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Treatment of Ionized Hypercalcemia in 12 Cats (2006-2008) Using

PO-Administered Alendronate

B.T. Hardy, J.F. de Brito Galvao, T.A. Green, S.R. Braudaway, S.P. DiBartola, L. Lord, and
D.J. Chew

Background: Long-term treatment of cats with ionized hypercalcemia using alendronate has not been evaluated.

Hypothesis/Objectives: Alendronate is well tolerated in treatment of ionized hypercalcemia in cats.

Animals: A total of 12 cats with ionized hypercalcemia.

Methods: Prospective study of 12 cats with ionized hypercalcemia of idiopathic origin was identified by telephone and
email communication with a convenience sample of consulting veterinarians. Cats were treated with alendronate at a dose
of 5-20 mg per feline PO q7d. Serum ionized calcium concentration (iCa) was measured before beginning treatment with
alendronate, and after 1, 3, and 6 months of treatment. Alendronate dosage was adjusted according to iCa. Evaluation
included physical examination, CBC, biochemistry profile, and diagnostic imaging. The owners and referring veterinarians
were questioned about any observed adverse effects. The Wilcoxon matched-pairs signed rank test was used to compare
baseline iCa to iCa at different time periods.

Results: Alendronate treatment resulted in a decrease in iCa in all 12 cats. The median percentage change in iCa was
—13.2%, —15.9%, and —18.1% (range, —29.6 to +7.6; —30.5 to —1.9; —45.8 to +1.5%) at the 1, 3, and 6 month time
points, respectively. Baseline iCa was significantly different from 1 month (P = .0042), 3 months (P = .0005), and
6 months (P = .0015). No adverse effects were reported for any of the cats.

Conclusions and Clinical Importance: Alendronate was well tolerated and decreased iCa in most cats for the 6-month

period of observation.
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Unexplained disturbances in calcium homeostasis
resulting in ionized hypercalcemia are attributed
to parathyroid-independent hypercalcemia in over
50% of cats.* Most cats with parathyroid-independent
ionized hypercalcemia have idiopathic hypercalcemia
(IHC), with malignancy and hypervitaminosis D
thought to be less common. Based on measurement of
total serum calcium concentration, malignancy-associ-
ated hypercalcemia and chronic kidney disease (CKD)
are the most common causes in a case series of cats
with hypercalcemia.! A diagnosis of THC requires
eliminating other known causes of hypercalcemia
including neoplasia, CKD, primary hyperparathyroid-
ism, hypoadrenocorticism, toxin ingestion (eg, chole-
calciferol, calcipotriene), granulomatous disease, and
osteolytic disease.” Cats with THC typically are middle-
aged (mean, 5.8-9.8 years),™? with mild-to-moderate
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Abbreviations:

BUN blood urea nitrogen

CKD chronic kidney disease

FORL feline odontoclastic resorptive lesion
FPPS farnesyl diphosphate synthase

GI gastrointestinal

iCa ionized calcium

THC idiopathic hypercalcemia

N-BPs nitrogen-containing bisphosphonates
PTH parathyroid hormone

PTHrp parathyroid hormone-related protein

increases in total and ionized serum calcium concentra-
tions. Most cats with IHC have few or no clinical signs
and ionized hypercalcemia often is detected on routine
laboratory evaluation for seemingly unrelated conditions,
wellness exams, and pre-anesthesia screening.” Vomiting,
weight loss, dysuria, anorexia, constipation, calcium
oxalate urolithiasis, and inappropriate urination are
clinical signs most commonly noted by owners of cats
with THC. Concentrations of the calcium regulatory
hormones parathyroid hormone (PTH), parathyroid hor-
mone-related protein (PTHrP), 25-hydroxycholecalciferol
(25(OH)-vitamin D, calcidiol), and 1,25-dihydroxyc-
holecalciferol (1,25(OH),-vitamin D, calcitriol) usually
are either low or within the normal reference range in
cats with IHC.>[>3!

