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Bleomycin (BLM), a natural antibiotic toxic to dividing cells has been used for treatiment of several
forms of cancer. BLM has been labelled with various cations but most have turned out to be un-
stable in vivo. In-BLM has demonstrated high bone marrow uptake, but by using an In-111-bleomy-
cin complex (BLMC) formed at low pH, the low in vivo stability and high bone marrow uptake can
be avoided. Our premise is to combine radiotherapy and chemotherapy by using radionuclide-
BLMC.

In this study we used In-111-A5,_~BLMC in 28 head and neck cancer patients. Scintigraphic find-
ings were compared to those of surgery, pre-operative radiology and proliferation markers. The
injected patient activity was approximately 85 MBq, 100 MBg/mg.

The half-life of In-111 activity in serum varied from 1.5 to 3.1 h, and in urine from 1.4 to 3.7 h.
More than 95% of the urine activity was excreted within 24 h. From biopsies obtained from surgical
specimens of 22 patients the absolute uptakes in tumour tissues varied between 0.10 and 0.95 x 1073%
ID/g. Uptakes in normal tissues varied from 0.01 to 0.32 x 1073% ID/g, and were always lower than in
malignant tissues of the same patients. All patients were examined on the injection day with
ultrasonography of the neck. Using In-111-BLMC we missed small metastatic lymph nodes (<1 cm)
in 2 patients, but there were no false positive findings. The critical organ from the dosimetric point
of view was the kidney. The absorbed radiation doses with these injected activities were 19 mGy in
liver, 75 mGy in kidney and 1.0 mGy in whole body (5 h mean residence time). Our results indicate
that In-111~-BLMC targets head and neck cancer, and identifies metastatic spread. It could possibly
be applied with higher activities for adjuvant Auger-electron therapy of head and neck cancer.
Copyright © 1996 Elsevier Science Ltd
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INTRODUCTION
Bleomycin (BLM) is a well-known natural antibiotic iso-
lated from Strepromyces verticillus [1]. It is toxic to dividing
cells and has been used for treatment of several forms of
cancer since its discovery [2]. This polypeptide with a mol-
ecular weight of approximately 1400 D is a mixture of chro-
matographically different subgroups which differ from each
other only by the terminal amine group. There are three
different functional groups within the bleomycin structure:
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The galactose and mannose derivative, often considered to
be respomnsible for recognising tumour cells, the metal che-
lating part, which activated this organometallic compound
to act as an antitumour agent and the terminal part, which
has a variable terminal amine thought to be responsible for
DNA cleavage in tumour cells.

Bleomycin has been labelled with various mono (I)-, di
(I)-, and trivalent (III) metal cations [3]; divalent cations
copper, nickel, cobalt and zinc have demonstrated high affi-
nity, whereas iron and mercury had low affinity. Alkaline
earth metals and trivalent metals did not bind at all. A great
number of metals have been tested, and many have failed
either because of lacking i vivo stability or turmour affinity.
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Clinically useful radiolabels are chromium-51 and cobalt-
57. Nieweg et al. [4] presented a specificity of 98% in a Co-
57-bleomycin staging study of 132 lung cancer patients. In
another lung cancer staging study of 25 patients [5], only
one false positive (a2 hamartoma), and three false negative
findings were observed using Co-57-bleomycin. Recently,
Co-57-bleomycin has proven to predict the response to
chemotherapy in lung cancer patients [6].

Cobalt-57 is toxic and has an inconveniently long half-life
(270 days). Therefore, other metals, such as Ga-67, Tc-
99m and In-111 [7] have been introduced as radiolabels.
They have all turned out to be unstable i vivo.
Furthermore, In-111-bleomycin demonstrated high bone
marrow uptake. However, Hou et al. [8] were able to show
a higher uptake in glioma-bearing mice using In-111-bleo-
mycin complex (BLMC) as compared to conventional bleo-
mycin and its fractions. This BLMC did not demonstrate
any affinity to transferrin, nor was there any bone marrow
uptake. This complex was formed at low pH, had rapid kin-
etics and was stable {n vivo. In a clinical study where In-
111-A-bleomycin was used in 46 patients with orofacial
neoplasms, a specificity of 100% and a sensitivity of 96%
were observed [9]. In our preliminary study we used the
fraction In-111-A5, ~BILMC, which will be formed after
labelling BLM at low pH 2.5 [10]. We found a sensitivity of
93% and specificity of 100% in 13 head and neck cancer
patients [11].

