
In preliminary clinical studies a new bone
scanning agent, O9mTclabeled mono fluorophos
phate (MFP), provided satisfactory visualiza
tion of bone tumors. Comparison of MFP with
EHDP shows, however, that because of higher
tumor/bone ratios, lower blood activities, and
more rapid whole-body excretion, EHDP re
mains the agent of choice at present.

Since the introduction of 9omTc@tripotyphosphate
(1 ) , many new phosphate bone-scanning agents
have been described (2â€”5). We have compared
ethane-hydroxy-diphosphonate (EHDP) [Diagnostic

Isotopes (DII)], pyrophosphate (supplied by CIS),

and two polyphosphates [New England Nuclear
(NEN) and (DII)] in patients with malignant disease
and normal controls. EHDP appears to be the most
suitable of these four compounds (6) . A oOmTc@
labeled fluorine compound has shown promise in
animal studies (7) and recently a new compound,
9nmTc@labeledsodium monofluorophosphate (MFP),
has become available for clinical evaluation. We
have compared its performance with that of EHDP
in patients and control subjects.

MATERIALS AND METHODS

A sodium monofluorophosphate/stannous fluoride
preparation (MFP) is under development at the

Radiochemical Centre (Amersham, Bucks., England)
which kindly supplied experimental batches. MFP
was supplied in bottles each containing a freeze-dried
preparation of 100 mg MFP and 2 mg of stannous
fluoride as reducing agent. For scanning studies 30
mCi of sodium pertechnetate (Â°Â°@â€˜TcO.1)in 7 ml
was added to the bottle and 2 ml of the resulting so
lution injected intravenously after Millipore filtration
(0.45-micron Millipore) . Four hours after injection
skeletal scintigrams were recorded on Polaroid film
using a Nuclear Enterprises Scinticamera IV gamma
camera. In this way 20 patients were studied. Vis

ualization of the skeleton was satisfactory in all pa
tients and there was no significant accumulation of
isotope in any organ other than bone, kidney, and
bladder. The scintigrams were sufficiently encourag
ing to stimulate us to compare quantitatively MFP
and EHDP in 12 patients with known bony metas
tases and in 10 normal control subjects.

Twelve patients with x-ray-postive skeletal metas
tases were studied (nine breast, two lung, and one

prostatic primary) . Each patient was scanned on
two separate occasions using an identical technique,
4 hr after the intravenous injection of 2 ml (8.58
mCi) of EHDP and MFP. In addition to Polaroid
scans tumor/bone ratios were obtained using the
multichannel analyzer. Tumor/bone ratios obtained
with the two compounds from identical areas of the
same patient were compared by paired Student's
t-test, a method which we have previously used for
intercomparison of oemTc..phosphates (6).

To compare blood and whole-body levels of
EHDP and MFP, ten healthy volunteers (male medi
cal students) were studied. We have previously de
scribed a technique whereby hourly blood levels and
hourly whole-body retention of injected 30 @@Ciac
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F1G. 1 . Breast cancer: multiple metastases dorsal spine and

ribs. (A) MFP; (B) EHDP.
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n EHDP MFP P

TABLE 1. COMPARISON OF PROPERTIESOF EHDP AND MFP

Tumor/bone ratio 55' 1.82 Â±0.07 1.58 Â±0.06 <0.001
Blood level at 6 hr lOt 0J7 Â±0.06 1.21 Â±0.16 <0.02
Cumulative urine excretion at 6 hr lOt 79.88 Â±2.87 51.21 Â±2.21 <0.001
Whole-body level at 6 hr lOt 35.96 Â±1.47 56.48 Â±1.07 <0.001

All values = mean Â± s.c.m., â€ñ number of tumors studied, t n number of subjectsstudied, p result of Student's
t-test (paired with tumor/bone ratios, unpaired with other parameters), and p < 0.05 is considered significant.

tivities were compared in such subjects. The method
gives accurate and reproducible results (6).

Each subject was given 30 @Ciof MFP by intra
venous injection. Whole-body activity was immedi
ately measured using a shadow shield whole-body
monitor ( 100% retention) . Hourly thereafter both
whole-body retention and blood activity (counted
On a 5-mt venous blood sample and expressed as a
percentage of injected activity per liter of blood)
were measured. Whole-body and blood retention of
MFP were compared with those of EHDP which
had been measured previously in a similar control
group (6) . Results were compared by unpaired Stu
dent's t-test. Prior to the hourly whole-body count,
the bladder was completely emptied and the voided
urine was later counted using the lower detector of
our whole-body monitor as a well scintillation
counter. In this way cumulative hourly urine excre
tion of MFP was measured and compared with that
of EHDP using an unpaired Student's t-test.