Calcium homeostasis is maintained by precise regu-
lation of dietary calcium absorption from the gastroin-
testinal tract, calcium excretion in the urine after
glomerular filtration and tubular reabsorption, and the
balance of bone production (by osteoblasts) and
resorption (by osteoclasts). Current recommendations
for management of IHC target 2 of these areas of con-
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trol: diet change to a nonacidifying, high fiber diet to
decrease calcium absorption from the gastrointestinal
(GI) tract,* and prednisolone’ to promote lowering of
serum calcium concentration by several mechanisms of
action.” Response to 1 or a combination of these treat-
ments has been successful in some cases, but response
is unpredictable and often transient.

Treatment with bisphosphonates to decrease bone
resorption is another strategy that can decrease serum
calcium concentration in some diseases. The nitrogen-
containing bisphosphonates (N-BPs; alendronate,®
pamidronate,d ibandronate,® risedronate,’ zoledronate®)
inhibit osteoclast function by inhibition of the enzyme
farnesyl diphosphate synthase (FPPS) in the HMG-
CoA reductase (ie, mevalonate) pathway. The end
products of this pathway are required for normal
intracellular signaling, as well as cytoskeletal functions
required for hydroxyapatite crystal dissolution. Metab-
olism of N-BPs also results in the production of an
intracellular ATP analog Apppi (triphosphoric acid
I-adenosin-5’-yl ester 3-[3-methylbut-3-enyl] ester),
which is believed to directly induce apoptosis of
osteoclasts.®

We hypothesized that oral administration of an
N-BP would decrease the magnitude of serum ionized
hypercalcemia in cats as a consequence of its potent
inhibition of bone resorption. The purpose of this
study is to report tolerance of PO-administered alendr-
onate and change in ionized calcium concentration in
the treatment of 12 cats with ionized hypercalcemia
for a period of 6 months.

Materials and Methods

Twelve cats with ionized hypercalcemia were identified after
telephone and email communications with a convenience sample
of consulting veterinarians. Criteria for inclusion in the study
were an initial finding of increased serum total calcium concen-
tration (reference range, 8.2-10.8 mg/dL) followed by finding of
an increased serum iCa concentration (>1.4 mmol/L; >5.6 mg/
dL). Cats were excluded if they had an identifiable cause for
hypercalcemia, if PTH exceeded the upper half of the reference
range if measured, if they did not have complete data (ie, serum
iCa concentration before, and 1, 3, and 6 months after beginning
treatment with alendronate), or if they had received corticoster-
oids during the study period. Cats were not excluded if they had
previously failed to respond to treatment with corticosteroids or
dietary management.

Serum PTH, PTHrP, 25-hydroxycholecalciferol, and serum
iCa concentrations were measured by the Endocrine Section of
the Diagnostic Center for Population Animal Health (DCPAH)
at Michigan State University, East Lansing, Michigan. Serum
PTH concentration was measured by an immunoradiometric
assay for intact PTH that previously has been validated for use
in cats.” Serum PTHrP concentration was measured by an im-
munoradiometric assay for PTHrP (1-84) that previously has
been validated in cats.” Serum 25-hydroxycholecalciferol concen-
tration was measured by a commercially available radioimmuno-
assay. Serum iCa was measured by ion-specific electrode
methodology.” Serum biochemistry was performed by routine
automated techniques.

Corticosteroid treatment was discontinued for at least 4 weeks
before beginning alendronate treatment, and no other medications

known to alter serum iCa concentration were administered during
the study period. Diet was not changed during the 6 months of
the study in any of the cats. Detailed treatment history was
collected from the feline owners and the attending veterinarians
with emphasis on any possible adverse effects since starting
alendronate treatment.

Eight cats were started at a dose of 10 mg alendronate® in tab-
let form PO q7d. Four cats were started at 5 mg PO q7d as a
consequence of their lower body weight. Owners were instructed
to follow pill administration with 6 mL of tap water® by syringe
and a small amount of butter' placed on the cat’s nasal planum
to increase salivation and shorten esophageal transit time.

Serum iCa concentrations were measured before starting
treatment, and 1, 3, and 6 months after once weekly drug
administration. Serum iCa concentrations are presented as med-
ian (range). The median percentage change from the baseline
iCa is reported at the 1, 3, and 6 month time intervals. The
Wilcoxon matched-pairs signed rank test was used to compare
baseline serum iCa concentrations to serum iCa concentrations
at each time period.

