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Osteolytic bone disease is one of the most promi-
nent features of multiple myeloma (MM) and is
present in up to 80% of patients at diagnosis.1

Bone destruction leads to skeletal-related events (i.e. verte-
bral and other pathological fractures) and/or spinal cord
compression. MM is mainly due to an increase in osteo-
clastic activity which is accompanied by low osteoblastic
function.1 Bisphosphonates and other bone-targeting
agents (such as denosumab which inhibits RANKL and
osteoclast function and is not renally cleared), effective
anti-myeloma treatment, radiotherapy and surgery are the
main therapies used for the management of bone disease
in MM.1–3 Regarding the definition of MM-defining events,
there are important studies which suggest that asympto-
matic patients with more than one focal lesion detectable
by magnetic resonance imaging have a higher risk of pro-
gression to symptomatic MM (>70% within 2 years).1,4–6

These patients have been described by international
myeloma experts as having symptomatic disease.5,6

Based on phase 3 studies, the bisphosphonates,
pamidronate and zoledronic acid, have been found to
reduce skeletal-related events compared to placebo.7–9

Three randomized studies have compared the effect of
different bisphosphonates or different dosages of the
same bisphosphonate. In the first study, zoledronic acid
was as effective as pamidronate in reducing skeletal-relat-
ed events in the era of conventional chemotherapy.9,10 In
the second, two doses of intravenous pamidronate (30
versus 90 mg) showed comparable results regarding time
to skeletal-related events and survival time free of such
events.11 The limitation of this study was that it was pow-
ered to show differences in quality of life and not in
skeletal-related events.11 The third study compared intra-
venous (i.v.) zoledronic acid with oral clodronate and
showed that zoledronic acid reduced the risk of skeletal-
related events compared to clodronate in all MM patients,
irrespective of the presence of lytic lesions at diagnosis,
and improved overall survival by 10 months in patients
with lytic lesions at diagnosis.12,13 These effects continued
in patients who received zoledronic acid for >2 years.14

There was no sub-analysis according to the response sta-
tus of the patients, thus it is not clear whether the contin-
uous use of zoledronic acid produces similar results in
patients who have achieved excellent responses (≥very
good partial response). A meta-analysis was unable to
confirm superiority of zoledronic acid over pamidronate,
but revealed a survival advantage from zoledronic acid
versus placebo.15 This analysis also determined that in

order to prevent one skeletal-related event, 6-15 MM
patients need to be treated.15

The European Myeloma Network (EMN) and
International Myeloma Working Group (IMWG) have
therefore recommended that all MM patients with ade-
quate renal function (creatinine clearance >30 mL/min)
and osteolytic disease at diagnosis should be treated with
zoledronic acid [4 mg i.v. infusion, over at least 15 min,
every 4 weeks (Q4W) or pamidronate (90  mg, in a 3-hour
infusion, Q4W], in addition to specific anti-myeloma
therapy (grade 1A; definition of evidence levels: Online
Supplementary Table S1). Symptomatic patients, without
bone disease assessed by conventional radiography, can
be treated with zoledronic acid (grade 1B). The advantage
is not clear for patients without detectable bone involve-
ment on magnetic resonance imaging or positron emis-
sion tomography/computed tomography.
Bisphosphonates are not routinely recommended in
smoldering MM (grade 1A); but in cases of osteoporosis
or vertebral fractures that are not due to the MM, bispho-
sphonates should be given at the doses given for osteo-
porosis (5 mg zoledronic acid/year). For high-risk smol-
dering MM, the treating physician should consider using
the bisphosphonate doses and schedules typically used to
treat symptomatic MM (grade 1B). Zoledronic acid
should be given continuously (grade 1B). It is debatable
whether patients who achieve a very good partial
response or better have benefits from the continuous use
of zoledronic acid. Regarding pamidronate, there are no
data to support its continuous use; thus it should be given
for 2 years and then at the physician’s discretion (grade
2C).1,2 Of note, bisphosphonates are now available as
generic drugs, whereas denosumab has just been
approved by the Food and Drug Administration for use in
MM (January 2018; likewise anticipated in Europe) and is
patent-protected. This approval was based on the results
of a large phase III study comparing denosumab with
zoledronic acid, in which the efficacy and safety of the
drugs were assessed in newly diagnosed MM. Eligible
patients were randomized 1:1 to denosumab 120 mg sub-
cutaneously Q4W or zoledronic acid 4 mg (with dose
adjustments according to renal function) i.v. Q4W along
with anti-myeloma therapy. The primary objective was
non-inferiority of denosumab to zoledronic acid with
respect to time to first on-study skeletal-related event.
Overall survival was a secondary endpoint; progression-
free survival was an exploratory endpoint. The 1718
patients enrolled were randomized into two arms, each