The staging studies of head and neck cancer have been
performed using other tracers, such as Tc-99m (V) dimer-
captosuccinic acid [12], Co-57-bleomycin [13], gallium-67-
citrate {14, 15], In-111~transferrin and P-32 [16]. Recently,
monoclonal antibodies for clinical purposes have been intro-
duced, such as antibodies against carcinoembryonic antigen
[17, 18], squamous cell cancer (SCC)-cytokeratin associ-
ated antigen [19], epidermal growth factor receptor antigen
[20], as well as the recently well characterised E48 and U36
SCC-specific monoclonal antibodies [21-23]. None of these
antibodies has yet turned out to be a magic bullet in clinical
tumour targeting studies.

The idea of combining radiotherapy and chemotherapy
using a bleomycin complex is fascinating. Our intention is
to develop a chemotherapeutic agent for cancer treatment,
which is tumour seeking and can be linked to an Auger-
emitter. This is the report of our study using In-111-A5, ~
BLMC in different stages of head and neck cancer.
Scintigraphic findings after using a diagnostic dose of In-
111-BLLMC were compared with those of surgery, pre-oper-
ative radiology (including transoesophageal ultrasound in
some cases) and mitotic activity.

MATERIALS AND METHODS

In-111-BLM complex

In-111-BLMC was prepared by incubating 15 mg bleo-
mycin as bleomycin sulphate (Lundbeck, Copenhagen,
Denmark) dissolved in water with ''InCl; (Mallinckrodt,
Petten, The Netherlands) at pH 2-2.5 for at least 30 min.
This bleomycin sulphate consists of 13 alkaline glyco-
peptides. The compounds that formed In-111-complex
were controlled by using thin layer chromatography [TLC,
Silica plates, 85% MeOH; 15% NHAc (10%-water sol-
ution)]. Figure 1 shows the chromatograms of BLM and
BLMC, after incubating with In-111. The composition of
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radiolabelled BLM was studied in detail, first by TLC
[Silica plates, 50% MeOH; 50% NHAc (10%-water sol-
ution)], and then by separating different BLM fractions
using gel chromatography (Sephadex C columns). Thin
layer chromatography demonstrated three subgroups.
Fractions A;, B; and A5, . were filtered through gel chro-
matography. This ion chromatographic column gave a par-
tial separation between fractions A, and B,, and a total
separation to A5 subfractions a—c. These Aj, . subfractions
formed In-111-BLMC. At low pH more than 95% of In-
111 was coupled to subfraction Aj, .. Less than 10% of
BLM contains this BLMC. More than 98% of In-111 was
incorporated into In-111-BLMC. The injected patient
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Fig. 1. A typical chromatogram of In-111-bleomycin complex

(BLMC), formed at low pH 2.5 (below). The upper part

demonstrates several glycoprotein fractions of bleomycin

labelled with In-111 when performed at normal pH 7. BLMC

consists of <10% of total BLM. At low pH, approximately 95%

of In-111 will form In-111-BLMC, The labelling efficiency
was >98% ( < 2% free In-111). Modified from ([10].
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activity was 75-175 MBq, usually 75-85 MBq; the specific
activity was approximately 100 MBg/mg of In-111-BLMC.
The preparation procedure was performed under sterile and
pyrogen-free conditions.

Parients

The patient population consisted of 28 consecutive sub-
jects, with an active malignant disease in the head and neck
region. Informed consent was obtained from each patient
before injection. The histological diagnoses, locations of
malignant tissue and pTNM-stagings at the time of investi-
gation are listed in Table 1. Almost all patients were sub-
sequently operated on, and the types of surgery are also
listed in Table 1.

