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Radioimmunoscintigraphy Using
[\ In]Antimyosin Fab Fragments for the Diagnosis
and Follow-up of Rhabdomyosarcoma

C.A. Hoefnagel, O. Kapucu, J. de Kraker, A. van Dongen and P.A. Voiite

Between 1987 and 1992, 39 radioimmunoscintigraphic studies using 1''In-labelled antimyosin Fab fragments were
performed in 27 patients with rhabdomyosarcoma (RMS), 2 patients with leiomyosarcoma (LMS) and 1 with
alveolar soft tissue sarcoma. 21 patients were children aged 3-14 years. These patients, who had histologically
proven myosarcoma, were examined scintigraphically to search for local recurrences or metastases and to
determine the response to treatment. The results of immunoscintigraphy were compared with histopathological
parameters and other imaging modalities. The sensitivity of antimyosin scintigraphy in this series was 82% and
the specificity was 73%. Although the technique appears to be not highly specific for RMS, it was found to be
useful for the early detection of local recurrence and metastases, as well as for the evaluation of the response to

therapy.
Eur ¥ Cancer, Vol. 29A, No. 15, pp. 2096-2100, 1993.

INTRODUCTION
RuABDOMYOSARCOMA (RMS) is a tumour arising from primitive
mesenchymal tissue, that mimics normal striated muscle [1)].
Pathologically, the tumour is thought to develop from primitive
rhabdomyoblasts or pluripotential mesenchymal cells. It is the
most common soft tissue sarcoma in children, representing
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approximately 10% of all pediatric tumours. In children, the
primary tumour site is distributed over the head and neck
region, the pelvis, the orbit and the limbs. There are two peaks
in the incidence, one at the age of 2-6 years and a second at the
age of 18 years [2].

By histopathological classification nearly all of these tumours
are of the embryonal type. RMS may become markedly enlarged
before ever being discovered. Like all soft tissue sarcomas,
RMS may infiltrate local structures and may invade both the
lymphatics and the blood stream. Metastases to regional lymph
nodes are common. Haematogenous metastatic sites are the
lungs, bone and bone marrow. Bone scintigraphy is regarded as
useful for the detection of RMS skeletal metastases [3]. Wein-
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blatt and Miller [4] reported a sensitivity of 76% and a specificity
of 85% in their series of 46 cases. Based on studies in only 17
patients, Quddus et al. {5], however, concluded that radiography
may be a more sensitive indicator of disease. Soft tissue sarcoma
may also be imaged with [%’Ga]citrate [6] and [2°' T1]chloride [7],
but these tumour-seeking radiopharmaceuticals are not specific
for RMS.

The pathological diagnosis of RMS relies upon the immuno-
histochemical demonstration of myosin and myoglobin in the
tumour tissue. Although immunohistochemistry helps to con-
firm the diagnosis by identifying cross striations in tumours,
which would otherwise by difficult to find, a negative reaction
does not exclude it [8].

Recently, antimyosin monoclonal antibodies or fragments
labelled with indium-111 ("
cardiology, and are successfully used for the detection of myocar-
dial infarction [9, 10}, myocarditis [11], heterologous cardiac
transplant rejection [12] and anthracycline cardiotoxicity [13].
They have also been used for imaging rhabdomyolysis [14].

Radiolabelled antimyosin monoclonal antibodies could pro-
vide a specific tool for the scintigraphic detection of myosin-
containing tumours, assuming that there is damage of the
tumour cell membrane for the antibody to pass through and
bind to intracellular myosin or for the myosin to be exposed.
After Hoefnagel et al. [15] had demonstrated the feasibility of
["'In}antimyosin imaging in children with RMS, there were
several preliminary reports of the use of this technique in RMS,
lelomyosarcoma (LLMS) and soft tissue sarcoma [16-21]. The
aim of this study was to evaluate the sensitivity and specificity of
antimyosin scintigraphy in children with RMS and to see to
what extent the results contributed to the clinical management
of this disease.
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PATIENTS AND METHODS
Patient population

Between January 1987 and January 1992, 39 antimyosin
scans were performed in 30 patients with histologically proven
myosarcomas at The Netherlands Cancer Institute and in the
Academic Medical Center, both in Amsterdam. 15 patients were
female and 15 were male and their mean age was 9.4 years: 21
were children with ages ranging 3-14 years, the others were
15-31 years old.

27 patients were classified as RMS. 22 were of the dense
subtype, 2 of the loose (both thyroid) and 2 of the alveolar
subtype.

3 other patients, 2 with LMS and 1 with alveolar soft part
sarcoma, were also investigated.

Ten studies were performed prior to treatment; 29 studies
were in patients who had received therapy, which consisted of
surgery in 8, combination chemotherapy in 6, surgery and
chemotherapy in 10 and muitiple treatment modalities in 5.
5 patients were imaged both before and after therapy.

At the time of [!'!'In]antimyosin scintigraphy 15 patients had
a primary tumour only, 5 had a primary tumour with metastases,
1 had a local recurrence, 4 a local recurrence with metastases
and 5 patients had metastases only. In 4 patients single photon
emission tomography was performed to confirm localisations in
the thorax, pelvis and skull.

