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INTRODUCTION

OVER 100 YEARS AGO. Sir James Paget first recog.

nized “‘Paget’s Diseasc”. Initially it was named
Osteitis Deformans and thought to be due to an infectious
process of bone. For years this disease remained a medical
enigma which caused deformities specifically of long
bones {mostly among older peopic). Recognition of this
disease was rather incidental and treatment was almost
nonexistent.

Abnormalitics which were typically recognized in this
disease arose gradually causing lications, such as
pathological fracturcs and deafness. Some believe that
compression of optic for and blind results due
to hypertrophy and thickening around the internal
auditory meatus, This can resule in deafness.

Recently specific mcthods of treatment have revived
medical interest in this field. Previously, because of not
having any definite treatment, there was no such incentive
to make a definite diagnosis of Paget’s Pisease. However,
these new treatments require that Pagetoid patients be
recognized at any stage of the discase {especially early),
so that treatment may be initiated as soon as possible.

Paget’s Disease occurs in both sexes, and sometimes
familial incidence takes place. Different countries have
different incidences of Pagetoid people.

The discase may be caused by a slow .growing virus, In.
clusion bodies have been found in osteoclasts.



POSTMORTEM STUDIES

Postmortem and radiologic scudics of Pagetic paticars suggest that
Paget's Dnuut may be present in at lem 1 percent of the 50-60
year old population (the per B with age). In facy,
PP ly 10 p of the population over the age of 80
years may have the digease.

Although the preci ber of p with Paget's is unknown,
the diseasc is widely spread throughout Europe. There may be
750,000 Pagetics in France, 700,000 in the United Kingdom,
250,000 in the Banalok Countries, 50,000 in Scandinavia and

800,000 in Germany. In the United States, there are 2 million”

paticnts with Paget's Discase (150,000 of which are known te be
Ssymptomatic).

The disease, scen primarily among the Anglo-Saxon race, is morc
rare in Africa and the Far Esst a1 compared with Europe and the
United States. In the United Kingdom, the highest incid of
Paget’s Diseasc ocours in Lancashire.

Baszed on these it is possible that ¥ ith

uuy have symptomatic Pagetics in different stages of discase
A ber of those symp patients could

benefix from treatment to help arrest or significantly impede the

disease p This emph the imp of making an

accurate early diagnosis,

AREAS OF INVOLVEMENT

Paget's Discase is known and found most frequently in the
ilium, femur, lumbar spine, skull, sacrum, thoracic spine,
tibia, humerus, and scapula It is less commonly found in
the hands and feet. Radiegraphs of long bones and the
ilium demonstrate these findings,

PATHOLOGICAL STUDIES

prolinc are most valuable in study of Paget's discasc patuents. Also
obtainment of alkaline phosphatase is necessary.

Osteoblast The blast is a synthesizing cell which makes
collagen fibers and the other components of bone matrix which
contribute 1o the process of mineralization,

PROCESS OF BONE FORMATION

Durting the process of bone formation, osteoblasts release alkaline
phosphatase into the bload system. This circulstes throughout.
initiating ostcoblastic activities involving the entire skeleron. This
process is similar in both cortical and trabecular bone.

Bet bone ption ( ! activity) and bone forma-

tion {astcoblastic activitv) dﬂmmtum and recanstruction of bone
is conuoiled by a complex process of temodeling. Osteaclastic

vrion always p des the formation of new bonc laid down
by osteablasts,

When radiographic studies arc done, one sees activity leading to
loss of spongy fotmation. Aleo some loss of endosteal cortical
bone can be noted.

In aging adults. this process produces small but gradual loss of
bone, so that the final resuit in the Pagetic ix always net gain of
bone tissue. This results in positive bone balance. It also accounts
for enlargement of bone and its typical ostcoclastic appearance,

einr g has been ateributed to
Jities. These cells are hypertrophied and
increase many, many times, not oaly in number but alto in size,
producing erosion of jrregular lacunar bone. It is during this
process that hydroxyproline i freed into the system. Osteoclasts
stimulate a reaction in ostcoblasts causing nhem to increase in
number, size and activity.

The primary
aatic ab

As a result, the process continues daily, producing twice the
amount of ll\lllbl a3 normal. This mateix is laid rapidly in an
d fashion with such erraticism that bone
loscs its normal lamcllar strugture and ofganixation.

