRI 12. 4 3 2 4 40 67 80 33

RIS ll 6 2 3 65 60 64 85 33

all (n9=32)

palpation 29 4 3 11 88 79 85 91 73

CT 29 4 3 11 88 79 85 91 73

MRI 2402S 3 7 83 70 79 89 38

RIS 26 «7 2 12 79 86 81 93 63

TP, true-positive; FN, false-negative; FP, false-positive; TN, true-negative;

PPY, positive-predictive value; NPY, negative-predictive value.
 

Using the 95 % confidence intervals ofthe diagnostic test no significant differences
in sensitivity, specificity, and accuracy were found between RIS and the other diagnostic

tests, except for RIS and palpation with respect to the sensitivity per side in the E48 IgG
patient group, However, in a 99 % confidence interval no significant difference was

found. The « values per level for RIS with MAb E48 and palpation, CT, and MRI per
level in the whole group of patients were 0.682, 0.689, and 0.698. The « values of the
different diagnostic methods per level ranged in the E48 F(ab’), group from 0.622 to1,
whereas in the E48 IgG group values between 0.444 and 0.877 were found.

Of the 23 tumor containing levels in the E48 F(ab’), group, 4 were missed, while
11 out of 24 in the E48 IgG group were missed. The parafine slides of the missed
metastatic lymph nodes were re-examined histopathologically. The false-negative findings

proved to be all lymph nodes nodes containing small tumor deposits (ranging from
micrometastasis to tumors of 9x9 mm) or tumor deposits containing a large proportion of
necrosis (n=2), keratin (n=3), or fibrin (n=5) deposits. In one patient, the missed node

in level IV wasclose to level III. Besides this, the node also contained a small amount of
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Table 3, Results of RIS in false-negative and true-positive findings by palpation, CT, and MRI.
 

RIS (per level) RIS (per side)

false-negative

palpation 6/17 (35%) 11/17 (65%) 2/4 (50%) 2/4 (50%)

CT 5/15 (33%) LO/LS (67%) L/4 (25%) 3/4 (75%)

MRI 6/16 (38%) 10/16 (62%) 1/5 (20%) 4/5 (80%)

palpation, 3/11 (27%) 8/11 (73%) 1/3 (33%) 2/3 (67%)

CT, and MRI

{rue-posilive

palpation 26/30 (87%) 4/30 (13 %} 26/29 (90%) 3/29 (10%)

cT 28/32 (87%) 4/32 (13%) 26/29 (90%) 3/29 (10%)

MRI 23/26 (88%) 3/26 (12%) 23/24 (96%) 1/24 (4%)

palpation, 27/32 (84%) 5/32 (16%) 24/26 (92%) 2/26 (8%)

CT, and MRI

tumor. In another patient. there was a high uptake of activity in the mouth, possibly
obscuring activity uptake in a right submandibular lymph node metastasis. Two missed
paralaryngeal lymph nodes were located too close to a larynx carcinoma.In one case,
histopathological examination of a missed lymph node revealed metastases of an undiffe-

rentiated small cell tumor, while the primary tumor showed locally squamouscell diffe-

rentiation only.
Ofthe 94 tumor-free levels in the E48 F(ab’), group, 1 was falsely scored positive,

while 4 out of 80 in the E48 IgG group. For tumor-free sides these figures are 0 out of 9

in the F(ab’), group and 2 out of 5 in the IgG group.

DISCUSSION.

A numberof animal and patient studies have shown that F(ab’), fragments are
better suited for radioimmunoscintigraphie detection of tumors than whole IgG, due to the
higher tumor to non tumorratios obtained with F(ab’), fragments '**°. Also for MAb E48

F(ab’),, when tested in HNSCC xenograft bearing nude mice, we observed such a superior
quality for imaging '°. For this reason initial RIS studies were performed with E48
F(ab’),. We recently reported on the first 10 head and neck cancer patients imaged with
*T¢-labeled E48 F(ab’); and mentioned the high uptake of activity in the mouth which
may hamper the diagnosis of submandibular or subdigastric lymph nodes. We hypothe-
sized that oral activity may be less when using whole IgG. one of the reasons to modify
the initial study and to evaluate also MAb E48 IgG forits value in RIS ".

Considering the sensitivity and accuracy data as presented in this study for RIS with

E48 IgG and F(ab’), it is tempting to state that F(ab’), fragments are better suited for
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clinical RIS than whole IgG. The sensitivity and accuracy per level was found to be higher
for E48 F(ab’), when compared to E48 IgG, 83 and 96% versus 54 and 86%. However,

one should be careful with interpretation of these data since also CT and MRI scored

better in the E48 F(ab’), group. Futhermore, the agreements (x-values) between RIS and

palpation, CT, and MRI in the F(ab’), patient group were generally better as compared to
those in the IgG patient group. This was also the case for the agreements («-values)
between palpation, CT, and MRIin these patient groups (data not shown). These data
suggest differences in the composition of the groups. The fact that in the F(ab’), patient

group as well as in the IgG patient group the sensitivity and accuracy for palpation, CT,
MRI, and RIS were found to be similar, indicates that F(ab’), and IgG are equally well
suited for RIS. To obtain additional information, we recently started a new protocol in

which biodistribution data are obtained from surgical specimens of patients who receive
M1_labeled E48 IgG and I-labeled E48 F(ab’), simultaneously.

In the present study the pattern of oral accumulation of activity is different for IgG
when compared to F(ab’). In case of F(ab’),, activity is apparently distributed throughout
the whole oral cavity, while in case of IgG accumulation seemsto be restricted to a

smaller area (Fig. 2 and 3A). Due to its reduced activity uptake in the oral cavity, the IgG
may be favorable for the detection of submandibular or subdigastric lymph nodes.
However, from the present study no conclusions can be drawn on this point due to the low
numbers of submandibular and subdigastric lymph nodes. Definite proof requires

sequential imaging procedures with IgG as well as with F(ab’), in patients with tumor
involyement in these neck regions.

For the detection of lymph node metastases the diagnostic value of RIS with MAb
E48, either E48 F(ab’), or E48 IgG, is comparable to that of palpation, CT, and MRI, as

shown by sensitivity, specificity and accuracy (Table 1 and 2).
Until now, a limited numberof clinical RIS studies in head and neck cancer

patients have been described *!**. Results obtained in these studies are difficult to
compare. Firstly, only a small proportion of the 5-15 patients included in these studies had
lymph node involvement, thus limiting accurate calculation of sensitivity and specificity.

Secondly, studies differ considerably with respect to (1) patient selection, (2) control of

tumor deposits for antigen expression, (3) scintigraphic methods, (4) the way of

topographical evaluation of the diagnostic findings, and (5) the way to confirm

scintigraphic findings. With respect to this latter, from all formentioned studiesit is not
clear whether the examiner for RIS was blinded to the results of the other diagnostic
examinations.

Most importantin our studyis the question: can RIS with MAb E48,either IgG or
F(ab’), contribute to the preoperative staging of the neck in HNSCCpatients, e.g. by
complementing other methods used to assess nodal involvement? All patients who have
nodal] disease will need treatment of the regional lymphatics, while the neck needs no
treatment if no metastasis is present. Recently the concept of selective neck dissection has

been introduced *. Selective neck dissections are used in patients with only minimal nodal
disease with the intention to reduce morbidity. Another tendency is a ’wait and see’ policy
for the clinically negative neck. Forementioned treatment and policy are, however, only
acceptable if the assessment of the neck nodes is reliable. The assessment of the status of

the neck in HNSCC patients, however, remains a problem. Notall enlarged nodes contain
metastatic deposits. Nodes containing small deposits of carcinoma may not be enlarged.
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All current imaging techniques except US-guided aspiration cytology use morphological
criteria, whereas RIS uses specific binding of the MAbto target cells.

In the present study RIS, palpation, CT, and MRI were directly compared for their
value in diagnosis of lymph node metastases. For each diagnostic modality, findings were
recorded per side as well as per lymph node level and compared with histopathological
findings. In our experience correlation of all image data per deposit, as performed in the
other here mentioned studies, is inaccurate because precise localization of the deposits is

impossible due to the lack of anatomical structures on the immunoscintigrams. It can be
anticipated that the developmentof an accurate methodto correlate all image modalities

("fused images") may resolve this problem. We think, however, that for the assessment of
the potential of RIS for staging of the neck, analysis for tumor involvementper side as

well as per level is satisfactory.
In one patient, RIS with MAb E48 was able to detect tumorinvolved lymphnodes,

which were not detectable by other examinations, and thus contributed to the assessment
of the status of the neck. In this patient receiving E48 F(ab’),, RIS resulted in upstaging
of 3 levels and 1 side. In this study only 25% ofthe truely-positive RIS levels, were
clearly visualized on planar images. Also in all other cases SPECT images provided most

information, The smallest tumor involved lymph node detected, with SPECT, had

diameters of 5 and 9 mm in the axial plane with a tumor load of more than 50 %. From

the clinical point of view it is important to consider the consequences when decisions for

surgery in the present study would have been based on RIS only. In that case 12 neck

dissections (out of 14), which appeared to be free of tumor upon histopathological

examination, would have been prevented by RIS. On the other hand 7 neck sides would

have been undertreated while two sides would have been overtreated.
A major limitation of RIS with MAb E48 IgG or F(ab’), in its present form is the

high percentage of false-negative scores. A total of 15 out of 47 levels and 7 out of 33

neck sides were falsely scored negative. All missed tumor involved lymph nodes were

smaller than 2 cm in diameter. In these cases RIS was apparently unsuccessful due to the

limited amount of antigen accessible for the MAb and maybethe limited sensitivity of a

gamma camera. Consequently micrometastases, small tumor involved nodes, and tumor
involved nodes with much keratin, necrosis, or fibrosis and with only a small proportion

of viable tumorcells were not diagnosed. Fibrosis may also hamper the penetrance of the
MAbto tumorcells. Close spatial relation of a metastatic node to an area of increased

uptake may also hamper diagnosis; paralaryngeal nodes in larynx carcinoma and a
submandibular node close to the mouth. While primary tumors were checked for antigen
expression by immunohistochemistry on preoperative biopsies, we were not able to do so
on the missed lymph node metastases. For proper histopathologic examination at our

hospital surgical specimensare routinely fixed in formalin and embedded in paraffin,

resulting in loss of E48 antigenicity.
Five levels and 2 sides were incorrectly scored positive. No clear explanation for

these observations can be given. False-positive findings in RIS may be caused by blood

pool activity and asymmetric anatomy of the neck. Three of these levels were also
incorrectly scored positive by palpation, CT, or MRI. These findings indicate enlargement

of lymph nodesin these levels.
In conclusion, imaging data presented in this study indicate that RIS is as reliable as

the other imaging techniques. Despite this, we believe that RIS with MAb E48inits
present form will not sufficiently contribute to a more reliable selection of patients who
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should be treated on behalf of their neck or of patients in whom a ‘wait and see’ policy is
warranted. For this purpose the percentage of falsely scored negative neck levels / sides
should be diminished. In this respect, the developing field of positron emission
tomography (PET) might result in a diagnostic modality with a higher sensitivity. Other
disadvantages of RIS at the moment, limiting the routine application, are the complexity

and high costs in comparison to CT and MRI. The selective accumulation of radioactivity
in tumortissue in combination with the knownintrinsic radiosensitivity of HNSCC,

however, do justify the development of radioimmunoconjugates for radioimmunotherapy
(RIT). From this point of view RIS can be regarded as a prelude to RIT. Among other
possibilities, RIT may be especially attractive in an adjuvant setting or in support to
external beam irradiation. In our department, preparations for a phase I adjuvant RITtrial
with !**Re-labeled chimeric MAb E48 IgG are in progress *®?",
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ABSTRACT

Biodistribution and pharmacokinetics of radiolabeled monoclonal! antibody (MAb)
E48 IgG and E48 F(ab’), were analyzed and compared in 39 patients with histologically
proven squamouscell carcinoma of the head and neck (HNSCC) who were included in a

radioimmunoscintigraphy (RIS) study and underwent surgery 44 h after injection. Three
groups of patients were distinguished: group I (n=19) received °™Tc-labeled E48 F(ab’),,
group II (n=9) received *"Tc-labeled E48 IgG, and group III (n=11) received *"Tc- and

1]-Jabeled E48 IgG as well as I-labeled F(ab’). Two patients of group I and four
patients of group III received a high MAb dose (10-50 mg), while all other patients
received a low MAb dose (1-4 mg).

From all patients of group II and III biopsies from the surgical specimen were

obtained 44 h p.i.. Tumor uptake of °™Tc-labeled E48 IgG was high, ranging from 7.2 -

82.3 percent of the injected dose per kilogram (%ID/kg), with a mean of 30.6 + 20.1
%ID/kg. The mean tumor to non-tumorratio of this conjugate was 2.8 for mucosa, 4.6
for bone marrow aspirate, 4.1 for blood, 20.3 for fat, and 21.0 for muscle. Activity

uptake in tumor positive lymph nodes was 4.7 times higher as compared to negative

lymph nodes.
RIS 16 h p.i. revealed activity uptake in the primary tumor, lymph node

metastases, the oral cavity, and adrenals, Using regions of interest (ROIs). the uptake in

the adrenals was estimated to be 50 %ID/kg. If a high MAb dose was used no adrenals
were visualized and the uptake in the oral cavity was clearly diminished, while the tumor

uptake and tumor to non-tumorratios were increased.
The mean elimination half lifes t' @ and t% 8 in plasma were: for E48 IgG

(n=20) 6.6 + 2.6 and 54.1 + 24.3 h and for E48 F(ab’), (n=19) 2.3 + 0.4 and 19.9 +

4.6 h, respectively. Tumor uptake of ''I-labeled E48 IgG was 49% higher than of 'I-
labeled F(ab’),. For most tissues except normal oral mucosa, tumor to non-tumorratios
were slightly higher for F(ab’), than for IgG.

The present study shows that MAb E48 accumulates selectively and to a high level
in HNSCC. Although no definite conclusions can be drawn which MAb form is more
suitable, IgG or F(ab’),, MAb E48 seems to have potential for radioimmunotherapy in

HNSCCpatients.
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INTRODUCTION

Squamouscell carcinoma represents the vast majority of malignant tumors of the
head and neck '. These tumors account for approximately 5% of all malignant neoplasms

in northwestern Europe and the United States *, Head and neck squamouscell carcinomas
(HNSCC) grow locally invasive and have a proclivity to metastasize to regional lymph
nodes in the neck rather than to spread hematogencously. Therapeutic management of

early stage disease (stage I and II), consists of surgery or radiotherapy alone, whereas
advanced stages (stage II and IV) are treated with a combination of these modalities.
Such treatment results in a good locoregional contro] in the early stages. However, in
patients with stage HI and IV, the failure rate is high. Despite surgery and postoperative
radiotherapy locoregional recurrence occurs in 50-60% of these patients. Moreover, 15-

25% of these patients develop clinically manifest distant metastases *. The actual incidence
of distant metastases in HNSCC patients may even be muchhigheras autopsy studies
reported on an incidence of 40-57% *.

The high failure rate in advanced disease warrants the development of adjuvant

systemic therapeutic modalities after surgery and radiotherapy. However, the high
expectations as to chemotherapy have not becometrue, and its application is limited to the
palliation of recurrent and metastatic disease *’. Therefore, development of a more
effective adjuvant systemic therapy remains a major challenge in head and neck oncology,

Among other therapeutic approaches the use of monoclonal antibodies for selective
delivery of radionuclides to residual disease seems to be promising *’. This may be
particularly true for tumors with a high intrinsic sensitivity for radiation like hematological
neoplasms and HNSCC "". For this application we developed MAb E48 which shows
selective reactivity with squamous epithelia and their malignant counterparts ''. The E48

antigen is a surface membrane bound antigen of 22 kDa located on desmosomes and along
the cell membrane. MAb E48 was shown to be highly capable for selective tumor
targeting in animal models as well as in patients '*"*. Recently, we reported on the
scintigraphical detection of metastatic disease with MAb E48 IgG or F(ab’), in patients

with histologically proven HNSCC and withclinical evidence of cervical lymph node
involvement '**, In this study, preoperative findings on lymph nodestatus obtained by
radioimmunoscintigraphy (RIS) were compared to computerized tomography (CT),

magnetic resonance imaging (MRI), palpation, and finally with the histopathological
outcomeof the neck dissection specimen. Data revealed that RIS with MAb E48is as

good as the conventional diagnostic methods for the detection of lymph node metastases.
Furthermore, these studies showed that E48 IgG and F(ab’), are equally well suited for

tumor detection. We observed an unwanted consistent accumulation of MAb E48 in the
oral cavity and adrenals.

These data justified further evaluation of MAb E48 for its therapeutic applicability.
Armed with “Iodine ("1Dor "*Rhenium ('**Re), E48 IgG was shown to be highly capable

of eradicating established human HNSCC xenografts in nude mice '*"°, Complete ablation
of small HNSCC was observed in this animal model by a single bolus injection of '**Re-
labeled E48 IgG '’. Results obtained in this animal model, however, have to be interpreted
with caution due to e.g. the absence of normal tissue expressing the particular antigen and

the high tumor uptake of the MAb in these animals when comparedto patients. Of
paramount importance for ranking the suitability of a MAb for clinical
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radioimmunotherapy (RIT) is its biodistribution in patients comprising the relative uptake

in tumor tissue and normal tissues. a_i

The purpose of the present study was to analyze and compare the biodistribution

and pharmacokinetics of E48 IgG and F(ab’), in 39 patients with HNSCC. The RIS results

in 28 of these patients were published previously '. Some patients (n=11) received IgG

and F(ab’), simultaneously, using different radionuclides. As a bridging study to RIT

some patients (n=6) received a higher dose of MAb E48. We measured the absolute

uptake in the primary tumor, lymph node metastasis, mucosa, and several other tissues by

taking biopsies from the surgical specimen as well as bone marrow 44 h after injection of

the radioimmunoconjugate. Moreover, the accumulation of activity in the oral cavity,

tongue, and adrenal glands was estimated with regions ofinterest on planar images.

PATIENTS AND METHODS

Patient Study. The protocol was approved by the Dutch Health Council and by the

institutional review board of the Free University Hospital. Informed consent was obtained

from all participants.

Thirty-nine patients with HNSCCparticipated in this study. Nineteen patients (1-

19, group I) were injected with E48 F(ab’), 9 patients (20-28, group Il) with B48 IgG,

and 11 patients (29-39, group III) with E48 IgG and F(ab’), simultaneously (E48 !

IgG/F(ab’),). Prior to enrollment a biopsy of the primary tumorhad to show positive

immunoperoxidase staining with E48 IgG.Patients of group I, I, and III suffered from

carcinomaof the larynx (n=9, n=3, n=3, respectively), tonsil (n=2, n=4, n=1), oral

cavity except tongue (n=4, n=1, n=4), tongue (n=2, n=1, n=3), nose (n=1, n=0,

n=0), and lower lip (n=1, n=0, n=0).

All patients received 1-2 mg E48 IgG or F(ab’), radiolabeled with"Te (mean

dose 722 + 74 MBq and 722 + 81 MBq,respectively) by intravenous injection in 5 min

for imaging and biodistribution purposes. Two patients of group I (patient 18 and 19)

were additionally injected intravenously with 10 mg unlabeled E48 F(ab’), | h before

administration of the radiolabeled dose E48 F(ab’). Four patients of group III received |

additionally 10 mg (patient 36) or 50 mg (patient 37-39) unlabeled E48 IgG at the time of

injection of the radiolabeled dose E48 IgG. Patients of group III received Eeeelabeles

F48 IgG and additionally a low dose of ‘I-labeled E48 IgG (2.5 + 0.9 MBq) and ' ts

labeled E48 F(ab’), (2.5 + 0.8 MBq) to comparethe biodistribution of whole IgG andits

F(ab’}, fragment in biopsies in the same patient. These patients received ;

sodiumperchlorate to prevent uptake of radioactive iodine in the thyroid gland. Patients of

group I were operated 2-5 days p.i.. All patients of group II and II, injected with E48

IgG or E48 IgG/F(ab’),, were operated 44 h after injection, except for patient 39, who

was operated 9 days p.i.. Trying to diminish the activity uptake in the adrenals by

suppression ofits endocrine function, 4 patients (32-35) of group ul received 4-8 mg

dexamethasoneorally 5 h prior to injection. In one patient this administration was

repeated after 12 h.
Prior and up to 7 days after administration of **"Tc-labeled MAb E48, urine and

blood samples were obtained for analysis. Electrolytes, aspartate aminotransferase, alanine

aminotransferase, alkaline phosphatase, gamma-glutamy!transferase, lactate dehydroge-

nase, urea nitrogen, creatinine, and uric acid were determined in serum. Hematological
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determinations included hemoglobin, hematocrit, platelet count, white blood cell count and
differentiation, and sedimentation rate. Skin tests were not performed. Vital signs were
recorded before and up to 3 h after injection.

Monoclonal Antibody E48. Monoclonal antibody E48 was derived from mice
immunized with cells from a metastasis of a moderately differentiated squamouscell
carcinomaof the larynx (T;N,M*, classification according to the International Union
Against Cancer '*). The antigen recognized by MAb E48 was found to be expressed by 94
% of the primary head and neck tumors (n= 196). In 70 % of these tumors the antigen
was expressed by the majority of cells within these tumors. A comparable reactivity
pattern was observed in 32 tumorinfiltrated lymph nodes from neck dissection specimens
. Antibody reactivity with normaltissue is restricted to normal stratified squamous
epithelium and urothelium of the bladder.

Antibody Preparation. The E48 IgG and F(ab’), used in this study were supplied
by Centocor, Inc., Leiden, the Netherlands, E48 IgG was purified from a concentrated
tissue culture supernatant by affinity chromatography on a protein A-Sepharose column.
For virus inactivation, IgG from the protein A eluate was treated forat least 6 h with
Tween 80 and tri-n-butylphosphate. The protein A purified IgG was further purified on Q-
Sepharose and subsequently digested to F(ab’), by pepsin at pH 3.9. The F(ab’),
fragments were further purified by protein A chromatography to removeresidual
undigested IgG, followed by elution over a S-Sepharose column. The purity of F(ab’),
preparations was evaluated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
under nonreducing conditions and appeared to be more than 95%. This product was filte-
red through a 0.2-ymfilter and dispensed aseptically in a closed environment under
anaerobic conditions. The preparation was found to be pyrogenicfree.

Preparation of radiolabeled E48 IgG and F(ab’),. All radiolabeling procedures
were performed underaseptic conditions in a shielded laminar flow hood. All glasware,
plastics, and solutions were sterile and pyrogen free.