I'maging technique

The monoclonal antibody R11D10, directed against the heavy
chain of cardiac myosin, coupled to diethylenetriamine-penta-
acetate (DTPA) to allow labelling with ''In, was used. Fab
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fragments of this antibody are commercially available as a two
via] kit in sodium phosphaie buffer together with a solution of
sodium citrate (Centocor Europe, Leiden, The Netherlands).
After mixing, 70-80 MBq [!'!In]chloride were added to 0.5 mg
of Fab-DTPA and incubated for at least 10 min. The labelling
percentage, as tested by paper chromatography, was always
>95%. Children received 0.25 mg antimyosin Fab fragments
labelled with 37 MBq !!'In by slow intravenous injection.

Whole body scintigraphy was performed 24 and 48 h after
administration, acquiring multiple planar images using a Sie-
mens dual head gammacamera with medium energy collimators,
with 20% windows set around the 171 and 245 keV photoenergy
peaks and connected with a MDS A3 computer system. In 4
patients single photon emission tomography was performed
using the same equipment, acquiring 60 views at 6° angle
increments for 30 s/frame (five studies).

The scintigrams were interpreted by three physicians. The
scintigraphic results were given a score on a 0-4 scale: 0 =
negative, 1 = faint uptake, 2 = positive but less than liver, 3 =
positive and equal to liver, 4 = positive and more than liver.
Scintigraphic findings were correlated with available results of
conventional radiology, ultrasonography, computed tomogra-
phy and/or magnetic resonance imaging, as well as with immu-
nohistochemistry.

RESULTS

The imaging results are listed in Table 1, together with
the observed tumour localisations. No adverse reactions were
observed. Normal tracer accumulation was seen in the kidneys,
liver and, to a lesser extent, in bone marrow and the heart.
[!*'In]Antimyosin uptake into normal smooth and skeletal mus-
cle was not apparent. ['!'In]JAntimyosin scintigraphy correctly
identified tumour localisations of RMS in 22 of 26 cases, as well
as I of 2 LMS. Minimal uptake (grade 1) was observed in 10 of
these cases, grade 2 uptake in 11, and grade 3 in 2 patients. Very
intense tracer accumulation (grade 4) was never observed.

Figures 1 and 2 show grade 2 uptake in primary RMS located
in the right thorax aperture and in the left cheek, respectively.

Table 1. ['''In]Antimyosin radioimmunoscintigraphy results in

RMS/LMS
Positive Negative Total
scintigram scintigram
Tumour + 23 5 28
Tumour — 3 8 11
Total 26 13 39
Sensitivity: 82%
Specificity: 73%
Sites:
Primary tumour 7/10
Tumour residue/local 8/9
recurrence
Metastases
Bone 6/7
Lymph nodes 7/8
Bone marrow 0/1
Lung 3/3
Soft tissue 172
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posterior

Fig. 1. ['*'In]Antimyosin scintigram of a 3-year-old boy with a pri-
mary RMS in the right thorax aperture (grade 2 uptake).

In cases of documented complete remission (7 RMS and 1 LMS)
no pathological accumulations were found.

False negative results occurred in 5 patients. In 2 of these
cases this may be attributed to the fact that chemotherapy had
been started only days before the scintigram; in 2 other cases a
tumour residue measuring only a few millimeters in diameter
was missed, one of which was of a different tumour type (alveolar
soft part sarcoma). The three false positive findings were due to
wound healing after surgery in 2 cases and sinusitis in another
patient.

The calculated sensitivity for all studies was 82% and the

cmmﬁmrv was 73%. erlndma the 3 cases of tumour other than

RMS, these figures hardly changed (85 and 70%, respectively).

Single photon emission tomography allowed a better delin-
eation and localisation of tumours in the head, thorax and pelvis
in 4 patients (five studies). This technique was particularly useful
to discriminate between tumour and bladder/bowel activity in
the pelvis, and to show the site and extension of intracranial
lesions (Fig. 3a, b).

Comparing the imaging results with immunohistochemistry
in 11 {*!*Injantimyosin-positive cases, only four tumours stained
positively for muscle myosin. A better correlation was found for

dacemin (mima af 11 macitiva) and vimantin (civ of 11 nasitive)
QOSIIN (find O1 11 POSIUYLS) &Il VINICIIUN (51X Of 11 POSIAVE ).

In the 5 patients who were scanned both before and after
motherapy, the scintigram was correctly converted from

ch thera the scintigram
o 7

positive to negative in 3 cases (complete remission) and indicated

Fig. 2. Anterior, left-lateral and posterior view of [*''In]antimyosin
scintigrams of a 4-year-old girl, showing a local recurrence of rhabdo-
myosarcoma in the left cheek (grade 2 uptake).

C.A. Hoefnagel et al.

considerable improvement in 2 patients attaining a partial
remission (Fig. 4).

