Nurmi-Liithje a'nd Lithje Journa| of
Journal of Medical Case Reports (2022) 16:473 M d | C R
https://doi.org/10.1186/513256-022-03695-y €dical Lase eports

. ®
Lessons learned from long-term side iy

effects after zoledronic acid infusion
following denosumab treatment: a case report
and review of the literature
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Abstract

Background: Zoledronic acid is an intravenous, highly potent aminobisphosphonate for use in patients with primary
or secondary osteoporosis. Zoledronic acid-induced prolonged side-effects are well known and quite common.
However, severe side-effects can be a threat to life. We report a case of severe side-effects induced by zoledronic acid
infusion, and its positive effect on long-term back pain.

Case presentation: In 2012, a 62-year-old white native Finnish woman was operated on for an estrogen and proges-
terone receptor-positive breast cancer. After radiotherapy, an aromatase inhibitor (letrozole) was started. Nine months
after the operation, the patient suffered a low-energy compression fracture of Th XII. She received denosumab to
prevent fragility fractures and to improve bone mineral density. Letrozole was discontinued after 5.5 years, and the
last denosumab injection was given after 7 years. Six months later, at the age of 71 years, the patient received a single
intravenous zoledronic acid infusion. Suddenly, at 10 hours from the infusion, she complained of severe trismus,
muscle twitching, spasms, and tingling, matching hypocalcemia and several other symptoms. Her serum 25-hydroxy-
vitamin D concentration was high (163 nmol/L), the concentration of serum calcium and calcium-ion was normal
(2.32 mmol/L and 1.23 mmol/L, respectively). However, the neutrophil to lymphocyte ratio (NLR) was low (1.6). A
complete recovery took 2 months. Zoledronic acid infusion also had a positive effect: for many years, the patient had
suffered low back pain and strain, which came to an end after this single infusion.

Conclusion: Itisimportant that the potential patients receive sufficient information about the possibility of side-
effects following the administration of intravenous zoledronic acid. To ensure that a zoledronic acid infusion is given
as safely as possible, the safety information should include that the patient should not be left without monitoring for
a minimum 24 hours after the infusion. Being alone and experiencing serious side-effects may lead to acute cardiac
problems. Furthermore, the chronic low back pain and strain that our patient suffered for many years has clearly
reduced for 16 months after infusion, so far. We conclude that this is a positive effect of zoledronic acid.
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Introduction

We present a case of long-lasting severe acute phase
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hydroxyapatite in bone, particularly at sites of active
bone remodeling, and reduce the activity of bone-
resorbing osteoclasts [1]. Intravenous or high-dose oral
administration of nitrogen-containing bisphospho-
nates may cause acute-phase reactions in up to 50% of
patients receiving their first dose [2].

Our patient received letrozole medication, an aro-
matase inhibitor (Al), after the treatment of breast can-
cer. Als reduce estrogen levels and are associated with
more rapid and greater bone loss compared with normal
menopause [3]. Women treated with Als such as letrozole
have higher rates of fractures [3]. According to a recent
prospective study, the risk of vertebral fracture during
Al therapy was significantly lower for patients receiving
denosumab or zolendronic acid therapy compared with
oral bisphosphonate therapy [4]. Denosumab and zole-
dronate can reduce Al-related risk of vertebral fractures
already after 24 months of treatment [4].

In all patients initiating Al treatment, fracture risk
should be assessed and an antiresorptive therapy should
be started for all patients according to the bone mineral
density (BMD), with a T-score<—2.0 or a T-score of
<—1.5 standard deviation (SD) with one additional risk
factor according to the Fracture Risk Assessment Tool
(FRAX algorithm), or with >two risk factors (without
BMD) for the duration of Al treatment. Based on current
evidence, a denosumab injection biannually for the dura-
tion of Al therapy is recommended for the prevention of
bone loss in postmenopausal women [3].