Results

No identifiable cause of hypercalcemia was found
after physical examination, which was normal in all
cats. Two cats had a history of mild weight loss. No
cause for ionized hypercalcemia, such as mediastinal
mass, abdominal organomegaly, lymphadenopathy,
infiltrative pulmonary disease, was identified by diag-
nostic imaging. Abdominal ultrasound examination
was performed in 8 cats, 4 cats had abdominal radiog-
raphy, and all 12 cats underwent thoracic radiography.
Evaluation of results from CBC and serum biochemis-
try profile failed to identify any known causes of
hypercalcemia in cats. Two cats had mild azotemia
(serum creatinine concentrations of 2.1 and 3.1 mg/dL
in association with urine specific gravity <1.030).

Calcium Regulatory Hormones

Concentrations of PTH, PTHrP, and 25-hydroxyc-
holecalciferol were low or within the normal reference
range for all cats in the study. Serum PTH concentra-
tions ranged from 0 to 1.9 pmol/L (n = 10; median,
0 pmol/L; reference range, 0—4 pmol/L). The range of
serum PTHrP concentrations was 0-0.7 pmol/L
(n = 6; median 0 pmol/L; reference range, 0—1 pmol/
L) and the range of serum 25-hydroxycholecalciferol
concentrations was 60-145 nmol/L (n = 5; median
90.5 nmol/L; reference range, 65-170 nmol/L).

Dose and Effect of Alendronate

The alendronate dose was increased during the study
period in 8 cats. Only 1 of the 4 cats that initially were
given 5 mg PO q7d remained on this dose by the end
of the 6-month period. At the end of the study, the
other 3 cats were receiving 10 mg PO q7d and 3 other
cats remained on their initial dose of 10 mg PO q7d.
The dose was increased to 15 mg PO q7d in 1 cat and
to 20 mg PO q7d in 4 cats. The median dose of
alendronate remained at 10 mg PO q7d throughout
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the 6 months of the study. In total, 8 of the 12 cats
required dose escalation.

The median serum iCa concentration before alendr-
onate treatment was 1.82 mmol/L (range, 1.48-
2.25 mmol/L). After 1, 3, and 6 months of treatment,
respectively, median serum iCa concentrations were 1.51,
1.59, and 1.42 mmol/L (range, 1.34-1.9, 1.18-2.13, and
1.03-2.02 mmol/L, respectively). Figures 1 and 2 detail
the changes in serum iCa concentration for all 12 cats.
This corresponds to a median change of —0.22, —0.29,
and —0.34 mmol/L (range, —0.59 to +0.13, —0.58 to
—0.03, —0.87 to +0.03 mmol/L) and a median percent-
age change of —13.2%, —15.9%, and —18.1% (range,
—29.6 to +7.6; —30.5 to —1.9; —45.8 to +1.5%),
respectively, over the same time period. Based on the
Wilcoxon matched pairs signed rank test, baseline
serum iCa concentration was significantly different
from that measured at 1 month (P = .0042), 3 months
(P =.0005), and 6 months (P = .0015) after beginning
treatment. When comparing 1-3 months (P = 1.000),
1-6 months (P = .1165), and 3-6 months (P = .2552),
serum iCa concentrations were not significantly differ-
ent. In 8 of 12 cats, the serum iCa concentrations
entered the normal reference range at some point dur-
ing the 6-month study period (Table 1). The median
dose at the beginning of the study was 10 mg/cat
(range, 5-10 mg) and was 10 mg/cat (range, 5-20 mg)
at the end of the study.

Adverse Effects of Alendronate

No reports of adverse effects were found in any of
the cats treated with alendronate in this study.
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Discussion

Once weekly alendronate treatment was successful in
decreasing serum ionized calcium concentrations in
most cats of this study without clinically apparent
adverse effects during 6 months of treatment. Dose
escalation above the average weekly dose of 10 mg
weekly was required to achieve adequate control of
serum ionized calcium concentration in 8 cats and dose
reduction was necessary because of development of
hypocalcemia in 2 cats. Some of the variability in the
degree of serum ionized calcium concentration
achieved in this study likely reflects lack of standardi-
zation of fasting time before and after oral administra-
tion of alendronate. Ours is the first report describing
use of PO-administered alendronate to treat a series of
cats with ionized hypercaclemia. Bone accumulation of
alendronate and decreased activity or number of osteo-
clasts is thought to be responsible for decreased serum
ionized calcium concentration during treatment. The
use of bisphosphonates in veterinary medicine has been
limited primarily to IV administration of pamidronate
and zoledronate as palliative treatment in dogs with
osteolytic neoplasia. Bisphosphonate treatment for idi-
opathic ionized hypercalcemia previously has been
reported in 2 cats. In 1 cat, normocalcemia was
achieved after IV administration of pamidronate’ and
in the other cat combined treatment with pamidronate
IV and alendronate PO was used to treat ionized
hypercalcemia.?