Gamma itmaging

All patients were imaged using Siemens Rota or Picker
Prism gamma camera. Patients were generally imaged three
times, usually at 1 h, 4 h and 20-24 h after the injection.
5 patients were imaged more than three times. 2 patients
were studied up to 5 days, but because of the long
duration of the investigation, this protocol could not be
applied to all patients., The matrix size was 128 x 128,
and medium energy collimator for both y-energy peaks of
In-111 (173 keV and 247 keV; 20% windows) were utilised.
The gamma camera was connected to a PDP 11/40 compu-
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ter using Gamma-11 software. The single-photon emission
computed tomography (SPECT) method was applied in 5
patients by collecting 60 45-sec frames (6° angles) at 24 h
using a 64 x 64 matrix. Uptakes in gamma images were ana-
lysed using region-of-interest (ROI) technique. The target-
to-non-target ratio in the neck area was calculated by taking
target ROI and the same non-target ROI of the contralateral
side (mirror technique). The tumour-to-background ratios
(TBRs) are listed as ranges in Table 1; this range includes
the variation of both time and location.

Pharmacokinetic studies

Blood and urine samples obtained up to 72 h after injec-
tion were collected from 5 patients. Urine was collected
from all patients for the first 24 h. Hourly samples were
taken during the first 4 h. After that the sampling interval
was 4 h.

Surgical specimens

Tumour samples were obtained by routine surgical exci-
sion and further studied while fresh. Some normal tissue
specimens obtained at surgery were also analysed for radio-
activity. The samples were weighed, counted for radioac-
tivity against an In-111 standard (LKB 1282
Compugamma, Wallac, Turku, Finland). For further analy-
sis samples were first fixed in formalin and embedded in

Table 1. Results of In-111-BLMC scintigraphy of characterised head and neck tumours

Patient Hist. Location Stage Surgery Imagings TBR Neck US
(age/sex) Dgn. (pTNM) (hours) FNAC
1 (60/F) SCC sL T NoMg SLE 1,4,24,72 1.8-2.2 neg
2 (84/M) AC NC T3NoMg PME 1,2,4,22 1.4-1.8 neg
3 (63/M) SCC Ph,NM T,N>Mp PPE,RND 1,3,5,20 1.0-1.4 Z2.5cm
4 (44/M) SCC tL,Ph TyN,>M, TLE,PPE,RND 1,4,24,72,120 1.2-2.8 2 2.0 cm
5 (46/M) SCC NM,UP ToN,M, RND 1,4,24 1.3-1.8 2Z3.0cm
6 (55/M) SCC Ph T,N M, RT,NO 1,4,24 1.1-1.5 2x2 0.6 cm
7 (76/M) scC NR rT,NoMo TR 1,24,72,120 1.3-2.9 2 3.0cm
8 (62/M) SCC NM T,N>M, RND 1.4.24 1.3-1.7 5x220cm
9 (76/M) SCC To TL,NoM, HGE 1,4,24 1.1-1.7 Z 1.0cm
10 (63/M) SCC oC T,NoMg TR 1,4,24 1.1-1.6 neg
11 (62/M) SCC NM,UP ToN3Mg RND 1,4,24 1.6-2.8 Z 6.0 cm
12 (84/F) NB NC T3NoMg TR 1,4,24 1.2-1.3 neg
13 (78/M) SCC tL T3NoM, TLE 1,4,24 1.1-1.6 neg
14 (60/M) SCC L,Ph T NoM, RT,NO 1,4,24 1.1-1.9 neg
15 (73/M) SCC Ph T;NoM, RT,NO 1,4,24 1.1-1.7 neg
16 (58/M) SCC tL T,N,M, TLE,RND 1,4,24 1.1-1.4 2x2Z20cm
17 (80/M) FTC NM T,N1sMo RT,NO 1,3,24 1.1-1.6 Z5.0cm
18 (53/F) AC oC T,NoM, TR,RND 1,4,24 1.1-1.9 neg
19 (75/M) SCC NM,UP T N2My RND 1,4,24 1.2-1.5 2 2.0 cm
20 (65/M) SCC L T,NM, TLE 3,5 1.0-1.2 neg
21 (69/F) SCC To T3NoM,g RT,NO 3,5,22 1.3-1.6 nd, CT
22 (69/F) AC EL,NM TyN>Mp TR 3,5 1.3-1.5 nd, CT
23 (63/M) SCC s T,NoMg TLE 1,4,24 1.3-1.4 neg
24 (52/M) SCC NM TyN.M, TR 1,4,24 1.2-1.8 220 cm
25 (68/F) SCC L,Ph T4NoMg TLE,PPE 1,4,24 1.2-1.6 neg
26 (66/F) SCC To T,NoMg TR,RND 1,4,24 1.4-1.7 neg
27 (64/M) SCC L,Ph,Lu TNM, pRT 1,4,24 1.3-1.7 2xZ1.5cm
28 (75/M) SCC L T1NoMg Rt,NO 1,4,24 1.1-1.4 neg

