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Methods: In 32 patients who were suspected of having a neck
lymph node metastasis from a histologically proven squamous-
cell carcinoma of the head and neck (HNSCC), the diagnostic
value of ®*™Tc-labeled (750 MBq) monocional antibody (1-2
mg) E48 IgG (n = 17) and its F(ab'), fragment (n = 15) was
evaluated and compared. Preoperative findings on lymph node
status obtained by radioimmunoscintigraphy (RIS), computer-
ized 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 (I through V) and compared to
the hi outcome of the neck dissection specimen.
Resuits: 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 seven sides with limited
tumor load were scored false-negative and five levels and two
sides were scored false-positive. Sensitivity and specificity of
RIS were similar to those of palpation, CT and MRI. The diag-
nostic value of RIS with E48 F(ab’), or E48 IgG appeared to be
similar. Conclusions: The present study shows that RIS with
either E48 F(ab'), or E48 IgG is as valuable as the other imaging
techniques. The selective accumulation of radioactivity in tumor
tissues, in combination with the known intrinsic radiosensitivity of
HNSCC, justifies the development of radioimmunoconjugates
for radioimmunotherapy.
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Squamous-cell carcinoma (SCC) is the major histologi-
cal type of neoplasm arising from the head and neck. Since
the status of the cervical lymph nodes is the single most
important tumor-related prognostic factor, it is of great
importance to know the exact involvement of the neck
nodes (1,2 3).

The assessment of the status of the neck nodes is mainly
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based on palpation, although this is generally accepted to
be inaccurate. The overall error in the assessment of the
presence or absence of cervical lymph node metastasis is
20%-30% (4). The high false-positive and false-negative
rates of palpation cause over- and undertreatment in many
patients. 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 cy-
tology has been proven to be superior to the current imag-
ing techniques (5). However, this technique strongly de-
pends on the skill of the ultrasonographer and cyto-
pathologist. Therefore, the assessment of the status of the
neck in patients with SCC of the head and neck (HNSCC)
needs further improvement.

Radioimmunoscintigraphy (RIS) with monoclonal anti-
bodies (Mabs) is an innovative imaging technique (6). In
our institute we developed a murine Mab, designated E48,
with high specificity to HNSCC (7). A strong reactivity of
Mab E48 was seen toward primary as well as metastatic
HNSCC (8). The antibody has been demonstrated to lo-
calizes HNSCC in a nude mouse model with high specific-
ity (9). In this murine model, E48 F(ab'), fragment was
shown to be superior for tumor detection as compared to
the intact (IgG) antibody (10). Therefore, we preferred to
use #™Tc-labeled E48 F(ab'), in the first clinical study to
assess the safety and accuracy of RIS with this Mab in
patients with histologically proven HNSCC and clinically
suspected for having lymph node metastases.

Recently, promising preliminary results in the first 10
HNSCC patients were published (/7). 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 node levels. Results with RIS were
slightly better than with palpation, CT or MRI. An unex-
pected finding in this study was the consistent uptake
of activity in the normal oral mucosa and the adrenals.
Uptake in the mouth may hamper the diagnosis of oral
cancer and submandibular and subdigastric lymph nodes
in RIS. Uptake in the adrenal glands may be a problem
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FIGURE 1. Lymph node levels in the neck according to the
Memorial Cancer Center Classification: | = sub-
mandibular; Il = subdigastric; lll = midjugular; IV = lowjugular; and
V = posterior cervical triangle.

in radioimmunotherapy (RIT). Until now, no explanation
has been found for the adrenal uptake. Immunohisto-
chemical evaluation prior to this study showed no reactiv-
ity 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 overcome
the natural barriers offered by the capillary endothelium
and the basement membrane of the mucosal epithelium.

FIGURE 2. Patient 1. Planar anterior image of the head and neck
21 hr after injection of **™Tc-labeled E48 F(ab’),. Note the intense
activity in the nose and mouth. The primary tumor in the left tonsil is

not visible on this planar anterior image, probably due to high activity
in the mouth. Uptake is seen in the left subdigastric and midjugular

lymph node metastases (arrowhead).