For labeling MAb E48 IgG or E48 F(ab’), with °"Tc, a modification of the
multistep procedure as described by Fritzberg et al. “’ was followed, using a S-
benzoylmercaptoglycylglycylglycine chelator which was a gift from Mallinckrodt, Petten,
the Netherlands, The purified E48 IgG and E48 F(ab’), were labeled with a specific
activity of 556 + 168 MBq/mg and 641 + 178 MBq/mgprotein, respectively. A mean of
98.7 + 0.7 % and 98.2 + 1.1 % of the "Tc was bound to E48 IgG and E48 F(ab’),
respectively, as determined by chromatography on ITLC-SG strips (Gelman Sciences, Ann
Arbor, MI) with 0.1 M citrate buffer, pH 5.0. Every radiolabeled E48 IgG and E48
F(ab’), preparation was assayed for immunoreactivity by measuring the binding to
gluteraldehyde fixed cells of the vulva SCC cell line A431 *!, As determined by modified
Lineweaver-Burk plot, the immunoreactive fractions of "Tc-labeled E48 IgG and E48
F(ab’), at infinite antigen excess were 79 + 13 % and 79 + 10 %, respectively.
Labeling of E48 IgG and E48 F(ab’), withI and 'I for biodistribution measurements
was carried out using a one vial method as described by Haisma et al. *. The purified
E48 IgG and E48 F(ab’), were *I- and ‘I-labeled with a specific activity of 3.6 + 0.9
MBq/mg and 2.9 + 1.0 MBq/mgprotein, respectively. Using the same methods as
described above, the mean ''I- and '*l-incorporation percentages were 97.2 + 1.6 % and
95.8 + 2.0 %, respectively, The immunoreactive fractions of "I-labeled E48 IgG and
‘Tlabeled E48 F(ab’), at infinite antigen excess always exceeded 70 %. Theaffinity
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constants were 1.5 x 10'° wm" for E48 IgG and 1.2 x 10'° M? for E48 F(ab’), as

determined by the Scatchard plot.
Radioimmunoscintigraphy. The radioimmunoscintigrams were obtained with a

large field of view gamma camera (Gemini; General Electric, Milwauki, WI) equipped
with a low energy parallel hole collimator and connected to a computer (Bartec,

Farnborough, United Kingdom). Whole body images (anterior and posterior views) and
planar images of the head and neck (anterior views) were obtained immediately, 16 h, and
21 h after injection. Planar images included the following acquisition parameters: matrix

size 128 x 128 (head and neck) or 256 x 256 (whole body) and at least 100 kilocounts per
view during 5-20 min. Single photon emission computerized tomography (SPECT) images
of the head and neck were acquired 16 hp.i., while lateral views of the head and neck

were obtained 21 h p.i..
For topographical evaluation the findings on RIS and the pathological outcome (the

gold standard) were recorded and compared perside as well as per level according to the
Memorial Sloan Kettering Classification * as previously illustrated in Chapter 1 and 2.

Biodistribution. In all patients injected with E48 IgG (group I) or E48

IgG/F(ab’), (group IIT) biopsies of the primary tumor and several other tissues were taken
from the surgical specimen. In these patients blood and bone marrow aspiration and
biopsy were taken under general anesthesia just before surgery. All biopsics were weighed

and the amounts of °"Tc, ‘I, and ''I were measured by differential counting methods in
a well-counter (1282 Compugamma, LBK Wallac, Turku, Finland) to compare

biodistribution of E48 IgG and E48 F(ab’),. The effect of self-absorption by volume

effects was corrected by comparison of the sample with a set of reference samples,

prepared by diluting an equal amount of the standard in different volumes of saline. All

data were corrected for decay and converted to percentages injected dose per kilogram

(%ID/kg) tissue. Tumor to non-tumorratios were calculated, using matched uptake values

of onepatient. If in a patient several biopsies of one kind of tissue were taken, the mean

uptake in this tissue was calculated and used for further analysis. After counting, all
biopsies were assessed histopathologically to determine the presence or absence of

HINSCC.
Regionsof interest. To get information on the activity uptake at sites, which were

not included in the surgical specimen, regions of interest (ROIs) were drawn on the planar

viewsfor all 19 E48 F(ab’), and for 9 E48 IgG patients in order to obtain theTc counts

within these ROIs. In the patients of group III (E48 IgG/F(ab’),) these measurements

could not be performed because of the substantial contribution to the late images of the

additionally injected ‘1, ROIs were drawn around the primary tumor, mouth, and tongue
on the anterior view of the head and neck at 16 h p.i.. Correction for background was

done by measuring counts in a region as much as comparable to the chosen ROI (Fig.

1A). These corrected counts were compared to the counts of a standard obtained directly

after the imaging of the head and neck.
From the posterior whole body views 0, 16, and 21 h p.i. counts in the whole

body were corrected for background. ROIs were drawn around the visible adrenals on

these views at 16 h p.i.. The region for background activity was chosen belowtheleft
kidney. The counts in the whole body and adrenals were compared to a standard located

between the legs (Fig. 1B).
The counts were not corrected for attenuation and scatter. To allow for comparison

of IgG and F(ab’), uptake in the mouth, tongue, and adrenals, the activity values were
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expressed as percentage of injected dose (%ID)after correction for decay and camera
efficiency. For comparison of tumor uptake in different patients the %1D was divided by

the surface area of the ROI.

 

Figure 1, (A) Planar anterior image of the head and neck 16 ‘
hafter injection of 2 mg **Tc-labeled E48 F(ab’),. ROIs are iii
drawn around (1) the tumor, (2) the mouth, (3) the tongue, — @2

and areas for background activity of (4) the tumor, (5) the

mouth, and (6) the tongue. (B) Planar posterior image of the *

whole body 16 h after injection of 2 mg “"Te-labeled E48
F(ab'),. ROIs are drawn around (1) the whole view, (2) the

standard, (3) the distant marks, (4) the adrenals, and areas “3
for background activity of (5) the whole body and (6) the
adrenals, B

Pharmacokinetics. Blood samples were obtained from the arm opposite to the
injection site for the determination of the activity up to 40 h p.i.. Aliqouts of blood

samples were measured for "Tc, "1, and ‘I activity in a well-counter, compared to an
aliquot retained from the conjugate preparation, and corrected for decay. Blood activity
was expressed as the percentage of the injected dose per kilogram (%ID/kg). HPLC
analysis of the serum samples up to 21 p.i. revealed that more than 95 % of the

radioactivity was bound to the MAb. The pharmacokinetics were analyzed modeling a
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time versus radioactivity curve for each infusion. A MW/Pharm program (MediWare,

Groningen, The Netherlands) was used for non-linear Bayesian estimation of
pharmacokinetic parameters. One-, two-, and three-compartment models were fit to the
data, The peeling algorithm was used to estimate initial parameters. A Bayesian least-
square method was used to estimate the final parameters: the initial (t% c) and final half-

lives (t'4 8).

Statistical analysis. The Student’s t test for paired and unpaired data was used to

test the statistical significance of the difference between the uptake of E48 F(ab’), and E48

IgG as assessed by biopsies and ROIs. Statistical differences was reached at p < 0.05,

 

Figure 2. Planar (A) anterior image of the head and neck
and (B) posterior image of the whole body 16 h after
injection of 2 mg ”"Tc-labeled E48 IgG. Note the intense
uptake of activity in the primary tumor of the supraglottic FQ
larynx (arrow), the mouth, and the adrenals (arrowheads). s
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Figure 3. Planar (A) anterior image of the head and neck
and (B) posterior image of the whole body 16 h after &
injection of 12 mg ”"Tc-labeled E48 IgG. Note the intense
uptake of activity in the primary tumorofthe left retromolar
area (arrows). At this high MAb dose there is less activityin
the mouth, No adrenals are visualized.

RESULTS

No adverse reactions were observed which could be related to the injection of the
antibody and no significant changes were noted in blood and urine.

Radioimmunoscintigraphy. In 39 patients all 34 primary tumors were visualized.

RIS was correct in 215 of 243 levels and 38 of 51 sides of the neck. The RIS results for
the first 28 patients have been described previously '*. Whole body images up to 21 h p.i.

showed decreasing blood pool activity with visualization of liver, lungs, heart, spleen,
kidneys, and nose. Blood pool activity was less pronounced for E48 F(ab’), as compared

to E48 IgG. Uptake of activity was also seen in the adrenals, mouth, scrotal area, and
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sometimes intestine and gallbladder, at 16 and 21 h p.i. (Fig. 2A and B), as described

previously '*. In one patient injected with 1.2 mg E48 F(ab’),, one with 1.1 mg E48 IgG,
and in four with 2-4 mg E48 IgG/F(ab’), the adrenals were not clearly visualized. In the
first patient who received 4 mg dexamethasone 5 h prior to injection no adrenals were

visualized. However, in the following three patients the adrenals were clearly visualized,

despite an increase of dexamethasone dose and repetition of administration. In three of

these patients dexamethasone administration resulted in almost complete adrenal
depression of its endocrine function (cortisol < 30 nmol/I). In contrast, upon additional
administration of unlabeled MAb E48 (10 or 50 mg)in six patients, in five patients the

adrenals were not visualized, while the mouth uptake also was less pronounced (Fig. 3A
and B).

Biodistribution. The activity uptake in biopsies from the surgical specimen of

group Il and III patients are shown in Figure 4. The counts in biopsies 9 days p.i. (patient
39) were too low for a reliable evaluation. Uptake of °"Tc-labeled E48 IgG in all patients
of group II and III was the highest in tumortissue: 30,6 + 20.1 (mean + SD); range 7.2
- 82.3 %ID/kg. High °"Tc activity was also seen in normal mucosa (13.6 + 6.5 %ID/kg)
and tongue tissue (10.7 + 1.8 %ID/kg), but was significantly (p < 0.01) lower than in
tumortissue. Tumor positive lymph nodes contained significantly (p < 0.02) more °"Tc
activity than tumor negative lymph nodes: 7.2 + 5.6 %ID/kg and 2.0 + 0.6 %ID/kg,
respectively, with a mean ratio of 4.7 + 4.3. Low activity was seen in bone marrow
biopsies: 2.4 + 0.9 %ID/kg. Bone marrow aspiration showed a mean ”Tc activity of 7.4
+ 1.8 %ID/kg, while the activity in blood wasslightly higher (8.1 + 1.3 %ID/kg, mean
ratio 0.9 + 0.1), The activity in the bone marrow aspirate was mainly located in the
plasma (supernatant), The mean plasma activity of the bone marrow aspirate and blood

were similar (12.9 and 13.4 %ID/kg,respectively, mean ratio 1.0 + 0.1). Mean tumorto
non-tumorratios varied between 2.8 for mucosa and 99.9 for parotid gland tissue (Fig. 5).

For muscle, fat, blood, and bone marrow aspirate these ratios were 21.0, 20.3, 4.1, and

4.6, respectively.
Mean uptake levels of *"Tc-labeled E48 IgG was also calculated at low (1-4 mg)

and high (12-51 mg) MAbdose separately. With the addition of 10-50 mg unlabeled E48

IgG tumor uptake increased significantly (p < 0.05) from 25.8 + 17.9 %ID/kg to 54.1
+ 16.1 %ID/kg, whereas the uptake in normal mucosa and othertissues was not

influenced (p > 0.2), resulting in higher tumor to non-tumorratios. The mean tumor to

non-tumorratios increased for mucosa from 2.5 to 3.7, for muscle from 15.9 to 46.7, for
fat from 17.2 to 34.7, for blood from 3.2 to 7.6, and for bone marrowaspirate from 4.2

to 8.4.
Simultaneous measurements of *'I-labeled E48 IgG and '*I-labeled E48 F(ab’), 44

h p.i. resulted in a mean tumor uptake of 27.8 + 18.5 %ID/kg and 18.7 + 11.2 %ID/kg
(p < 0.2), respectively. The mean tumor to non-tumor ratio of ‘I-labeled E48 IgG was
lower, howevernot significant, as compared toI-labeled E48 F(ab’),: for muscle 18.1
and 22.9, for fat 18.0 and 27.0, for blood 4.3 and 7.0, and for bone marrow aspirate 3.3

and 5.2, respectively. An exception formed the normal mucosa in which the mean ratio of
‘T_labeled E48 IgG was similar to I-labeled E48 F(ab’),: 2.1 and 1.9, respectively.

When additionally 10-50 mg unlabeled E48 IgG was administered also the tumor uptake of
“5T_labeled E48 F(ab’), increased significantly (p < 0.05) from 14.1 + 8.7 %ID/kg
(n=7) to 29.5 + 8.5 %ID/kg (n=3).
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Figure 4. Uptake of ”°Tc-labeled E48 IgG, ''Llabeled
E48 IzG, and “I-labeled E48 F(ab’), in tumor (Tu;

n=18,10, and 10, respectively), mucosa (Muc;

n=16,10,10), tongue {To; n=4,3,3), positive lymph node

(PLy; n=11,6,6), negative lymph node (NLy; n=10,8,8),

muscle (Mus; n=19,10,10), fat (Fat: n=18,10,10),

submandibular gland (SG!; n=8,8,8}, parotid gland (PGI;

n=3,2,2), thyroid gland (TGI; n=2,2,2), vein (Ve;

n=9,9,9}, cartilage (Ca; n=2,2,2), bone marrow biopsy

(BB; n=13,10,10), total bone marrow aspiration (BA;

n=12,8.8), supernatant of bone marrow aspiration (BSu;

n=8,6,6), sediment of bone marrow aspiration (BSe;

n=8,6,6), blood (BI; n=15,10,10), and plasma (PI;
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Figure 5. Tumor to non-tumor ratios of “"Te-labeled E48
IpG, "'Ltabeled E48 IgG, and I-labeled E48 Pfab’), in

mucosa {(Muc; n=16,10, and 10, respectively), tongue

(To: n=4,3,3), positive lymph node (PLy: n=10,6,6),
negative lymph node (NLy; n=10,8,8), muscle (Mus;

n=18,10,10), fat (Fat; n=17,10,10), submandibular gland

(SGI; n=8,8.8), parotid gland (PGI; n=3,2,2), thyroid

gland (TGI; n=2,2,2), vein (Ve; n=9,9,9), cartilage (Ca;
n=2,2,2), bone marrow biopsy (BB; n=13,10,10), total
bone marrow aspiration (BA; n=11,8.8), supernatant of

bone marrow aspiration (BSu; n=8,6,6), sediment of bone

marrow aspiration (BSe; n=8,6,6), blood (BI;
n=15,10,10), and plasma (Pl: n=15,10,10).

Regions of interest. Planar images obtained in 28 patients injected with E48

F(ab’), or IgG (group I and II), were used for biodistribution estimations ofsites, which
were not included in the surgical specimens. In some patients the activity uptake in the
tumor could not be assessed due to the lack of a suitable background region. Particularly,

in patients with a tumorofthe oral cavity no reliable ROIs for the tumor. mouth, and
tongue could be drawn. Although the adrenals in almost all patients injected with 1-2 mg
MAb E48 were visualized, in some patients a reliable ROI could not be drawn, due to
overprojection of other abdominal structures.
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Retention of activity in the whole body was significantly higher for °™Tc-labeled

E48 IgG as compared to *"Tc-labeled E48 F(ab’),: after 16 h the percentage of the whole
body activity directly after injection was 97.9 + 12.5 % and 89.1 + 6.0 % (p < 0.05),
respectively (Table 1). With the ROI technique there was no significant difference in
tumor uptake per area between E48 IgG and E48 F(ab’), at 16 h p.i.. The uptake of
E481gG in the mouth was almost half of the E48 F(ab’), uptake (p < 0.1). The uptake in
the central area of the mouth, the tongue region, was also less for E48 IgG as compared
to E48 F(ab’), but did not reachstatistical significance. In the adrenals the uptake of E48
IgG was similar to E48 F(ab’),. The uptake of E48 F(ab’), in the adrenals was lower if
unlabeled E48 F(ab’), was given before, while the tumor uptake per area was similar

(Table 1),

Table 1. Measured activity in ROIs of whole body, tumor, mouth, and adrenals in group I and II patients

16h p.i..
 

 

 

 

1-2 mg E48 [gG 1-2 mg E48 F(ab’),

mean sD n mean sD n D

whole body  %"* 97,9 12,5 8° 89,1 6,0 13:8 < 0.05

tumor %ID/A" 0,013 0,003 6" 0,013 0,006 Sd > 0.2

mouth %AD 0,131 0,023 2° 0,201 0,054 9° < 0.1

tongue %AD 0,048 0,007 3° 0,067 0,023 9° > 0.2

adrenals %AD 0,312 0,091 14¢ 0,301 0,195 238 > 0.2

1-2 mg E48 F(ab’), 11-12 mg E48 F(ab’),

mean SD n mean SD n p

tumor %ID/AP 0,013 0,006 9° 0,013 0,013 er > 0.2

adrenals %ID 0,301 0,194 23.° 0,037 0,013 ag < 0.1
 

*%, percentage of whole body activity at 0 h p.i.; "%ID/A, percentage of the injected dose per pixel;

*, number ofpatients; ‘, number of visible adrenals.

Pharmacokinetics. The time versus radioactivity curves of E48 IgG and F(ab’), best fitted
a two-compartment model. Significant (p < 0.001) faster elimination from the blood was
observed for “"Tc-labeled E48 F(ab’), as compared to E48 IgG: at 1-2 mg, t% «@ and t2

B were for E48 F(ab’), 2.3 + 0.4 and 19.9 + 4.6 h and for E48 IgG 6.6 + 2.6 and 54.1

+ 24.3 h, respectively. An increase in MAb dose did not influence the clearance from the
blood: t'% a and t% 6 were for *"Tc-labeled E48 IgG at 10 mg 8.6 and 48.2 h and at 50

mg 7.3 + 0.1 and 56.4 + 5.9 h, respectively.
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DISCUSSION

In earlier reports °* we demonstrated that °“"Tc-labeled MAb E48 IgG or F(ab’),
can be used for tumor detection with radioimmunoscintigraphy. In these studies MAb E48

was able to visualize all primary tumors (n=31) as well as 68% of the tumor involved
lymph nodes. The missed nodes contained only a small amount of tumorcells. These
findings indicate that MAb E48 may also be suitable for radioimmunotherapy (RIT),

especially because HNSCC is knownto be a radiosensitive tumor type. For RIT it is
necessary that a MAb, after administration to the patient, accumulates selectively and to a
high level in the tumor.

In the present study we compared the uptake of radiolabeled MAb E48 IgG and
F(ab’), in HNSCC and some normal tissues, 44 h after injection. The uptake of °"Tc-

labeled E48 IgG in HNSCC was high (30.6 + 20.1 %ID/kg), as compared to the uptake
of other MAbsin other types of tumors ***!,

Biodistribution data on “"T'c-labeled MAb E48 IgG revealed that tumor positive
lymph nodes contained 4.7 times more activity than tumor negative lymph nodes. The

uptake in tumor positive lymph nodes was muchless than in primary tumors. However,
this difference should be interpreted with caution, because the proportion of tumorcells
present in the lymph nodesis difficult to assess and shows great variation: some positive
lymph nodes contain only a few tumor cells, whereas other nodes are totally occupied by
tumor tissue.

As known from extensive immunohistochemical screening, the MAb E48 defined

antigen is also expressed in normal squamousepithelium like oral mucosa and skin "!.
Despite the fact that the level of E48 antigen expression is apparently the same in these

normal tissues as in HNSCC, ”"Tc-labeled MAb F48 IgG uptake 44 hp.i. was
significantly higher in HNSCC than in oral mucosa and tongue mucosa. Since biopsies
show variance in amount of normal and malignant squamous cells and other cells, the

exact extent of the difference in uptake levels is difficult to assess. Moreover, RIS studies

did not reveal marked uptake of the MAbin the skin. The higher uptake of MAb E48 IgG
in HNSCC may be dueto the better accessibility of the E48 antigen in malignant tissue
than in normal tissue. Penetration of MAbs into the tumoris facilitated by the presence of

fenestrated endothelium and the absence of a basement membrane. On the other hand,

antigens present in normal squamousepithelium are particularly poorly accessible for
MAbs.In this tissue, MAbs must pass across the endothelial cells by intracytoplasmic
vesicles and transendothelial cell channels *”.

An unexpected finding was the high uptake of activity in the adrenals. Using ROIs
in patients injected with 1-2 mg *"Tc-labeled MAb E48 IgG,it is estimated that 0.3 %ID
was present in an adrenal 16 h p.i. Assuming that one adrenal weighs 6 g, the uptake in
adrenal tissue is 50 %1D/kg, about 2 times higher than in tumortissue 44 h p.i..
Immunohistochemical evaluation showed no reactivity of MAb E48 with 5 frozen adrenal

tissues. Four other MAbs (323/A3 F(ab’), chimeric SF-25 IgG, K928 IgG °°, and U36

IgG) labeled in the same way as MAb [48 showed no uptake ofactivity in the adrenals.
Therefore, the adrenal uptake does not seem to be related to the labeling technique used.
The fact that no adrenals were visualized after administration of a higher MAb dose (10-

50 mg) indicates that a limited number of good accessible binding sites may be present in
the adrenals which becomesaturated after a higher dose. In contrast, administration of
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dexamethasone did not decrease the activity uptake. We recently cloned the E48 encoding
cDNA which may open new avenues for analyzing E48 antigen expression in adrenal

tissue by Northern blotting and PCR-techniques (manuscript in preparation). Since MAb
doses of 10-50 mg are recommended forclinical RIT, uptake in the adrenal glands

probably will not hamper RIT, A high MAb dose administration may provide even

additional advantages in comparison to low dose administration as indicated by the
significant higher tumor uptake of the radioimmunoconjugate and the probably higher
tumor to non-tumorratios in patients receiving a high E48 IgG dose.

No selective accumulation of radioactivity was observed in any other normaltissue.

For example, the activity in the bone marrow aspirate 44 h after administration of °"Tc-
labeled MAb E48 wasalmost the same as in blood and 4.6 times less than in the tumor.
Radioactivity in the bone marrow aspirate was not confined to the cellular compartment as
became apparent on centrifugation. This is important since, in general, bone marrowis
the dose limiting organ in RIT.

One of the aims of this study was to analyze whether MAb E48 IgG or F(ab’),is
better suited for RIT. For this purpose we administered E48 IgG and F(ab’),,

simultaneously, both in an radioiodinated form. This is important for a proper comparison

since tissue uptake values may depend on the kind of radioconjugate used. In this study,

tissue uptake levels of "I-labeled E48 IgG were lower than those of coadministered °"Tc-
labeled E48 IgG, probably due to the process of dehalogenation.