Alendronate is an amino-bisphosphonate that inhib-
its the cellular processes of osteoclasts required for
hydroxyapatite crystal dissolution as well as directly
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Fig 1. Serum iCa concentration at baseline, and following 1, 3, and 6 months of alendronate treatment for all 12 cats.
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Fig 2. Serum iCa concentration at baseline, and following 1, 3, and 6 months of alendronate therapy for all 12 cats. Scatter dot plot
showing the median with the interquartile range. Wilcoxon matched pairs signed rank test was used to compare baseline iCa to different
time periods. Baseline iCa was significantly different from 1 month (P = .0042)%, 3 months (P = .0005), and 6 months (P = .015)*.

Table 1.

iCa concentration, change in iCa concentration and percent change in iCa concentration (range) at base-

line and following 1, 3, and 6 months of therapy with alendronate.

Baseline

1 Month

3 Months 6 Months

[iCa] mmol/L (median, range) 1.82 (1.48-2.25)
Change in [iCa] mmol/L (median, range) n/a
% change in [iCa] (median, range) n/a

(>5.5 mg/dL, >1.4 mmol/L)

1.51 (1.34-1.90)*
—0.22 (—=0.59 to 0.13)
—13.2 (-29.6 to 7.6)
Number of cats above reference range 12/12 9/12

1.59 (1.18-2.13)°
—0.29 (—0.58 to —0.03)  —0.34 (—0.87 to 0.03)
—15.9(=30.5t0 —1.9)  —18.1 (—45.8 to 1.5)
8/12 7/12¢

1.42 (1.03-2.02)°

Baseline iCa was significantly different from 1 month (P = .0042)*, 3 months (P = .0005)°, and 6 months (P = .0015)°.

9Two cats were below the reference range.

inducing osteoclast apoptosis, thereby decreasing bone
resorption.'® Alendronate is poorly absorbed from the
Gl tract, with oral bioavailability of 1.54 £+ 0.30%
when administered in water and 0.20 £+ 0.03% when
administered in tuna juice-flavored water to cats.'!
Alendronate that is absorbed from the GI tract is
rapidly and preferentially sequestered in the skeleton
or excreted unchanged by the kidneys.!® Although not
known specifically for the cat, the half-life for alendro-
nate in skeletal tissue is years in the dog and
humans.'’

The underlying mechanisms of IHC are unknown,
but increased bone resorption has been hypothesized
as a cause or important component of IHC in cats.
Therefore, inhibiting osteoclast activity should decrease
serum iCa concentrations and improve clinical signs if
this hypothesis is true. Possible explanations for
increased bone resorption include feeding an acidify-
ing,'"> magnesium-restricted diet'?; increased vitamin

D'* intake with or without increased vitamin A'’
intake; decreased copper intake'®; increased aluminum
intake'”; and, acquired or genetic abnormalities in the
calcium-sensing receptor.'®

The starting dose of 5-10 mg of alendronate PO q7d
was extrapolated from the standard human dose of
70 mg PO q7d for the treatment of osteoporosis. Most
cats started treatment at 10 mg weekly. By the end of the
6-month period, many cats were receiving 15 mg (1 cat)
or 20 mg per week (4 cats), but 1 cat had normal serum
iCa concentration whereas being maintained on as little
as 5 mg PO q7d. Based on serum iCa concentration,
doses were increased or decreased as needed, typically in
5-mg increments. The highest dose administered to any
of the study cats was 20 mg PO q7d, with 8 of 12 cats
requiring dose escalation. In contrast, 2 cats required
dose reduction because of development of borderline
hypocalcemia. In a study investigating the use of alendro-
nate in the treatment of 9 cats with FORL, dosages of
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3 mg/kg PO q7d for 22 weeks followed by 9 mg/kg PO
q3-4d for 27 weeks were administered without recogni-
tion of adverse effects.'’ These dosages are much higher
than zolendrate dosages used in dogs (0.25 mg/kg IV)°
or a pamidronate dosage (1.05-2.0 mg/kg IV) reported
in cats.” The marked dosage differences reported among
alendronate, pamidronate, and zolendronate are a conse-
quence of the low gastrointestinal absorption of bis-
phosphonates. The alendronate dosage used in our study
was similar to those used in other studies of alendro-
nate.>"!