Abbreviations: (Histological) AAC, adenomatous cancer; FT'CC, follicular thyroid cancer; NB, esthesioneuroblastoma; SCC, squamous cell cancer. (Iocation)
EL, eyelash; L, larynx; Lu, lung; NC, nasal cavity; OC, oral cavity; Ph, pharynx; To, tongue; s, supraglottic; t, transglottic; NR, neck recurrence; NM, neck
metastasis; UP, unknown primary. (Therapy) HGE, hemiglossectomy; PME, partial maxillectomy; PPE, partial pharyngectomy; RND, radical neck dissection;
RT, radiation therapy; SLE, supraglottic laryngectomy; TLE, total laryngectomy; TR, tumour resecton; NO, not operable; p, palliative. (Others) nd, not
done (only CT); TBR, tumour to background ratio; US, ultrasonography; FNAC, fine needle aspiration cytology.
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paraffin, then cut into sections of 5 pm in diameter, and
staining was performed by van Giesen and haematoxylin—
eosin. Immunohistochemical samples were prepared in
Histostix® by fast freezing using liquid nitrogen. After cut-
ting 4 pm thick sections cold acetone was used for fixation.
The samples were stained immediately or stored at —20°,
The frequency of mitoses was scored on a relative scale
from+to +++ as follows: (+), <l/high power field
(HPF; x 400); (++), 2-5/HPF; (+ + +), >5/HPF.

Dosimetric calculations

The estimated doses are based on MIRD formalism as
reported in [24] using a MIRDOSE 3 program [25]. The
mean residence times were determined from the imaging
data. Source organs were drawn on scintigrams to detect
the time activity distribution of regions of interest (ROIs).
The mean residence time was calculated as an inverse of re-
gression of the logarithmic time-activity curves. The S-factor
for an arbitrary lesion was earlier calculated with the help of
phantom measurements [26].

Other radiological investigations

All patients were examined on the injection day with
ultrasonography of the neck, in 6 cases also by transoeso-
phageal US. Fine needle aspiration cytology (FNAC) was
obtained from several suspicious lymph nodes of the neck
region. These findings are listed in Table 1. Most patients
were examined by computed tomography before surgery.
Fusion imaging technique was also applied in two patients.
The SPECT study performed at 24 h was overlayed on
MRI (Siemens 1.0 T). The fusion was performed by six
radioactive-paramagnetic markers to fix xyz-axes. The
method is described in detail in [27].

RESULTS

Figure 1 shows the chromatograms of BLM at normal
pH and BLMQC, after incubating with In-111. It shows that
only one major fraction will be labelled at pH 2.5, and
more than 95% will be In-111-BLMC (lower part in
Fig. 1).

The blood time-—activity curves are presented in Fig. 2.
The half-lives of In-111 activities varied from 1.5 to 3.1 h
in serum, and from 1.4 to 3.7 h in urine. The maximum ac-
tivity in urine was achieved in all patients within 3 h, and
the average half-life in urine was 2.0 h. In all patients >95%
of the activity was excreted within 24 h.