N 1 a: 1

Knowledge of the Pagetic process is made casier with f
understanding of normal bone formation. Adult bone is a highly
organized structure, consisting of both inner cortical and spongy
bone. R deling occurs ly in both, due to the pres
ence of two types of actively opposing cells: osteoclasts and
osteoblasis.

Oc ! These are b lly giant cells which have been derived
from monocytes of bone ¢ w. O 1 are ible for
destroying bone tigsue, During this proces, mmenls (including
calcium) are distolved. At the same time, collagen fibers from bone
matris are broken down. During such phenomena, amino acids are
liberated and a particular hydroxyproline (from the breakdown of
collagen) is released. This can be tound in urinc of paticals with
Paget's discase. Hence, twenty-four hour utine studies of hydroxy-

A technique using T ycline may d osteablastic
overactivity, Two doses of Teuacychine are administercd o the
patient. Each is laid down selectively in bone. The distance be-
tween two fluorescent “Tetracveline™ labels gives the amount of
bone fonmed.

The final result of this remodeling disturbance is to produce dense
bone whose microstmicture is d d in such a fashion that
the tissue thus formed becomes weak (despite the fact that it is
denge).

DIAGNOSIS
The diagnosis of Paget’s Discase is usually difficult to
make in early stages since the process occurs over decades

without any obvious symptoms that the patient ¢an
notice. When the process has progressed and the disease is

cvident, usually the first complaint of the patient is pain.

=



" Diagnouiz of Paget's", Continues):
Initially pain is mild but it can become severc in joints.
For example, if the femur is involved, pain is noted in the
hip, knee, or low back. Pain occurs because:

1. Involvement of the shaft of long bones or skull,

2. Pain may arise from joint involvement. This
causes early signs of deformity.

3. Bone pain may come from impaired joint move-
ment. This leads to loss of articular cartilage.

4. Pain can arisc from compression of neural
tissues.

Complications may be due to diversion of bleod supply to
more highly vascular Pagetic bone. This causes a vascular
steal cffect. One may see warmth in the area of Pagetic
digense. . . .

Overall Pagetic pain is difficult to differentiate from other
types of pain from other diseases, X-ray should help to
differentiate from other problems.

The presence of increased alkaline phosphatase and
urinary hydroxyproline are often Y to assist the
physician in making a definite and accurate dingnosis of
Pager's disease. X-ay findings are somectimes diagnostic
because of bone enlargement, striking facial features
and thickening of the skull, vertebral bodies (both anterior
and posicrior dircctions), enlargement and bowing of
femoral (or tibial) shafts, and enlargement of the iljum in
all directions. Radius and uinar involvement is less com-
monly seen.

The other specific radiological findings are osteoporosiy,
ci ipt punched out lesi of the ¢ + Osteo-
lytic lesions in long bones, as well as the irregular in-
creased bone density.

BIOCHEMICAL CHANGES
CAUSED BY PAGET'S DISEASE

Biochemical changes caused by Paget's disease usually reflect
localized increascd bone turnover occuring during the active part
of the di Mydroxyp often i many times higher
than narmal. Increase in serum alkaline phosphatase uaually
reflects the scverity of disvase and can resch 10-20 times upper
limits of normal

Hydroxyprofine and alkaline phosphatase levels alio are a good
mcans for itoting tr of the pati If they decrease,
the patient is cermainly respanding to medication In fact. if
during the process of treatment the medication is stopped, you

<an see alkaline phosph b higher.

Niiehi

There are many ways for g alkaline phowph levels
of the blood in laborstories. Atsays {or urinary hydroxyproline are
father more difficult to obtain and difficult to evaluate. In regard
to other chemicals, calcium has been known to remain at a normal
level iince there is usvally a direct rclationship. between the
amount of calcium cutering and leaving bone.

BONE SCANNING

Bone scanning through phy. high resolution mach:
ines, and by isotopes are the most effective wavs to detect signs of
subelinical disease, Periodic scanning should also be done during
therapy. It is best to limit radiographic study to these defimitely
known as Pagetic.

CLINICAL EXAMINATION

The obvious signs of Paget's diseasc are as follows:
1. Bony enlargement: femur, knee joint and skull.

