
not yet been defined (9,10). With the advent of powerful
bisphosphonates, it has been suggested that a permanent
cure could be achieved if the bone scan appearanceswere
normalized following treatment (11).

For patients with Paget'sdisease who receive a standard
treatment regimen of parenteral pamidronate, this study
examined the changes in bone scan appearancesfollowing
therapy.

METhODS

Twenty-fivepatientswith a least 2 yr of bone pain due to
Paget's disease were examined. Bone scintigraphyof the whole
bodyand distallimbswasundertakenan averageof2.6 mo(range
1â€”5mo) before treatment and 8 mo (range 6â€”12mo) following
treatment. Imaging was done 3â€”4hr following injection of 550
MBq @mTc@methylenediphosphonate(MDP).Pamidronatewas
administered weekly as 30-mg infusions in 500 ml of normal
saline given intravenously for 6 wk. Clinical assessmentwas
performed, and serum alkaline phosphatase(sAP)and urinary
hydroxyproline-to-creatinineratio(OHp/Cr)weremeasuredbe
fore and 6 mo after treatment.

Scans were scored visually using a semiquantitative scale de
scribedby Patelet al. (10) as follows:

Pamidronateisoneofseveralpowerfulbisphosphonatesable
to produceprolongedremissionsof Paget'sdisease.This
studyexaminedto whatextentbonescanchangesparallel
the clinicalresponseandwhetherthereis variabilityin the
behaviorof individuallesions.Twenty-fivepatientswithpa
geticbonepainfor morethan2 yr wereexaminedwith bone
scintigraphybefore and on average8 mo after six 30-mg
infusionsof pamidronategivenweekly.Serumalkalinephos
phataseandurinaryhydroxyproline-to-creatinineratioswere
measuredbeforeand6 moafter treatment.A secondcourse
of pamidronatewas givento 13 patientswho had dinicalor
biochemicalrelapse.Of 136 pageticlesions,13 (10%) com
pletelyresolved,90 (65%)improvedand 33 (24%)remained
unchanged.Therewas no significantdifferencein response
betweenbonysites,althoughlessactivelesionswere more
likelyto resolvecompletely.Inconclusionpamidronatehasa
powerfuleffectonbonescanappearancesinPaget'sdisease.
Mostlesionsimprovebutcompleteresolutionisuncommon.
Less active lesionsare more likely to resolveand are less
likelyto requirefUrthertherapy.

J NucI Med 1992: 33:1589-1593

or many years, Paget's disease has been treated with
either injectable calcitonin or oral etidronate. However, in
many patients, these treatments are ineffective or only give
temporary reliefofpain (1-3). Furthermore, at present in
the U.K., calcitonin has to be given by injection, which
often leads to distressing side effects, and etidronate, al
though generally well-tolerated, cannot be given in high
doses or for long periods because of the risk of osteoma
lacia (3â€”5).

Pamidronate is a second generation bisphosphonate,
which is more powerful than etidronate, and is not asso
ciated with impaired bone mineralization (6). Several stud
ies have demonstrated its efficacy in Paget's disease (7,8).
However, the changes in bone scintigraphyfollowing pam
idronate are less well established and the role of the bone
scan in assessing response to pamidronate treatment has
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Hospital,St. ThomasStreet, London,SEI 9RT,UK.

0 = Nolesionapparent(seeFig.1B).
1= Increasedactivityjustdetectable(Fig.2B).
2 = Increasedactivityeasilydetectablewithoutlossof defini

tion ofadjacent bone (see Fig. lÃ€).
3 = Activity easily detectable but with loss of definition of

adjacentbone(seeFig.2A).
4 = Activity easily detectable from lesion with none visualized

from adjacentnormal bone.

Bone scans were reported without knowledge of whether they
werepre-or post-treatmentfilmsby a physician(PR).A sum
mated score for each patient was obtained by adding the scores
forindividuallesions.A meanscorewasobtainedbydividingthe
summated score by the number of lesions. In addition to being

scored, each lesion was also described as predominately uniform
or focal.Painresponsewasassessedby patientinterview6 mo
aftertreatmentandnotedto beunchangedorlittleimprovement,
improved,or painfree.Statisticalanalysiswasundertakenusing
theMannWhitneyU-test.