We hypothesized that the uptake in normal mucosa of
the oral cavity might be reduced when using *™Tc-labeled
EA8 IgG.

Based on the first promising results (11), we extended
the RIS study with the option in mind to use either Mab
EA8 F(ab’), or IgG in future RIT studies. In the present
report, imaging results with E48 F(ab’), in 15 HNSCC
patients are compared to those of E48 IgG in 17 patients.

FIGURE 3. (A) Patient 32. Planar anterior image of the head and neck 21 hr after administration of **"Tc-labeled E48 IgG. Increased
acﬂwwisseeninmen\oummmmmomymespotw\bedisﬁngtﬂshed (B) Axdal SPECT image of the same patient shows two

spots representing the primary tumor in the anterior floor of mouth (arrow) and the subdigastric lymph node metastases
(arwmead)ontherlmt.A anterior; P = posterior; L = left; R = right.
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PATIENTS AND METHODS

Patient Studies

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-two patients, who were at risk for having neck lymph
node metastasis from a histologically proven HNSCC 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, the UICC (12). One patient had his primary tumor re-
sected previously. Prior to enrollment, a biopsy of the primary
tumor, if available, had to show a positive immunoperoxidase
staining with Mab E48. Before and up to 7 days after administra-
tion of ™Tc-labeled Mab EA48, urine and blood were obtained for
chemical analysis and assessment of Mab pharmacokinetics.
Electrolytes, aspartate aminotransferase, alanine aminotransfer-
ase, alkaline phosphatase, gamma-glutamyl transferase, lactate
dehydrogenase, urea nitrogen, creatinine and uric acid were de-
termined in serum. Hematological determinations included hemo-
globin, hematocrit, platelet count, white blood cell count and
differentiation and sedimentation rate. Skin tests were not per-
formed. Vital signs were recorded before and up to 3 hr after
injection.

Fifteen patients received 1-2 mg of E48 F(ab'), radiolabeled
with ™Tc (mean dose: 780 MBq, range 560-895 MBq) by intra-
venous injection over 5 min. Two of them received 10 mg of
unlabeled E48 F(ab'), 1 hr prior to the administration of the
labeled Mab with the option in mind to block the adrenal uptake.
Seventeen patients received 1-2 mg of E48 IgG radiolabeled with
9mTc (mean dose 760 MBq, range 510-865 MBq) by intravenous
injection over 5 min. Patients receiving E48 F(ab'),, respectively
EA8 IgG, suffered from carcinoma of the larynx (n = 5, respec-
tively 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 lower lip
(n = 1, n = 0). The age of the patients receiving E48 F(ab’), was
61.7 = 7.8 yr (mean * s.d.) and for those receiving E48 IgG
579 £ 9.1yr.

Monocional Antibody E48

Mab EA48 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 (8). Antibody reactivity
with normal tissue is restricted to normal stratified squamous
epithelium and urothelium of the bladder.

Antibody Preparation

The EA48 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 chro-
matography on a protein A-Sepharose column. For virus inacti-
vation, IgG from the protein A eluate was treated for at least 6 hr
with Tween 80 and tri-n-butylphosphate. The protein A-purified
IgG was further purified on Q-Sepharose and subsequently di-
gested 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 dode-
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cyl sulfate-polyacrylamide gel electrophoresis under nonreducing
conditions and appeared to be more than 95%. This product was
filtered through a 0.2-um filter and dispensed aseptically in a
closed environment under anaerobic conditions. The preparation
was found to be pyrogenic free.