2. Deformities: femoral, tibjal or fibular bowing.

3. Pain; (may not be present), may be rheumatic
rheumatoid-like, may be gouty. Headaches may
be present due to platybasia.

4. Fractures: may be the first symptom. Mav be
recurrent, Usually affect the long bones. but
may not be painful. May result in complications
such ag: osteoarthritis or deafness.

5. Compression of spinal cord: This sympiom is
rare. May result from vertebral compression
fracturc. Patient may have mono- or panplegia.

6. Sarcoma. Very rare (1:1000). Pain, loss of
normal cortical definition and osteolysis are the
findings of sarc deg jon of Pager's.

7. Increased cardiac ourput; May lead to cardiac
failure.

8. Urinary lithiasis: from increased serum calcium.

TREATMENT

The various modes of weatmentare: drugs, physiotherapy,
arthoses, corrective surgery and “‘others”.

DRUG THERAPY
Specific treatment consists of drugs thar influence osteociastic
ivity. Thue_‘ lud itonin and Didronel.

Calcitonin. This is a hypocakcemic hormone secreted by the para-
thyricular cells of the thyroid. Calcitonin works as an inhibitor of
bone S i Hadt ud

P I types of calc arc i ing
those from salmon, human and pig.

Calcitonin- iy 8 $2:smino-acid peptide hormone secreted by the
parathyricular C c¢ells of the mammalian chvroid. The prime
biological effect is inhibition of omeoclastic bone resorption.

Although it has been known 10 produce mild epispdes of hvpo-
calcemia, calcitonin regulates calcium levels in humans. {t jnhibits
principal target cells -the osteoclasts. It has been proven useful in
the wreatment of Paget's digease.

Preyently the only form of calcitonin that s widely available is
synthetic salmon calci (Calcimar -manufactured by LSV
Pharmaceuticals). Synthetic porcine and human csicitenin have
also been used in the treatment of thiy discase, However, salmon
calcitonin i considerably more potent than manymalian hormones
{inciuding human calcitonin). Cost of therapy with the salmon
variety is much less than the others,

Calkcitonin treatment of Paget's typically begins with 100 Medical



("Trearment”, Continues):

in the b of blood cnlclum. Thus, high blood

Research Council (MRC) units a day, administered sub L

in the arma, legs and abd. | areas. i it is & ed

50 MRC units three times s week; this occurs when the problem is
Ueviated. Once alkaline nhogmh 4 and hyd ;

doses can be ad

is absent,

It has been noted that afier discontinuation of cakitonin for
severs) momh-. pmenu still continue to improve. Because of this,
some use rather than daily
lhtnpy. lndem medication should be given every other day once
the disease is completely under conerol

Alnum 80 percent af the mmnu re;pond to caicitonin, There i

in pain, lkaline and hydroxyproline
lweb. Typically, al) stabilize after 1wo or three monthe at a third
to half their pre-treatment values.

Improvement of bony lesions can be seen on scrial x-rays. The
Patient may become sensitive to calcitonin therapy and develop
allergies; at this stage other sources of cakitonin, such as human
calcitonin or porcine, could be initiated.

Surprisingly, there are few jide effects to injection of calcitonin
{with the exception of mild nausca and flushing). Hypercalcemia
may be induced and {s also transient.

caleium levels cause i which, in
turn, inhibit bone resorption. This mmcn trunsfer of calcium
from bone to blood and tends to return blood calcium to normal
levela

The imporiance of this process in humane has noc been devermin-
cd. Salmon calcitonin, presumably by am initil block effect on
bone r:lomuon, Causes a decreased rate of bonc turnover wﬂh .
resultant fall in serum alkdme phosph and hydroxyp

in app hirds of patients mat:d.

Although parathyroid harmone levels do sppear 10 tise teansiently
during each hypocalcemic response o cakkqmn. mon mvestiga-
tions have been unable to d
of parathyroid hormone In patients treated with nicuomn aver
long periods of time.