Unfortunately, no definite answer has been obtained as to which antibody form is

better for RIT, IgG or F(ab’),. On one hand, tumoruptake levels were on average 49%
higher for IgG than for F(ab’),. On the other hand, tumor to non-tumor ratios were in
general lower for IgG. However, the opposite was true for oral mucosa including the

tongue, sites with relatively high activity uptake. The analysis of biodistribution on images
obtained 16 h p.i., as well as measurement of biopsies from the surgical specimens
obtained 44 h p.i. revealed relatively lower uptake in the mouth region for IgG in
comparison to F(ab’),. Also other considerations might indicate the advantage of whole
IgG. The use of IgG in RIT may provide additional advantage because ofits ability to
mediate antibody-dependentcell cytotoxicity (ADCC). As stated previously we intend to

use 'Re-labeled chimeric MAb E48 for radioimmunotherapy of minimal residual disease.
For this purpose we recently developed a technical protocol for labeling of MAbs with
'8°Re using the MAG, chelate °°. For the same purpose, we constructed a chimeric

(mouse/human) MAb E48 containing the human y, heavy chain (manuscript in

preparation). This CMAb appeared to be highly effective in mediating ADCC even when
loaded with 16 MAG, groups (manuscript in preparation). When using this cMAb for RIT

of minimal residual disease it can be anticipated that ADCC activity may be supportive to

irradiation, especially in eradicating single disseminated cells or small cell aggregates.
When combining the biodistribution data obtained herein with data obtained from

previous animal studies we might be able to speculate about the potential of '°Re-labeled
E48 IgG for eradicating HNSCC in patients. As shown before ", it is possible to eradicate

50% of large HNSCC xenograft bearing nude mice by treatment with 18.5 MBq '**Re-
labeled MAb E48 IgG. Because the mean maximum uptake in these tumors was assessed
to be 10,000 %ID/kg,it can be calculated that the amount of "Re in the xenografts was
1,850 MBq/kg. As shown in the present study in patients the average uptake of MAb E48

IgG, 44 h p.i. in tumors of 0.5 - 6 cm was 30.6 + 20.1 %ID/kg. Assuming that the
maximum tolerated radiation dose of '*’Re-labeled E48 IgG is about 7,400 MBq, the same
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as found for other “*Re-labeled MAbs ™, we expect that in clinical RIT studies with '“Re-
labeled MAb E48it will be possible to reach an average uptake level in the tumor of
2,260 MBq/kg (30.6 % of 7,400 MBq per kg). This is higher than the level obtained in
xenografts responding to RIT. Taking into accountthe higher uptake by small tumors in
comparison to large tumors * we think that sufficient high radiation doses can be achieved

to eliminate minimal residual disease.
A main limitation of the forementioned calculation is that no data are available on

MAb E48 IgG tumorretention in HNSCC patients. Before starting clinical RIT studies we
will obtain imaging and biodistribution data up to 7 days p.i., using '*'l as imaging
radionuclide instead of °™Tc. The efficacy of adjuvant RIT with MAb E48 will be first

evaluated in HNSCCpatients who are at high risk for developing distant metastases and

locoregional recurrences.
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ABSTRACT

Immunohistochemical characterization of three monoclonal antibodies (MAbs),
designated 323/A3, SF-25, and K928, on a panel of 330 head and neck and lung tumors

indicated their potential for targeting tumors in the upper-aerodigestive and respiratory
tract. Subsequently, MAbs were screened in a clinical phase I/II radioimmunoscintigraphy
(RIS) trial for the detection of primary tumors and lymph node metastases in patients with

histologically proven squamouscell carcinoma of the head and neck (HNSCC). In 10
HNSCCpatients MAbs 323/A3 F(ab’), (n=3), chimeric (mouse-human) SF-25 IgG

(n=1), and K928 IgG (n=6) were evaluated for their suitability of tumortargeting.
MAb 323/A3 and K928 were shown to be capable for detection of HNSCC.

However, there was uptake at non-tumorsites, for MAb 323/A3 in thyroid gland, liver,

and skeleton probably bone marrow and for MAb K928inliver, spleen, and the skeleton
probably bone marrow. At higher K928 dose, uptake in the liver was deminished butstill
substantial. MAb cSF-25 was not capable to detect HNSCC, due to the rapid and
extensive uptake at non-tumorsites like liver, spleen, brain, and the skeleton probably
bone marrow. Radioactivity uptake at non-tumorsites could be mainly explained by the

presence of good accessible antigenic sites and will definitely limit the application of these
pan-carcinoma MAbsfor therapeutic purposes.
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INTRODUCTION

Among the potential applications of tumor-preferential MAbs is the selective
delivery of radionuclides to primary tumors and particularly to lymph node and distant

metastases for diagnostic and therapeutic purposes. At present, there is only a small
number of MAbsavailable directed against squamouscell carcinoma (SCC), Recently we

described the production of a panel of high affinity MAbs reactive with membrane
antigens expressed by SCC ofdistinct sites of origin: head and neck, lung, esophagus,

cervix, and skin '*.
Two of these MAbs designated MAb E48 and MAb U36are selectively reactive

with squamous andtransitional epithelia and their malignant counterparts, indicating that
the corresponding antigens are related to squamousdifferentiation '*. Initial preclinical

and clinical studies indicated that MAb E48 and MAb U36 may be well suited for

targeting of head and neck squamouscell carcinoma (HNSCC) *"',
Because MAbs E48 and U36 seem to be excellent candidate MAbsfor targeting

SCC of the head and neck, we hypothesized that MAb E48 and U36 might be of value for
targeting SCC in the whole upper-aerodigestive and respiratory tract, including the lung.
Unfortunately, as became apparent from immunohistochemical screening of SCC of the

lung. expression patterns of the E48 and U36 antigens in these tumors are very
heterogeneous, This may be related to the mixed differentiation features (squamous and a-

deno) as often observed in these tumors. Therefore, MAbs E48 and U36 can not be used
as single agent for targeting SCC of the lung. MAbs recognizing several types of
carcinoma, squamouscell carcinoma as well as adenocarcinoma, may be better suited for

this application.
In our laboratory, we have developed 3 MAbsreactive with so-called pan-

carcinoma markers 27. These MAbs designated K931, K984, and K928 are reactive with
e.g, SCC of the head and neck and lung, small cell lung cancer, and adenocarcinoma of
lung, breast, colon, and ovary. The MAbs were selected after extensive immunohis-

tochemical characterization on tumor and normaltissues. In these studies, it was proven

that the antigen recognized by MAb K984 is similar to the one recognized by MAb SF-25,

an antibody produced by the group of Wands *'?"°. Furthermore, MAb K931 was found
to recognize a similar antigen as MAb 17-1A and MAb 323/A3, MAbsproduced by the

groups of Koprowski and McGuire, respectively *'*"°.
In this study the potential of pan-carcinoma MAbs 323/A3, chimeric (human-

mouse) SF-25, and K928 for selective targeting of tumors in the upper-aerodigestive and

respiratory tract is evaluated. Since practice has learned that many MAbswith favorable
characteristics on the basis of their immunohistochemical reactivity profile show uptake at
unexpected and unwanted non-target sites in patients, this study was designed as an initial

screening test with a limited number of patients. To allow for direct comparison with
SCC-preferential MAbs E48 and U36, the present RIS study was also performed in

patients suffering from a SCC in the head and neck and at risk for having lymph node

metastases.
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METHODS

Patient Study. The protocols were approved by the Dutch Health Council and by

the institutional review board of the Free University Hospital. Informed consent was

obtained from all participants.
Ten patients (Table 1), who were at risk for having neck lymph node metastasis

from a histologically proven head and neck squamouscell carcinoma and planned to
undergo neck dissection(s), participated in this study, The primary tumor and the status of
neck lymph nodes were classified according to the TNM system of the International Union
Against Cancer, UICC "°. Prior to enrollment, a biopsy of the primary tumor had to show
a positive immunoperoxidase staining with the MAb used for radioimmunoscintigraphy in

that particular patient. Prior and up to 7 days after administration of *"T'c-labeled MAb,
blood was obtained for analysis. Electrolytes, aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, gamma-glutamyl transferase, lactate dehydroge-
nase, urea nitrogen, creatinine, and uric acid were determined in serum. Hematological

determinations included hemoglobin, hematocrit, platelet count, white blood cell count and

differentiation, and sedimentation rate. Skin tests were not performed. Vital signs were
recorded before and up to 3 after injection.

Patients received 1-2 mg 323/A3 F(ab’), (patient 1-3), 0.9 mg cSF-25 IgG (patient
4), or 2-4 mg K928 IgG (patient 5-10) labeled with *"Tc (773 + 21 MBq, 791 MBg,and

669 + 113 MBg, respectively; mean + s.d.), by intravencous injection in 5 minutes.
Patients 8, 9, and 10 received, just before injection of the radiolabeled MAb K928,
unlabeled K928 IgG in a dose of 10, 20, and 30 mg, respectively.

Table |. Patient and tumor characteristics and injected MAb dose.

patient age sex stage* primary tumorsite* MAbdose (mg)

323/A3 F(ab’),

1 67 M pT3NO oral cavity, floor of mouth 1.4

2 56 M pT4No larynx, glottic larynx 1.4

3 63 M pTriNo larynx, supraglottic larynx 1.0

cSF-25 IgG

“ 38 M pT2N2c oropharynx, tonsillar fossa’ 0.9

K928 IgG

73 M pT2N2b oral cavity, floor of mouth 2.7

6 78 M pT2N2b oral cavity, lateral tongue 4.0

7 57 M pT3N3 hypopharynx 3.7

8 66 M pT3N2b hypopharynx, pyriform sinus 13.1

9 73 M pT3N2c oropharynx, tonsillar fossa 23.6

10 53 M pT3N2b oropharynx, soft palate 33.5
 

*: according to the TNM system of the UICC and all tumors are squamous cell carcinomas.
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Monoclonal Antibodies. MAb 323/A3 was developed and characterized for

binding on formalin-fixed sections of normal humantissues and tumors using
immunoperoxidase staining by Edwards et al. °. MAb 323/A3 was derived by

immunization of mice with MCF-7 human breast cancer cells. The antigen recognized by

MAb323/A3 is a 43 kDaprotein located on the outer cell surface and is evidently similar

to the one recognized by MAb K931 and MAb 17-1A~'’. This antigen was also found to

be expressed in endometrial, colon, thyroid, and prostate carcinoma. Among the normal

tissues, reactivity of MAb 323/A3 was observed with kidney and colon. In a note added to

the original manuscript '°, authors stated that immuno-fluorescentstaining of frozen

sections of human tissues showed a somewhat wider range of MAb 323/A3 distribution on

normal tissues than was observed in the studies using immunoperoxidase staining of

formalin-fixed parafin-embedded sections. Unfortunately, authors did not provide the

results with frozen sections. In the present study we extended the immunochistochemical

analysis of MAb 323/A3 on HNSCCand lung tumors(Table 2).

cMAb SF-25 is the chimeric (mouse-human) IgG, form of MAb SF-25, a MAb

developed and characterized by Takahashi et al. '*”°. MAb SF-25 was derived after

immunization of mice with viable cells of the human hepatomacell line FOCUS. The

antigen recognized by MAb SF-25 is a 125 kDaprotein expressed by adenocarcinomas of

the colon and among normaltissues in the distal tubule of the kidney. We found that the

antigen recognized by MAb SF-25 is similar to the one recognized by MAb K984 °. In the

present study, we extended the immunohistochemical analysis of CMAb SF-25 on HNSCC

and lung tumors (Table 2).

MAb K928 was derived after immunization of mice with viable cells of the

HNSCC cell line UM-SCC-22A. The antigen recognized by MAb K928 is a 50-55 kDa

protein located on the outer cell surface 3. The K928 defined antigen is expressed by lung,

breast, and ovary carcinomas and HNSCC, Amongthe normaltissues the MAb was found

to be reactive with suprabasal layers of normal stratified squamous epithelium, pneumocy-

tes in lung, duct and acinarcells of salivary glands, bile ducts and canaliculi in liver,

oviduct epithelium, all epithelial cells in mammae andurinary bladder, and in cells of

renal tubili. Antibodies with similar features to MAb K928 have not been described

before. In the present study we extended the immunohistochemical analysis of MAb K928

on HNSCCand lung tumors (Table 2).

Immunoperoxidase staining. Because solid data were not available, we analysed

the reactivity of MAbs 323/A3, cSF-25, and K928 with tumors of the upper-aerodigestive

and respiratory tract more extensively using a semi-quantitative scoring method. The SCC-

preferential MAbs E48 and U36 were included for comparison. Reactivity of these MAbs

was analysed on a panel of primary (n=196) and metastatic (n=31) squamouscell

carcinoma of the head and neck. as well as of squamouscell carcinoma (n=34),

adenocarcinoma (n=42), and small cell carcinoma (n=27) of the lung. MAbreactivity

was determined by an indirect immunoperoxidase technique. In short, 5 «wm thick sections

of frozen tissue biopsies were cut on a cryostat microtome and mounted on poly-L-lysine

coated glass slides, dried, fixed in 2% paraformaldehyde in PBS for 10 min and dried

again, After washing in PBS, the specimens were incubated with undiluted hybridoma

culture supernatant (MAbs K928, E48, and U36), or purified MAbat a concentration of 5

ygiml (MAbs 323/A3 and cSF-25) for 60 minutes at room temperature. After washing in

PBS, the specimen were incubated with peroxidase labeled rabbit anti-mouse IgG
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(Dakopatts, P260) diluted 1:100 for 60 minutes. Finally, the formed complex was visuali-

sed by 3 min development with diaminobenzidine (DAB, Sigma, St. Louis, MO, USA)

and 0.03% H,O, in Tris-HCl (pH 7.6). Sections were washed for 1 min with running tap-
water and counterstained with hematoxylin for 45 sec, dehydrated and covered in malinol.
Isotype-matched control antibodies and PBS served as negative controls.

Immunohistochemical stainings were scored semi-quantitatively (see Table 2 for
score-ranges) by two independent observers in a double-blind fashion.

Antibody Preparations. The 323/A3 F(ab’),, cSF-25 IgG, and K928 IgG used in

the RIS studies were supplied by Centocor Inc. (Leiden, the Netherlands), The intact
MAbs were purified from a concentrated tissue culture supernatant by affinity

chromatography on a protein A-Sepharose column, For virus inactivation, IgG from the
protein A eluate was treated for at least 6 h with Tween 80 and tri-n-butylphosphate, The
protein A purified IgG was further purified on Q-Sepharose and in case of MAb 323/A3
subsequently digested to F(ab’), by pepsin at pH=3.9. The F(ab’), fragments were further
purified by protein A chromatography to remove residual undigested IgG, followed by
elution over a S-Sepharose column. The purity of IgG and F(ab’), preparations was

evaluated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis under non-
reducing conditions and appeared to be more than 95%. These products were filtered
through a 0.2-mfilter and dispensed aseptically in a closed environment under anaerobic
conditions. The preparations were found to be pyrogenic free.

Preparation of the immunoconjugates. All radiolabeling procedures were
performed under aseptic conditions in a shielded laminar flow hood. All glassware,
plastics, and solutions were sterile and pyrogen free. For labeling MAb IgG or F(ab’),

with "Tc, a modification of the multistep procedure as described by Fritzberg et al. '*"'°
was followed, using a S-benzoylmercaptoglycylglycylglycine chelator which wasa gift
from Mallinckrodt Medical B.V. (Petten, the Netherlands). A mean of 98.3 + 0.8% ,

99.7%, and 97.3 + 2.6% of the °"Tc was bound to 323/A3 F(ab’),, cSF-25 IgG, and
K928 IgG, respectively, as determined by chromatography on ITLC-SG strips (Gelman

Sciences, Ann Arbor, MI) with 0.1 M citrate buffer, pH 5.0. Every radiolabeled IgG and
F(ab’), preparation was assayed for immunoreactivity by measuring the binding to 0.1%
gluteraldehyde fixed cells. The colon carcinomacell line LS174T *° was used for assaying

the immunoreactivity of MAb 323/A3, the breast carcinomacell line ZR-75 *' for MAb
eSF-25, and the HNSCC line UM-SCC-22B * for MAb K928. As determined by a
modified Lineweaver-Burk plot, the immunoreactive fractions of ™T¢-labeled 323/A3

F(ab’),, cSF-25 IgG, and K928 IgG at infinite antigen excess were 80.3 + 1.2%, 98%,
and 72.9 + 8.9%, respectively.

Imaging studies. All patients were examined by palpation, CT, MRI, and RIS of
the neck prior to surgery, except for patient 10 who did not undergo MRI examination

because of claustrophobia. Preoperative palpation was performed by the same experienced
head and neck surgeon. CT scans were obtained for the 323/A3 and cSF-25 studies with a
third generation Philips Tomoscan 350 (Philips Medical Systems, Best, the Netherlands)
and for the K928 study with a fourth generation Siemens Somaton Plus (Siemens AG,

Erlangen, Germany) after intravenous administration of contrast medium (Ultravist 300
mg Iodine/ml, Schering AG, Germany). Contiguous axial 5-6 mm scanning planes were
used. MRI examinations were done on a 0.6 Tesla imaging system (Teslacon, Technicare
- General Electric, Milwaukee) using a partial volume coil. Axial Tl-weighted spin echo

and Gadolinium-diethylenetriaminepentaacetic acid (Magnevist, Schering AG, Germany)
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enhanced T1-weighted gradient recalled echo images were made in all patients without
claustrophobia. Slice thickness varied from 3 to 5 mm, with an interslice gap of 50% as
described by Van den Brekel et al. *. Criteria for the optimal assessment ofcervical
lymph node metastases by CT or MRI, as defined in ourinstitute, were used 1°11,

Planar radioimmunoscintigrams of the whole body (anterior and posterior views)
and the head and neck (anterior views) were obtained immediately, 16 h, and 21 h after

injection, on a large field of view gamma camera (Gemini; General Electric, Milwaukee,

WI) equipped with a low energy collimator, connected to a computer (Bartec, Farborough,
United Kingdom). Single Photon Emission Computerized Tomography (SPECT) images of
the head and neck were acquired 16 h after injection, while lateral planar images of the
head and neck were obtained 21 h after injection, as described previously '°"’.

CT, MRI, and RIS examinations were each scored by one experienced examiner.

All examiners were blinded to the results of other examinations and the pathological
outcome. They only were informed about the site of the primary tumor. All patients had
uni- or bilateral neck dissections performed between 2 and 7 days after administration of
the radioimmunoconjugate. After fixation, all palpable and visible lymph nodes were

dissected from the surgical specimen and cut into 4 mm-thick slices for microscopic

examination. The size of lymph nodes does not change by fixation **. The outcome ofthe

histopathological examination of the neck dissection specimens was used as ‘gold

standard’,
For topographical evaluation, the findings were recorded per side as well as per

lymph nodelevel “"' according to the Memorial Sloan Kettering Cancer Center
Classification **.

Biodistribution studies. Patient blood samples were obtained up to the time of

operation, Using the aliqouts retained from the conjugate preparation, a weighed dilution

of the injected dose was prepared. Aliqouts of the samples and the standard were counted

in one run. All patients injected with MAb K928 were operated 2 days after injection.
Only in these patients bone marrow biopsies and aspirations were taken under general

anesthesia just before operation. Biopsies of tumor and several normaltissues were taken

from the surgical specimens. In one patient, undergoing a jejunuminterposition after

laryngectomy and pharyngectomy. also biopsies of liver and skin were taken. All blood

samples and biopsies were weighed and the amount of "Tc was measured in a well-
counter (LBK Wallac, 1282 Compugamma). All data were corrected for decay and

converted to percentage ofthe injected doses per kilogram of tissue (%ID/kg).
Accumulation of MAb cSF-25 in non-target organs was assessed from computer

regions of interest. Activity uptake levels were estimated from whole body viewsat 0, 16,

and 21 hp.i.. Uptake levels were calculated from geometrical means after decay and

machine drift correction and were not corrected for background. Values are given as

percentage from whole body content at t=0.

RESULTS

Reactivity of MAbs with tumors of the upper-aerodigestive and respiratory
tract. Strong reactivity of MAb 323/A3 (>50% of the tumorcells stained positive) was

observed with 58% of the primary HNSCC (n=195), 64% of HNSCC lymph node
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metastases (n=28), 88% of SCC ofthe lung (n=34), 100% of adenocarcinomas ofthe

lung (n=42), and 85% of small cell lung carcinomas (n=27). MAb cSF-25 showed such

marked reactivity in 77% of the primary HNSCC (n=196), 77% HNSCC lymph node

metastases (n=31), 50% of SCC of the lung (n=34), and 66% of adenocarcinomas ofthe

lung (n=42). Reactivity with small cell lung carcinomas was negligible. For MAb K928
strong reactivity was observed with 81% of the primary HNSCC (n=195), 84% of

HNSCC lymph node metastases (n=31), 53% of SCC ofthe lung (n=34), and 85% of

adenocarcinomasof the lung (n=42). Reactivity with small cell lung carcinomas was
negligible. For comparison, the reactivity profiles of the SCC-specific MAbs E48 and U36
on the same panel of tumors are also given in Table 2. Data indicate that HNSCC,
primary tumor as well as metastases, stained most extensively with MAb U36, equally

well with MAbs cSF-25, K928, and E48, and worst with MAb 323/A3. In contrast, MAb

323/A3 showed the best immunohistochemical reactivity on lung carcinoma, including
SCC, adenocarcinomas, and small cell carcinomas. MAb E48 showed the worst reactivity

with all histological types of lung carcinoma, while MAb U36 showeda substantial
reactivity with SCC ofthe lung but not with adenocarcinomas and small cell carcinomas.

Table 2. Semi-quantitative scorings of immunoperoxidase stainings with MAbs 323/A3, SF-25, K928, E48,
and U36 on frozen sections of tumors of the upper-aerodigestive and respiratory tract per score-range

(percentagepositive cells) as numberof positive tumors/number of tumors tested (percentage).