Alendronate is available in different sizes and formu-
lations, with a smallest available tablet size of 5 mg.
Most cats can be readily treated with combinations of
10- and 5-mg tablets. A liquid suspension also is avail-
able, but this formulation was not used in any of the
cats in this study and it is not likely to be useful in
cats as a consequence of the flavoring added. Oral
absorption in humans is comparable between the
liquid and tablet forms. In humans, tablets that are
crushed or chewed can be highly irritating to the oral
cavity and esophagus, and thus splitting tablets is not
recommended. '

Dosing recommendations given to owners were to
follow administration of alendronate with administra-
tion of 6-mL tap water® PO by syringe and then appli-
cation of a small amount of butter' on the nasal
planum to facilitate passage of the pill down the
esophagus and into the stomach in as short a time as
possible. These precautions are taken to minimize the
risk of esophageal erosion or ulceration and subse-
quent strictures that have been described in humans
taking alendronate for osteoporosis.’! The effect, if
any, of butter on the GI intestinal absorption of
alendronate has not been evaluated.

None of the cats in the study experienced any
adverse effects from alendronate administration. We
are aware of 1 cat (not included in this study because
of limited laboratory evaluation) that experienced
acute, flu-like clinical signs, characterized by fever
(104°F) and lethargy after 1 dose of alendronate. Sim-
ilar signs have been reported in humans taking bis-
phosphonates and are believed to be the result of a
systemic inflammatory response, an effect that is more
common after first dose IV administration.”*** Other
adverse effects reported in humans are esophageal irri-
tation and ulceration because of prolonged esophageal
mucosa-drug contact time and potential subsequent
stricture®*?°; gastrointestinal signs (inappetence, vom-
iting, diarrhea, abdominal pain)*®; osteonecrosis of the
mandible and maxilla®’; acute, and chronic kidney
failure (especially with higher doses and rapid paren-
teral administration)®; nephrotic syndromezg; and,
electrolyte abnormalities (hypophosphatemia, hypocal-
cemia, hypomagnesemia).®® Osteonecrosis of the jaw
has been reported in 2 Beagle dogs that received long-
term PO alendronate treatment. In both instances, the
lesion was microscopic and not grossly observable or
associated with detectable oral pain as occurs in
humans.”’*! The number of cats included in our
study population was small and treatment time was

only 6 months, thus some of these complications
potentially could have developed if a larger number of
cats had been treated for a longer period of time. In
addition, the dosing precautions described above were
recommended to all clients to minimize the risk of
esophagitis and esophageal ulceration. Although we
have not identified esophagitis or esophageal ulcera-
tion in cats treated with alendronate, we believe cau-
tion should be taken to minimize the potential risk of
such complications. Two cats in this study had stable
CKD that did not progress during the study period.
These cats had pretreatment BUN and serum creati-
nine concentrations of 30 and 2.1 mg/dL; and 48 and
3.1 mg/dL, respectively and posttreatment BUN and
serum creatinine concentrations of 33 and 2.0 mg/dL
and 44 and 3.2 mg/dL, respectively. Although possi-
ble, we have not detected deterioration in renal func-
tion in cats with CKD and ionized hypercalcemia that
we could attribute to the use of long-term administra-
tion of alendronate (D. J. Chew and J. F. de Brito
Galvao, unpublished observations).