Circulating antibodi¢s to calcitonin after 2 1o 18 months of
treatment have been reported in abous half of the patients with
Paget’s disease in whom antibody studies were done, but calcitonin
trenoment remained cffective in many of these cases, Occasionally
patienta with high antibody riters are found, These patients
usally have quffered a biochemical nhpx of Paget's disease and
are ponsive to acute hyp ic effects of cal

Also, caleil of filtered phosphate,

It is unfortunate that ealcitonin has to be given by injecti
{eithar sub or ) and not by oral means.

l'hlhc dnl:l of calcitonin have proven to be cfl:\:nve in suppress-

the
calcium and sodium by decreasing their tubular resorprion.

In some pmenn hibition of bone r by cakitonin is of
wch N red of filtered calcium load

ing bone pun Rehpm may occur dcu-pm:
and this i &
of antibodics to ul:nmun.

ed with the d

Erythromycin. This is known to act on asteoctasts, but the ater
toxicity of the drug a3 well as resistance of the body o this
agent has made it more advantageous to uge calcitonin instead. In

view of its toxicley to the liver, kidneys and bone marrow, the use

of erythromycin s d to the lly severe cases
under hospital surveillance.

PHARMOLOGICAL DATA ON CALCIMAR
Calcitonin is a polypeptide of the h secreted by the parac

thyricular cells (thyroid gland) in mammails and in the ultino-
branchial gland of birds and fish. Calcimar is a synthetic poly-
peptide of 32 amino acids in the mme linear sequence that is
found in caltitonin of salmon origin. This is shown by the follow-
ing paphic formula: Cys-Ser-A¢n-Leu-Ser-Thr-Cys-Vai-Leu-Gly-
Lys-Leu-Ser-Gla-Glu-Leu-His-Lys-Leu-GIn-ThrTyr-Pro-Arg-Thr
An-The-Gly-See-Gly-Thr-Fro-NH2.

This product is P d in a sterile solutian for
intramuscular injection, of which ) ml contains 200 IU (MRC} ul
caicitoninesalmon (Atmour), 5 mg. Phenol (as a preservative), with
Sodium Chloride, Sodium Acctats, Acctic Acid, and Sodium
Hydroxide to adjust toxicity and pH.

The activity of Calcimar is stated in International Units (cqual to
MRC or Medical Rescarch Council) based on bicassay in compac-
won with the lntrmnmnll Rckrrn:t hepmhen of Calcitonin,
Salman for B for Biolog-
ical Standards and CommL Holly Hill, London

The main effect ol calcitonin is on bane, but mn:cl renal effect
and action on tracts arc also

A

Animal studiey indicate that

through its action an bone, i with

more than cmpenmex for decrease in tubuiar resorption of
calcium, The result in these paticnts is a decrease rather than an
increase in urinary calcium.

In the i tract calcitonin Das ifi actions.
Shori-term administration results in marked transient decteascs in
volume of trypsin and amylase content of pancreatic juice. Wheth-
er these effects continuc to be elicited after each i injection of calci-

tonin during chronic therapy has not been Investigated.

Unfortunately, the metabolism of mimon calcitonin has not
yet been studied clinically. Information from acimal studies
suggest that salmon calitonin ia rapidly bolized by con-
version to amaller inactive fragments, primarily in the kidnevs, but
aleo in blood and peripheral tissues. A 3mall amount of unchanged
hormone and its inactive metabolites are excreted in urine. Pat-
ients with increated cardiac output due 10 extensive Pagel's
disease had a measured decreate in Cardiac output while receiv ing
calcitonin.

WARNINGS
Allergic 1 arc mini and looked with the exception
of rash and nausea, Certain precautions nepd 1o he taken after the
adminisuation of calitonin, with respect to the possibility of
development of tewsny (duc to hypocalcemia), Laboratory studies
should be carefully monisored. Also the injection site should be
arefully cleaned prior to injection to prevent infection.

Calcitonin given during pregnancy of eabbits has been shown to
decrense fetal birth weight. Nursing mothers should be awacc of
its excretion through their milk.

Calcitonin has not been advised for use in children.
Naugea and rash can be treated wmpmmmully An cverdou of

100 LU. (MRC) sub: nausea and
A dosc of 32 units per hlhmm pet day for onc or two dau




{"Warnings''. Continued}:

demunstrates no adverse effect. Dosage and aministration should
be 100 1L.U. or MRC a day until alkaline phosphatase and semam
hydroxyproline decrease to normal limits. At that time. calcitonin
may be decressed 1o 50 LU, (or MRC) per day. After sevenal
months this may be done QOD. The medication is supplicd ina 2
ml. vial canuining 200 I.U, (MRC) per millimeter and should be
stored at 2 10 8 degrees C (or 36 to 46 degrees #).