with 859 participants. With regards to delaying time to
first on-study skeletal-related event, denosumab was not
inferior to zoledronic acid [P=0.01; hazard ratio
(HR)=0.98; 95% confidence interval (95% CI): 0.85-1.14].
Fewer adverse events potentially related to renal impair-
ment were reported with denosumab than with zole-
dronic acid (10.0% versus 17.1%, P<0.001). The HR for
progression-free survival was 0.82 (95% CI: 0.68-0.99;
P=0.036). The overall survival HR between denosumab
and zoledronic acid was 0.9 (95% CI: 0.70-1.16; P=0.41),
with fewer deaths in the denosumab arm (n=121; 14.1%)

than in the zoledronic acid group (n=129; 15.0%).
Therefore, denosumab showed non-inferiority to zole-
dronic acid in delaying time to first on-study skeletal-
related event. Patients on denosumab had a significantly
lower rate of renal adverse events compared to those on
zoledronic acid. The bone-specific benefits in combina-
tion with the renal function results and possible prolonga-
tion of progression-free survival with denosumab were
promising and have led to invigorating discussions about
why progression-free survival data were more favorable
with denosumab. The observations definitely need deep-
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Table 1. Cost comparison of osteoprotective medications for MM: Germany versus USA.
                                                                                            Costs Germany                         Costs USA
                                                                                 [Monthly costs in Euro (€)] [Monthly costs in Euro (€)]
Drug (original)                         Dose & mode of administration        Original price           Generic price                    Original price            Generic price

Denosumab (Xgeva®)                                 120 mg s.c. bolus                                   440                                   -                                             1890                                   -
Zoledronic acid (Zometa®)                    4 mg i.v. over 15 min                                368                                 279                                            814                                   49
Pamidronate                                             90 mg i.v. over 3 hours                      out of trade                         251                                    out of trade                           47

German prices: ATaxx® (Dr. Heni Software GmbH & Co.KG, Freiburg); USA prices: https://www.drugs.com/price-guide/. In Germany, the AMNOG is limiting the cost of new phar-
maceutical products; In the USA, a deflation of generic prices has been reported, due to an increasing number of competing companies entering the market
(https://www.nytimes.com/2017/08/08/health/generic-drugs-prices-falling.html).

Figure 1. Features of the diagnosis of multiple myeloma. (A) Time from onset of symptoms to the diagnosis of MM: patients (%) diagnosed within <3, 3-6, 6-11 or
>12 months in the retrospective versus prospective analysis. (B) First suspicion of MM: frequency (%) of patients whose MM was first suspected by different types
of physicians (n=176 patients; prospective cohort). (C-D) Prospective analysis: patients‘ satisfaction (n=176).
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er understanding and statistical evaluation: the relation-
ship between the occurrence of skeletal-related events
and progression-free survival-defining events needs to be
defined. Furthermore, an assessment of cumulative inci-
dence rates of skeletal-related events with death as a
competing event will be helpful, as the slight overall sur-
vival disadvantage in the zoledronic acid arm might have
led to fewer skeletal-related events. Nevertheless, with
full publication of the results16 and with EMA approval,
denosumab will be used in Europe in MM patients.1–3