Denosumab reduces bone formation and improves
bone mineral density (BMD) [5]. Denosumab is a mono-
clonal antibody against the receptor activator of NF-kB
ligand (RANKL) and a potent antiresorptive agent, com-
monly prescribed for treatment of postmenopausal oste-
oporosis [5]. In contrast to bisphosphonates, denosumab
does not incorporate into bone matrix, and therefore its
effects are reversible when therapy is discontinued [6].

In 2015, Papapoulos et al. [7] reported that denosumab
treatment for up to 8 years was associated with persistent
reductions of bone turnover markers, continued BMD
gains, low fracture incidence, and a consistent safety
profile. However, in 2016 the first case report of patients
who developed new vertebral fractures after discontinua-
tion of denosumab was published [8]. Yet in the previous
decade, osteonecrosis of the jaw [9] and atypical femoral
fractures [10] emerged as rare potential complications of
bisphosphonates and denosumab.

The last European guidance (2019) for the diagnosis
and management of osteoporosis in postmenopausal
women recommends the use of bisphosphonate ther-
apy after withdrawal of denosumab therapy because of
the possible loss of BMD and the risk of vertebral frac-
ture rate [11].
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A Swiss 8-year observational study showed that a sin-
gle infusion of 5 mg zoledronate after a 2—5-year deno-
sumab treatment cycle retained more than half of the
gained BMD and was not associated with multiple verte-
bral fractures, as reported in patients who discontinued
denosumab without subsequent bisphosphonate treat-
ment [6].

Unfortunately, the use of a single intravenous zole-
dronic acid (5 mg/100 mL) treatment has also been asso-
ciated with mild-to-severe side-effects [12].

We present a case of prolonged severe side-effects and
the spontaneous positive effect of zoledronic acid infu-
sion on long-term back pain.

Case presentation

In November 2012, a white native Finnish woman, aged
62 years at the time, was operated for breast cancer in
the left breast (carcinoma ductale, grade 2, size 10 mm).
The breast cancer was estrogen and progesterone recep-
tor-positive. Radiotherapy was started 2 months later.
Three months after the operation, an aromatase inhibitor
(letrozole) was started. At the time there was no national
recommendation in Finland for the use for adjuvant bis-
phosphonate or denosumab treatment during Al therapy,
or for measuring BMD in postmenopausal women. The
national recommendation for the use of adjuvant deno-
sumab during Al therapy with a 100% special reimburse-
ment started in Finland on 1 March 2017.

In August 2013, the patient stumbled and crashed onto
stony ground and got a compression fracture of TH XII.
BMD measurements were performed in October 2013 at
the lumbar spine (L1-L4), total hip, and femoral neck by
DXA (dual-energy X-ray absorptiometry) using a Lunar
densitometer (Prodigy, GE Medical Systems). The lowest
T-scores were at lumbar spine (L1-L2, T-scores of —1.9)
and in the right femoral neck (7-score —1.8).

Because of the aromatase inhibitor (AI) medication and
the fracture (compression grade 50%), a subcutaneous
denosumab treatment (5 mg every 6 months) was started
in October 2013.

Letrozole medication was discontinued after 5.5 years,
and the last denosumab injection was given in November
2020. The patient’s additional daily medication was losar-
tan 100 mg, simvastatin 20 mg, levothyroxine 100 mcg,
warfarin 6—8 mg depending on the international normal-
ized ratio (INR) level, and daily use of vitamin D supple-
ments 1600 IU in winter and 800 IU in summer months.
Permanent warfarin medication was started in 2000 after
third distal deep vein thrombosis of the lower limb.

Six months after the last denosumab injection, our
then 71-year-old patient received a single intravenous
zoledronic acid (Aclasta®) infusion (5 mg/100 mL). Due
to her permanent use of warfarin medication, she did
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not receive any nonsteroidal anti-inflammatory drugs
(NSAIDs) (for example, indomethacin, acetaminophen,
ibuprofen, or diclofenac) before the administration
of the infusion. She did not take paracetamol either
because its concomitant use with warfarin has been
described to increase prothrombin times and bleeding
[13]. Her health status was good before this first zole-
dronic acid infusion.