Although in most cases ['!'In]antimyosin confirmed RMS
localisations which were already documented by other tech-
niques, scintigraphy added new information in 5 patients: two
primary tumours of unknown localisation, as well as a clinically
unsuspected recurrence were detected and subsequently con-
firmed by computerised tomography and histology; in 1 case
iliac lymph nodes, not shown on computerised tomography were
found and confirmed, and in 1 patient in remission of LMS the
ultrasonographic finding of compression of the left atrium was
substantiated by local ['!'In]antimyosin accumulation.

DISCUSSION

DAMC 10 tha mact cammman anft ticaiia garnama 1n ~hildeas
RNUVig 10 Uil IULSL LULIINNOIL SULL USSUC S4aiCllia i CiiQicil,y

which can occur at multiple anatomical sites. Ten per cent of the
patients already have metastases at the time of presentation.
Reliable techniques to exclude metastases are essential for the
planning of surgical management of this disease. RMS is also
moderately sensitive to radiation therapy and chemotherapy [1].
Progress in the use of all three modalities has led to impressive
improvements in survival. With improved survival rates the
availability of non-invasive imaging modalities for follow-up has
become more important for the early detection of recurrence and
metastases. Antimyosin scintigraphy was originally developed
for diagnostic imaging of myocardial disease. The fact that
tumour cells may have a greater permeability of the cell mem-

brane for ionic radionharmaceuticals. in combination with the
orane ior ioni¢ ragicpharmaceuticals, 1in comoinaton with (a6

fact that RMS cells contain myosin, led to the hypothesis that
this technique could potentially be used for the detection,
staging and follow-up of RMS. After the feasibility of this
approach was reported in 1987 [15], the present more extended
study demonstrates that [!!'In]antimyosin scintigraphy was
successful in detecting RMS tumour localisations in 22 of 26
cases (85%), as confirmed by histopathology and other imaging
techniques.

Previous publications of the use of [*!!Injantimyosin Fab for
tumour imaging in series of 8 and 20 patients with a variety of

enfr figgiia trimmaTina 17 1Qlinnhidad anlu 4 cacpe af DAMCQC 0nd O
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of LMS. There were no children among these patients. Seregni
et al. [20] demonstrated positive results in 7 of 9 children

with primary rhabdomysarcoma. Also, the present study was
performed predominantly in children with RMS. Combining
the results of these four series, the overall sensitivity for RMS
(40 patients) is 88% and for LMS (11 patients) 50%, i.e. in the
case of RMS a relatively high sensitivity for radioimmunoscintig-
raphy.

Immunoscintigraphy was unsuccessful in detecting existing
tumours in 4 cases of RMS and 1 alveolar soft part sarcoma. A
reason for these false negative results may be the fact that many
tumours did not stain positively for myosin on immunohistoch-

emistrv. in concordance with the observations bv Scunham et g/
Smusiry, in ¢oncoraance will tn¢ eoservations 2y scupnam el a;.

[8] who showed that better differentiated tumours stained more
intensely than poorly differentiated RMS, or they may be
attributed to the institution of chemotherapy prior to the scintig-
ram, the extremely small tumour residue after surgery, or the
tumour type.

Although the numbers of patients in complete remission
of RMS are rather smali, the specificity of [*!!Injantimyosin
scintigraphy was not as high as one would expect. In 2 cases false
positive results were atiributed 1o wound healing after recent
surgery and in 1 patient the pathological accumulation was due
to sinusitis, which disappeared after treatment with antibiotics.
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Fig. 3. (a) Radioimmunoscintigraphy using ['!'Injantimyosin Fab fragments in a 4-year-old girl, showing grade 2 uptake in lung metastases of
rhabdomyosarcoma and detecting a local recurrence in the right temporo-occipital area of the skull, which was clinically unsuspected; (b)
single photon emission tomography confirms this localisation and the intracranial extension of the lesion.



2100

Fig. 4. Antimyosin radicimmunoscintigraphy in follow-up of RMS:

scintigrams before (left) and after two cycles of combination therapy

(right) demonstrate a marked decrease in pathological accumulation,
indicating a favourable response.

In addition, the observation by Kairemo ez al. [18] that other
soft tissue sarcomas may also accumulate [1!'In]antimyosin Fab,
and our personal experience of positive [!!'In]antimyosin Fab
fragment imaging in 1 of 4 patients with breast carcinoma prior
to surgery, suggest that this technigue is not entirely specific for
RMS. Considering the clinical role of ['!!In}antimyosin imaging,
it is concluded from this study that this technique is useful
for the confirmation of RMS, the early detection of tumour
recurrence and metastases, and to monitor the response 1o
chemotherapy. The non-invasiveness of the procedure makes it
an easily applicable parameter in the follow-up. It can, however,
not be used to exclude disease, and due to the suboptimal
specificity, positive findings need to be confirmed. Potential
pitfalls of antimyosin imaging are wound healing, infection,
contamination, bladder or bowel activity and residual activity in
porth a cath reservoir or intravenous lines. Extrapolating these
results to potential radioimmunotherapy, the limited intensity
of the tumour uptake, e.g. in comparison to the concentration
of ['*!IJmetaiodobenzylguanidine (MIBG) in neuroblastoma [22]
is not a favourable dosimetric prerequisite.
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