RESULTS

There were 136 bone scan lesions, whose distribution is
shown in Table 1. No significant difference was found in
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TABLE1Distribution
of Lesionswith AveragePre-andPost

treatmentBoneScanScoresand Numbersof NormalScansPost-treatmentAverage

scanscore Normal

Site No. Pre-treatmentPost-treatment(%)Pelvis

33 2.59 1.563(9)L
Spine 20 2.70 1.65 1(5)Femur

19 2.37 1.750Tibia
14 2.08 1.233(20)T.

Spine 13 2.61 1.69 1(8)Skull
9 2.77 1.671(11)Scapula
8 2.37 1.372(25)Humerus
6 2.17 1.500Patella
3 2.33 1.670Clavicle
3 2.33 1.37 1(33)Talus
2 3.00 2.500Swum
2 2.50 2.000Una
1 3.00 2.000Mandibule
1 3.00 0.00 1(100)Maxilla
1 3.00 1.000Calcaneus
1 3.00 2.000Total

136 341.44 215.0313Mean
8.5 2.51 1.58 0.8(13)

B

A

FIGURE 1. (A) Increasedpageticactivityat LI grade2 pre
treatment.(B)ReSOlUtIOnof increasedactivity(grade0) in same
patlentafter treatmentwith pamidronate.

scan appearanceschanged from uniform to predominantly
focal (Fig. 3Aâ€”B).Sites where this was noted were pelvis
(2), femur (3), skull (3), lumbar spine (4) and tibia (3).
Patients were divided into those where the bone scan score
fell by more than 38% and less than 38%. No significant
differences were found between changes in bone scan score
and biochemical measurements in the two groups.

There was complete resolution ofsymptoms at 12 pain
flil sites,improvementin 19and no changein 4. The
pelvis with additional osteoarthritis of the hip joints was
the site of pain in two patients where there was no clinical
response. The other two sites were the pelvis and the
lumbar spine where there was improvement in scan score
without full resolution. There was no significant difference
in pre- or post-treatment bone scan score, or percentage
score change, between those sites where there was a com
plete disappearance of pain and those where pain im
proved (Table 3). Those sites that were pain free after
treatment had significantly higher fall in OHp/Cr (p <
0.05), although other biochemical measures were not sig
nificantly different in the two groups. Minor side effects,
which were mostly a transient increase in pain or mild

B

the averagefall in bone scan score for different bony sites.
There was no site of Paget's disease in which a bone scan
improvement following treatment was not obtained in
some patients. Of individual lesions, 13 (10%) resolved
completely, 90 (65%) improved, 33 (24%) remained un
changed and none worsened. There were no lesions with
an initial score of 4. Seventy-eight lesions had an initial
scan score of 3 and showed an average fall in scan score
of 36% following treatment with 5% completely resolving
and 20% remaining unchanged. Fifty lesions had an initial
score of 2 and showed an average fall of 44% following
treatment, with 20% completely resolving and 24% re
maining unchanged. Eight lesions had an initial score of 1
and showed an average fall of 25% following treatment,
with 25% completely resolving and 75% unchanged. Fig
urea 1A and lB show the resolution of a grade 2 pagetic
lesion at Ll and Figures 2A and 2B show the marked
improvement of a grade 3 lesion of the left hemipelvis to
grade 1 following treatment.