About 10 hours after the infusion, the patient sud-
denly suffered an acute phase response (APR), abruptly
beginning with severe trismus, muscle twitching, spasms,
tingling and numbness in the face and fingers, and ague.
This was rapidly followed by influenza-like symptoms
such as headache, pain in the pharynx and in the left side
of the neck, and continuing within 24 hours with muscu-
loskeletal pain, polyarthralgia, synovitis, abdominal pain,
and exertional dyspnea.

A fever appeared quickly and her temperature rose to
39.3 °C and remained over 39.0 °C for 2 days. It began to
decline after 3 days, returned to normal after 8 days, and
her headache ended after 9 days. Other symptoms con-
tinued for 1-3 days but polyarthralgia lasted for nearly
2 months. The diagnosis of APR was undisputed by the
patient’s husband who is a general surgeon and a special-
ist in orthopedics and traumatology.

On the second day, the patient’s husband called an
ambulance because of the strong symptoms. Before call-
ing the pre-hospital team, he consulted a general physi-
cian who gave the infusion in a private clinic.
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The pre-hospital emergency team examined the
patient, and because of the normal electrocardiogra-
phy, oxygen saturation, and blood pressure, the patient
remained at home. During the severe APR period she
received 2-3 g oral paracetamol daily. There were no
other follow-up visits and her physician husband took
care of her. The patient’s general fatigue continued for
about 2 months.

About 6 months prior to the intravenous zoledronic
acid infusion, the following laboratory tests were per-
formed: blood count, sedimentation rate (SR), alkaline
phosphatase (ALP), alanine aminotransferase (ALT),
parathyroid hormone (PTH), ionized calcium, creatinine,
serum 25-hydroxyvitamin D (S-250HD), thyroid-stimu-
lating hormone (TSH), and free thyroxin (T4-V). All test
results were normal (Table 1). Furthermore, certain rou-
tine laboratory tests were performed 34 days before the
infusion (Table 1). The patient’s international normalized
ratio test (INR) was checked every 4—6 weeks. The glo-
merular filtration rate was 72 mL/min/1.73 m? (reference
value over 59 mL/min/1.73 m? for age> 70 years) a day
before the infusion. She had no nephropathy.

Further laboratory tests were performed at 7, 11,
54, and 91 days after the infusion of zoledronic acid
(Table 1). The serum marker of bone resorption test [tar-
trate-resistant acid phosphatase 5b (TRAP 5b)] [14] was
performed at 7 and 12.5 months after the infusion. The
results were 3.73 U/L and 3.65 U/L, respectively (range
in postmenopausal women: 1.49-4.89 U/L). The patient’s

Table 1 Laboratory test results 6 months before and during the first 91 days after the infusion of zoledronic acid

Laboratory test Reference 15 December 29 April 2021 Day 7 Day 11 Day 54 Day 91
2020

Hemoglobin (g/L) 117-155 130 133 132 136

Leukocyte (E9/L) 34-82 52 6.1 8.0 6.5

Thrombocyte (E9/L) 150-360 245 237 325 288

CRP (mg/L) <4 84 41 2

Calcium (mmol/L) 2.15-2.51 2.34 2.30 2.32

Calcium-ion (mmol/L/ph7.4) 1.16-13 1.23

Creatinine (umol/L) 50-90 69 73 62

ALP (U/L) 35-105 44 73 41

Kalium (mmol/L) 3.3-49 39 4.1

Natrium (mmol/L) 137-145 139 142

SR (mm/h) <40 5 47

S-250HD (nmol/L) >50 139 163

INR 2-3 2.3 22 1.7 2.1 2.1 22

PTH (ng/L) 12-47 46 - 45

TSH (mU/L) 0.3-4.2 1.55 - 10.56 6.30 1.73

T4-V (pmol/L) 11-22 18 - 16 21 20

ALT (U/L) <35 23 - 30

CRP C-reactive protein, ALP alkaline phosphatase, SR sedimentation rate, S-250HD serum 25-hydroxyvitamin D, INR international normalized ratio, PTH parathyroid

hormone, TSH thyroid-stimulating hormone, T4-V free thyroxine, ALT alanine aminotransferase
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Covid-19 PCR test 9 days after the infusion was negative.
All laboratory tests were privately performed at the labo-
ratory of Helsinki University Hospital, Finland.