323/A3 SF-25 K928 E48 U36

HNSCC (0 - 10%) T195 (24%) 8/196 (5%) 12/195 (7%) 20/196 (11%) —-2/196 (1%)
primary (10 - 50%) 35/195 (18%) 36/196 (18%) 23/195 (12%) 37/196 (19%) 6/196 (3%)
tumor (50 - 95%) 105/195 (54%) 132/196 (67%) 139/195 (71%) 99/196 (50%) 124/196 (64%)

(> 95%) BI195 (4%) 20/196 (10%) 21/195 (10%) 40/196 20%) «64/196 B2%)

HNSCC (0 - 10%) 4/28 (14%) 4/31 (13%) 0/31 (0%) 5/31 (16%) 1/31 (3%)
lymph (10 - 0%) 6/28 (22%) 3/31 (10%) 5/31 (16%) 9/31 (29%) 2/31 (6%)
node (5D - 95%) 16/28 (57%) 22/31 (71%) 20/31 (65%) 12/31 (39%) 20/31 (65%)

(> 95%) 2/28 (7%) 2/31 (6%) 6/31 (19%) 5/31 (6%) 8/31 (26%)

sce (0 - 10%) 0/34 0%) 4/34 (12%) 4/34 (12%) 17/34 (50%) 6/34 (18%)
lung (10 - 50%) 4/34 (12%) 13/34 38%) 12/34 35%) 8/34 (23%) 10/34 (29%)

(50 - 95%) 21/34 (62%) 17/34 (50%) 12/34 (35%) 7/34 (21%) 16/34 (47%)
(>95%) 9/34 (26%) 0/34 (0%) 6/34 (18%) 2/34 (6%) 2/34 (6%)

Adeno- (0 - 10%) 0/42 (0%) T/A2 (17%) 2/42 (5%) 34/42 (B1%) 23/42 (55%)
carcinoma (10 - 50%) 0/42 0%) 7/42 (17%) 4/42 (10%) 6/42 (14%) 7/42 (17%)
lung (50 - 95%) 8/42 (19%) 8/42 (19%) 24/42 (57%) 2/42 (5%) 9/42 (21%)

(> 95%) 34/42 (81%) 20/42 (47%) 12/42 (28%) 0/42 (0%) 3/42 (7%)

Small cell @ - 10%) 1/27 (4%) 24/27 (89%) 27/27 (100%) 27/27. (100%) ~—«-27/27 (100%)
carcinoma (10 - 50%) 3/27 (11%) 3/27 (11%) 0/27 %) /27 (0%) 0/27 (0%)
lung (50 - 95%) 4/27 (15%) 0/27 (0%) 0/27 (0%) 0/27 (0%) 0/27 (0%)

(> 95%) 19/27 (70%) 0/27 (0%) 0/27 (0%) 6/27 (0%) 0/27 (0%)
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Clinical studies. The patients included in these studies are described in Table 1.
No adverse reactions were observed and no significant changes were noted in blood and

urine analyses.
323/A3 F(ab’), study. All 3 primary tumors were visualized. A representive image

is shown by Fig. 1. Unfortunately for determining the diagnostic value of RIS, none of
these patients had lymph node metastasis as revealed by histopathological examination of
the neck dissection specimen. While palpation, CT, and MRI scored false-positive in these
patients, no false-positive findings were obtained by RIS. Head and neck and whole body

images at 16 and 21 h p.i. showed hardly any blood pool activity and clear visualization
of the thyroid gland, liver, and the skeleton probably bone marrow (Fig. 1 and 2). With

respect to the latter it can not be distinguished whether accumulation occurs in bone or
bone marrow. Also kidneys, urine bladder, scrotal area, and gut were visualized. The
spleen was hardly visible. Activity uptake in the thyroid gland hampers tumor detection
with radiolabeled 323/A3 in the head and neck region as illustrated for patient 2 with a
laryngeal carcinoma in Figure 1A. In this particular patient SPECT images were required
to distinguish activity uptake in the primary tumor (Fig. 1B) and the thyroid gland (Fig.
1C). The mean pharmacokinetic curve is shown in Figure 3A,

  

Figure 1. (A) Planar anterior image of the head and neck of patient 2, 16 h after injection of ?"Tc-labeled

323/A3 F(ab’). Increased uptake is seen in the laryngeal area. (B) Coronal SPECT images of the same
patient show the primary laryngeal tumor (arrow) and (C) more anteriorly the thyroid gland (arrowhead).
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Figure 2. (A) Planar anterior and (B) posterior images of the whole body of patient 2, 16 h after injection of
%"Te-labeled 323/A3 F(ab’},. Note the uptake in the liver, transverse colon, kidneys, urine bladder, and

skeleton, probably bone marrow.

cSF-25 study. After injection a rapid, extensive, and selective uptake of activity
was seen in the liver, spleen, and brain (Fig. 4A and B). No side effects occured, There

was also high uptake ofactivity in the skeleton probably bone marrow (Fig 4A). Neither
the primary tumor nor the lymph node metastases were visualized, The pharmacokinetic

curve showed a rapid decrease in plasmaactivity, with a 80% decrease within 30 min.
after injection (Fig 3B). Biodistribution data derived from computer regions of interest
showed activity of liver, spleen, and brain of 45%, 10%, and 1% ofthe injected dose,
respectively, within 15 min after injection. These values were 27, 7, and 1%,

respectively, 21 h after injection.
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Figure 3. (A) Mean blood disappearance curve of ®"Tc-labeled 323/A3 F(ab’); in patient 1, 2, and 3: @,

Wi, and %, respectively. (B) Blood disappearance curve of ""Tc-labeled cSF-25 IgG in patient 4. (C) Mean
blood disappearance curve of 3-4 mg ( } ™Tc-labeled K928 IgG in patients 5-7: @. Blood
disappearance curves of 13 mg (- - - -), 24 mg ¢ ----), and 34 mg (-- + °°} °™T¢-labeled K928
IgG in respectively, patient 8, 9, and 10: Ml, #%, and #.
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Figure 4. Planar posterior image of the whole body ofpatient 4, immediately after injection of *T¢-labeled

cSF-25. Note the extensive uptake in liver, spleen, and skeleton, probably bone marrow, No blood pool
activity is seen. (B) Planar right lateral image of the head and neck of the same patient 21 h after injection,
showing activity in the whole brain area. The primary tumorin the right tonsillar fossa is not visualized.

Table 3. Correlation of preoperative diagnostic findings with histopathological findings in K928-patients,
 

true-positive false-negative false-positive true-negative

Per side

palpation 7 0) 0 1

CT 5 2 0 1

MRI 5 I 0 1

RIS 6 1 1 0

Per level

palpation 8 7 1 23

CT 9 6 1 23

MRI 8 4 1 21

RIS 8 7 1 23
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Table 4. Biodistribution of “"Tc-labeled K928 IgG 44 hp.i. in %ID/kg.
 

patient 5 6 4 8 9 10

dose unlabeled 0 mg 0 mg Q mg 10 mg 20 mg 30 mg

tissue

tumor 4.6 7.0 5.0 10.6 8.0 12.6

mucosa 1.6 0.6 0.8 5.0 25 3:2

muscle 0.4 0.2 0.3 0.5 1.2

fat 0.6 0.1 0.6 0.1 0.9

submandibular gland 2.4 3.2 2.0 Sa

bone marrow biopsy 3.8 6.1 2.7 1.6 2.1

total bone marrow aspirate 0.8 0.8 1.1 3.0 23 3.9

supernatant bone marrow aspirate 1.1 Led 1.2 4.5 1.3

sediment bone marrow aspirate 1.0 1,4 1.4 Lt 1.7

blood 1.0 0.8 0.7 2.8 2.4 4.7

plasma 12: 1.1 4.4 4.1 6.5

skin 0.6

liver 8.1
 

K928 study. All 6 primary tumors were visualized. From the 6 patients, lymph

nodes present in 8 neck sides and in 39 levels were examined histopathologically for
tumor involvement. Metastases of SCC were found in 7 sides and 15 levels. Preoperative
diagnostic findings obtained with RIS, palpation, CT, and MRI are summarized in Table

3, RIS was correct in 6 of 7 tumor involved neck sides and in 8 of 15 involved lymph
node levels. By palpation, CT, and MRI, respectively, 8 out of 15, 9 out of 15, and 8 out

of 12 tumor involved lymph node levels were detected. False-positive findings were
obtained with RIS, palpation, CT, and MRI in one level cach. No explanation was found
for the false-positive RIS observation. RIS visualized a tumor deposit in one lymph node
level, which was not detected by other diagnostic techniques. Tumor deposits in 4 of the 7

levels missed by RIS, were detected by the other diagnostic techniques. Histopathological
examination revealed that the smallest tumor involved lymph node detected by RIS had
diameters of 4 and 5 mm in the axial plain with a tumor load of 50 %. Paraffin sections
of metastatic lymph nodes missed by RIS were evaluated histopathologically. In patient 7,

the extension of a large tumor from levels I,II, and II of the neck into level IV was not
determined correctly, probably due to the lack of anatomical structures in RIS images. In
patient 8 and 9, the missed tumor involved lymph nodes were located close to a large
primary tumor. The missed lymph nodes in patient 10 contained only a small proportion

of tumor.
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Figure 5. (A) Planar anterior and (B) posterior images of the whole body of patient 6, 16 h after injection of

4 mg “"Tc-labeled K928 IgG. The primary tumor of the lett lateral tongue (arrow) is visualized on the
anterior whole body image. Note the intense uptake in the liver and skeleton, probably bone marrow.

Activity in the bload pool is low when compared to the liver activity.

Whole body images at 16 and 21 h p.i. showed hardly blood poolactivity and
clear visualization of liver, spleen, and the skeleton probably bone marrow (Fig.5).

Kidneys, urine bladder, and gut were also visualized. When the MAb K928 dose was
increased, the blood poolactivity 16 h p.i. increased in comparisonto liver activity.

Moreover, visualization of the spleen was more pronounced and visualization of the
skeleton was less pronounced (Fig. 6).
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Figure 6, (A) Planaranterior and (B) posterior images of the whole body of patient 10, 16 b after injection

of 34 mg ®"Te-labeled K928 IgG, The liver and skeleton (probably bone marrow) are visualized, but are
less intense compared to patients receiving a lower dose of K928 IgG, as illustrated by Figure 5. Note also
the higher blood poolactivity and more intense uptake in the spleen when compared to Figure 5.

Biodistribution data showed 44 h p.i. a relatively low uptake in the tumor ranging

from 4.6 to 7.0 %ID/kg, when no additional unlabeled MAb dose was administered

(Table 4). In one patient, undergoing a jejunum interposition after laryngectomy and
pharyngectomy, biopsies revealed a higher activity uptake in the liver than in the tumor.
Also activity levels in submandibular glands and in bone marrow biopsies were found to
be relatively high. Increase of MAb dose clearly resulted in a prolonged residence time of

activity in the blood (Fig. 3C) and in an increased uptake in the tumor (Table 4).
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Figure 7.

Immunoperoxidase

staining of brain
tissue with MAb
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DISCUSSION

Based on the assumption that tumors possess tumor specific antigens (TSAs),
antigens exclusively found in tumortissue but not in normaltissue, Ehrlich proposed the

concept of the magic bullet. In this concept, monoclonal antibodies (MAbs) against TSAs
may be used for targeting of neoplasms. Unfortunately, TSAs are found only in

experimentally induced tumors and not in so-called spontaneous tumors. Therefore, most

MAbsare directed against tumor associated antigens (TAAs), antigens present on tumor
tissue but also detectable among normaltissues although in lower quantities. Practice has
learned that many of the MAbs with favorable characteristics in immunohistochemica]

selection, show unexpected and unwanted localizations when administered to patients. This
knowledge justifies initial screening of MAbs for tumor-targeting capacity in a limited
numberof patients, before starting more extensive studies.

In the present study, we describe the preliminary evaluation of three immunohisto-

chemically well characterized MAbs, 323/A3, cSF-25, and K928, for selective tumor-

targeting in HNSCC patients. Immunohistochemical data provided by the original
manuscripts *!*'5 and by Table 2 of this paper indicate that these pan-carcinoma MAbs
mayhave potential for targeting several types of carcinoma in the upper-aerodigestive and

respiratory tract: squamous cell carcinoma, adenocarcinoma, as well as small cell

carcinoma. It is of note that for the scintigraphical evaluation MAbs were labeled with
*"Technetium using the MAG, chelate, as described before '’''!°, Ofthe conjugates
prepared for these studies, HPLC analysis of serum samples taken up to 24 h after
injection revealed that > 95% of the ”"I'c was bound to the MAb. Reanalysis after
storage at 4°C for 24 h gave the same result, indicating that radioimmunoconjugates were
very stable. As determined by the modified Lineweaver-Burk plot, the immunoreactive

fraction before injection was consistently > 61%, while the radioimmunoconjugates
retained full binding capacity up to 24 h after injection (data not shown).
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Immunohistochemical data provided in this paper indicate that MAb 323/A3 shows

an extensive reactivity with all histological types of lung tumors. Remarkably, MAb

323/A3 is also reactive with HNSCC but not with the normal counterpart, oral squamous

epithelium. It should be noticed, however, that for HNSCC 323/A3reactivity is rather

heterogeneous, limiting its applicability for targeting HNSCC.In ourclinical RIS study

323/A3 F(ab’), was able to target antigen positive primary HNSCC. Becauseall three

patients turned out to be free of tumor in the neck, no data on targeting of lymph node

metastases could be obtained. A drawback of MAb 323/A3 is its accumulation in the

thyroid gland which hampers tumor detection in the neck. The possibility that activitity

uptake is a result of detached *"Tc can be ruled out since RIS with 4 other identically

labeled MAbsdid not show uptake in the thyroid gland. Immunohistochemical analysis

performed at our laboratory revealed that MAb 323/A3is reactive with thyroid tissue

(data not shown). Such reactivity was not observed by Edwardsetal. ' in their initial

immunohistochemical characterization of MAb 323/A3, but this may be due to the use of

formalin fixed sections, which in our hands resulted in loss of antigenicity. Reactivity with

thyroid tissue was also demonstrated before with other MAbs recognizing an antigen

similar to 17-1A, including our own produced MAb K931 *”°. Besides this, RIS studies

revealed accumulation of radioactivity in the liver and the skeleton (probably bone

marrow), which may also be related to the presence of antigen: with 3 MAbs recognizing

the 17-1A antigen, MAb 323/A3, 17-1A, and K931, reactivity with bile canaliculi and bile

ducts has been described **°?". However, no explanation was found for the relatively high

uptake of MAb 323/A3 in the skeleton. Immunohistochemical analyses did not reveal

reactivity of MAb 323/A3 with cellular components in the sediment of bone marrow

aspirates. Especially when MAb 323/A3 is considered for therapeutic application, reacti-

vity with forementioned normal tissues may bea limiting factor.

Reactivity with normal tissues will definitely hamper the clinical utility of MAb

cSF-25. Within 30 min after administration of “’"Tc-labeled cSF-25 IgG, 80% of the

activity disappeared from the blood, while preferential accumulation was observed in the

liver, spleen, brain, and bone marrow. The massive accumulation in the liver, spleen, and

bone marrow can be explained by the reactivity of MAb cSF-25 with Kupffer cells in the

liver, the red pulpa and follicle centra in the spleen, and cellular components in the

sediment of bone marrow apirates, as we observed in immunohistochemical evaluation of

MAbcSF-25 (data not shown). Such reactivity was not described by Takahashi et al. Pin

their original paper on immunohistochemical characterization of SF-25. Reactivity with

Kupffer cells has also been observed previously with our MAb K984, recognizing a

similar antigen as SF-25. Accumulation in the brain was an enexpected finding, especially

because it is antiticipated that monoclonal antibodies normally can notpass the blood-brain

barrier. Most recently, Stokkel et al. ** reported on a case study in which ‘I-labeled SF-

25 F(ab’), was administered to a patient with an adenocarcinomaofthe breast. They also

observed activity uptake in the brains, but did not report on uptake in liver, spleen, and

bone marrow. They explained the brain uptake by the degradation of the antibody into

smaller labeled fragments, making them able to pass the blood-brain barrier. In our study,

in which the integrity of the radiolabeled MAb was monitored before as well as after

administration by HPLC analysis, we did not find any evidence for fragment formation.

Neither for 4 other MAbsevaluated in clinical RIS studies and labeled in the same way as

cSF-25, we ever observed fragment formation or brain accumulation. Immunohistoche-
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mical analysis of MAb SP-25 for reactivity with brain tissue obtained from cerebellum,

hypothalamus, and motoric cortex revealed distinct staining with endothelium of blood
vessels in the brain (Fig. 7). Based on these results we decided to stop any further
evaluation of this MAb.

MAb K928 was shown to detect HNSCC, although also for this MAb unwanted

localization was observed. RIS with K928 IgG showed all primary tumors. For the
detection of neck lymph node metastases RIS with K928 IgG was as valuable as CT and
MRI. The uptake of ™Tc-labeled K928 IgG in tumors (4.6-12.6 %ID/kg, 44 h p.i.) was
found to be comparable to the uptake of other MAbsin solid tumors (1-10 %ID/kg) °°.
A major limitation of RIS with K928 IgG is the high percentage of false-negative scores.
A total of 7 out of 15 levels and 1 out of 7 neck sides were falsely scored negative. All
missed tumor involved lymph nodes were smaller than 22 mm in diameter. In these cases
RIS was apparently unsuccessful due to the limited amount of antigen accessible for the

MAb and maybe the limited sensitivity of a gamma camera. Consequently, microme-
tastasis. small tumor involved nodes, and tumor involved nodes with much keratin or

necrosis and with only a small proportion ofviable cells were not diagnosed. Close spatial
relation of a metastatic node to an area of increased uptake may also hamperdiagnosis.
Unwanted uptake of radioactivity was observed in the liver and the spleen, which can be
explained by the reactivity of MAb K928 with bile ducts and canaliculi in liver and the
red pulpa in the spleen. Biodistribution data obtained from biopsies revealed alsoa relati-
vely high radioactivity uptake in salivary glands and bone marrow. The high uptake in
bone marrow can be explained by reactivity of MAb K928 with cellular components in the
sedimentation fraction of the bone marrow aspirate as became apparent from immunohisto-
chemical stainings. The high uptake in salivary gland can be explained by the presence of

the antigen in this tissue >.
In our study, by increasing the MAb dose activity, uptake of MAb K928in the

liver was diminished, activity clearance from the blood decreased, and a higher percentage
of uptake in the tumor was observed (Fig. 3C, 5, and 6 and Table 4). Based on these

results one can state that MAb K928 can be made ’operationally’ tumor selective by dose

escalation. Nevertheless, the observed reactivity with bone marrow cells will definitely

limit the therapeutic applicability of MAb K928.
A limitation shared by all three pan-carcinoma MAbsevaluated in this study, is the

accumulation in normal tissues which seems to be the result of MAb-antigen interaction.

Selectivity of MAb accumulation depends on antigen distribution and accessibility. For

instance, MAbs can hardly penetrate into skin *. In contrast, MAbs can easily penetrate
into tumortissue, since tumor endothelium is often fenestrated and the basement
membrane is mosily defective. But MAbs can also easily penetrate in liver, spleen, and

bone marrow since in these tissues barriers are missing. In intestines, endocrine and

exocrine glands, and kidneys the basement membrane is usually intact, but the

endothelium is fenestrated. Therefore, it can be expected that even with low expression of
antigen in the thyroid (MAb 323/A3), liver (MAbs 323/A3, cSF-25, K928), spleen (cSF-

25, K928). salivary gland (K928), endothelium (cSF-25), or bone marrow (323/A3, K928)

extensive MAb accumulation in these tissues may occur shortly after administration to the
patient.

Remains the question whether one of these MAbs may havea clinical value for
diagnosis or therapy of tumors in the upper-aerodigestive and respiratory tract. It seems to

us that for targeting HNSCC the previously described MAb E48 '°!!? and MAb U36 are
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superior when compared to the herein described MAbs.

For targeting of lung carcinomas, MAb E48 doesnot seem to be suitable, while

MAb U36 possibly can only be used for targeting SCC. From the three MAbsevaluated

in this study, especially MAb 323/A3 needs in our view further attention. The reactivity

of this MAb with various histological types of lung tumoris, in comparison to other

MAbs, superior. Unfortunately, in the primary RIS evaluation of MAb 323/A3 shown in

this paper, no biopsies were taken. To assess the value of MAb 323/A3 for targeting of

lung carcinoma more properly, RIS studies guided by biodistribution and dosimetric

estimates, have to be performed at increasing MAb dosein lung cancerpatients.
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ABSTRACT

Sofar, monoclonal antibody (MAb) E48 is the most promising antibody described
for specific targeting of squamous cell carcinoma of the head and neck (HNSCC) in

patients. Based on its more homogeneous reactivity pattern on HNSCC, the novel MAb

U36 may be even better suited for targeting. In this study the biodistribution of MAb U36
was evaluated by radioimmunoscintigraphy (RIS) and by biopsy measurements in 10

patients, who were suspected of having neck lymph node metastases from a histologically
proven HNSCC and who were planned to undergo resection of the primary tumor and

neck dissection. Patients received 1.8-53.0 mg MAb U36 IgG labeled with 756 + 95
MBg "Tc intravenously.

Preoperatively, palpation, Computerized Tomography (CT), Magnetic Resonance

Imaging (MRI), and RIS were performed. Images included planar and Single Photon
Emission Computerized Tomography (SPECT) images of the head and neck and planar
images of the whole body. The diagnostic findings were recorded per side as well as per
lymph node level of the neck and compared to the histopathological outcome.
Radioactivity in blood samples and biopsies from the surgical specimens were measured.

All 10 primary tumors were visualized by RIS. All diagnostic modalities were
correct in 7 out of 14 tumor involved lymph node levels. The missed lymph node
metastases comprised micrometastases, small tumor involved nodes (< 9 mm), and tumor

involved nodes with much necrosis, keratin, or fibrin. There were no false-positive

observations with MAb U36. Besides activity uptake in tumortissue, only slight
accumulation of activity was observed in the mouth, lungs, liver, spleen, kidneys, and
scrotal area. Biopsies from the surgical specimen showed a high tumor uptake of 20.4 +

12.4 %ID/kg (range 8.0 - 43.0 %ID/kg), 44 h p.i.. Increase of MAb dose did not

influence uptake ofactivity in tumor tissue. The mean tumor to non-tumorratio at this
time point was 2.3 for mucosa, 2.8 for blood, 3.0 for bone marrow aspirate, 12.9 for fat,

and 13.0 for muscle tissue.
The present clinical study showsthat °*"Tc-labeled U36 IgG accumulates

selectively and to a high level in HNSCC. The tumortargeting results for U36 IgG are
comparable to those previously described for E48 IgG. Based on the results of ongoing

biodistribution studies, in which both MAbs E48 and U36, labeled with different iodine
isotopes are simultaneously evaluated for tumor uptake and retention in HNSCCpatients,

one of these MAbs will be selected for future adjuvant radioimmunotherapy trials.
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INTRODUCTION

Squamouscell carcinoma represents about 90% of all head and neck cancers.
Worldwide, the incidence of head and neck squamouscell carcinoma (HNSCC)is about

500,000. Despite intensive efforts in prevention, screening, and therapy, in the last

decades the 5-year survival rates have not improved substantially. This is mainly due to
the development of locoregional recurrences and distant metastases, caused by the
persistence of minimal residual disease after surgery ‘*. Patients with advanced stage

HNSCCand particularly those with multiple lymph node involvementare at risk for
failure at primary and distant sites **. It is obvious that these patients need adjuvant
therapy. Unfortunately, chemotherapy is only of value for palliation of HNSCC 2. Since
HNSCC hasa highintrinsic sensitivity for irradiation *, we focus on the use of

monoclonal antibodies (MAbs) labeled with radionuclides for radioimmunotherapy (RIT).
For this purpose we produced a panel of MAbs directed against HNSCC °°. Two

of these MAbs, designated E48 and U36, are exclusively reactive with normal and

malignant squamous and transitional epithelia. MAb E48 recognizes a Mr 16,000 outer
cell surface antigen probably involved in cell-cell adhesion '°. MAb E48 was shownto be

highly capable for selective tumor targeting in HNSCCpatients ‘'"’. The high and
selective tumor uptake of radiolabeled MAb E48 is promising for the application of MAb
E48 in RIT ‘4. However, a limitation of MAb E48is the heterogenicity of the E48

antigen expression in 30% of HNSCC '°. As a consequencenot all HNSCC patients will
be eligible for RIT with MAb E48. Forthis reason we recently developed a new MAb

designated U36. MAb U36 recognizes a Mr 200,000 antigen which is homogeneously

expressed in 96% of HNSCC *. In HNSCC xenograft bearing nude mice, radiolabeled

MAb U36 showed high uptake and good retention in tumortissue ”.
In this study the potential of MAb U36 for targeting HNSCC inpatients is

evaluated. To allow for comparison with MAb E48 weinvestigated “"Tc-labeled MAb
U36, using radioimmunoscintigraphy (RIS) and measurements of activity in blood samples

and biopsies obtained from surgical specimens, in the same way as we previously

described for MAb E48 ''™.