The radioactivity uptakes of 4 cases (% injected activity
per gram of tissue), also analysed histologically, are pre-
sented as histograms in Fig. 3. In surgical samples (from 22
patients) the largest tumour-to-non-tumour ratios were as
follows: Fat 60:1, bone 17:1, muscle 12:1, blood 11:1. In
Fig. 3 tumour uptakes of 4 representative patients are pre-
sented. Tumour uptakes varied from 0.1 to 1.0 x 10 ~>%
ID/g tumour. In primary tumours the mean uptake was
0.47 x 10 ~ % ID/g (n = 21; range 0.10-0.96 x 10 ™% ID/
g) and metastases 0.44 x 10 ~3% ID/g (n = 12; range 0.11—
0.95x 10~ 3% ID/g). There was no statistical difference
between primary tumours and metastases (two-way
Student’s t-test). The highest uptakes in normal organs
were observed in lymph nodes (0.30 x 10 ™% ID/g tissue)
and salivary glands (0.32 x 10 ~ 2% ID/g tissue). Uptakes in
the following organs were also measured: Blood 0.04-
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Fig. 2. Blood curves of In-111-BLMC (from 5 patients). Half-
lives varied from 1.5 to 3.1 h,

0.12 x 10 ~ 3% ID/g tissue; fat 0.01-0.05 x 10 ~>% ID/g tis-
sue; skin 0.01-0.23 x 10 ~ 3% ID/g tissue; muscle (usually
m. sternocleidomastoideus) 0.02-0.17 x 10 ~ 3% ID/g tissue;
bone (hyoid) 0.07-0.19x 10~ >% ID/g tissue; mucous
membrane 0.14-0.18 x 10 ™ 3% ID/g tissue, and salivary
gland (usually submandibular) 0.05-0.32 x 10 ~ % ID/g tis-
sue. Altogether normal tissue uptakes varied from 0.01-
0.32 x 10 ~ 3% ID/g tissue.

The imaging results are summarised in Table 1. In all
patients the known primary tumour was observed. The
tumour-to-background ratios varied from 1.0 to 2.9. The
uptake in the image could be considered strong if this ratio
was >1.20, moderate between 1.15 and 1.20, and weak or
negative if the ratio was <1.15. According to this classifi-
cation, strong uptakes were observed in all but 1 patient
(no. 20), who had a moderate uptake. In early images (at
1-5 h) uptakes were generally low (weak or moderate).
However, in 11 patients tumour uptakes were strong in all
images, including early phases. In late images (after 20 h)
all uptakes could be classified as strong. In 2 patients lymph
nodes were observed in neck US, and were subsequently
verified to be metastatic according to fine needle aspiration
cytology (FNAC; patients nos 6 and 9); these were not visu-
alised on BLMC scans. In patients with multiple lymph
node involvement as confirmed by neck US and FNAC
(patients nos 8, 16 and 27), the uptakes on planar images
merged into each other and did not visualise separately.
The TBR generally increased as a function of time, indicat-
ing a better visualisation and delineation of tumour tissue in
later images, as Fig. 4 demonstrates. Uptake in upper res-
piratory mucosa was always observed in early images. In
Fig. 4 the uptake in the nasal mucosa remained in later
images and was due to a specific accumulation into the
tumour in the nasal cavity.

Figure 5 demonstrates the whole body distribution of In-
111-BLMC from A-P and P-A views. Rapid clearance is
demonstrated by blood pool activity at early stages (at 1 h)
and increasing kidney and bladder activity at early stages (at
1 h) and increasing kidney and bladder activity later (4—
24 h). The same standard was used in all images to calcu-
late uptakes in %/ID. Table 2 shows the distribution data
measured at 1, 4 and 24 h. The absorbed radiation doses
were calculated (MIRD-formalism) and they were: for liver
1.86 x 10 ~* Gy/MBgq, for kidney 7.50x 10~ * Gy/MBq
and for whole body 9.60 x 10~ > Gy/MBq, when the mean
residence time was assumed to be 5 h. The tumour dose
could also be calculated from the phantom measurements
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Fig. 3. In-111-BLMC activities in various surgical samples taken from 4 patients 48 h after injection. Upper panel; left: radical

neck dissection for squamous cell cancer, unknown primary, 63 year old male, T,N,M, (patient no. 8). Upper panel; right: rad-

ical neck dissection for squamous cell cancer of the tongue, 62 year old male, T(N3;M, (patient no. 11). Lower panel; left: rad-

ical neck dissection and total laryngectomy for squamous cell cancer of the larynx, 44 year old male, T,N,M, (patient no. 4).

Lower panel; right: total laryngectomy for squamous cell cancer of the larynx, 78 year old male, T;N,M, (patient no. 13). LNN,
lymph node.