RESULTS

Visual comparison of the scans obtained with
EHDP and MFP confirmed that metastases visual
ized with EHDP are also seen with MFP. EHDP
scans were preferred, however, because the contrast
between tumors and normal bone and between nor
mal bone and background were better (Fig. 1) . This
subjective impression was confirmed by the paired
Student's t-test, which showed that the tumor/bone
ratios obtained with EHDP were significantly higher
than those obtained with MFP (Table 1) . When
MFP is compared with the three other compounds
which we have studied previously, it is clear that
fluorophosphate offers no advantage with respect to
higher tumor/bone ratios (mean Â± s.e.m: MFP =
1.58 Â±0.06; pyrophosphate= 1.83 Â±0.08; NEN
polyphosphate = 1.75 Â± 0.09; DII polyphosphate

= 1.68 Â±0.09).
Our previous work has shown that EHDP gives

the lowest blood levels, highest urinary excretion,
and lowest whole-body retention of all the e9mTc
phosphates studied (6) . For this reason we have

compared in this paper the kinetics of MFP and

EHDP only. To simplify the presentation further we
have shown the results at 6 hr only although a simi
lar pattern was noted throughout the study. Overall
we have shown that urinary excretion of EHDP is
significantly more rapid than that of MFP. Blood
and whole-body levels are therefore significantly
lower(Tablel).

DISCUSSION

Fluoride ions have a strong affinity for the hy
droxy apatite crystal of bone, and 18F has been ex
tensively used as a bone-scanning agent (8) . The
possibility of combining fluorine's high affinity for
bone with the convenience of 99mTc is attractive.
A OOmTc@Sn@Fcomplex (Fluorotec) has been studied
in rabbits and shows a similar concentration in bone
to NEN polyphosphate (7) . MFP contains both
fluorine and phosphate and might therefore be cx
pected to localize in high concentration in the skele
ton. MFP is readily labeled with sodium pertechne
tate in the presence of stannous fluoride and we have
confirmed in 20 consecutive clinical studies that ade

quate visualization of the skeleton is possible. No
toxic effects were noted.

A detailed comparison of the relevant charac
teristics show however that EHDP has definite ad
vantages over MFP: tumor/bone ratios are signifi
cantly higher and blood (and therefore soft-tissue)
levels are lower. These differences are clearly seen
on the scintigram where better contrast is consist
ently obtained with EHDP. As differences in whole
body absorbed dose clearly depend on differences
in biologic half-life, the more rapid excretion of

EHDP is a further advantage. MFP is excreted from

the body at a similar rate to NEN polyphosphate and
gives blood levels similar to pyrophosphate but the
tumor/bone ratios obtained with MFP are the low
est of the five compounds we have studied in detail.

Though it is conceptually attractive, we have con
cluded on the basis of the studies described here that
MFP offers no advantage over EHDP, which re
mains our standard 9omTc@labeledbone-scanning
agent.
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THE SOCIETYOF NUCLEARMEDICINE
22nd ANNUAL MEETING

June 17â€”20, 1975 Philadelphia Civic Center Philadelphia, Pa.

THIRDCALLFORABSTRACTSFORSCIENTIFICPROGRAM
The Scientific Program Committee welcomes the submissionof abstractsof original contributionsin

nuclear medicine from members and nonmembers of the Society of Nuclear Medicine for the 22nd Annual
Meeting. Abstracts for both the regular scientific program and for works-in-progress papers will be pub
lished in the June issueof the Journal of Nuclear Medicine.

This year the Committee plans to divide the program into five major categories: Basic Science, Clinical
Practice, Clinical Research, Pediatric Nuclear Medicine, and Special Topics. Papers on the following sub
jectswill be considered in these sessions:

Bone/joint Instrumentation (and ultrasound)
Cardiovascular Metabolism
Competitive binding assays Neurology
Computer/data analysis Oncology
Computerized axial tomography Pediatrics
Dosimetry Pulmonary
Gastroenterology Radiopharmaceuticals
Hematology Renal/electrolytes

GUIDELINESFORSUBMITTINGABSTRACTS

This year abstractswill be printed from camera-ready copy provided by the authors. Therefore only
abstracts prepared on the official abstract form will be considered. These abstracts forms are available
from the Society of Nuclear Medicine, 475 Park Ave. South, New York, N.Y. 10016. The forms will not
be sent to the entire membershipas in former years, but mustbe requestedfrom the Societyoffice in New
York. Be sure to request enough forms since only original formscan be usedfor each submission.The orig
inal and six copies must be submitted.

The deadline for submitting abstracts for the regular scientific program and for works-in-progress
papersis:

January 15th, 1975

Send the original abstract form, supportingdata, and six copies to:

James H. Christie, M.D.
Dept. of Radiology
University Hospital
Iowa City, Iowa 52240
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