PATIENTS AND METHODS

Patient Study. The protocol was approved by the Dutch Health Council and by the

institutional review board of the Free University Hospital. Informed consent was obtained

from all participants.
Ten patients, who were suspected of having neck lymph node metastasis from a

histologically proven HNSCC and planned to undergo a resection of the primary tumor
and a neck dissection, participated in this study. The primary tumor and the status of neck

lymph nodes were classified according to the TNM system of the International Union
Against Cancer, the UICC '*. See for patient and tumor characteristics and injected MAb
dose Table 1. Prior to enrollment, a biopsy of the primary tumorhad to show a positive
immunoperoxidase staining with MAb U36. Semiquantitative evaluation of these stainings

revealed reactivity of MAb U36 with 75-100% of the cells within these tumors. Prior and
up to 7 days after administration of *®mTc-labeled MAb U36, urine and blood were

obtained for chemical analysis and assessment of MAb pharmacokinetics. Electrolytes,
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Table 1. Patient and tumor characteristics and injected MAb dose.
 

patient age seX stage* primary tumorsite* MAbdose (mg)

| 51 F pT2N2b oropharynx, posterior third of tongue 2.8

2 58 M pl4N2b hypopharynx, pyriform sinus 252

3 75 M pT4N1 larynx, supraglottic larynx 1.8

4 52 M pT4N2b oral cavity, retromolar area 2.2

5 58 M pT4N2b hypopharynx, pytiform sinus 2.1.

6 77 M pT4Ni hypopharynx, pyriform sinus 13.0

7 62 M pT4Ni oral cavity, inferior alveolar processus 13.0

8 69 M pT4N2b oral cavity, retromolar area 51.8

9 53 M pI3N2b hypopharynx, pyriform sinus 53.0

10 53 M pI3N2b oropharynx, tonsillolingual sulcus 52.1
 

*: according to the TNM system of the UICC and all tumors are squamous cell carcinomas.

aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, gamma-

glutamy! transferase, lactate dehydrogenase, urea nitrogen, creatinine, and uric acid were

determined in serum. Hematological determinations included hemoglobin, hematocrit,

platelet count, white blood cell count and differentiation, and sedimentation rate. Skin

tests were not performed. Vital signs were recorded before and up to 3 h after injection.

Prior and six weeks after injection serum samples were obtained from the patients for the

assessment of human anti-mouse antibody (HAMA) development with a MAb U36 related

HAMAassay (see chapter 6) essentially according to a method described by Massuger et

al; 7;

Patients received 2.4 + 0.5 mg U36 IgG radiolabeled with ®"Tc (mean 756 + 95

MBq)by intravenous(i.v.) injection in 5 minutes. As a bridging study between RIS and

RIT two patients (6 and 7) received simultaneously 10 mg unlabeled U36 IgG and three

patients (8-10) received additionally 50 mg unlabeled U36 IgG.

Monoclonal Antibody U36. Monoclonal antibody U36 was derived after immuni-

zation of mice with viable cells of the HNSCC cell line UM-SCC-22B. The antigen

recognized by MAb U36is a Mr 200,000 protein located at the outer cell surface °. The

MAb U36 defined antigen is expressed by 99% of the primary HNSCCs (n=196). A

comparable reactivity pattern was observed in 28 lymph nodes metastases A,

Antibody Preparation. The U36 IgG used in this study was supplied by Centocor

Inc. (Leiden, the Netherlands). U36 IgG was purified from a concentrated tissue culture

supernatant by affinity chromatography on a protein A-Sepharose column. For virus

inactivation, IgG from the protein A eluate was treated for at least 6 h with Tween 80 and

tri-n-butylphosphate. The protein A purified IgG was further purified on Q-Sepharose.

The preparation was found to be pyrogen free.
Preparation of °"Tc-labeled U36 IgG. All radiolabeling procedures were

performed under aseptic conditions in a shielded laminar flow hood. All glassware,

plastics, and solutions were sterile and pyrogen free. For labeling MAb U36 IgG with

%0Tc, a modification of the multistep procedure as described by Fritzberg et al. * was
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followed, using a S-benzoylmercaptoglycylglycylglycine chelator '° which was a gift from
Mallinckrodt Medical B.V. (Petten, The Netherlands). A mean of 98.2 + 1.2% of the
“Tc was bound to IgG as determined by chromatography on ITLC-SG strips (Gelman
Sciences, Ann Arbor, MI) with 0.1 M citrate buffer, pH 5.0. Every radiolabeled U36 IgG
preparation was assayed for immunoreactivity by measuring the binding to gluteraldehyde
fixed cells of the HNSCCcell line UM-SCC-14C °. As determined by a modified
Lineweaver-Burk plot, the immunoreactive fraction of *"Tc-labeled U36 IgG at infinite
antigen excess was 74.7 + 9.0%. The affinity constant for U36 IgG was 3.5 x 10! mM" as
determined by the Scatchard plot.

Imaging studies. All patients were examined by palpation, CT, MRI, and RIS of
the neck prior to surgery. Preoperative palpation was performed by the same experienced
head and neck surgeon. CT scans were obtained with a fourth generation Siemens
Somaton Plus (Siemens AG, Erlangen, Germany)after intravenous administration of con-
trast medium (Ultravist 300 mg iodine/ml, Schering AG, Germany). Contiguous axial 5-6
mim scanning planes were used. MRI examinations were done on a 0.6 Tesla imaging

system (Teslacon, Technicare - General Electric, Milwaukee) using a partial volumecoil.
Axial T1-weighted spin echo and Gadolinium-diethylenetriaminepentaacetic acid
(Magnevist, Schering AG, Germany) enhanced T1-weighted gradient recalled echo images
were made in all patients without claustrophobia. Slice thickness varied from 3 to 5 mm,
with an interslice gap of 50% as described by Van den Brekel et al. 7°. Criteria for the
optimal assessment of cervical lymph node metastases by CT or MRI, as defined in our

institute, were used. At CT and MRI, neck levels were considered malignant if nodes

with central necrosis were depicted, or if the minimal diameter in the axial plane of a

node was 11 mm or more for nodes located in level II (subdigastric) and 10 mm or more
for all other nodes, or if groups of 3 or more borderline lymph nodes (1 or 2 mm
smaller) were seen *’.

RIS was performed with a large field of view gamma camera (Dual Head Genesys
Imaging System, ADAClaboratories, Milpitas) equipped with low energy parallel hole
collimators and connected to a computer (Pegasys, ADAC laboratories, Milpitas). Planar

anterior and posterior images of the head and neck and the whole body were acquired
immediately, at 16 h, and at 21 h after injection. Single Photon Emission Computerized
Tomography (SPECT) images of the head and neck were acquired 16h after injection,
while lateral scans of the head and neck were obtained 21 h after injection. Planar images
included the following acquisition parameters: matrix size 128 x 128 (head and neck) or

256 x 256 (whole body) and at least 100 kilocounts were obtained per view during 5-20
min. Acquisition data for SPECT imaging: 64 angles were recorded, 30-second
acquisition per angle, 360-degree circular orbit, and matrix size 64 x 64. Interpretation of

the images was based on asymmetry and retention of activity, especially on late images.
CT, MRI, or RIS examinations were each scored by one experienced examiner.

All examiners were blinded to the results of other examinations and the pathological
outcome, They only were informed aboutthe site of the primary tumor. All patients had
neck dissections performed 2 days after administration of the radioimmunoconjugate.
After fixation, all palpable and visible lymph nodes were dissected from the surgical

specimen and cut into 2-4 mm-thick slices for microscopic examination. The size of
lymph nodes does not change byfixation *!. The different slices of one lymph node were
examined by a pathologist and the percentage tumor involvement was estimated. The
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Figure 1. (A) Planar anterior image of the head and neck of patient 7 with a carcinoma of the right inferior

alveolar processus 16 h after injection of *"Te-labeled U36 IgG. Increased uptake is seen in the mouthon

the right side, Only one spot can be distinguished (arrow). (B) A sagital SPECTslice of the same Patient

shows the two separate spots, representing the primary tumorin the lower jaw (arrow) and the subdigastric

lymph node metastasis (arrowhead). (C) Anterior and (D) posterior whole body images 16h p.i.. Note the

clear visualization of the primary tumor (arrow).

outcome ofthe histopathological examination ofthe neck dissection specimens was used

as ‘gold standard’.
For topographical evaluation the findings were recorded per side as well as per

lymph nodelevel according to the Memorial Sloan Kettering Cancer Center Classification

2 Level I includes the contents of the submental and the submandibular triangles. Level

Il, 111, and IV include the lymph nodes adjacentto the internal jugular vein and the lymph

nodes contained within the fibroadipose tissue located medial to the sternocleidomastoid

muscle. This area is arbitrarily divided into three equal parts, level Il being the highest

and level IV the lowest level. Level V includes the contents of the posterior cervical

triangle.
Pharmacokinetics. Blood samples were obtained from the arm opposite the

injection site for determination of activity up to 44 h p.i.. Aligouts of blood samples were

measured for °"Tc activity in a well-counter (1282 Compugamma, LKB Wallac, Turku,

Finland), compared to an aliquot retained from the conjugate preparation, and corrected

for decay. Blood activity was expressed as the percentage of the injected dose per kg.

HPLC analysis of the serum samples up to 21 h p.i. revealed that more than 95% of the

radioactivity was bound to the MAb, The pharmacokinetics were analyzed modeling a

time versus radioactivity curve for each infusion. A MW/Pharm program (MediWare,

Groningen, The Netherlands) was used for nonlinear Bayesian estimation of

pharmacokinetic parameters. One-, two-, and three-compartment models were fit to the

data. The peeling algorithm was used to estimate initial parameters. A Bayesian least-

square method was used to estimate the fina] parameters: the initial (t’4 c) and final half-

lives (t'% 8).
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Biodistribution. In all patients biopsies of the primary tumor and several other

tissues were taken from the surgical specimen. In these patients blood and bone marrow
aspiration and biopsy were taken under general anesthesia just before surgery. All
biopsies were weighed and the amount of ”"Tc was measured in a well-counter. The
effect of self-absorption by volume effecis was corrected by comparison of the sample
with a set of reference samples, prepared by diluting an equal amount of the standard in
different volumes ofsaline. All data were corrected for decay, scattered radiation, and

converted to percentages injected dose per kilogram (%ID/kg) tissue. Tumor to non-tumor
ratios were calculated, using matched uptake values of one patient. If in a patient several
biopsies of one kind of tissue were taken, the mean uptakein this tissue was calculated
and used for futher analysis. After counting, all biopsies were assessed histopathologically
to determine the presence or absence of HNSCC.
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Statistical analysis. The Student’s t test for paired and unpaired data was used to

test the statistical significance of the differences between the uptake of U36 IgG in

different tissues and at different MAb doses.

RESULTS

No adverse reactions were observed which could be related to the injection of the

antibody and nosignificant changes were noted in blood and urine analysis. Patient 3

(receiving 2.2 mg U36 IgG)andpatient 6 (receiving 13.0 mg U36 IgG) developed a

HAMA response.
All 10 primary tumors were visualized by RIS. Whole body images up to 21 h p.i.

showed blood pool activity with visualization ofliver, lungs, heart, spleen, kidneys, and

nose, Uptake of activity was also seen in the scrotal area and sometimes in the intestine

and gallbladder, at 16 and 21 h p.i.. Besides this, slight accumulation was observed in the

mouth. See for representive images Figure 1.

All patients underwent unilateral neck dissection. A total number of 50 levels were

histopathologically examined. All 10 operated sides contained metastases of HNSCC in

totally 14 levels. One patient refused MRI examination because of claustrophobia. This

patient was not included in the evaluation of MRI examination.

The findings on palpation, CT, MRI, and RIS, and histopathology are summarized

in Table 2. Findings which were evaluable were analyzed per neck side and per lymph

node level and correlated with histopathological results. RIS detected lymph node

metastases in 7 of 14 (sensitivity 50%) levels and in 6 of 10 sides (sensitivity 60%). In

addition to the planar images, SPECT images provided extra information (Fig. 1). There

were no false-positive RIS findings. Seven levels and four sides were scored false-negati-

ve. Interpretation of RIS was correct in 43 of 50 levels (accuracy 86%) and in 6 of 10

sides (accuracy 60%). Accuracy of palpation, CT, and MRI was perlevel 86%, 83%,

and 87%. respectively and per side 60%, 80%, and 67%, respectively.

Ofthe 14 tumor containing levels 7 were missed by RIS. The paraffin slides of the

missed metastatic lymph nodes were re-examined histopathologically. The missed lymph

node metastases (n= 14) proved to be all small lymph nodes(less than 9 mm in diameter,

n=5), lymph nodes containing small tumor deposits (micrometastasis, n=5), or lymph

node metastases containing a large proportion of necrosis (n=3), keratin (n=1), or fibrin

(n=1) deposits.

Pharmacokinetics. The time versus radioactivity curve of U36 [gG best fit a two-

compartment model. The meaninitial (t¥2 c) and final half-lives (t’2 8) for U36 IgG at 2

mg dose were 6.7 + 2.6 h and 50.9 + 22.7 h, respectively. Increase in MAb dose did

not influence the clearance from the blood: (4 a and t!4 6 were for *™Tc-labeled U36

IgG at 10 mg 5.1 + 1.1 hand 50.3 + 9.4 hand at 50 mg 4.5 + 2.3 h and 50.8 + 24.2

h, respectively.
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Table 2. Correlation of preoperative diagnostic findings with histopathological findings.
 

(rue-positive false-negative false-positive true-negative

Per side

palpation 6 4 0 0

CT 8 2 0 0

MRI 6 3 0 0

RIS 6 4 0 0

Per level

palpation 7 7 0 36

CT a: 7 2 36

MRIF 7 6 0 32

RIS 7 7 0 36
 

* MRI in only 9 patients.

Biodistribution. The uptake values and tumor to non-tumorratios of °°™Tc-labeled
U36 IgG in biopsies from the surgical specimen as well as in blood and bone marrow are
shown in Table 3. Activity uptake was the highest in tumortissue: 20.4 + 12.4 (mean +
SD), range 8.0 - 43.0 %ID/kg. High "Tc activity was also seen in normal mucosa (10.1
+ 6.4 %ID/kg), but was significantly (p < 0.05) lower than in tumortissue. Tumor

positive lymph nodes contained significantly (p < 0.01) more “Tc activity than tumor
negative lymph nodes: 4.2 + 1.7 and 1.7 + 0.4 %ID/kg, respectively, with a meanratio
of 3.2. Low activity was seen in bone marrow biopsies: 3.0 + 1.1 %ID/kg. Bone
marrow aspiration showed a mean ”"Tc activity of 7.2 + 1.4 %ID/kg, while the activity
in blood wasslightly higher (7.8 + 1.7 %ID/kg, mean bone marrow to blood ratio: 0.9
+ 0.0). The activity in the bone marrow aspirate was mainly located in the plasma
(supernatant). The mean plasmaactivity of the bone marrow aspirate and blood plasma

were similar (12.3 + 3.0 and 12.5 + 2.6 %ID/kg, respectively; mean bone marrow

plasma to blood plasma ratio 1.0 + 0.1). Mean tumor to non-tumorratios varied between
2.3 + 1.5 for mucosa and 14.3 + 9.9 for tumor negative lymph nodes (Table 3). For

muscle, fat, blood, and bone marrow aspirate these ratios were 13.0 + 8.7, 12.9 + 5.0,
2.8 + 1.9, and 3.0 + 2.0, respectively.

Mean uptake of “"T'c-labeled U36 was also calculated at low (2 mg) and high (12-
52 mg) MAb dose separately. Higher MAb dose did not influence the tumor uptake of
%"Te-labeled U36 IgG: at 2 mg 24.8 + 15.4 %ID/kg and at 12-52 mg 16.1 + 5.6
%ID/kg (p > 0.2). Also the uptake in other tissues and the tumor to non-tumorratios

were not influenced by an increase of the MAb dose.
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Table 3. Uptake and tumor to non-tumorratios of *"Tc-labeled U36 IgG in biopsies obtained from the

surgical specimens 44 h p.i..
 

 

uptake (%ID/kg) tumor to non-tumor ratio

mean + SD range mean + SD range n*

tumor 20.4 + 12.4 8.0 - 43.0 10

mucosa 10.1 + 6.4 4.6 - 28.0 2:3 + 4.5 0.8 - 5.7 10

positive lymph node 4.24 1.7 17-64 5.7 + 4.6 1.8 - 17.3° 8

negative lymph node 1.74 0.4 1.0 -2.2 14.3 4 9.9 4.9 - 33,9 7

muscle 1.6 + 0.3 1.2=2,2 13.0 + 87 4.0 - 32.8 10

fat 1.4 + 0.6 0.6 - 2.3 12.9 + 5.0 5.6 - 23.3 S

submandibular gland 3.9 +.2.7 12-97 8.8 4 5.8 2.2 - 16.4 7

thyroid gland 7.1 + 4.0 2.1 - 11,7 9.0 + 8.6 0.7 - 20.8 a

vein 37+ 15 1.8-7.4 6.0 + 4.0 2,2 - 14.7 10

cartilage DSi 0.9 - 5.6 14.2 + 17.6 3.6 - 49.3 5

bone marrow biopsy 3.0 be 11 1.6-5.0 6443.5 2.8 - 13.8 9

total bone marrow aspiration 72+ 1.4 5.4 - 10.5 3.0 + 2.0 1.1 - 7.5 10

supernatant bone marrow aspiration 12.3 + 3.0 9.7 - 20.1 1.7 + Il 0.6 - 4.1 10

sediment bone marrow aspiration 2.5 + 0.5 2.0.- 3.8 8.8 4+ 5.8 2.4 - 20.1 10

blood 7841.7 5.9 - 11.9 2.8419 1.0-7.0 10

plasma 12.5 + 2.6 9.9 - 19.1 lo sed 0.6 - 4.0 LO
 

* Numberof patients from whom biopsies were obtained.
» Primary tumor to lymph node metastases ratio.

DISCUSSION

Radioimmunotherapy is a challenging option for adjuvant therapy of HNSCC
especially because ofthe intrinsic sensitivity of HNSCC forirradiation *. For effective

adjuvant radioimmunotherapy it can be anticipated that all tumor deposits, including

malignant cell clusters and small tumor nodules should beefficiently targeted. Thus, a
MAbis required which accumulates selectively and to a high level in tumortissue. Based

on this assumption, criteria can be set for the selection of MAbs to be used for this
purpose. Ideally, the MAb should recognize an antigen located at the outer surface of
tumor cells. The MAb should be preferentially of the IgG class rather than of the IgM
class since these latter is restricted in the penetration into tumor nodules due to its large
size. The antigen should be expressed byall tumors and by all tumor cells within these

tumors, but not by normal tissues, especially not those which are easily accessible for
MAbs.Besides favorable immunohistochemica! characteristics, the MAb has to show
tumorselectivity in tumor targeting studies in patients. Data presented in this paper and in

a previous paper ° indicate that MAb U36 may bebetter suited for targeting head and
neck cancer than any other MAbdescribed uptill now.
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Most MAbsdirected against HNSCCdo not fulfil forementioned criteria 738.
Some of these MAbs are very poorly characterized °°, some are directed against
antigens which are predominantly localized intracellularly ***°**, some show a very
heterogeneousreactivity pattern on tumors *4°°3*, while others are of the IgM class
25,26,27,30,36:38 Besides this, some MAbs meet limitations for tumor targeting due to their
reactivity with normal tissues **°*3', Cross-reactivity with normal tissues also limits the
use of so-called pan-carcinoma MAbs, MAbsreactive with several types of tumor
including HNSCC 74'S,

Because of these drawbacks only a few MAbs have been administered to HNSCC
patients 1/2/93 Among these are pan-carcinoma MAbs whichin clinical RIS studies
showed extensive accumulation at non-tumorsites, thus hampering their applicability for
therapy '“*, Better results have been obtained with MAbsselectively reactive with

HNSCC. Baum et al. * recently reported on a RIS study in which “"Tc-labeled MAb

174H.64 showed good tumortargeting. Unfortunately, tissue uptake levels were not
determined for this MAb. Especially the internal localization of the 174H.64 antigen may
be a serious problem for RIT. The most extensively studied MAb for targeting of head
and neck cancer is MAb E48. Our group already showed the good tumortargeting

capacity of MAb E48 using RIS and biopsy measurements '*. A limitation of this MAb is
its heterogeneous reactivity with about 30% of the head and neck tumors, a reason to
develop new MAbs more homogeneously reactive with HNSCC °. Another reason to

search for improved MAbsat that time was the high uptake of MAb E48 in the adrenals
as observed in RIS studies using low doses (1-2 mg) of MAb. Later studies indicated,
however, that adrenal uptake was strongly diminished when a higher MAb E48 dose of
12-52 mg was used '. These data indicate that MAb E48 may be suitable for RIT
although not for all HNSCCpatients.

As a result of our renewed effort to develop MAbs suitable for in vivo tumor
targeting MAb U36 was developed. As stated above MAb U36 may have superior

qualities for tumor targeting. MAb U36is of the IgG, subclass and showshigh affinity
binding with a 200,000 kDa surface antigen expressed by normal squamousepithelia and
squamous cell carcinoma. Up to 96% of the 196 stained HNSCC tumors showed strong

reactivity (>50% of the tumorcells stained). MAb U36 shows a more extensive

reactivity with HNSCC than other MAbs for which such quantitative figures are available
2345.46 Ror example MAb E48, evaluated on the same panel of tumors as MAb U36,

showed a similar strong reactivity in 70% of the tumors. Most other MAbs used for
clinical targeting of other tumor types show a more heterogeneousreactivity pattern 47°.

The present study demonstrates that MAb U36 indeed harbors potential for
selective tumor targeting in HNSCCpatients. All primary tumors were visualized with

*"Te-labeled U36 IgG on planar anterior views of the head and neck. For the detection of
lymph node metastases RIS with “"Tc-labeled U36 IgG was asreliable as the other
diagnostic modalities, palpation, CT, and MRI. However, in this small group of patients
RIS could only detect lymph node metastases which were also detected by the other
diagnostic modalities. Thus, RIS did not improve the diagnosis of the neck. Analysis of
the missed lymph nodes revealed the presence of only a small amount of viable tumor
cells. Furthermore, MAb U36 was boundto these cells as was demonstrated

immunohistochemically by using peroxidase labeled rabit anti-mouse IgG (data not
shown). Therefore, tumor containing lymph nodes were missed by RIS probably due to
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the limited amount of antigen accessible for the MAb and maybe dueto the limited
sensitivity of a gamma camera. Other disadvantages of RIS limiting routine application
are the complexity, the high costs, and the lack of anatomical structures for orientation as
compared to CT and MRI. Therefore, the use of radiolabeled MAb U36 for diagnostic
purposes seems to be limited, as was previously also found for MAb E48 #2.

Another, more challenging application of radiolabeled MAbsis
radioimmunotherapy. In RIS, *"Tc-labeled U36 IgG showed selective tumor targeting.
Tumoruptake of *"Tc-labeled U36 IgG as assessed in biopsies from the surgical

specimens was high as compared to the uptake of other MAbsin other tumors '’, Uptake
in tumor tissue and tumor positive lymph nodes was significantly higher than in normal
mucosa and tumor negative lymph nodes, respectively. Activity uptake in tumors was also
higher than in other normal tissues, as is reflected in the mean tumor to non-tumorratios

ranging from 6.4 for bone marrow biopsy to 13.0 for muscle. The activity in bone

marrow aspirate was almost the same as in blood and was mainly based on plasma
activity as became apparent upon centrifugation. This is particularly important since in
general bone marrow is the dose limiting organ in RIT. MAb U36 did not show uptake in
the adrenal glands as MAb E48 did at a low MAb dose of 1-2 mg.