Preparation of *®™Tc-Labeled E48 IgG and F(ab’),

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 E48
IgG or F(ab'), with ™ Tc, a modification of the multistep proce-
dure as described by Fritzberg et al. (13) was followed, using a
S-benzoyimercaptoglycyiglycylglycine chelator which was a gift
of Mallinckrodt Medical B.V. (Petten, the Netherlands). The pu-
rified 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 chroma-
tography on ITLC-SG strips (Gelman Sciences, Ann Arbor, MI)
with 0.1 M citrate buffer, pH 5.0. Every radiolabeled E48 IgG and
EA8 F(ab'), preparation was assayed for immunoreactivity by
measuring the binding to gluteraldehyde fixed cells of the vulva
SCC cell line A431 (10). As determined by a modified Lin-
eweaver-Burk plot, the immunoreactive fractions of *™Tc-la-
beled 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 gener-
ation 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, WI) using a partial volume coil. Axial T1-
weighted spin echo and Gadolinium-diethylenetriaminepentaace-
tic acid (Magnevist, Schering AG, Germany) enhanced TI-
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.
(14). Criteria for the optimal assessment of cervical lymph node
metastases by CT or MRI, as defined in our institute, were used.
With CT and MR, 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 IT
(subdigastric) and 10 mm or more for all other nodes, or if groups
of three or more borderline lymph nodes (1 or 2 mm smaller) were
seen (15).

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, con-
nected 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 im-
mediately, 16 hr and 21 hr after injection. SPECT images of the
head and neck were acquired 16 hr after injection, while lateral
scans of the head and neck were obtained 21 hr after injection.
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Planar images included the following acquisition parameters: ma-
trix 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-sec acquisition per angle; 360° circular orbit; and matrix size
64 x 64. Interpretation of increased uptake of activity was based
on asymmetry and retention, especially on late images.

CT, MRI or RIS examinations were each scored by an expe-
rienced examiner. All examiners were blinded to the results of
other examinations and the pathological outcome. They were only
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 exam-
ination. The size of lymph nodes does not change by fixation (15).
The different slices of one lymph node were examined by a pa-
thologist and the percentage of tumor involvement was estimated.
The outcome of the histopathological examination of the neck
dissection specimens was used as the 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 (16).
Level I includes the contents of the submental and the sub-
mandibular triangles. Levels 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
three equal parts, Level II being the highest and Level IV the
lowest level. Level V includes the contents of the posterior cer-
vical triangle. Lymph nodes located outside these levels are men-
tioned separately. These lymph nodes are included in the evalu-
ation per side, but are not included in the evaluation per level.

Statistical Analysis

Statistical analysis was focused on the comparison of diagnos-
tic tests. As usual, comparison of the quality of diagnostic tests
was based on sensitivity, specificity and accuracy. Since these
parameters were proportions, confidence intervals could be con-
structed in two ways. If the denominator was smaller than 100,
exact 95% confidence intervals were determined. In larger sam-
ples, confidence intervals were calculated using the normal ap-
proximation. To assess agreement between tests, the measured
kappa («) was used (17) which reflects agreement between tests
beyond the agreement expected by chance alone. The size of
depends both on the diagnostic tests and the group of patients.
When « is systematically smaller for one group of patients than for
another, it is likely that this group is more difficult to diagnose
than the other group.

RESULTS

No adverse reactions were observed which could be
related to the injection of the antibody and no significant
changes were noted in the blood and urine analysis. One
patient developed exanthema which was probably related
to a recently started diuretic treatment.

Aside from all 30 histopathologically confirmed primary
tumors, one occult larynx carcinoma was visualized.
Whole-body images up to 21 hr-postinjection showed
blood- pool activity with visualization of liver, lungs, heart,
spleen, kidneys and nose. Blood-pool activity 16 and 21 hr
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postinjection was probably less for E48 F(ab’), than for
EA8 IgG (Figs. 2, 3A, 4A and 4B) as can be explained by
the faster clearance of F(ab'), from the blood: F(ab’), t, pa:
2.23 = 0.41 hr, t,,B: 19.6 = 4.46 hr and IgG t,,a: 6.61 +
0.59 hr and t,,B8: 78.10 = 15.01 hr. For average blood
disappearance curves of E48 F(ab'), and E48 IgG see Fig-
ure 5. Uptake of activity was also seen in the adrenals,
scrotal area, gallbladder and sometimes intestine, at 16 and
21 hr postinjection as described previously (11), and ap-
peared 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 Figs.
2 and 3A for representative anterior images). After injec-
tion of 10 mg of unlabeled E48 F(ab'), 1 hr prior to admin-
istration of labeled E48 F(ab’),, the adrenals showed lower
uptake. In one of these two patients, no adrenals were
visualized.