The last BMD was measured a few days before the zole-
dronic acid infusion. The BMD of the total lumbar spine
(L1-L4) was 14.4% higher than in 2013. The total BMD
results in the right total hip was 5.6% higher and in the
left total hip 5.4% higher than in 2013.

Written informed consent for publication was obtained
from the patient.

Discussion

APR is common among patients who have never taken
bisphosphonates before and are undergoing infusion for
the first time [15] Adequate serum 25-hydroxyvitamin D
level may be protective for APR [15]. The APR reactions
are characterized by fever and muscle aches—a flu-like
illness—lasting several days [1]. Acetaminophen, given
1-2 hours before treatment, may reduce the likelihood of
these reactions and can also be given to treat the symp-
toms [1]. According to the Drug Information Database,
the APR symptoms usually resolve within 3 days of onset,
but resolution can take up to 7-14 days, and some symp-
toms have persisted for a longer duration [16].

Patients taking denosumab are advised to transition to
an oral or intravenous bisphosphonate when the course
of therapy is complete, to prevent bone loss and a poten-
tial rebound in vertebral fracture risk after discontinuing
this drug.

How can we predict the development of APR? Ade-
quate levels of serum 25-hydroxy vitamin D and hydra-
tion before zoledronic acid infusion have been reported
to lower the incidence of APRs [15, 17]. According to a
recent Japanese study, APRs occurred more frequently in
osteoporosis patients with a lower neutrophil to lympho-
cyte ratio (NLR, an indicator for inflammation), higher
bone turnover, and younger age [2].

Our patient was 71 years old, had a high serum
25-hydroxyvitamin D level (163 nmol/L) and a normal
calcium level (2.32 mmol/L), but low NLR (1.6) (range:
low NLR <3.0 and high>3.0) [18]. Her NLR between
2014 and 2019 was low (range 0.75-0.83). The level of
serum alkaline phosphatase (ALP) to evaluate bone for-
mation and resorption was somewhat higher (73 U/L)
a week after the infusion and decreased to 41 U/L after
3 months.

To assess any association between the use of a zole-
dronic acid infusion (5 mg/100 mL) and thyroid func-
tion, we searched eligible studies in MEDLINE up to
December 2021. There was only one placebo-controlled
prospective study indicating that total serum triiodothy-
ronine (T3), free T3, total thyroxine (T4), and free T4
declined significantly on days 1 and 2 after zoledronic
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acid infusion, whereas on day 3, levels started to return to
the baseline concentrations [19]. Serum TSH remained
essentially unchanged [19]. Our patient had a high TSH
level (10.56 mU/L) on day 11 after the infusion and the
level remained higher than her normal level (1-2 mU/L),
even after 53 days (6.30 mU/L). The TSH level was nor-
mal at 3 months without changing her daily oral levothy-
roxine (100 mcg) prescription. According to an Indian
study (=163, 95% postmenopausal women), thyroid
functions tests were studied at days 0, 1, 2, 3, 7, and 42
post-zoledronic acid infusion (5 mg) [20]. TSH increased
after this infusion and the increase continued until the
final 42-day follow-up. The rise in TSH was significantly
higher in patients having evidence of thyroid autoim-
munity. Our patient was diagnosed with autoimmune
thyroid disease about 20 years earlier.