Whether MAb U36is better suited for RIT than MAb E48 with respect to tumor
uptake levels and tumor to non-tumorratios is not clear as yet. Tumor uptake levels and
tumor to non-tumor ratios of radiolabeled U36 IgG, 44 h p.i., are similar to those

previously found for 1-2 mg radiolabeled E48 IgG (e.g. mean tumor uptake MAb U36:
24.8 + 15.4 %ID/kg (n=5), mean tumor uptake MAb E48: 25.8 + 17.9 %ID/kg

(n=15)). However, tumor uptake levels of MAb E48 IgG increased twofold when the
MAbdose was increased to 10-50 mg, a phenomenon not observed with MAb U36 IgG.

This discrepancy can not be explained by alterations in MAb pharmacokinetics since these

pharmacokinetics remained the same for both upon MAbdose escalation °. Because MAb
U36 and MAb E48 uptake levels were measured in different and small groups ofpatients,
these differences should be interpreted with caution. Moreover, the variance of tumor

load in biopsies may influence this comparison as well. To make direct comparisons

possible, we recently started a study in which U36 IgG and E48 IgG labeled with
different radionuclides are co-injected in HNSCC patients. Based on the results from this

study one of these MAbswill be selected for adjuvant clinical RITtrials.
Besides this, we will also focus on the use of unconjugated MAbsfor adjuvant

therapy of head and neck cancer. The feasibility of this approach was recently

demonstrated in a randomized trial in which murine MAb 17-1A (gG,,) was used in
adjuvant therapy of resected Dukes’ C colorectal carcinoma *°. After a mean follow-up of
5 years antibody treatment reduced the overall death rate by 30%. Treatment with MAb

17-LA prolonged distant relapse while no effect was seen on local relapse. Anti-tumor
effects with MAb 17-LA were also observed in tumor bearing nude mice and in these
studies evidence was found for a mechanism of antibody dependent cellular cytotoxicity
(ADCC) *.

Recently, we finished the chimerization of the murine MAb E48 (IgG,) to a
mouse/human IgG,. This chimeric MAb (CMAb) E48 was shownto be highly capable for
mediation of ADCC in vitro. We also constructed a CMAb U36 IgG, which is currently
evaluated for its ADCC capacity. Unconjugated cMAb U36 and cMAb E48,either alone

or in combination, will be evaluated in an adjuvant therapy trial in a group of patients at
high risk for developing local recurrences and distant metastases.
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ABSTRACT

Data from recent clinical radioimmunoscintigraphy studies indicate that °"Tc-
labeled monoclonal antibodies (MAbs) E48 and U36 are equally well capable of selective
targeting squamouscell carcinoma of the head and neck (HNSCC). Also the percentage
injected dose per kilogram 2 days after injection was found to be similarly high for both

MAbs, a mean of 30.6 + 20.1 %ID/kg for E48 IgG and 20.4 + 12.4 %ID/kg for U36
IgG. MAb E48 showed a homogeneousreactivity with 70% of the HNSCCs while for
MAb U36 this was 96%. In the present study we describe additional aspects of murine

and chimeric MAb (mMAb and cMAb) E48 and U36 out of consideration for selection of

one MAb for adjuvant MAb-based therapy. To make direct comparison possible ten pa-
tients received 11 (n=5) or 51 mg (n=5) of both E48 IgG and U36 IgG labeled with ''I
and ‘I simultaneously and underwent surgery 7-8 days after injection. The mean uptake
of iodine-labeled E48 IgG and U36 IgG was the highest in tumortissue, 8.9 + 8.9 and

8.2 + 4.4 %ID/kg, respectively. Tumor to non-tumorratios for oral mucosa, skin,
muscle, blood, and bone marrow aspirate were in case of E48 IgG 2.5, 5.5, 25.2, 4.7,

and 4.0, respectively, and in case of U36 IgG 2.3, 4.1, 21.0, 5.8, and 5.8, respectively.
The distribution of MAbs E48 and U36 throughout tumors which have been collected in

previous studies was heterogeneous when administered at a dose of 1 or 12 mg, and
homogeneous when administered at a dose of 52 mg. Administration of E48 IgG resulted
in a human anti-mouse antibody response in 13 out of 28 patients, while for U36 IgG this

figure was 3 out of 18. cMAb E48 was shownto be highly effective in mediating
antibody dependent cellular cytotoxicity in vitro while cCMAb U36 and mMAbs E48 and

U36 were not effective at all. Rationals are provided which give priority to the start of
adjuvant radioimmunotherapytrials with '*Re-labeled CMAb U36 IgG in head and neck
cancer patients who are at a high risk for development of locoregional recurrences and

distant metastases.
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INTRODUCTION

During 1994 approximately 42,100 Americans developed head and neck cancer
and 11,725 died from it. Worldwide more than 500,000 new cases are projected annually,
and the incidence is rising. In head and neck cancer, squamouscell carcinoma accounts

for approximately 90% ofall tumors '. About one-third of these patients presents with
early stage (I and IT) head and neck squamouscell carcinoma (HNSCC), while two-thirds

presents with advanced disease (stage III and IV) 2. Although early stage HNSCC can be
cured with surgery or radiotherapy alone in the great majority of cases, the local failure
rate after surgery and/or radiotherapy in advanced stages is more than 50%. Moreover,
about 25% of these patients develops distant metastases *.

Despite an increase in the locoregional control of HNSCC, due to improved
surgery and radiotherapy, current therapy regimens have failed as yet to increase the 5-

year survival rate in HNSCC patients '. Whereas fewer patients tend to die from
uncontrolled locoregional disease, more patients are exposed to the risk of developing

distant metastases. Therefore, an effective systemic adjuvant therapy is needed, To date
there is no evidence that adjuvant chemotherapy has any survival benefit *. Among the
innovative approaches for improving therapy of cancer is the use of monoclonal antibo-
dies (MAbs). MAbs labeled with radionuclides offer the potential of highly localized

radiation treatment of cancer °. Radioimmunotherapy (RIT) may be particularly suitable
for treatment of HNSCC dueto theintrinsic radiosensitivity of this tumor type °. In other

therapeutic approaches unconjugated MAbsare used to obtain cytotoxicity, e.g. by
mediation of immunological effector mechanisms such as antibody dependent cellular

cytotoxicity (ADCC)’.
For effective adjuvant therapy it is needed that all tumor deposits, including tumor

nodules, malignantcell clusters, and single tumor cells are adequately targeted. Several
MAbcharacteristics are considered to be of importance for effective therapy with

radiolabeled or unconjugated MAbs. For both approaches a high and selective uptake as
well as a good retention of the MAb in the tumor is needed.

When 8-emitters are used for RIT, it is not necessary that radiolabeled MAbs bind

to each single cell within a tumor. Therefore, RIT may be effective in the treatment of

larger tumors, even when the distribution of the radiolabeled MAb throughout the tumor
is heterogeneous. In contrast, for unconjugated MAbs, assumed to be effective by

mediating ADCC,it is probably necessary that each single tumorcell becomes adequately
targeted. For larger tumor nodules this will be much more of a problem than for single

tumorcells and small cell aggregates due to the fact that the MAbs have to penetrate into
central cell layers. For being effective in ADCC, murine MAbs should be preferably of

the IgG,, isotype, Even better, chimerized, humanized or human MAbsare used and for
the most efficient mediation of ADCC these MAbs should preferably contain a human +1
constant region *. Such MAbs may also be less immunogenic than murine MAbs which is

of importance when repeated administrations are needed for effective therapy °.
For the use in adjuvant therapy of HNSCC we produced a panel of MAbs. Two of

these MAbs, designated E48 and U36,are selectively reactive with normal and malignant
squamous andtransitional epithelia '*!'. While MAb E48 shows a homogeneousreactivity
with 70% of HNSCC, for MAb U36this is even 96% '?. The biodistribution of ”"Tc-

labeled E48 IgG and U36 IgG has been evaluated by radioimmunoscintigraphy '*"° and by
biopsy measurement in 24 and 10 HNSCCpatients '"'°, respectively. All patients were
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suspected of having neck lymph node metastases from a histologically proven HNSCC

and were planned to undergo resection of the primary tumor and neck dissection. Both
MAbs were shown to be highly capable for selective tumor targeting in HNSCCpatients
and the tumor uptake 2 days after injection was similarly high, 30.6 + 20.1 %ID/kg for

MAb E48 and 20.4 + 12.4 %ID/kg for MAb U36 '"°. Most recently, chimeric (mou-
se/human) E48 IgG, and U36 IgG, have been constructed '’.

Data obtained from these studies justify the further development of one of these
MAbsfor adjuvant therapy. In this paper we further evaluate the potential of these MAbs
for adjuvant therapy in a comparative way. To eliminate interindividual variations MAb

E48 and U36 were now administered simultaneously. We report on (1) the biodistribution
of simultaneously injected iodine-labeled E48 IgG and U36 IgG, 7-8 days after injection,

(2) the distribution of the MAbs throughout the tumorin relation to the administered
MAbdose, (3) the immunogenicity of the MAbs, and (4) the potential of the murine and
chimeric versions of the MAbs to mediate ADCC. Based on our present and previous

data, and on data from the literature we come to a design for a first MAb-based adjuvant
therapy trial in head and neck cancer patients.

PATIENTS AND METHODS

Patient Study. The protocol on simultaneous injection of iodine-labeled E48 IgG

and U36 IgG was approved by the Dutch Health Council and by the institutional review
board of the Free University Hospital. Informed consent was obtained from all patients.

As far as data presented in this paper were obtained from previous studies on

administration of radiolabeled E48 IgG or U36 IgG alone, the patient populations have
been described before '*"°, In these studies, 19 patients received E48 F(ab’),, 9 patients
E48 IgG, 15 patients E48 F(ab’), as well as E48 IgG, and 10 patients U36 IgG.

In the present study, ten patients with HNSCC were injected with iodine-labeled
E48 IgG and U36 IgG simultaneously. Prior to enrollment a biopsy of the primary tumor

had to show E48 IgG and U36 IgG-positive immunoperoxidase staining with more than
75% of the tumorcells. Patients suffered from carcinoma of the tonsil (n=1), posterior

pharyngeal wall (n=1), retromolar area (n=1), floor of the mouth (n=2), and tongue

(n=5). The primary tumor and the status of the neck lymph nodes were classified
according to the TNM system ofthe International Union Against Cancer, the UICC ™.

All patients received 1.0 + 0.2 mg E48 IgG and 1.1 + 0.2 mg U36 IgG

radiolabeled with eitherI (mean dose 75.8 + 3.8 MBg) or '™T (mean dose 3.2 + 0.5

MBaq) by intravenous injection in 5 min. Imaging and biodistribution assessment were
performed 7-8 days after injection, Unfortunately, due to the low administered
radioactivity dose, scatter and sometimes iodine uptake in the thyroid gland, the quality of
the images was too poor for proper analysis of the neck, and therefore, images are not

included in this paper. Patient and tumor characteristics and injected MAbdose are listed

in Table 1. In 5 cases E48 IgG was labeled withI and U36 IgG with ™I. In the other 5
cases E48 IgG and U36 IgG were labeled with "I and I, respectively. Five patients
received additionally 10 mg, and 5 patients received additionally 50 mg both unlabeled
E48 IgG as well as unlabeled U36 IgG at the time of injection of the radiolabeled MAbs.
To prevent uptake of radioactive iodine in the thyroid gland, all patients received Lugol’s
solution 3 times 0.3 ml a day for 7 days starting one day pre-injection.
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Table |. Patient and tumourcharacteristics and injected MAb doses.
 

patient age sex stage* primary tumoursite* E48 IgG U36 IgG
dose (mg) dose (mg)

I $9 M_ pT3Ni oral cavity, lateral tongue 11.0 11.0

2 §2 F  pT3N0 oral cavity, floor of mouth 10.6 11.0

3 $4 M  pT3N2b oral cavitiy, lateral tongue 115: 11.0

4 4] M_ pT3Nl1 oral cavity, lateral tongue 11.0 11.4

5 45 M  pT3N2b oropharynx,tonsil 11.0 11.3

6 50 M pT3N2b oropharynx, posterior pharyngeal wall 51.0 51.3

7 65 M  pT2N2b oral cavity, lateral tongue 51.2 50.7

.8 68 M~ pT3Nl oral cavity, lateral tongue 51.0 31.5

9 50 M_ pT4N2b__ oral cavity, retromolar area $1.3 51.0

10 65 M  pT3N2c oral cavity, floor of mouth 51.0 50.7
 

‘: All tumours are squamouscell carcinomas and are staged according to the TNM system of the IUCC.

Prior and up to 7 days after administration of the radioimmunoconjugates, urine

and blood were obtained for analysis. Glucose, protein, and the content of the sediment
were determined in urine. Electrolytes, aspartate aminotransferase, alanine

aminotransferase, alkaline phosphatase, gamma-glutamyl transferase, lactate

dehydrogenase, urea nitrogen, creatinine, and uric acid were determined in serum.
Hematologic determinations included hemoglobin, hematocrit, platelet count, white blood

cell count and differentiation, and sedimentation rate. Skin tests were not performed.

Vital signs were recorded before and up to 3 hr after injection.

Monoclonal antibodies E48 and U36. MAb E48 was derived from a mouse

immunized with cells from a metastasis of a moderately differentiated squamouscell
carcinoma ofthe larynx. The antigen recognized by MAb E48 is a 16-22 kDaglycosyl-
phosphatidylinositol-anchored membrane protein located on the outer cell surface . The

MAb E48 defined antigen was expressed in 94% of the primary HNSCCs (n=196). In
70% of these tumors the antigen was expressed by the majority of the cells within these
tumors. A comparable reactivity pattern was observed in 31 tumorinfiltrated lymph nodes
from neck dissection specimens . MAb reactivity with normal tissues is restricted to
normalstratified squamous epithelium and urothelium of the bladder.

MAb U36 was derived after immunization of mice with viable cells of the HNSCC
cell line UM-SCC-22B. The antigen recognized by MAb U36is a 200 kDa protein

located at the outer cell surface ‘'. The MAb U36 defined antigen is expressed by 99% of
the primary HNSCCs (n=196). In 96% of these tumors the antigen was expressed by the
majority of cells within these tumors. A comparable reactivity pattern was observed in 31
lymph node metastases °. MAbreactivity with normaltissues is restricted to normal
Stratified squamous epithelium and urothelium of the bladder.

Chimeric (mouse/human) MAbs E48 and U36 containing the human y1 constant
region were constructed by recombinant DNA technology as described before. Upon
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chimerization MAbsretained their affinity and specificity as evaluated by Scatchard’s
analyses, immunohistochemical staining, Western blotting, and biodistribution experi-
ments in nude mice bearing human HNSCC xenografts '’ (manuscript in preparation).

Antibody preparations for clinical use. The E48 and U36 IgG preparations used

in this study were supplied by Centocor Inc, (Leiden, The Netherlands). E48 IgG and
U36 IgG were purified from concentrated tissue culture supernatant by affinity chroma-
tography on protein A-Sepharose columns. For virus inactivation, IgG from the protein A

eluate was treated for at least 6 hr with Tween 80 andtri-n-butylphosphate. The protein A
purified IgG was further purified on Q-Sepharose. The final preparation was found to be

pyrogenic free.
Radiolabeling of E48 IgG and U36 IgG. All radiolabeling procedures were

performed under aseptic conditions in a shielded laminar flow hood. All glassware,

plastics, and solutions were sterile and pyrogen free. Labeling of E48 IgG and U36 IgG

with iodine was carried out using a one vial method as described by Haismaet al’. MAb

IgG in phosphate buffered saline, pH = 7.4, and ‘I or '*I were mixed in a vial coated

with Iodogen (Sigma Aldrich, Bornem, Belgium). After 10 min, 1 ml AG1-X-8 resin

(BioRad, Veenendaal, The Netherlands) in PBS, 1% BSA was added to the reaction

mixture to absorb free iodine, To remove the resin and to sterilize the product, the

reaction mixture wasfiltered through a 0.22 pm filter (Millipore, Etten-Leur, The

Netherlands). The purified E48 IgG was ''I or “I-labeled with a specific activity of 79.2

+ 25.7 MBq/mg or 3.1 + 0.4 MBq/mg protein, respectively. For U36 IgG these values

were 64.8 + 19.6 MBq/mg and 3.5 + 0.4 MBgq/mgprotein, respectively. The mean '*']

and 'J-incorporation percentages were 98.5 + 1.3% and 97.1 + 2.2%, respectively, as
determined by chromatography on ITLC-SGstrips (Gelman Sciences, Ann Arbor, MI)

with 0.1 M citrate buffer, pH 5.0. Every radiolabeled E48 IgG and U36 IgG preparation

was assayed for immunoreactivity by measuring the binding to 2% paraformaldehyde

fixed cells of the HNSCC cell line UM-SCC-22A and the HNSCC cell line UM-SCC-

14C, respectively 7!, As determined by a modified Lineweaver-Burkplot, the
immunoreactive fractions of "'I- orI-labeled E48 IgG and U36 IgG atinfinite antigen

excess always exceeded 68%. The affinity constants were 1.2 x 10'° M* for E48 IgG and
3.5 x 10!’ M' for U36 IgG as determined by Scatchard’s analysis.

Biodistribution of MAbs 7-8 days after injection. Biopsies of the primary tumor

and several other tissues were taken from the surgical specimen ofall patients. Blood and

bone marrow biopsy and aspiration were taken under general anesthesia just before

surgery. All biopsies were weighed and the amounts of ‘I and ''l were measured by
differential counting methods in a well-counter (1282 Compugamma, LKB Wallac,
Turku, Finland) to compare biodistribution of E48 IgG and U36 IgG. The effect of self-
absorption by volumeeffects was corrected by comparison of the sample with a set of
reference samples, prepared by diluting an equal amount ofthe standard in different
volumes of saline. All data were corrected for decay and converted to percentage injected

dose per kilogram (%ID/kg) tissue. If in a patient several biopsies of one kind of tissue

were taken, the mean uptakein this tissue was calculated and used for further analysis,

Tumor to non-tumorratios were calculated using matched uptake values of each patient.

After counting, all biopsies were analysed histopathologically to determine the presence or

absence of HNSCC.
Pharmacokinetics. Blood samples were obtained from the arm opposite to the

injection site for the determination of the activity up to 7-8 days p.i.. Aliquots of blood
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samples were measured for “"I- and '*I-activity in a well-counter, compared to an aliquot
retained from the conjugate preparation, and corrected for decay. Blood activity was
expressed as the percentage of the injected dose per kg. HPLC analysis of the serum
samples revealed that more than 95% of the radioactivity was bound to the MAb. The
pharmacokinetics were analysed modeling a time versus radioactivity curve for each
infusion. A MW/Pharm program (MediWare, Groningen, the Netherlands) was used for
non-linear Bayesian estimation of pharmacokinetic parameters. One-, two-, and three-

compartment models were fit to the data. The peeling algorithm was used to estimate
initial parameters. A Bayesian least-square method was used to estimate the final
parameters: the initial (t% @) and final half-lives (t’4 8). Urine was collected over the

first 48 h. Aliquots of urine samples were measured for *"I- andI-activity in a well-
counter, compared to an aliquot retained from the conjugate preparation, and corrected
for decay. Excretion in the urine was expressed as the percentage of the injected dose in

this period. Blood activity was expressed as the percentage of the injected dose per kg.

Statistical analysis. The Student’s t test for paired and unpaired data was used to
determine the statistical significance of the difference between the uptake of E48 IgG and
U36 IgG. Statistical difference was reached at p < 0.05.

Distribution of the MAbs throughout tumor, Cryosections were made from
tumor biopsies obtained from patients included in previous studies1°, These biopsies

had been taken two daysafter injection of either E48 IgG or U36 IgG. Thelevel of in
vivo accumulation in the tumor and the distribution of the injected MAb throughout the
tumor was compared with the maximal MAb binding onserial sections. In short, 5 ym
thick sections of frozen tissue biopsies were cut on a cryostat microtome and mounted on

poly-L-lysine coated glass slides, dried, fixed in 2% paraformaldehyde in PBS for 10
min, and dried again.

To assess the distribution of the injected MAb throughout the tumor the specimens
were incubated for 30 min with rabbit anti-mouse IgG (DAKO, Glostrup, Denmark)

diluted 1:25 in PBS/1% normal rabbit serum/1% BSA. The dishes were washed 3 times
with PBS and incubated for 1 hr with alkaline phosphatase monoclonalanti-alkaline

phosphatase (APAAP, DAKO)diluted in PBS/1% BSA. The dishes were washed again

with PBS/1%BSA,rinsed with 0.1 M Tris, pH 8.2, and incubated in the dark for 20 min

with Naphtol AS-TR-phosphate/Fast Red Violet LB substrate (both from Sigma). The

substrate was prepared as follows: 6 mg naphtol AS-TR-phosphate dissolved in 250 jl
dimethylformamide was added to 10 ml 0.1 M Tris-HCl, pH 8.2, containing 10 pl 1 M
levamisole. Immediately before this preparation was used 10 mg Fast Red Violet LB was

added and the solution was filtered. Sections were washed 1 min with running tap-water
and counterstained with hematoxylin for 45 sec, dehydrated, and covered with Kaiser’s
glycerol gelatin (Merck, Amsterdam, The Netherlands).

Maximal MAb binding was assessed in the same way except that the specimen was
incubated with undiluted hybridoma culture supernatant containing the MAb correspon-
ding to the MAbused forinjection. Isotype-matched control MAbs and PBSserved as
negative controls.

Human anti-mouse antibody (HAMA) responses.
Patients: In the present study all data on HAMAresponses of patients included in the
present or previous RIS studies '*'°, and injected with E48 F(ab’),, E48 IgG, U36 IgG or
combinations thereof, are presented. The presence of human anti-mouse antibodies was
tested in patients’ sera before and 4-8 weeksafter injection ofradiolabeled E48 F(ab’),
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(group 1: n=16); E48 IgG (group 2: n=5); E48 F(ab’), plus E48 IgG (group 3: n=13);

U36 IgG (group 4: n=8); or E48 IgG plus U36 IgG (group 5: n=10).
Fourteen patients in group | received 1 mg and two patients 11 mg E48 F(ab’).