The summated bone scan score improved in 24 patients
(96%) and remained unchanged in 1 patient (Table 2).
The mean summated score fell with treatment from 2.28
to 1.39.Completelyresolvedlesionswerefoundin 12
(48%) patients, lesions that improved were found in 24
(96%) and lesions that remained unchanged were found
in 16 (64%). Multiple lesions with the same initial bone
scan score were found in 21 patients, in only 3 (14%) of
whom did such lesions respond uniformly to treatment.
The averagedifference between the greatestand least bone
scan score response in each patient was 62%. The greatest
variation was in one patient in whom a lesion of scan
score 3 fully resolved and another lesion with the same
scan score remained unchanged. In 15 (1 1%) lesions, the

A

FiGURE2. (A)Pageticlesiongrade3 lefthemipeMsbefore
treatment.(B) Same patient in (A) after pamidronatetreat
mentwith markedresolutionof the left hemipelvislesion
(grade1).
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AverageBone Scan Scoresfor IndividualPatientsPre-andPost-treatment
and Numbersof SitesWhereLesionsCompletely

Resolved.
Bone scan score (range)

Patient No.
no. lesions Pre-treatment Post-treatmentNormal1

2 2.00(2) 0.50(0â€”1)12
4 2.00(2) 1.00(1)03
2 2.00(2) 0.50(0â€”1)14
1 2.00(2) 2.00(2)05
2 1.50(1â€”2) 0.50(0â€”1)16

15 2.73 (2â€”3) 1.80 (1â€”2)07
2 2.00(2) 1.50(1â€”2)08
4 2.75(2â€”3) 1.00(0â€”2)19
9 2.25(1â€”3) 1.25(0â€”3)110
2 2.50(2â€”3) 1.50(1â€”2)01

1 3 2.67(2â€”3) 2.33(1â€”3)01
2 3 2.67(2â€”3) 1.67(0â€”3)11
3 3 2.33(1â€”3) 1.33(1â€”2)014

6 3.00(3) 2.00(2)0I
5 6 2.50(2â€”3) 1.67(1â€”2)016

3 2.00(1â€”3) 1.33(1â€”2)017
7 2.57(2â€”3) 1.57(0â€”2)118

17 2.82(2â€”3) 1.88(0â€”3)11
9 8 2.25(2â€”3) 1.25(0â€”2)120

5 2.40(1â€”3) 1.60(0â€”3)121
8 2.50(1â€”3) 1.12(1â€”2)022
5 2.80(2â€”3) 1.00(0â€”2)023
1 3.00(3) 2.00(2)024
9 1.78(1â€”2) 1.11 (0â€”2)225
9 2.78(2â€”3) 2.56(0â€”3)1Total

136 57.02 35.9713Mean
5.4 2.28 1.39 0.52

A ComparisonofClinicalResponsewithMeanandRange
BoneScanScore,SerumAlkalinePhosphatase(sAP,lU/liter)

andUrinaryHydroxyproline-to-CreatinineRatio(OHp/Cr,
mmol/mol)Clinical
responseResolution

of ImprovementofScan
score/Biochemistry pain(12pts) pain(13pts)Pre-bonescanscore

2.42.7(1â€”3)
(1â€”3)Post-bonescanscore

1.91.8(1â€”3)
(1â€”3)%Change

bonescan 2236score
(0â€”66)(0â€”100)%Lesions

normalpost- 05treatmentPre-sAP

19291247(321â€”4461)
(431â€”4400)Post-sAP

412450(203â€”1216)
(157â€”913)%Fall

sAP 6660(33â€”92)
(35â€”81)Pre-OHp/Cr

16074(16â€”450)
(12â€”300)Post-OHp/Cr

2930(7â€”58)
(7â€”106)%Fall

OHp/Cr 7157(55â€”84)
(38â€”87)Numbers

inparenthesesarerangebonescores.

TABLE 2 TABLE 3

after 3 yr (Table 4). Higher sAP and OHp/Cr ratios both
before and after treatment (p < 0.05), but not percentage
change in these values, were significantlyassociated within
the requirement for further therapy. Higher bone scan
scores, both before and after treatment, and a smaller
percentage fall in bone scan score were also associated
with requirement for further therapy (p < 0.05). One
patient with a painful site where there was complete reso
lution of bone scan appearances did not require further
treatment by 3 yr after initial therapy. No patient with a
grade 1 lesion after treatment (seven patients) required
furthertreatment until 2â€”3yr.