[26] and we obtained 2.04 x 10 % Gy/MBgh for tumour,
which gives 1.0 Gy with injected activity of 100 MBq and
mean residence time of 5 h. The highest normal organ dose
was in the kidney, all other organ doses were lower. Figure
6 demonstrates a squamous cell carcinoma neck metastasis
(patient no. 11) at 4 and 24 h after BLMC injection. In the
last image at 24 h the uptake is almost entirely concentrated
into the tumour, no basal uptake is seen. No false positive
findings were observed in these patients. In Fig. 7 a rather
strong uptake in a primary pharynx cancer can already be
observed at 1 and 4 h. In this patient a nonspecific uptake
in the shoulder joint was detected in early images (Fig. 7),
but this uptake disappeared later. In one patient a lung
metastasis in the right upper lobe was visualised (patient no.

27). No adverse or allergic reactions were observed in these
patients. Figure 8 demonstrates a strong uptake in a squa-
mous cell cancer of the buccal mucosa in a SPECT study
24 h after injection. The corresponding MRI slices are also
shown (Fig. 8). By using this fusion imaging technique, a 3-
D image of a cancer of the base of the tongue is also shown
(Fig. 9). The fusion was performed by six radioactive-para-
magnetic markers to fix xyz-axes and a SPECT study was
performed 24 h after injection. In 5 patients, also studied
with SPECT, the delineation of lesions was better than in
planar images.

In our patient population we had the following tumour
stage distribution (UICC 1987; pTNM Classification of
Malignant Tumours): Stage I 3 patients; Stage II 8 patients;

Table 2. ROI analysis in head and neck tumour patients at different times after In-111-BLMC injection. The mean uptakes in
organs are presented as % of injected dose, based on serial gamma imaging

Organ 1h 4h 24h
Spleen 0.39% 0.19% 0.024%
Liver 3.80% 1.20% 0.25%
Kidney 6.70% 1.70% 0.27%
Bladder 18.40% 5.80% 0.15%
Heart 3.60% 0.82% 0.066%
Bone marrow* 1.30% 0.30% 0.023%

*Calculated from blood data according to [43]
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Fig. 4. Anterior planar scintigrams at 1, 4 and 22 h, from an
adenomatous cancer in the nasal cavity (arrow; patient no. 2).

Stage III 4 patients; Stage IV 13 patients. In-111-BLMC
imaging confirmed the staging by detecting distant metas-
tases (patient no. 27; Table 1) and regional lymph node
involvement in 11/11 patients. Tumour size could not be
determined from gamma images. Table 3 represents the
TBRs on In-111-BLMC scans, absolute uptakes in tissues
and tumour-to-blood ratios in patients, where the grade of
mitoses was calculated from histomorphological samples.
Table 3 demonstrates that TBRs and absolute uptakes tend
to increase with the frequency of mitoses.

K.J.A. Kairemo et al.

DISCUSSION

In this study we have demonstrated substantial tumour
targeting by using In-111-BLMC in head and neck cancer.
In surgical samples, uptakes of up to 0.95x 10~ °% ID/g
tumour were observed (Fig. 3) at 48 h, the mean being ap-
proximately 0.45x 10~ 3% both in the primary tumours
and metastases. Normal tissue uptakes varied from 0.01-
0.32 x 10 ~ 3% ID/g tissue, clearly below average tumour or
metastasis uptakes.

In another study, the highest uptake observed at 8 h in
non-small cell lung carcinoma by using Co-57-BLM was
8.85 x 10 ~ 2% ID/cm?® [6]. However, the results of these
studies cannot be directly compared, even though the radio-
activity half-life in the tumour is known in our patients, and
we have an estimate of each tumour tissue density. Thus,
the absolute uptake can be extrapolated to the 8-h level in
our material. The main reason is that In-111-BLMC and
Co-57-BLM have characteristic kinetic properties; this has
also been verified in our own patients injected both with In-
111-BLMC and Co-57-BLM. In late images the radioac-
tivity was almost entirely concentrated into the tumours as
Figs 5 and 7 demonstrate. In-111-BLMC apparently has
very fast clearance both from urine and from blood. For
therapeutical applications the excretion rate into urine must
be taken into consideration. However, the dose to the urin-
ary tract can be relieved by pharmacologically enhancing
diuresis.