Limitations of this study include lack of a specific
protocol for fasting before PO administration of
alendronate at the time this study was undertaken.
Whether or not the cat was fasted before collection of
samples to measure serum iCa concentrations also was
not determined. At the time of this study, we were not
aware that gastric contents other than water could
impair gastrointestinal absorption of alendronate.
Consequently, owners were not instructed to fast their
cats before and after administration of alendronate.
Residual gastric contents at the time of dosing or feed-
ing soon after dosing could explain some of the
observed variability in ionized calcium concentrations
after treatment with alendronate. Our study did not
provide a control placebo treatment population for
comparison; and therefore we were unable to deter-
mine daily variation in serum iCa concentration inde-
pendent of treatment with alendronate. Although we
have observed apparent resolution of ionized hypercal-
cemia in some IHC cats without treatment, this
appears to have occurred in cats with marginal
increases in serum iCa concentration. Overall, we con-
sider spontaneous resolution of ionized hypercalcemia
unlikely in the cats of this study, especially because
many cats were still hypercalcemic after initial treat-
ment until dose escalation resulted in additional reduc-
tion in ionized calcium concentrations. The dose of
alendronate was not standardized, and in most of the
cats the dose was changed based on the individual
need of the cat as guided by follow-up serum iCa con-
centrations that had not decreased into the desired tar-
get range of normal or near-normal serum iCa
concentration. Calcium regulatory hormones were not
measured during treatment.

The decrease in serum iCa concentrations after PO
administration of alendronate seen in the cats of this
study suggests that increased bone turnover might be an
important component of IHC. The decreases in serum
iCa concentration, however, simply might have been the
result of inhibition of normal bone turnover overcoming
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increased GI absorption, decreased renal excretion of
calcium, or both that ultimately could be responsible
for generation and maintenance of ionized hypercalce-
mia. Other causes of hypercalcemia, such as hypervita-
minosis D*** and acidifying diets also would be
expected to respond well to bisphosphonate treatment.

Based on results of this preliminary study, alendro-
nate appears to be a well tolerated treatment that
decreased serum iCa concentration in most cats with
IHC by a median of —0.34 mmol/L after 6 months of
treatment. Most cats (n = 8) had serum iCa concentra-
tions that decreased to within the reference range
(1.15-1.4 mmol/L) at some point during treatment.
These results suggest that increased bone resorption is
an important component of IHC in many cats. The
lack of response in some cats suggests that IHC in cats
likely is the manifestation of a number of disease pro-
cesses, rather than a single disease in all cases. Three
cats had serum iCa concentrations that did not
decrease by more than 20%, or experienced only tran-
sient decreases in serum iCa concentration despite dose
escalation. The beneficial effects seen in this study war-
rant a prospective, placebo-controlled study of alendr-
onate treatment of cats with IHC to determine the
drug’s effect on serum iCa concentrations, calciotropic
hormones, and bone turnover biomarkers. As deter-
mined in this study, alendronate treatment of cats with
ionized hypercalcemia of unknown cause (ie, THC)
appears to be well tolerated for at least 6 months, but
we caution that long-term observations in a larger
number of cats are necessary to further determine its
tolerance safety when used for extended periods. It
would be preferable to treat the underlying causes of
ionized hypercalcemia in cats (when they can be identi-
fied) rather than correcting hypercalcemia by slowing
the rate of bone resorption with a bisphosphonate.

Footnotes

% Schenck PA. Serum magnesium concentrations in association
with feline calcium metabolic disorders. J Vet Intern Med
2008;22:796-797

® Schenck PA, Chew DJ, Refsal K, Nachreiner R, Rick M. Cal-
cium metabolic hormones in feline idiopathic hypercalcemia. J
Vet Intern Med 2004;18:442

¢ Fosamax; Merck & Co. Inc, 1 Merck Access Drive, Whitehouse
Station, NJ

4 pamidronate disodium 3 mg/mL injection; Mylan Institutional
LLC, Rockford, 1L

¢ Boniva; Roche Laboratories Inc, Nutley, NJ

T Actonel; Warner Chilcott Ple, 100 Enterprise Drive, Rockaway,
NJ

& Zometa; Novartis Pharma, East Hanover, NJ

" Nova 8 + ion-selective analyzer; Nova Biomedical, Waltham,
MA

! Griffin B, Beard DM, Klopfenstein KA. Use of butter to facili-
tate the passage of tablets through the esophagus in cats. J Vet
Intern Med 2003;17:445
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