DISCUSSION

Treatment with pamidronate leads to improvement of
most pagetic lesions visualized on bone scans and the
complete resolution of some lesions. However, a minority
are unchanged following treatment. There were wide var
iations in response of lesions to treatment, with complete
resolution ofsome with a high initial score and no change
in others with a low initial score. There were variations in
response of lesions, with the same initial score in 86% of
patients. This variation in response was also found by
Patel et al. (10) in a study where some patients received
etidronate and others pamidronate, but it differs from a
study using a combination of calcitonin and etidronate
(12), in which a constant reduction in uptake on bone

pyrexia (<38 C) were noted in 50% of the patients and
have been described more fully elsewhere (8).

Six patients were retreated 1â€”2yr and seven patients 2â€”
3yrfollowingtheirfirsttreatmentbecauseofarelapseof
pain. Bone scan score and biochemistry results in these
patients were compared to those not requiringretreatment

r_..@@
FIGURE 3. Paget'sdiseaseof the skullandmandiblebefore
treatment.(B) Samepatientin (A)after pamidronatetreatment.
The mandibular lesion has resolved and the skull lesion has
become multifocal.
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TABLE4A
Comparisonof MeanandRangeBoneScanScore,Serum

Alkaline Phosphatase (sAP, lU/liter) andUrinaryHydroxyproline-to-Creatinine
Ratio(OHp/Cr, mmol/mol)withthe

RequirementforFurtherAPDTherapyRetreatment
withAPDBiochemistry/Scan

1â€”2yr 2â€”3yr Noneby3yrscore
(6 pts) (7 pts) (5 pts)

The semiquantitative score used in this study is a rela
tively crude method of bone scan assessment, but it has
been validated against quantitative approaches (16). By
using this technique, we failed to demonstrate an associa
tion between bone scan score and biochemical changes or
clinical response. An absence of a relationship between
bone scan changes and sAP was also noted by Patel et al.
(10). We found improvement in the bone scan score at

almost every painful site, but this did not significantly
correlate with clinical improvement over the first 6 mo.
The biochemical measures also failed to show an associa
tion with clinical response except for a percent fall in
OHp/Cr which was just significant.

The requirement for further treatment was associated
with bone scan appearances,as was also found by Vellenga
et al. (12), and it may therefore help in the assessment of
the need for further therapy or deciding which therapeutic
regimen is most appropriate. However, the sAP and OHp/
Cr were also significantly associated with requirement for
further therapy and in most cases would be used instead
of the bone scan.

We have demonstrated that normalization ofbone scan
appearances is not required for relief of symptoms. How
ever, whether normalization of scan appearances is asso
ciated with prevention of recurrence of disease remains
uncertain. Nevertheless, it is of note that those patients
not requiring further treatment by 3 yr following treatment
all had average summated post-treatment bone scan scores
of 0 or 1.

In conclusion, pamidronate has a powerful effect on
bone scintigraphy in patients with Paget's disease. There
is a large variation in response to treatment of individual
lesions, and an awarenessthat diffuse involvement of bone
may become focal should be noted to avoid possible
confusion with metastatic disease. The bone scan, together
with biochemistry measurements, can predict the need for
further therapy.

REFERENCES

1.DeRoseDiP,SingerF,AuramidesA,etal.ResponseofPaget'sdiseaseto
porcineand salmon calcitonins:effectsoflong term treatment.AmJ Med
1974;56:858â€”866.

2. Johnston CC Jr. Khairi MRA, Meunier PJ. Use of etidronate in Paget's
diseaseofbone. ArthRheumatism 198023:1172â€”1175.

3. Khairi MRA, Altman RD. De Rosa GP, Zimmerman J, Schank RK,
JohnstonCC. Sodiumetidronatein the treatmentof Paget'sdiseaseof
bone.AnnIntern Med 1977;87:656â€”663.