Thirty-two patients underwent a neck dissection with 15
receiving a bilateral neck dissection. A total of 47 neck
dissection specimens containing 221 levels were his-
topathologically examined. Forty-eight levels in 32 sides
from 25 patients contained metastases of HNSCC. In one
patient the quality of the MRI examination did not allow
reliable interpretation because of movement artifacts. Four
patients refused MRI examination because of claustropho-
bia. These patients were not included in the evaluation of
the 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 squamous
cell differentiation, Level III on the left side proved to
contain a metastasis of an undifferentiated small cell car-
cinoma. Because no HNSCC metastasis was found, this
lymph node was not included in the analysis.

The findings on palpation, CT, MRI and RIS were ana-
lyzed for each level and side and correlated with his-
topathological examinations (Tables 1 and 2, respectively).
Sensitivity of RIS, palpation, CT and MRI for the whole
group of patients was 68%, 64%, 67% and 62% per level
and 79%, 88%, 88% and 83% per side, 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 (Figs. 3
and 4). Specificity of RIS, palpation, CT and MRI was
97%, 95%, 95% and 97% per level and 86%, 79%, 79% and
70% per side, respectively. Interpretation of RIS for the
whole group was correct in 201 of 221 levels (accuracy
91%) and 38 of 47 sides (accuracy 81%). RIS findings were
false-positive in five levels and two sides. Fifteen levels
and seven sides were scored false-negative. Accuracy of
palpation, CT and MRI was 88%, 89% and 89% per level,
respectively, and 85%, 85% and 79% per side, respec-
tively.

Sensitivity per level was 83% for E48 F(ab'), and 54%
for E48 IgG. Sensitivity per side for these groups was, 94%
and 65%, respectively. For E48 F(ab’), and E48 IgG, the
specificity of RIS was 99% and 95% per level and 100% and
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60% per side; the accuracy of RIS was 96% and 86% per
level and 96% and 64% per side, 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.

0.030

0.028
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o
2
w

Time (hr)

FIGURE 5. Average blood disappearance curves of %™ Tc-la-
beled E48 F(ab’), (—-) and E48 IgG (——) from 15 and 17 patients,
respectively.
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FIGURE 4. Patient 23. (A) Planar ante-
rior image of the head and neck 21 hr after
injection of ®*™Tc-labeled E48 IgG. Note the

high activity in the primary tumor of the
tongue. On this image the lymph node me-
tastases in the left subdigastric and midjug-
ular levels of the neck are not visualized. (B)
The left lateral image shows the primary tu-
i mor in the tongue. The lymph node metas-
tases are not visualized. (C) Axial SPECT
images show the primary tumor (arrow) as
well as the subdigastric lymph node metas-
tasis (arrowhead) in one axial plane and,

Using the 95% confidence intervals of the 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, respectively. The «
values of the different diagnostic methods per level ranged
in the E48 F(ab'), group from 0.622 to 1, whereas in the
EA8 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 paraffin slides of the missed met-
astatic lymph nodes were reexamined histopathologically.
The false-negative findings proved to be all lymph nodes
containing small tumor deposits (ranging from micro-
metastasis to tumors of 9 X 9 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 was close to Level III. The node also
contained a small amount of tumor. In another patient,
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TABLE 1
Correlation of Preoperative Diagnostic Findings with Histopathological Findings for Each Level

™ FN FP ™ Sensitivity Specificity Accuracy PPV NPV
F(ab’), (n = 15)
Palpation 15 8 4 90 65 96 90 79 92
cT 18 5 0 94 78 100 9% 100 95
MR 15 5 0 65 75 100 94 100 93
RIS 19 4 1 93 83 9 96 95 96
IgG (n = 17)
Palpation 15 9 5 75 63 94 87 75 89
cr 14 10 9 71 58 89 82 61 88
MRI 1 1 4 73 50 95 85 73 87
RIS 13 1 4 76 54 95 86 76 87
Al (n = 32)
Palpation 30 17 9 165 64 95 88 79 91
cT 32 15 9 165 68 95 89 77 92
MRI 26 16 4 138 62 97 89 87 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; NPV = negative-predictive value.