The five patients of group 2 received 1 mg E48 IgG. Ten patients in group 3 received 2
mg, one patient 12 mg, and two patients 52 mg E48 IgG simultaneously with | mg E48

F(ab’),. Four patients in group 4 received 2 mg, two patients 12 mg,and two patients 52

mg U36 IgG. Five patients in group 5 received simultaneously 11 mg E48 IgG and 11 mg
U36 IgG, while five patients received simultaneously 51 mg E48 IgG and 51 mg U36

IgG,
Assay: Microtiter plates were coated with a 200 yl/well coating solution, over-night at

room temperature. The coating solution contained 100 yl goat polyclonal anti-mouse IgG

antibodies (DAKO Z0420) in 100 ml carbonate buffer (0.01 M NaHCO,.H,O adjusted to

pH9.6 with 0.025 M Na,CO,.10H,O). After washing three times with 200 pl/well

washing buffer (PBS with 0.02% Tween 20) 200 ul/well mouse MAb solution was added

consisting of 25 #l MAbsolution (1 mg/ml E48 F(ab’), E48 IgG, or U36 IgG) in 25 ml

assay buffer (PBS with 5% goat serum). After another washing step with 3 x 220 pl/well

washing buffer, 100 ul pre-diluted patient serum samples and controls were added in

duplicate. Samples were prediluted stepwise: 1:50, 1:200, 1:800, and 1:3200; as controls

a negative serum was diluted 1:50 anda positive serum wasdiluted 1:1500. The assay

buffer was used as a blank. After incubation for 60 min at 37°C and washing with 3 x

220 yl/well washing buffer, 150 jl anti-human IgG conjugate solution was added (5 yg

rabbit polyclonal anti-human IgG conjugated with horse raddish peroxidase (DAKO

P0212) in 25 mlassay buffer). After incubation for 60 min at 37 °C, the plate was

washed again with 220 1 washing buffer and 200 yl substrate solution containing 30 mg

OPD (o-phenylenediamine.2HC]; 2 tablets Sigma P4664) in 20 ml citric acid/phosphate

buffer (0.02 M Na,HPO,.2H,0 adjusted to pH 5.5 with 0.01 M citric acid) plus 45 yl

10% H,O, solution, was added per well and allowed to react at room temperature for

approximately 30 min,till the absorbance of the control serum wells reached a value of

approximately 1.0 . The reaction was stopped by adding 50 pl 4N H,SO,, and the

extinction was measured at 490 nm in a plate reader. The reciprocal serum dilution

yielding an absorbance reading of 1.0 is called the HAMAtiter and is calculated from the

formula: HAMA titer= (A-1)x(Z-Y)/(A-B) + Y, where Y = serum dilution

corresponding to the nearest optical density (= A) above 1.0 and Z = serum dilution

corresponding to the nearest optical density (= B) below 1.0. A HAMAtiter of = 500

was arbitrarily considered to be positive. HAMAtiters provided are the mean of duplicate

or triplicate analyses. Standard errors of the mean have been omitted as they were less

than 8%. Sera obtained from patients injected with a combination of E48 F(ab’), and IgG

were analysed with an E48 F(ab’), and an E48 IgG related HAMAassay which means

that E48 F(ab’),, respectively, E48 1gG was used as catcher. Analogically, E48 IgG and

U36 IgG related HAMAassays were used for the analysis of sera obtained from patients
who had received E48 IgG and U36 IgG simultancously.

Antibody dependentcellular cytotoxicity. UM-SCC-22Acells served as target
cells, and peripheral blood mononuclear cells (PBMC) obtained from healthy volunteers
as effector cells in ADCC assays. PBMC were isolated from whole blood by separation

on Ficoll-Paque gradients (Pharmacia Biotech, Roosendaal, The Netherlands). Cells
collected from the interface were washed twice in Hanks’ balanced salt solution (Gibco
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Life Technologies, Breda, The Netherlands) by centrifugation, and incubated overnight in

DMEM/5% FCS in 5% CO, at 37°C.
Target cells were trypsinized by 0.05% trypsin. 0.02% EDTA in PBS (Gibco Life

Technologies), washed with tissue culture medium, and resuspended in tissue culture
medium at a concentration of 10° cells/ml. For ADCC assays with mMAb E48 or cMAb

E48, 2.5 wCi sodium[*Cr]chromate was immediately added together with 5x10° cells
(50 yl) in the wells of 96-wells U-bottomed plates (Greiner N.V./S.A., Westmalle,
Belgium). Since the reactivity of MAb U36 with UM-SCC-22A cells is lost upon
trypsinization of these cells, the ADCC assay was slightly modified for testing the ADCC

mediating activity of mMAb U36 and cMAb U36. In this case UM-SCC-22Acells were
incubated for 48 hr in 96-wells U-bottemed plates before 2.5 wCi “'Cr was added, thus
allowing total recovery of U36 antigen expression and MAb U36 binding (as assessed by
ELISA methods). At the moment of *'Cr addition, each well contained 5x10? target cells.

After incubation of the cells for 16 hr with *'Cr in 5% CO, at 37°C, the cells were
washed 3 times with DMEM/5% FCS, effector cells were added at different

effector:target (E:T) ratios ranging from 6.25 to 100:1, and MAbs were added toa final
concentration of 10 yg/ml. Plates were centrifuged at 65xg for 30 seconds and incubated
in 5% CO, at 37°C for 5 hr after which medium was harvested from each well. All assays
were performedin triplicate. Radioactivity was counted in a gamma counter (1282
CompuGamma). Maximal radionuclide release was determined by incubation of target
cells in the presence of 5% Triton X-100, Natural killer (NK) cell release (antibody inde-

pendent lysis) was measured by incubation of target/effector cells in the presence of the

murine IgG, control anti-myosin MAb Myoscint (Centocor Inc.) which does not bind to
the target cells. The percentage of specific lysis was calculated as the [(experimental

release-background release)/(Triton release-background release)]x100. Background release
is defined as the release in the absence of specific antibody (=spontaneous release + NK

release). Standard deviations were typically 0-8 %.

RESULTS

No adverse reactions were observed which could be related to the simultaneous
injection of iodine-labeled MAb E48 and MAb U36 and nosignificant changes were noted

in blood and urine parameters.

Biodistribution of MAbs E48 and U36, 7-8 days after injection. The activity

uptake in biopsies from the surgical specimen are shown in Table 2. The mean uptake of

iodine was the highest in tumortissue: 8.9 + 8.9 %ID/kg (range 1.8 - 31.2) for iodine-
labeled E48 IgG and 8.2 + 4.4 %ID/kg (range 2.9 - 15.2) for iodine-labeled U36 IgG.
High iodine uptake was also seen in normal squamous epithelium of oral mucosa (4.1 +
1.4 %ID/kg in case of E48 IgG and 4.0 + 1.4 %ID/kg in case of U36 IgG), tongue

tissue (5.8 + 2.7 and 4.4 + 2.3 %ID/kg, respectively). and skin (2.5 + 1.0 and 2.5 +
1.0 %ID/kg. respectively). These uptake levels were lower than in tumortissue, but only
significantly for U36 IgG uptake in mucosa and tongue (p < 0.01 and p < 0.02,
respectively). Tumorpositive lymph nodes contained more iodine than tumor negative

nodes: in case of E48 IgG this was 1.3 + 1.2 and 0.6 + 0.3 %ID/kg, respectively (p <
0.2, mean ratio 2.0 + 1.1), while in case of U36 IgG this was 2.0 + 1.1 and 0.7 + 0.4

%1D/kg, respectively (p < 0.01, mean ratio 3.0 + 1.2). Iodine uptake in other normal
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tissues was low, except for iodine-labeled U36 IgG in glandular tissue (3.9 + 1.2

%ID/kg). Low levels of activity were seen in bone marrow biopsies: for iodine-labeled
E48 IgG and U36 [gG this was 0.4 + 0.2 and 0.5 + 0.2 %ID/kg, respectively. Bone
marrow aspirations showed a mean iodine level of 1.2 + 0.4 for E48 IgG and of 1.5 +

0.5 %ID/kg for U36 IgG, while the activity levels in blood were almost similar (1.4 +
0.4 and 1.5 + 0.6 %ID/kg, mean ratios 0.9 + 0.0 and 1.0 + 0.1, respectively). The
activity in the bone marrow aspirate was mainly located in the plasma (supernatant). The
mean plasmaactivity in the bone marrow aspirate was slightly lower than in blood
plasma: for E48 IgG this was 1.7 + 0.7 and 2.1 + 0.5 %ID/kg and for U36 IgG this
was 2.1 + 0.9 and 2.3 + 0.8 %ID/kg, respectively; mean ratios were 0.9 + 0.3 and 1.0

+ 0.1, respectively.

Table 2. Uptake of simultaneously injected iodine-labeled E48 IgG and U36 IgG in biopsies obtained from
the surgical specimens 7-8 days after injection in %ID/kg.
 

 

2531)labeled E48 IgG EULRSTabeled U36 IgG

mean + SD range mean 4+ SD range n

tumor 8.9 + 8.9 1.8 - 31.2 8.2 + 4.4 2.9 - 15.2 10

mucosa 41+14 2.0 - 6.8 40+ 14 1.6 -5.8 10

tongue Si8e 2:7 1,8 -8.8 4442.3 1.3-7.9 5

skin 2:5 + 1.0 1,3 - 4.2 2:5 +10 1.5 - 4.2 5

positive lymph node 13 1.2 0.4 - 4.6 20 1 0.5 - 4.6 9

negative lymph nade 0.6 + 0.3 0.3 - 1.3 07404 03-14 10

muscle 0.4 + 0.2 0.2 - 0.7 0.4 + 0.2 0.2- 1.0 10

fat 0.3 + 0.2 0.2 - 0.7 04+0.2 0O.-1.0 10

submandibular gland 1.1+ 0.6 0.6 - 2.5 3,9 + 1.2 2.0 -5.8 10

sublingual gland 0.2 1.4 |

vein 0.7 + 0.3 0.4-1.1 0.8 + 0.3 0.3 - 1.4 7

bone marrow biopsy 0440.2 0.2 -0.7 0.5 + 0.2 0.2 - 0.7 6

total bone marrow aspiration 12+ 0.4 0.7 - 1.7 1.5 + 0.5 0.4 - 1.8 6

supernatant bone marrow aspiration 1.7 + 0.7 0.7 - 2.9 2.1 + 0.9 0.5 - 3.0 6

sediment bone marrow aspiration 0.8 + 0.9 0.3 - 2.9 0.5 + 0.2 0.2 - 0.7 6

blood 1.4 + 0.4 0.8- 1.9 1540.6 0.3-2.7 9

plasma 2:1 +05 1.3.-2.9 2.3408 0.6-3.8 9
 

" Numberof patients from whom biopsies were obtained.
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For iodine-labeled E48 IgG the mean tumor to non-tumorratios varied between

1.8 for tongue and 34.2 for fat tissue, while for iodine-labeled U36 IgG these values
varied between 2.1 for sublingual gland and 28.7 for fat tissue (Fig. 1). For mucosa,
tongue, skin, submandibular gland, muscle, blood, and bone marrow aspirate these ratios
were in case of E48 IgG 2.5, 1.8, 5.5, 9.8, 25.2, 4.7, and 4.0, respectively, and in case

of U36 IgG 2.3, 2.3, 4.1, 2.4, 21.0, 5.8, and 5.8, respectively. Increase of MAb doses
from 11 to 51 mg did not alter the activity levels in tissues and the tumor to non-tumor
ratios, There were no significant differences in uptake values and tumor to non-tumor
ratios between E48 IgG and U36 IgG,except for the uptake in glandular tissue (p <
0.001).
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Figure 1. Tumor to non-tumorratios of simultaneously injected iodine-labeled E48 IgG and U36 IgG in
mucosa (Mc; n= 10), tongue (To; n=5), skin (Sk; n=5), positive lymph node (PL; n=9), negative lymph

node (NL; n=10), muscle (Ms; n=10), fat (Ft; n=10), submandibular gland (Sm; n=10), sublingual gland

(SI; n=1), vein (Ve; n=7), bone marrow biopsy (BB; n=6), total bone marrow aspiration (BA; n=6),
supernatant of bone marrow aspiration (Su; n=6), sediment of bone marrow aspiration (Se; n=6), blood

(Bl; n=9), and plasma (Pl; n=9).

Pharmacokinetics. The time versus radioactivity curves of iodine-labeled E48 IgG
and U36 IgG best fit a two-compartment model. There was no significant difference in

elimination from the blood for iodine-labeled E48 IgG and U36 IgG: t'4e and t'48 were
for E48 IgG 5.1 + 5.3 and 81.3 + 81.6 hr and for U36 IgG 6.1 + 3.0 and 66.1 + 29.5
hr, respectively.

There was also no significant difference in the excretion of iodine-labeled E48 IgG and
U36 IgG in urine during the first 48 hr: 23.0 + 6.0 and 21.4 + 5.1 % ofthe injected
dose, respectively.
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Figure 2. Disiribution of E48 IgG throughout tumor biopsies obtained from HNSCC patients 2 days after
injection of 2 (A,B), 12 (C,D), and 52 mg (E,F). A, C, and E represent MAb distribution as assessed by

immunohistochemical staining with rabbit anti-mouse IzG. B,D, and E represent antigen expression

(maximal MAb binding) as assessed by immunchistochemistry with E48 IgG followed by rabbit anti-mouse
IgG. Note the more homogeneous distribution at higher dose, reaching occupation of almost all antigen-

binding sites at 52 mg MAb E48,

120

Figure 3. Distribution of U36 IgG throughout a tumor infiltrated lymph node 2 days afler injection of 52 mg
U36 IgG, (A) represents MAb distribution as assessed by imunohistochemical staining with rabbit anti-
mouse IgG. (B) represents antigen expression (maximal MAbbinding) as assessed by immunohistochemistry

with U36 IgG followed by rabbit anti-mouse IgG. Note the occupation of almost all antigen-bindingsites in
this lymph node metastasis.

Distribution of the MAbs E48 and U36 throughout the tumor. Distribution of
MAbs throughout the tumor was analysed immunohistochemically in tumor biopsies

obtained from patients who had been injected with either E48 IgG or U36 IgG alone. Fig.
2 shows typical E48 IgG uptake in tumor biopsy specimens of three patients who received
2, 12, and 52 mg E48 IgG. Serial sections of each biopsy were incubated with rabbit anti-

mouse IgG to demonstrate in vivo tumor uptake of E48 IgG (sections A,C,E), or with

MAb E48 followed by rabbit anti-mouse IgG to demonstrate total E48 antigen expression,

the maximal E48 IgG binding (sections B,D,F). After injection of 2 mg, a very heteroge-
neous distribution of E48 IgG was observed. After injection of 12 mg MAb the

distribution was much more homogeneous, while after injection of 52 mg the majority of

antigenic sites became evidently occupied by E48 IgG, A comparable distribution pattern

was observed for U36 IgG asillustrated for a tumorinfiltrated lymph node obtained from
a patient who had received 52 mg U36 IgG (Fig. 3). E48 IgG or U36 IgG could be

detected in all tumorbiopsies of patients who received 12 or 52 mg MAb,also in biopsies
from tumor deposits not detected by RIS.

Immunogenicity of MAbs E48 and U36. To assess the immunogenicity of MAb
E48 and U36, serum samples obtained from patients before and 4-8 weeks after injection

of E48 F(ab’), (group 1), E48 IgG (group 2), E48 F(ab’), plus E48 IgG (group 3), U36
IgG (group 4), and E48 IgG plus U36 IgG (group 5) were analysed for the presence of
human anti-mouse antibodies (HAMA) with an in house E48 F(ab’),, E48 IgG and/or
U36 IgG related HAMA assay. Considering a HAMAtiter of = 500 to be positive, pre-

MAbinfusion samples were negative (HAMAtiters < 50) for all patients (Fig. 4). Three
out of 16 patients (19%) who had received 1 mg (n=14) or 11 mg (n=2) E48 F(ab’),
alone showed a HAMAresponse as measured in the F(ab’), relaed HAMA assay. The

highest titer found was 811. Three out of 5 patients (40%) who had received 1 mg E48

IgG alone showed an anti-E48 IgG responsewith titers of 1558 and 4154,respectively.
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Figure 4, Individual human anti-mouse antibodies (HAMA)titers before and 4-8 weeks after injection of

(A) E48 F(ab’), (B) B48 IgG, (C) E48 F(ab’); plus E48 IgG, (D) U36 IgG, and (E) B48 IgG plus U36

IgG at different MAb doses,

Ten out of 13 patients (77%) who received a cocktail of 1 mg E48 F(ab’), and 1-51 mg

E48 IgG showed a HAMAresponse with titers up to 3709, when measured in the E48
IgG related HAMA assay. When the same sera were analysed with the F(ab’), related

HAMAassay, 7 out of 13 appeared to be positive.
HAMAresponses were also observed in 3 out of 8 patients (37%) who had

received 2-52 mg U36 IgG. Noneof the 10 patients who received 11 or 51 mg E48 IgG
together with 11 or 51 mg U36 IgG showed a HAMA response when measured in the

E48 IgG or U36 IgG related HAMAassay.
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Figure 5. Specific lysis of UM-SCC-22A cells as target cells after addition of peripheral blood mononuclear
cells as effector cells at different effector:target ratios and murine MAb E48 IgG or U36 IgG or chimeric
MAb E48 IgG or U36 IgG.

ADCC-mediating potential of mMAbs and cMAbs E48 and U36.
ADCCassays with MAbs E48 and U36 revealed that spontaneous chromium

release never exceeded 20%, while antibody independent killing was less than 10%.
When cMAb E48 wasincluded in this assay at an effector:target ratio of 100:1, specific
lysis percentages of 62, 72, and 96% were found, respectively (Fig. 5), ForcCMAb U36

these values were 1.2, 5.2, and 3.5%, for mMAb E48 6, 11, and 17%, and for mMAb

U36 5.4, 3.0, and 4.7. cMAb SF-25 served as a postive control in each ADCC assay and

gave specific lysis percentages between 63 and 78% (data not shown).

DISCUSSION

While in previous clinical studies we demonstrated a selective and a similarly high

uptake level of E48 IgG and U36 IgG in antigen positive HNSCC 2 days after injection
5.16 in the present study we show that the level of both MAbs in HNSCC remainshigh 7-
§ days after injection. Distribution of the MAbs throughout the tumor was heterogeneous
when 2 mg of MAb had been injected. At a MAb dose of 12 mg the distribution was
much more homogeneous and at 52 mg the majority of antigenic sites became occupied
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by the MAbs. While chimeric E48 IgG appeared to have a high ADCC-mediating

potency, this was not the case for murine E48 IgG, murine U36 IgG, and chimeric U36
IgG. U36 IgG appeared to be less immunogenic than E48 IgG. Since it has been
established from previous studies that MAb E48 shows a homogeneousreactivity pattern
with 70 % of the HNSCC and MAb U36 with 96% of these tumors ™, all data are now

available for a rational design of adjuvant therapy trials with unconjugated or conjugated

MAbsin head and neck cancerpatients.
Recently, a wave of optimism has been engendered in the use of MAbs for

adjuvant therapy of solid tumors. In a randomised trial in whichmMAb 17-1A (1gG,,)

was used in adjuvant therapy of resected Dukes’ C colorectal cancer a 30% reduction of

the 5 year death rate was observed ’. In this study patients received 500 mg of the MAb 2

weeks after surgery followed by four 100 mg infusions each month. Despite the fact that

80% of the treated patients developed HAMAresponses, only four anaphylactic reactions

were encountered. Forementioned study by Riethmiiller et al. gave occasion to Nossal *

to write the following phrase in a commentary: "The real and historical significance of

Riethmiiller’s study lies in the fact that it records the first example of an antibody with

provenlife-saving benefit in a common solid-organ cancer". Anti-tumoreffects with MAb

17-1A had been observed previously in tumor bearing nude mice and in these studies

evidence was found for an effector cell dependent mechanism **, Also when tested in

vitro murine MAb 17-1A appeared to be effective in mediating ADCC *. Although

ADCCappearsto be the most probable reaction mechanism causing the anti-tumoreffects

exerted by MAb 17-1A in vivo, other mechanisms like complement mediated cytotoxicity.

idiotype-anti-idiotype cascade, or T cells reacting to murine immunoglobulins can not be

excluded.
In line with these promising data on unconjugated MAb 17-1A one could decide to

start adjuvant therapytrials with unconjugated cMAb E48 in head and neck cancer

patients. In contrast to cMAb U36, cCMAb E48is highly capable of mediating ADCC.

However, more detailed analysis of Riethmiiller’s data elicits some limitations in the use

of unconjugated MAbs. Treatment with 17-1A caused prevention or delay of distant

metastases but had no effect on local relapses ’. The ineffectiveness of MAb 17-1A to

eradicate local and regional recurrences may be explained by the larger volume of such

metastatic tumor deposits. Since effector cells for ADCC are mainly located on the

borders of tumorloci 2°, tumorcells located in central layers of tumor nodules will not

be affected. Another explanation might be related to deficiencies in cellular immune

functions in cancer patients. For HNSCC patients immunosuppression has frequently been

described 2’. In these patients the degree of immunodeficiency is variable, and immune

function depression has been demonstrated to be hierarchical, more at the local level than

at the regional level, and lowest at the systemic level **.
Compared to therapy with unconjugated MAbs, radioimmunotherapy may be a

better option. As stated before, this may be particularly true because of the

radiosensitivity of HNSCC °. For this approach, we developed analogous Te. and

'S5Re-labeling chemistry for MAbs directed to HNSCC,with the clinical option in mind to

use "Tc and '*Re as a "matched pair” for imaging, dosimetry calculations, and therapy

29 \8§Re-MAb conjugates produced according to this method showed exactly the same
pharmacokinetic behaviour in vivo as ®"I'c-MAb conjugates ®.

A prerequisite for successful RIT is that MAbs are able to deliver enough

radioactivity to each tumor deposit. In this and previous papers we have shown
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biodistribution data indicating that E48 IgG and U36 IgG are equally well suited for

targeting antigen positive tumor deposits. Because of its more homogeneous reactivity

pattern on sections of HNSCC, however, we think that MAb U36is better qualified for
RIT than MAb E48. For ”"Tc-labeled MAb U36 we found a mean tumor uptake of 20.4

%{D/kg 2 days after injection '', while 7 days after injection the mean activity level of
iodine labeled MAb U36 in the tumorwas still 8.2 %ID/kg. However, due to dehalogena-
tion of the immunoconjugate this latter value may be an underestimation of the real

retention of the MAb in the tumor. Also the tumor to non-tumorratios may not be fully
reliable due to the different rates of dehalogenation in normal and malignanttissues. In a
previous study we found 2 days after injection 10% lower uptake levels in the tumor for
S!]-labeled E48 IgG than for co-administered *"Tc-labeled E48 IgG, while uptake levels
of these conjugates were the same in normaltissues '®. Nevertheless, when using
forementioned biodistribution values of U36 IgG an approximate dosimetry calculation

can be made for tumors with a diameter of at least one centimetre. Assuming that patients
tolerate a dose of 200 mCi ‘Re, as wasthe case in a first phase I clinical trial with
'*Re-labeled NR-LU-10 IgG described by Breitz et al. *', and assuming an energy per
transition of 0.73 g.cGy/(Ci.h) forRe *, one may expect an absorbed tumor dose of
approximately 20 Gy. To estimate whether this will be sufficient for obtaining cures in

adjuvant therapy trials with HNSCCpatients, we recently performed RIT studies with
'Re-labeled E48 IgG in nude mice bearing HNSCCofvariable size. A single treatment
of mice bearing xenografts with a mean volume of 140 mm’ with 200-600 pCi °Re-
labeled E48 IgG resulted in 18-50% complete remissons while the absorbed tumor dose
was 11-34 Gy *. However, when mice with xenografts of 75 mm* were treated with 600
pCi '’Re-labeled E48 IgG, 100% complete remissions were observed **. In these latter

tumors the mean absorbed dose was 85 Gy. These studies indicate that the decreased

energy absorption in smaller tumors is compensated by the higher tumor uptake of MAbs.
Also recent results from clinical RIT studies using intraperitoneally administered ™*Re-

labeled NR-LU-10 IgG in adjuvant therapy of ovarian cancer patients showed that RIT
maybe particularly effective in eradicating minimal residual disease **. While none of the

tumors with a diameter > 1 cm responded, 4 out of 7 tumors with a diameter < 1 cm
showed size reduction. Unfortunately, in this study no tumor uptake levels were assessed
for NR-LU-10 IgG. The preferential effectiveness of radiolabeled NR-LU-10 IgG in the
treatment of small tumors can be explained by the observations of Chatal et al. who

demonstrated in a similar group of patients a higher accumulation of MAbs in smaller
tumor loads **. Assessment of the biodistribution of '''In-labeled MAb OC125
intraperitoneally injected into patients with ovarian carcinoma revealed low accumulation
in large tumors (1.4 - 3.2 %ID/kg) but significant higher accumulation in small tumor

nodules (130 + 18 %ID/kg) and malignant cell clusters (median 330 with a maximum of
4160 %ID/kg).