DIDRONEL OR DIPHOSPHONATE COMPOUNDS
Did: 1 {etid disodium) is the disodium salt of (1-hydroxy-
cthylidenc) dusphosphonic acid. Alse reforred to ap EHDP or
NAZEHDP, it is = white powdcr that is sofuble in water with 3
molecular wright of 250 and the folluwing structural formula:

ONa Ol ONa
HO 4 C [ 4 OH

o CH, o
Didronel is supplied in a rectangular white wblet containing
200 mg. of eti di for orel admini 3
Clinical phatmacology. Didronel acts primasily on bone. It can
mudify crystal growth of calciem hydrexyspatite by chemisorpt-
in onto calcium phuasphate surfaces. Inhibition of ¢rysal resorpe-
wn veeurs at lower duses thun those required to inhibit crysmal
growth.

Scrum phosphate clevativn hes buen observed with Didronel
when it is administered in a daily dose of 10 mg. per kilogram
per body weight por day. Occagivnully st the level of 5 mg. per
kilugrum per day this has ulso been obscrved.

Did 1 is autL bulized. The patient absorbs abour 1 percent
of an ural dowe of 8 mgfkg/bhody weight/day, increasing with the
dosc level to uboul 2.5 pescent at 10 ma/ kg/day and 6 porcent at
20 ma/kg/duy. Most of the absotbed drug is clearcd {rom the
blovd wichin 6 hours, and within 24 hours almost one half of the
absorbed duse is excreted in utine.

Indication snd usage. Didruncl can be used for weatment of
symplomutic Pagetic discase of bone, and its effectiveness is
demomtsuted in paticats with polyostatic Paget's wha have pain.
Clinically significant is Didenncl's luwering of urinary hydroxy-
proline and scrum alkaline phosphatse, In controlied studics,
upproximautely 3 out ol 5 paticnis experience decreascd pain and
improved mobility. Abuvut 2 of 5 paticats in the plicebo group
expeticace similut improvement,

The mudication has wlsa been used in prevention and treatment of
heterotupic owification duc v winal cord ingury or following
ttal hip mplicement. There have been au contraindications
repurted T ding Didrancl ithuugh prec have
heen  discussed, ing that p avoid av

and adhere Lo the recommended dose.

Adverse reactions are anild. These aee gustro-intestinal complaiots,
dinrrheu, louse buwel movements and nausca. Adverse reactions
veeurred more frequently whoen paticnts used grester than usual
dusages,

Didronci should be adinini d us 2 blet, ural duse (wo
hours from meals (Cor example. in the middle of the motning). It
miy Lo given with frait juice or water, Food particulacly high in
valvium cuntent (such as milk) may feduce intestinal absorption.
Thurxlnee, cating shoutd be avoided for 1wy hours before and afser
drag whninistration.

Initial treatment is 5 mg/kg per dav and the weatment shouldn't
exceed more than tix months. After a period of rest the medica-
tion may be resiatted, with urinary hydroxyproline excretion and
serum alkaline phosph i periodicaily. It is d
that retreatment be started with Didronel alter threc months to a
year, although a premature retreatment should be avoided.

The medication is supplied as a white tablet containing 200 mg.
ctidronate disadium in a package of sixty. These diphosphanaics
b osnh

closely ble i Py P

History of deveio of dphosph This goes back to 1961
with the di v of inorganic pyrophosphate in biological fluid.
The b is probably responsible for controlling calcification

of coonective tissue under physiolagical conditions. This fed to
the idea of utilizing compounds of this type for prevention of
abnormal calcification and omification.