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 re-
vealed metastases of an undifferentiated small cell tumor
while the primary tumor showed locally squamous cell
differentiation only.

Of the 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 were scored false-positive. 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 number of animal and patient studies have shown that
F(ab’), fragments are better suited for radioimmunoscinti-
graphic detection of tumors than whole IgG, due to the
higher tumor-to-nontumor ratios obtained with F(ab'),
fragments (18,19,20). Also for Mab E48 F(ab'),, when
tested in a HNSCC xenograft-bearing nude mice, we ob-

TABLE 2
Correlation of Preoperative Diagnostic Findings with Histopathological Findings
™ FN FP ™ Sensitivity Specificity Accuracy PPV NPV
F(ab’); (n = 15)
Palpation 14 2 0 9 88 100 92 100 82
CcT 15 1 0 9 94 100 96 100 90
MRI 12 1 0 5 92 100 94 100 83
RIS 15 1 0 9 94 100 96 100 90
IgG (n = 17)
Palpation 15 2 3 2 88 40 7 83 50
CcT 14 3 3 2 82 40 73 82 40
MRI 12 4 3 2 75 40 67 80 33
RIS 1 6 2 3 65 60 64 85 33
Al (n = 32)
Palpation 29 4 3 1 88 79 85 91 73
CcT 29 4 3 1" 88 79 85 91 73
MRI 24 5 3 7 83 70 79 89 58
RIS 26 7 2 12 79 86 81 93 63

TP = true-positive; FN = faise-negative; FP = false-positive; TN = true-negative; PPV = positive-predictive value; NPV = negative-predictive

value.
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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)
Seen Missed Seen Missed
False-negative
Palpation 6/17 (35%) 1117 (65%) 2/4 (50%) 2/4 (50%)
CcT 5/15 (33%) 10/15 (67%) 1/4 (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
True-positive
Palpation 26/30 (87%) 4/30 (13%) 26/29 (90%) 3/29 (10%)
CcT 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

served such a superior quality for imaging (10). 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 ™Tc-labeled E48 F(ab’), and
mentioned the high uptake of activity in the mouth which
may hamper the diagnosis of submandibular or subdigas-
tric lymph nodes. We hypothesized that oral activity may
be less when using whole IgG, one of the reasons to modify
the initial study and to also evaluate Mab E48 IgG for its
value in RIS (11).

Considering the sensitivity and accuracy of data pre-
sented in this study for RIS with E48 IgG and F(ab'),, it is
tempting to state that F(ab'), fragments are better suited
for clinical RIS than whole IgG. The sensitivity and accu-
racy 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 the interpretation of
these data since CT and MRI also scored better in the E48
F(ab'), group. Furthermore, the agreements (x-values) be-
tween RIS and palpation, CT and MRI in the F(ab'), pa-
tient group were generally better as compared to those in
the IgG patient group. This was also the case for the agree-
ments (k-values) between palpation, CT and MRI in these
patient groups (data not shown). These data suggest differ-
ences in the composition of the groups. The fact that in the
F(ab'), and the IgG patient groups, 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 re-
cently started a new protocol in which biodistribution data
are obtained from surgical specimens of patients who re-
ceive *'I-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 through-
out the whole oral cavity, but accumulation seems to be
restricted to a smaller area with IgG (Figs. 2 and 3A). Due
to its reduced activity uptake in the oral cavity, the IgG
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may be favourable 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 proce-
dures with IgG as well as with F(ab'), in patients with
tumor involvement in these neck regions.

For the detection of lymph node metastases, the diag-
nostic value of RIS with Mab EA8, either E48 F(ab'), or
EA8 IgG, is comparable to that of palpation, CT and MRI
as shown by sensitivity, specificity and accuracy (Tables 1
and 2).