In this study, the overall specificity was 100% when using
surgical findings as a reference. The uptakes in some larger
joint areas observed in early images, as Fig. 7 demonstrates,
all disappeared in later images (Fig. 4). Findings in our sur-
gical samples did not explain the reason for this uptake.
Rather high uptakes were, however, observed in some
samples of oral mucosa, although not causing any false posi-
tive interpretations. We observed high uptakes in some sur-
gically removed salivary samples although they had not been
visualised on any In-111-BLMC scans. Some surgically
extirpated benign lymph nodes also showed considerable
uptakes. In the detection of neck metastases we obtained a
sensitivity of 84.6% when using ultrasound as a reference.
The detection rate of lymph nodes was correct in 17 out of
19 surgically verified metastases.

In-111-BLMC imaging was accurate in classifying all
stage IV tumours, although tumour size could not be
directly estimated from gamma images; the presence of neck
node involvement and distant metastases could be deter-
mined and was helpful for tumour staging in each patient.

Table 3. Results of tissue analysis in head and neck tumours characterised by In-111-BLMC injection

Tumour-to- Tumour-to-
Sample/ Primary/ Frequency of background ratio  blood ratio
patient no. metastasis Organ Grade mitoses (scan) (tissue)
3 P Tonsil 2 ++ 1.4 1.9 0.25
3 M Lymph node 2 ++ 1.0 1.2 0.11
11 M Lymph node 3 + ++ 2.8 11.0 0.95
16 P Larynx 3 + ++ 1.4 3.1 0.64
16 M Lymph node 3 + ++ 1.1 2.8 0.48
20 P Larynx 1 + 1.2 1.2 0.10
22 M Lymph node 3 + ++ 1.5 3.4 0.58
26 P Tongue 3 + + + 1.7 3.3 0.40
26 M Lymph node NA 0 1.4 1.4 0.28

P, primary; M, metastasis.
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Fig. 5. Whole body scintigrams at 1, 4 and 24 h demonstrating high activities in kidneys and urinary bladder and a rapid clear-
ance of the tracer (AP-view).
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Fig. 6. Anterior planar scintigrams at 4 and 24 h of a squa-
mous cell cancer metastasis in the neck region (arrow). No
nasal uptake in late image (patient no. 11).

For accurate classification of stages I-1II conventional radio-
logical methods (CT, MRI) are required for measuring
tumour dimensions. SPECT did not change the classifi-
cation based on planar images, it only helped delineating
small lesions better. Nevertheless, we believe that SPECT
should be applied to all these patients. This was not poss-
ible in this study because of a very demanding protocol for
biokinetic studies and long acquisition just prior to major
operations. The limiting factor with SPECT is the long ac-
quisition time required. Our study demonstrated a high
positive predictive value (100%). Our findings are similar to

Fig. 7. Anterior planar and left lateral scintigrams at 1 and 4

h demonstrating an uptake in a primary pharyngeal cancer.

Nonspecific uptakes in shoulder joints disappeared later (at
24 h) (patient no. 15).

K.J.A. Kairemo et al.

those obtained for Co-57-BLM in squamous cell cancer of
the thoracic region [5].

The complex formed at low pH showed a similar chro-
matographical pattern, and size exclusion chromatography
demonstrated similar labelling characteristics; this empha-
sises the fact that only the subfractions A5, . can form the
complex with In-111.