4. Boyce BF, Fogelman I, Rabston S, Smith L, Johnston E, Boyle IT.
Osteomalaciadue to low dose diphosphonatetherapyin Paget'sdisease.
Lancet1984;l:821-824.

5. GibbsCB,AaronJF, PeacockM. Osteomalaciain Paget'sdiseasetreated
with short term, high dose sodium etidronate. Br Med J 1980;20:
127â€”129.

6. Frijlink WB, Te VeldeJ, BijvoetOLM, Heynen 0. Treatment of Paget's
diseaseofbone 3 amino-1-hydroxypropylidene1-1bisphosphonate(APD).
Lance!1979;l:799â€”803.

7. Hamick HIJ, Papapoulos SF, Blanhsma HJ, Moolenaar AJ, Vermeij P.
BijvoetOLM. Paget's diseaseof bone: early and late responsesto three
modesoftreatment withamino-hydroxypropylenebisphosphonate(APD).
BrMedJ 1987;295:1301â€”1305.

2248
(641â€”4400)

682
(226â€”1513)

66.5
(46â€”86)

182
(50â€”450)

51
(8â€”106)
70

(40â€”86)
3

(3â€”3)
2.5

903
(54â€”2170)

304
(214â€”406)

58.3
(43â€”81)

63
(19â€”169)

19
(5â€”35)
56

(12â€”97)
2.6

(2â€”3)
1.7

528
(321â€”1083)

209
(156â€”282)

53.2
(33â€”81)

29
(16â€”46)

7
(0â€”12)
70

(44â€”100)
2

(1â€”3)
0.8

Pre-treatmentsAP

Post-treatmentsAP

%FallsAP

Pre-treatmentOHp/Cr

Post-treatmentOHp/
Cr

%FallOHp/Cr

Pre-treatmentbone
scan score

Post-treatmentbone
scan score

%Fallbone scan score
(2â€”3)(1â€”3)(0â€”1)16.53352(0â€”33)(0â€”66)(0â€”100)

Numbersinparenthesesaretherangeofbonescanscores.

scintigraphywas found following treatment, and a subse
quent study by the same authors using pamidronate, in
which scintigraphic improvement was proportional to mi
tial uptake (13).

In this study, although there was also a wide variation
in responses of lesions in the same patient, complete
resolution of lesions was associated with a lower initial
bone scan score. This was also found in the study by Patel
et al. for the 10 patients receiving pamidronate (10).
However, Patel et al. reportedthat some lesions worsened
following treatment and in some patients the summated
bone scan score remained unchanged or deteriorated. They
also reportedthe development of new lesions, which were
not found in this study. However, it should be noted that
in the study ofPatel et a!., follow-up scans were performed
much later than in the present studyâ€”amean of 21 mo
(range 12â€”48)following treatment. A mixed group of
patients were also used, some receiving etidronate and
others pamidronate, and the medication dosages were not
stated. Possible explanations for the variable response of
lesions of the same intensity to pamidronate include dif
ferences in vascularity of lesions (14), the amount of
woven bone present (15) or the thickness of involved
bone (9).

In a few patients, the bone scan appearances of lesions
changed from predominately uniform to predominately
focal. In some of these individuals, the bone scan might
have been reported as demonstrating metastases, without
prior knowledge of this pattern of response to treatment.
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FIRST IMPRESSIONS

PURPOSE
A 75-yr-old male with no previous history of
malignancy underwent a bone scan as part of a
work-up for weakness and weight loss. A 99mTc@
MDP bone scan demonstratedabnormalsplenic
activity (Fig. 1). A subsequent gallium scan also
showed abnormal accumulation in the spleen
(Fig. 2). A CT scan revealed splenomegaly and
calcification in the spleen (Fig. 3). Pathology
after splenectomy was reported as a large cell
malignant lymphoma of the spleen.

TRACER
25 mCi of 99mTcMDp and 12 mCi of
67Ga-citrate

ROUTE OF ADMINISTRATION
Intravenous

TIME AFTER INJECTION
99mTc..MDP,3 hr
67Ga-citrate, 48 hr
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