In our patient, the C-reactive protein (CRP) level
increased and was still quite high (84 mg/L) at 1 week
after the infusion due to the severe APR. Four days
later the CRP level was 41 mg/L, and at 3 months the
level was normal. According to a Finnish randomized,
placebo-controlled, double-blinded study (n=40,
mean age 50 years, SD 8.3) on zoledronic acid infusion
(5 mg/100 mL) for patients with chronic low back pain
and modic changes in lumbar magnetic resonance imag-
ing (MRI), the CRP level was still increased at 1 month
after the infusion zoledronic acid [21]. The data also
showed that a single intravenous infusion of 5 mg of zole-
dronic acid was effective in reducing the intensity of low
back pain and in reducing the use of NSAIDs within a fol-
low-up time of 1 year [22]. Our patient also experienced
that her low back pain and strain she suffered reduced
during the first 16 months after infusion. Although the
patients in the Finnish study [22] received oral ibuprofen
600 mg or paracetamol 1 g to prevent flu-like symptoms,
headache, or fever, and 100,000 IU of vitamin D orally to
prevent hypocalcemia, 19/20 (95%) patients versus 7/20
(35%) patients in the placebo group had an APR [22]. In
our study, ALP decreased during the follow-up similarly
to the Finnish study [21].

Unfortunately, the serum marker test of bone resorp-
tion TRAP 5b was not checked before the zoledronic
acid infusion. The latter TRAP 5b result over 1 year after
the infusion was slightly lower than the former about
7 months after the infusion, and clearly lower than the
highest reference value for postmenopausal women
(range: 1.49-4.89 U/L). According to our results, zole-
dronic acid infusion had a positive effect on antiresorp-
tive activity. Serum TRAP 5b is a specific and sensitive
marker for monitoring antiresorptive treatment [14].

Some acute symptoms in our patient (muscle twitch-
ing, spasms, tingling, and numbness) matched with
symptoms of hypocalcemia [23]. However, the serum
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25-hydroxyvitamin D concentration in our patient was
high (163 nmol/L), and the concentrations of serum cal-
cium and calcium-ion (2.32 mmol/L and 1.23 mmol/L,
respectively) and parathyroid hormone (45 ng/L) were
normal. Higher baseline serum 25-hydroxyvitamin D
levels are found to be protective for APR and hypocal-
cemia after zoledronic acid infusion [15]. In the recent
study among 153 white patients with a postmenopau-
sal osteoporosis who received a zoledronic acid infu-
sion for the first time, none experienced an APR with a
serum 25-OHD level over 145 mmol/L [15]. Our patient’s
serum 25-hydroxyvitamin D concentration was bian-
nually checked for years. However, her good level of
S-250HD (163 nmol/L) did not protect her from experi-
encing an APR.

Because APRs are quite common, it is important that
the potential patient receive sufficient information about
the possibility of an APR following the administration of
intravenous zoledronic acid. Our recommendation is that
the patient should not be left by him/herself for the first
24 hours after the infusion. Also, the safety information
of the zoledronic acid infusion should include this rec-
ommendation. Being alone and experiencing a serious
APR may lead to acute cardiac problems. For our patient,
the APR was sudden and difficult. She was unable to use
her mobile phone to call for help if she had been by her-
self. According to a list of zoledronic acid side-effects,
dangerous side-effects such as coma, confusion, convul-
sions, difficult breathing, hypotension, atrial fibrillation,
and cardiac arrhythmia secondary to hypocalcemia are
possible [16].

Finally, we suggest studying the possible positive
impact of zoledronic acid infusion on back pain among
older patients with a low-energy hip or vertebral fracture.

Conclusions
Mild APR is common with administration of the first
zoledronic acid infusion. However, severe APRs, as seen
in this case, have been reported. There are no prognostic
signs (for example, laboratory methods) to predict, who
will develop a severe APR. Therefore, the patient should
not be left alone for the first 24 hours after the first zole-
dronic acid infusion. According to our study, the low
neutrophil/lymphocyte ratio before the first infusion may
be a prognostic sign for predicting APR.

The possible positive effect of zoledronic acid on long-
lasting low back pain among elderly patients requires fur-
ther studies.
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