These dosimetrical estimations indicate the feasibility of adjuvant RIT with
radiolabeled U36 IgG in head and neck cancer patients. However these considerations

assume a uniform distribution of radioactivity throughout the tumor. Heterogeneous

distribution of a radioimmunoconjugate throughout the tumor is unwanted in RIT because
this can result in overkill in certain tumor areas while leaving other areas relatively

unaffected. In the present study we show that the distribution of MAb U36 becomes more
homogeneous when a higher MAb dose is administered, a phenomenonalso observed in
other preclinical and clinical studies *”**. With respect to this, a MAb U36 dose of about
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50 mg is recommended for future RIT studies because this dose resulted in homogeneous
distribution throughout the tumor with occupation of the majority of antigenic sites. A

much higher MAb dose will result in saturation of antigenic sites, while other disad-
vantages are related to costs and possibly to the immunogenicity of the MAb.

Although uptake of U36 IgG was the highest in tumortissue, 2 as well as 7 days

after injection, there was also high uptake in normal squamousepithelia like oral mucosa,
tongue, and skin which can be explained by the presence of U36 antigen in these tissues.
However, it can be calculated fromthe biodistribution data that the absorbed dose for

large tumors will on average be two times more than for normal squamousepithelia. In

adjuvant therapy this difference may be larger due to the higher MAb uptake in small
tumors than in large tumors. In that case anti-tumor effects can be expected with less
toxic side effects caused by concomittantirradiation of normal squamous epithelium. At
the point of uptake at non-tumorsites, the use of E48 IgG does not provide advantages in

comparison to U36 IgG.
In our view, it may be beneficial when a MAb used for RIT also harbors ADCC

mediating potential. It can be anticipated that ADCC activity may be supportive to
irradiation, especially in eradicating single disseminated cells or cell aggregates. We
showed that E48 IgG becamehighly effective in mediating ADCC upon replacement of

the murine 1 constant region for the human y1 region. Also upon coupling of 8 MAG3

chelate groups, which in our method is necessary for labeling of MAbswith '’Re, the
ADCC-mediating capacity of cCMAb E48 did not become impaired (data not shown).

Unfortunately, until now we were not able to demonstrate any ADCC-mediating capacity

of CMAb U36. Cloning strategies and expression vectors used for the construction of

cMAb U36 and cCMAb E48 were the same. In contrast, host cells used for transfection
were different for both cMAbs, while the ADCC assayinitially developed for evaluating

cMAb E48 had to be adaptedfor testing cMAb U36 ductothe sensitivity of the U36

antigen for trypsin treatment. It is unlikely, however, that these factors are responsible for

the ineffectiveness of CMAb U36 in ADCC assays. A more likely explanation is that the
epitope recognized by MAb U36is not a favorable target epitope for ADCC. Mediation

of ADCCvia the MAb Fe regions is dependent on the distance between Fetails, and this

distance may be related to the epitopes recognized. To test whether the ineffectiveness of
cMAb U36is related to the topological orientation of the U36 epitope we will generate
stable transfectants expressing length variants of the U36 antigen and use themas target

cells in ADCC assays with cMAb U36.
In the present study U36 IgG appeared to be less immunogenic than E48 IgG.

Until now just 3 out of 18 patients receiving 1-52 mg U36 IgG showed a HAMA
response when measured in the U36 IgG related HAMAassay, and this frequency may

become even lower when CMAb U36is used in RIT studies. However, data on HAMA

responses presented in this paper haye to be interpreted with caution. Firstly, patients
received different MAb doses and the MAb dose may influence the incidence of HAMA

responses. Seybold etal. * evaluated a long-term HAMA-follow up after radioim-
munoscintigraphy using anti-granulocyte and anti-tumor MAbsin 230 patients. After a
first injection of 0.15-1 mg the HAMAincidence wastypically about 9%. The incidence
increased when more MAbprotein was applied, especially after repeated injections.

Secondly, a part of the patients included in our studies may have been immunosuppressed,
thus influencing the HAMAincidence. Thirdly, a part of the patients received more than
one MAb-conjugate and it is unknown whether co-administration of MAbsaffects the
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HAMAresponses to the individual MAbs. With respect to this, our data show a

remarkable phenomenon which can not be explained at this moment. While E48 IgG,

injected either alone or in combination with E48 F(ab’),, showed high HAMAincidences
of 60 and 77%, respectively, no HAMA responses were found when E48 IgG had been
administered in combination with U36 IgG. In this latter study neither anti-U36 IgG
responses were observed. More studies are needed to demonstrate that reduction of
HAMA incidences is a general phenomenon when cocktails of MAbs are used.

In general, immunogenicity of a MAbis considered to be a problem especially
when the MAbis administered repeatedly. Although uncommon, adverse reactions like

anaphylactic reactions can occur ’. Furthermore, rapid clearance of infused MAb will
occur upon subsequent administrations resulting in a diminished targeting efficiency of the
MAbto the tumor *. When a MAbis used for single course therapy in a cancer patient
not previously treated with MAb, forementioned unwanted phenomenonswill not occur,

and in this case immunogenicity may even be beneficial. The anti-idiotypic network may
be activated resulting in internal image antibodies resembling the nominal antigen. This
development of anti-anti-idiotypic MAbs may contribute to improved survival *°. An anti-
idiotypic response can of course still occur when using CMAbs °.

Based on forementioned considerations, especially the more homogeneous

reactivity pattern on HNSCC, wewill give priority to an adjuvant RIT study with 'Re-
labeled CMAb U36 IgG in head and neck cancer patients. Patients will receive a single

injection with this radioimmunoconjugate at a protein dose of 50 mg. In this study, a
group of patients treated for locoregional stage HI and IV disease according to standard
therapy (surgery and/or radiotherapy), but at high risk for developing locoregional
recurrences and distant metastases, will be randomized for none adjuvant therapy or for

adjuvant therapy with ‘*Re-labeled cMAb U36. Since most of the patients show
locoregional or distant relapse within 2 years, the first indications on the effectiveness of
RIT can be expected in a short period of time. Before starting adjuvant therapytrials, a
phase I trial has first to demonstrate that '““Re-labeled cMAb U36 is well tolerated by
patients with advanced disease.
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Chapter 7
 

In this thesis five monoclonal antibodies (MAbs), E48, 323/A3, SF-25, K928, and

U36 were evaluated for clinical targeting of squamouscell carcinomain the head and

neck (HNSCC). In chapter 1 it is concluded that pre-treatment assessment of the status of

the lymph nodesin the neck is essential for optimal treatment planning. Despite an

increase in the locoregional control of HNSCC, due to improved surgery and radiothera-

py, current therapy regimenshave failed as yet to increase the 5-year survival rate in

HNSCCpatients. Whereas fewer patients tend to die from uncontrolled locoregional

disease, more patients are exposedto the risk of developing distant metastases. Therefore,

an effective systemic adjuvant therapy is needed. To date there is no evidence that

adjuvant chemotherapy has any survival benefit.

In chapter 2 it is shown that for the detection of lymph node metastases radioim-

munoscintigraphy (RIS) with °"Tc-labeled MAb E48 is as reliable as conventional

imaging techniques like CT and MRI. Theintact MAb E48 IgG and its F(ab’), fragment

are equally well suited for RIS. However, fromthis study it was concluded that RIS will

not sufficiently contribute to a more reliable staging ofthe neck. A limitation of RIS is

that anatomical structures are lacking which hampersthe assessment ofthe exact

localization and extension of tumor deposits. Whereas micrometastases were missed by

CT and MRI, small tumor deposits were neither detected by RIS. Other disadvantages are

the complexity and high costs of RIS. For these reasons we believe that there is no

justification for the routine application of RIS in head and neck cancer patients. This RIS

study, however, showed selective tumor uptake of MAb E48 in primary tumors and

lymph node metastases. Knowingthat HNSCCare intrinsically radiosensitive, these data

justified further development of radioimmunoconjugates for radioimmunotherapy (RIT). A

point of concern with respect to the application of MAb E48 in RIT wasthe high uptake

of activity in the adrenals and the mouth. A suitable MAbfor RIT should accumulate

selectively and to a high level in tumordeposits.

In chapter 3 the uptake of E48 IgG and F(ab’), in tumor and normaltissues is

described. Biodistribution was assessed by biopsies from the surgical specimen 2 days

after injection and by regions ofinterest on planar radioimmunoscintigrams until 21 hrs

after injection. The mean uptake of °"Tc-labeled E48 IgG in tumortissue appeared to be

30.6 + 20.1% of the injected dose/kg, which is 5 times higher than found for most other

MAbsin other solid tumortypes. In this study it appeared that the uptake of activity in

the adrenals and the mouth was deminished by increasing the MAb dose. No advantage

was found for the use of E48 F(ab’), in comparison to E48 IgG. Although tumorto non-

tumor ratios were generally higher for E48 F(ab’), than for E48 IgG, the opposite was

true for the oral mucosa including the tongue, sites with relatively high activity uptake.

Moreover, the uptake of I-labeled E48 IgG in the tumor was higher than of ®T_labeled

E48 F(ab’), after simultaneous injection. Also other considerations might indicate the

advantage of whole IgG. The use of IgG in RIT may provide an additional advantage

because ofits ability to mediate antibody dependentcellular cytotoxicity (ADCC).

Moreover, in general, an intact MAbretains longer in tumor tissue than its fragments.

Therefore, E48 IgG seems to be moresuitable for RIT as compared to E48 F(ab’). A

limitation in the use of MAb E48for RIT in general is the relatively heterogeneous E48

antigen expression in about 30% of HNSCCs.

For that reason also three other MAbs, designated 323/A3, SF-25, and K928,

were evaluated for their capacity to target HNSCC. In comparison to MAb E48, these

pan-carcinoma MAbshave the advantage that they not only show reactivity withHNSCC
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but also with other tumortypes such as non-small cell and small cell carcinomaof the
lung, as demonstrated in chapter 4. These MAbs were screened in a clinical RTS study
for the detection of head and neck cancer in the same way as we did for MAb E48.
MAbs 323/A3 and K928 were shown to be capable for the detection of head and neck
cancer, whereas SF-25 was not capable due to the rapid and extensive uptake at non-
tumorsites such as liver, spleen, brain, and skeleton, probably bone marrow. There was

also uptake of MAb 323/A3 in the thyroid gland, liver, and skeleton, probably bone
marrow, and uptake of MAb K928in liver, spleen, and skeleton, probably bone marrow.
Radioactivity at non-tumorsites could be mainly explained by the presence of good acces-

sible antigenic sites and will definitively limit the application of these pan-carcinoma
MAbsfor therapeutic purposes.

From forementioned studies it became clear that a squamouscell specific MAb

like MAb E48is better suited for targeting HNSCC than pan-carcinoma MAbs. A
drawback of MAb E48is its limited reactivity with a proportion of HNSCCs. For that

reason in chapter 5 a second HNSCCspecific MAb designated U36 was evaluated in a
clinical RIS study. A clear advantage of MAb U36 in comparison to MAb E48is its more
homogeneousreactivity with HNSCCs. Comparable to MAb E48, MAb U36 accumulates
selectively and to a high level in HNSCC. Only slight accumulation was observed in the

mouth.
To compare the selective HNSCCtargeting of E48 IgG and U36 IgG, in chapter

6 both MAbslabeled with ‘I orI were injected simultaneously. To obtain data on
tumor retention of these MAbsfor dosimetric estimations patients were operated 7-8 days
after injection. Biopsies from the surgical specimen showeda similarly high uptake of
both MAbs in tumortissue. Also tumor to non-tumorratios were comparable. In this

chapter it was also shown by immunohistochemistry that the distribution of these MAbs
throughout tumors is heterogeneous when administered at doses of 1 to 12 mg, and

homogeneous when administered at a dose of 52 mg, resulting in occupation of the
majority of antigenic sites. Analysis of human anti-mouse antibody (HAMA)responses
showed that murine MAb E48 IgG is more immunogenic than murine MAb U36 IgG.

Chimeric (mouse-human) MAb E48 was shownto be highly effective in mediating ADCC

in vitro, while chimeric MAb U36 and murine MAb E48 and U36 werenoteffective at

all.

In previous animal studies in our laboratory complete remissions were obtained in

HNSCC xenograft bearing nude mice by RIT with ‘“Re-labeled E48 IgG, When
combining the biodistribution data as reported in chapter 3, 5, and 6 with data obtained
from these animal studies, we can anticipate that sufficient high radiation dose can be

achieved in patients to eliminate minimal residual disease by RIT with ““Re-labeled E48

IgG or U36 IgG.
As outlined in the discussion of chapter 6 priority will be given to an adjuvant RIT

study with '**Re-labeled chimeric MAb U36 IgG in HNSCC patients at high risk for
developing locoregional recurrences and distant metastases after standard locoregional
treatment.
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Chapter 8

In dit proefschrift "klinische ‘targeting’ van hoofd/hals-kanker met radioactief-
gelabelde monoclonale antilichamen" werd van vijf monoclonale antilichamen (MAbs),

B48, 323/A3, SF-25, K928 en U36, de geschiktheid voor detectie en behandeling van
plaveiselcelcarcinomen in het hoofd/hals-gebied (HHPCCs) geévalueerd. In hoofdstuk 1
werd geconcludeerd dat het pre-operatieve onderzoek naar de aanwezigheid van
tumorweefsel in de lymfeklieren in de hals essentieel is voor de planning van de optimale
behandeling. Hoewel door recente ontwikkelingen in de chirurgie en de radiotherapie de
locoregionale controle van HHPCC vergroot is, hebben de huidige therapeutische

behandelwijzen geen verbetering in de S-jaars overleving gebracht. Terwijl minder
patiénten overlijden aan ongecontroleerde locoregionale ziekte, worden meer patiénten
blootgesteld aan het risico om metastasen op afstand te ontwikkelen. Daarom is er
behoefte aan een effectieve systemische adjuvante therapie. Momenteel zijn er geen
aanwijzingen dat adjuvanle chemotherapie enig effect heeft op de overleving.

In hoofdstuk 2 werd aangetoond dat voor de detectie van lymfekliermetastasen
radioimmunoscintigrafie (RIS) met *"Tc-gelabeld MAb E48 even betrouwbaaris als

conventionele diagnostische technieken zoals CT en MRI. Het intacte MAb E48 IgG en

zijn F(ab’),-fragment bleken even geschikt te zijn voor RIS. Uit deze studie werd echter
geconcludeerd dat RIS niet wezenlijk bijdraagt aan een betrouwbaardere stagering van de
hals. Een beperking van RIS is de afwezigheid van anatomische structuren, wat de

bepaling van de exacte localisatie en uitgebreidheid van de tumoren niet goed mogelijk
maakt. Kleine hoeveelheden tumorweefsel, zoals micrometastasen, konden niet

opgespoord worden met RIS, een probleem dat zich ook voordoet met CT en MRI.
Andere nadelen van RIS zijn de complexiteit en de hoge kosten. Vanwege deze redenen
denken wij dat er geen plaats is yoor de routinematige toepassing van RIS bij patiénten
met hoofd/hals-kanker. Deze RIS-studie toonde echter wel dat MAb E48selectief ophoopt
in primaire tumoren en lymfekliermetastasen. Wetende dat HHPCCintrinsiek gevoelig is
voor radiotherapie, rechtvaardigen deze gegevens de verdere ontwikkeling van

radioimmunoconjugaten voor radioimmunotherapie (RIT). Een punt van aandacht met
betrekking tot de toepassing van MAb E48 in RIT wasde relatief hoge opname van
activiteit in de bijnieren en de mond.

Een geschikt MAb voor RIT zou selectief en in hoge mate moeten ophopen in

tumorweefsel. In hoofdstuk 3 werd de opname van E48 IgG en F(ab’), in tumorweefsel
en normale weefsels beschreven. De biodistributie werd bepaald met behulp van biopten
uit het operatiepreparaat 2 dagen na injectie en met behulp van ‘regions of interest’ in

planaire radioimmunoscintigrammentot 21 uur na injectie. De gemiddelde opname van
”™Tc-gelabeld E48 IgG in tumorweefsel bleek 30,6 + 20,1% van de geinjiceerde
dosis/kg te zijn. Dit is vijf maal hoger dan gevonden wordt voor de meeste andere MAbs

in andere solide tumoren. In deze studie bleek dat de opname van activiteit in de bijnieren

en mond verminderd werd door een verhoging van de MAb dosis van 2 naar 12 tot 52
mg, terwijl de MAb opname in tumorweefsel juist hoger werd. E48 F(ab’), had geen

voordeel boven E48 IgG. Terwij] de tumor:non-tumorratios in het algemeen hoger waren
voor E48 F(ab’), dan voor E48 IgG, was het tegenovergestelde waar voor de orale
mucosa inclusief de tong, plaatsen met een relatief hoge opname vanactiviteit. Bovendien
was bij gelijktijdige toediening de opname van ''I-gelabeld E48 IgG in de tumor hoger
dan die van '“I-gelabeld E48 F(ab’),. Ook andere overwegingen zouden kunnen wijzen op
een voordeel van het intacte IgG. Het gebruik van IgG in RIT kan een aanvullend

voordeel verschaffen, omdat dit molecuul antilichaam-afhankelijke cellulaire cytotoxiciteit
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(ADCC) kan mediéren. Bovendien is in het algemeen de retentie van intacte MAbs langer
dan die van fragmenten. Daarom lijkt E48 IgG beter geschikt voor RIT dan E48 F(ab’),.

Een beperking van het gebruik van MAb E48 voor RIT echteris de relatief heterogene
B48 antigeen-expressie in ongeveer 30% van de HHPCCs.

Vanwege deze laatste redenen werden ook drie andere MAbs, genaamd 323/A3,

SF-25 en K928, geévalueerd yoor ‘targeting’ van HHPCC.In vergelijking met MAb E48
hebben deze pan-carcinoma MAbshet theoretisch voordeel dat ze niet alleen reactief zijn

met HHPCC maar ook met andere tumor-types zoals kleincellige en niet-kleincellige
carcinomen van de long (hoofdstuk 4). Deze MAbs werden gescreend in een klinische

RIS-studie voor hun waarde bij de detectie yan lymfekliermetastasen van hoofd/hals-
kanker op dezelfde wijze als MAb E48. MAbs 323/A3 en K928 blekeninstaat te zijn om

hoofd/hals-kanker te detecteren, terwijl SF-25 daartoe echter niet in staat was als gevolg

van de snelle verdwijning uit het bloed en de uitgebreide opname in normale weefsels als
de lever, de milt, de hersenen en het skelet (waarschijnlijk het beenmerg). Voor MAb

323/A3 werd opnamein de schildklier, de lever en het skelet (waarschijnlijk het
beenmerg) gevonden en voor MAb K928in de lever, de milt en het skelet (waarschijalijk

ook het beenmerg). De opname van radioactiviteit in "normaal’ weefsel kon voornamelijk

verklaard worden door de aanwezigheid van goed toegangelijke antigeen-moleculen Deze

beperkte tumor-selectiviteit zal zeker de toepassing van deze pan-carcinoma MAbs voor

therapeutische doeleinden beperken.
Uit de bovengenoemde studies bleek duidelijk dat een plaveiselcel-specifiek MAb

zoals MAb E48 beter geschikt is voor ‘targeting’ van HHPCC dan pan-carcinoma MAbs.

Fen beperking van MAb E48is zijn beperkte reactiviteit met een deel van de HHPCCs.
Daarom werd in hoofdstuk 5 een tweede HHPCC-specifick MAb, genaamd U36,
geévalueerd in cen klinische RIS-studie. Een duidelijk voordeel van MAb U36 in

vergelijking met MAb E48 is de homogenerereactiviteit met HHPCCs. MAb U36
accumuleert, vergelijkbaar met MAb E48, selectief en in hoge mate in HHPCC. Er werd

slechts een geringe opname in de mond waargenomen.
Om de selectieve HHPCC ‘targeting’ van E48 IgG en U36 IgG direct te kunnen

vergelijken, werden in studies zoals beschreven in hoofdstuk 6 beide MAbs gelabeld met

25] en 3'J en vervolgens gelijktijdig geinjecteerd. Om gegevens over retentie van beide
MAbs in tumorweefsel te verkrijgen werden de patiénten 7 dagen na injectie geopereerd.
In biopten uit het operatiepreparaat werd cen gelijke hoge opname van beide MAbsin
tumorweefsel aangetoond. Ook de tumor:non-tumorratios waren vergelijkbaar. In dit

hoofdstuk werd met behulp van immunohistochemie aangetoond dat de distributie van
deze MAbs over de tumor heterogeen was wanneer een dosis van 1 tot 12 mg toegediend
werd, en dat de distributie homogeen was wanneer een dosis van 52 mg toegediend werd,
resulterend in een bezetting van het grootste deel van de antigeen-plaatsen. Analyse van

humane anti-muize antilichaam (HAMA)reacties toonde dat muize MAb E48 IgG sterker
immunogeen was dan muize MAb U36 IgG. Chimeer (muis/humaan) MAb E48 was

effectief in mediéring van ADCC in vitro, terwijl muize MAbs E48 en U36 en chimeer
MAb U36 in het geheel niet effectief waren.

In eerdere dierexperimentele studies in ons laboratorium werden complete
remissies verkregen bij HHPCC-xenograft-dragende naakte muizen door RIT met '**Re-
gelabeld E48 IgG. Wanneer we de biodistributiegegevens zoals vermeld in hoofdstuk 3, 5
en 6 combineren met gegevens uit deze dierexperimentele studies, kunnen we verwachten
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dat MAbs E48 en U36 in staat moeten zijn voldoende straling naar tumorwecfsel te

kunnen brengen voorhet elimineren van ’minimal residual disease’ in patiénten.
Zoals geschetst in de discussie van hoofdstuk 6 zal prioriteit worden gegeven aan

een adjuvante RIT-studie met ‘“Re-gelabeld chimeer MAb U36 IgG in HHPCC-patiénten
met een hoog risico op het krijgen van een locoregionaal recidief en metastasen op

afstand na standaard locoregionale therapie.
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