However, it b pp that § i€ pyrophosph
could not itsell be used because it was rapidly deswoyed by
alkaline phosphatase in the body. This instigated a search for
an analogous compound which would be resistant to hvdrolysis
and led to the discovery of 3 new class of therapeutic agent, j.e.,
the diphosphanatcs.,

During cxpeni 1 studics it b PP thar diphosph
atc not only influenced caleification and assificasion, bur also had
a powerful anti-osteociastic effect. This stimulated research for

treatment of ostcoclastic disorders (such as Paget's disease),

Didrone! EHDP or etidronate disodium wan first used. [t should be
utilized for 6 hs with i In clinical wial, when
Didronel at a dose of 5 mg/kg/day was compared with a placebo, a
significant improvement in rymptoms were fownd. When semi
quantitative methods are used for evaluating pain, significant pain
relief is seen during with Didi L Impi d maobility is
frequently seen, and improvement is almont always accompanicd
by imp ind ical abnormaliti

The biochemical changes consist of an average falling alkaline
phosphatase and hydroxyproline of 50 percent of their i
values. T is icd by ked diminution in the
aumber of the osteoclasts seen in bone,

Reduction in normal osteoclasts is accompanied by reduction in
new bone i at the ded 5 mg/kg/day doses, The
vnly side effect of Didroncl is nausca or diarrhes in abouc }
patieat out of 3. This is usmally mild and not persistent.

At the highest recommended Didronel dose, 20 mg/kg/day. norm-
ul mineralization of bonec is inhibited. This is » dosc and time
dependent response and is reversible within three monthy of the
end of treatment.

As a safety precaution, high dosage therapy should be limited
t three months followed by a three month drug-free interval.
Did has no indicati

The principal indication for use of Didronel is pain, decreased
i clevated urinary hvdroxyproline. and cicvated serum
alkaline phosphatase level, Didronel therapy may also be warrani
ed in an asymptomatic form of the discase where intensive involve-
meht threatens irreversible damage to major joints or to weight
bearing bones.
About 75 percent of all paticnts will require retreatment at some
point. To dejermine which patients nced this. eegular three to six
months followiip visits should be scheduled.



("Use of Didronel’”, Continues):

Post-therapy. Biochemical values should be monitored as pan of
the follow-up if the disease in active. Courses of therapy should be
scparated by at least three monthe. One convenient treatment
approach is a regular cycle regimen of 1ix months on Didronel and
six months off, as long as the disease is active. Didrone] is a simple

4. BARRY. H.C.: “Paget’s Discasc of Bone", Livingstone. Edin-
burgh and London. p. 105. 1969

. BEN ASULY. S. HORNE, T.. GOLDSCHMIDT. Z.. EYAL.
Z., ELIAKION. M, 4nd CHOWERS. 1.: “"Coma Due tv Hyper.
caicemia in a Parient with Pager's Disease and Multiple Para.

wr

and effective oml weatment which is well toiemted. It supp
the disease-process. This has been determined through several
studies. Professor Russell and his collieagues published theie early
results concerning the cffectivencss of EHDP in Paget’s disease
{Smith cv al, 1871: Russcll ¢t al,, 197¢). Also such information
has been obiained in the article by Canfield <t al., in 1977, Long
tom maintenance therapy of the EHDP has also been wuggested
from 12 months 1o 24 and 36 months. This information can be
obtained from the article writien by E.S. Sirig, R.E. Canficld, T.P,
Jacobs, K.E. Stoddart and P.J. Spector, the title of which is “The
Etfect of Parathyroid H in the Expression of Pagec's
Disease.”

DISCUSSION

Paget’s disease is 3 LOCALIZED disorder that ig limited to
bone. There is no primary hormonal abnormality shown
to cause this disorder, Parathormone levels have been
found to be within normal ranges in patients with the
disease.

Parathormone levels in Paget’s disease have been found
o be within nomal range (Burckhardt et al., 1973) or
slightly above normmal, in agsociation with a minimal
decrease in serum calclum (Riggs et al, 1971). In some
patients it has been suggested that parathormone may
play a role in the clinical expression of Paget’s discase.
Extensive work hat been reported. Some state that
parathyrold adenomata were found during surgery.

Abnormality in parathormone excretion in Paget’s disease
emerged from a study where patients were treated with
Erythromycin. The induction of one alpha 25 (OH2D)
secretion in response to erythromycin-induced hypo-
calcemnia was done by Bilezikain et al. in 1978.

Indications for therapy. Finally, this depends on correct
recognition of the disense, elevatian of the hydroxyprol-
ine (and alkaline phosphatase), the presence of pain, the
paticnt's  history, physical findings, x-rays, biological
studies, and progression of the disease.

The usc of medication, corrective surgery, decompression,
and other important data will be discussed later. ®
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