Until now, a limited number of clinical RIS studies in
head and neck cancer patients have been described (21-
24). Results obtained in these studies are difficult to com-
pare. First, only a small proportion of the 5-15 patients
included in these studies had lymph node involvement,
thus limiting accurate calculation of sensitivity and speci-
ficity. Second, studies differ considerably with respect to
(1) patient selection, (2) control of tumor deposits for an-
tigen 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 difference, it is not clear whether the examiner
for RIS was blinded to the results of the other diagnostic
examinations.

A most important question in our study is: can RIS with
Mab EA8, either IgG or F(ab’),, contribute to the preoper-
ative staging of the neck in HNSCC patients, e.g., by
complementing other methods used to assess nodal in-
volvement? 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 con-
cept of selective neck dissection has been introduced (25).
Selective neck dissections are used in patients with only
minimal nodal disease with the intention to reduce morbid-
ity. Another tendency is a ‘‘wait and see”” policy for the
clinically negative neck. Aforementioned treatment and
policy are, however, only acceptable if the assessment of
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the neck nodes is reliable. The assessment of the status of
the neck in HNSCC patients, however, remains a problem.
Not all enlarged nodes contain metastatic deposits. Nodes
containing small deposits of carcinoma may not be en-
larged. All current imaging techniques except US-guided
aspiration cytology use morphological criteria, whereas
RIS uses specific binding of the Mab to 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 experi-
ence, correlation of all image data per deposit, as per-
formed in other studies, is inaccurate because precise lo-
calization of the deposits is impossible due to the lack of
anatomical structures on the immunoscintigrams. It can be
anticipated that the development of an accurate method to
correlate all image modalities (““fused images’’) may re-
solve this problem. We think, however, that for the assess-
ment of the potential of RIS for staging of the neck, analy-
sis for tumor involvement per side as well as per level is
satisfactory.

In one patient, RIS with Mab E48 was able to detect
tumor-involved lymph nodes, which were not detectable
by other examinations, thus contributing to the assessment
of the status of the neck. In this patient receiving E48
F(ab’),, RIS resulted in upstaging of three levels and one
side. In this study, only 25% of the true-positive RIS levels
were clearly visualized on planar images. Also, SPECT
images provided most information in all other cases. 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 exam-
ination, would have been prevented by RIS. On the other
hand, seven 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 of 47 levels and 7 of 33 sides were
scored false-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 possibly the limited
sensitivity of a gamma camera. Consequently, micro-
metastases, small tumor-involved nodes, tumor-involved
nodes with much keratin, and necrosis or fibrosis with only
a small proportion of viable tumor cells were not diag-
nosed. Fibrosis may also hamper Mab penetration to tu-
mor cells. Close spatial relation of a metastatic node to an
area of increased uptake may also hamper diagnosis, i.e.,
para-
laryngeal nodes in larynx carcinoma and a submandibular
node close to the mouth. While primary tumors were
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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 specimens are rou-
tinely fixed in formalin and embedded in paraffin, resulting
in a loss of E48 antigenicity.

Five levels and two sides were incorrectly scored posi-
tive. 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 and/or MRI. These findings indicate en-
largement of the lymph nodes in these levels.

In conclusion, imaging data presented in this study indi-
cate that RIS is as reliable as the other imaging techniques.
Despite this, we believe that RIS with Mab E48 in its
present form will not sufficiently contribute to a more re-
liable selection of patients who should be treated on behalf
of their neck or patients in whom a “‘wait and see’’ policy
is warranted. For this purpose the percentage of falsely
scored negative neck levels per sides should be diminished.
In this respect, the developing field of PET might result in
a diagnostic modality with a higher sensitivity. Other dis-
advantages of RIS at the moment, limiting the routine
application, are the complexity and high costs in compar-
ison to CT and MRI. The selective accumulation of radio-
activity in tumor tissue in combination with the known
intrinsic radiosensitivity of HNSCC, however, justifies the
development of radioimmunoconjugates for radioimmuno-
therapy (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 RIT trial with '*Re-labeled chimeric
Mab EA48 IgG are in progress (26,27).
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