Bleomycin has clinical applications in the management of
head and neck cancer in selected patient groups. It can be
combined with external radiation therapy. In a study of 157
head and neck cancer patients, complete response (CR)
with this combination was 80% [28], whereas CR was only
20% with radiation alone. However, large differences in dis-
ease-free and overall 5-year survival rates in favour of com-
bined treatment were detected. In another study [29] of 104
patients, CR was 67% (combination of radiation, bleomycin
and methotrexate), whereas with radiation alone it was only
45%. In a third study, bleomycin treatment combined with
radiation was compared with radiation alone, and no differ-
ence was observed [30]. Even single chemotherapeutic
agents, such as bleomycin, 5-fluorouracil and platinum co-
ordination complexes, give promising therapeutic results
combined with radiation. Furthermore, these treatments are
better tolerated than multidrug chemotherapy programs
[31]. Based on these facts, we think that selected patient
groups with head and neck cancer might be treated with
this bleomycin complex labelled with high activities of In-
111. BLMC also forms stable compounds with other beta-
emitters (i.e. Cu-64, Zn-67), which means that targeted
therapy could be possible. In the chemotherapy trials 15-30
mg of bleomycin was administered [28-30] intravenously,
intra-arterially or intramuscularly without side effects. We
used a specific activity of 100 MBg/mg. This would corre-
spond to 1500-3000 MBgs of In-111, which would, we
believe, already be a therapeutic dose. Our estimates indi-
cate that when injecting 3700 MBq of In-111-BLMC, and
assuming a mean residence time in blood is 5 h (MIRD
formalism}, the total kidney dose will be 2.8 Gy (tolerance
20 Gy). The tumour dose was calculated up to 1.0 Gy in a
known geometry for non-MIRD target after injecting 100
MBq [26]. If the kinetics remains constant with higher
injected activities, 20 Gy will be achieved in tumours with a
simultaneous kidney dose of 1.5 Gy. At this moment, how-
ever, the required tumour dose is not known. Cell survival
is dependent on the physical dose, the dose rate, and the
relative biological effectiveness (RBE). The biological effect
of various components of radiation in radionuclide therapy
is not yet fully understood and therefore tumour destruction
cannot be very well predicted for the calculated data for
absorbed radiation doses. In the external radiation therapy
the RBE is assumed to be 1, as verified experimentally,
whereas for Auger-electrons bound to DNA the RBE is in
the range 7-9 [32, 33]. This local effect on the cellular level
is dependent on the activity outside the cell, in the cyto-
plasm and within the nucleus, parameters that must be stu-
died separately [33].

We find the positive correlation between the amount of
In-111-BL.MC uptake and mitotic activity interesting. This
leads to the conclusion that there lies a specific mechanism
beyond the rtumour-seeking behaviour of this agent.
Bleomycin is mainly intracellular [34, 35] and seeks the
nucleus and nuclear membrane. In-111-BLMC [36] has
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Fig. 8. SPECT study at 24 h of a squamous cell cancer of the buccal mucosa. The corresponding MRI slices are also shown.
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Fig. 9. 3-D image of a cancer from the base of the tongue

(outlined arrow) is shown by using a fusion imaging tech-

nique (SPECT study at 24 h on MRI (1.5 T)). The fusion was

performed by six radioactive-paramagnetic markers to fix

xyz-axes and two of these markers (solid arrows) are shown;

the strongest uptake demonstrates the primary tumour (right
image).

been found with great frequency (78%) in the nucleus and
nuclear membrane of a small cell lung cancer line. The
complex cleaves DNA strands on the cell nuclear membrane
causing chromosomal aberrations, and it is known that In-
111-BLMC causes more aberrations than bleomycin alone
[37]. Radiolabelled BLLM binds to DNA with specific mech-
anisms, and the cleavage sites are also known (38, 39].
Bleomycin is known to bind to guanosine—cytosine-rich
portions of DNA via association of “S” tripeptide [40] in
the amino terminal and also by intercalation of the bithia-
zole rings. The cytotoxicity is cell-cycle-phase specific for
the G2 phase, even though some activity is observable in
the G1 phase and no change in plateau phase versus logar-
ithmic growth cells can be observed {41, 42]. This G2/early
mitosis specificity has been thought to be the mechanism of
uptake of the tumour-seeking behaviour of labelled BLMC.

K.J.A. Kairemo et al.

Recently, it was shown that the Co-57-BLM concentration,
as measured i vive by SPECT, correlates well with the
DNA-content of the tumour [6]. Tumours with higher
uptakes had a poorer response to chemotherapy. Therefore,
it might be possible to recognise patients with poor response
to chemotherapeutics (cyclophosphamide, doxorubicin, vin-
cristine, etoposide and cisplatin) and offer them an alterna-
tive in the form of radiochemotherapy, e.g. by In-111-
BLMC.
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