Given these insights and major advances in the under-
standing of the disease, early MM diagnosis, especially of
symptomatic patients, has been advocated. However,
since MM is an insidiously developing malignancy and
may appear with non-specific symptoms, e.g. bone pain,
the diagnosis and therapeutic decisions can be complicat-
ed. A German study group (DSMM) and EMN project
addressed this aspect with the aim of optimizing the
prompt diagnosis and further improving the quality of
MM care.17 An initial retrospective analysis of 101 MM
patients was followed by a prospective study of 176
patients using a structured MM-specific questionnaire.
The median time from the patients' first symptoms to the
final MM diagnosis was 4 months (range, 0.5-120) in the
retrospectively studied cohort and very similar to the 6
months (range, 0.5-60) in the prospective cohort. Of inter-
est, the time from onset of symptoms to diagnosis of MM
was ≥12 months in 20% of the patients in the retrospec-
tive analysis and 35% in the prospective study (Figure
1A). The frequencies of MM-related bone fractures, renal
complications and infections occurring before the diagno-
sis of MM was made were 41%, 35% and 16%, respec-
tively. Moreover, 43% had one, 20% had two and 3%
had three of these complications. The most frequent
symptom was bone pain, which occurred in 73% of MM
patients before the final MM diagnosis was made. In 6%
of patients, MM was first suspected by orthopedists,
whereas the clinical suspicion was raised by nephrolo-
gists in 16% of cases, even though renal impairment was
less frequent (Figure 1B). Of interest, 61% of patients
were completely or fairly satisfied with the diagnostic
process, whereas 39% were less satisfied (Figure 1C).
Fifty-eight percent of the patients believed that their dis-
ease could have been diagnosed more expeditiously
(Figure 1D). Patients, who criticized the slow diagnostic
process had a much longer median time interval from
symptom onset to their final MM diagnosis compared to
those who were less critical (9 versus 3 months, respec-
tively). These results demonstrate that there is still con-
siderable latency in the diagnosis of MM. However, even
with early diagnosis and treatment with novel agents,
skeletal-related events continue to occur, in part due to
MM responses ("melting-down MM") and relapses,
reminding us that progress in MM involves understand-
ing how best to avoid skeletal-related events before the
diagnosis of the disease is made and with antimyeloma
treatment, because this substantially influences patients'
coping and their approval of our MM care.2,3,17 The notion
that treatment based on novel agents promotes bone-
healing - apart from osteoprotective supportive agents
such as bisphosphonates and denosumab - has recently
led to the demanding discussion18,19 of whether bone-

seeking agents are currently needed. Since skeletal-related
events continue to occur in the first months of treatment
and with relapse (despite the use of novel agents and
osteoprotection1–3), effective prevention and reduction of
destructive skeletal-related events remain fundamental.1,20

Recent data from the national registry, Hospital Episode
Statistics determined fracture rates and the effect on over-
all survival in MM patients between 2001 and 2015:
expectedly, fracture rates were 18 times higher with MM
in the first year after admission than in the general popu-
lation, and remained elevated for up to 10 years. In line
with the data on early diagnosis in MM,2,3,17 the increased
fracture risk preceded the first admission with MM and
conversely the incidence of MM increased after admis-
sion with one or more fractures. Fractures were associat-
ed with poorer outcome (HR for overall survival: 1.2),
indicating the need for regular use of bone supportive
drugs despite novel agent-based treatment.21 In addition,
cost analyses in 1028 MM patients (596 with ≥1 skeletal-
related events and 432 without skeletal-related events)
demonstrated that a higher frequency of skeletal-related
events was associated with greater utilization of health-
care resources, suggesting that bone supportive drugs
need to be used diligently to avoid higher healthcare costs
due to skeletal complications and patients’ discontent.22

Since bisphosphonates in symptomatic MM have been
suggested, but beyond 2 years and with stable MM are
left to the discretion of the treating physician, a random-
ized trial assessed 170 untreated, symptomatic patients
using zolendronic acid for 4 versus 2 years.23 All patients
were treated with the same induction therapy and stem-
cell transplantation. The group treated for 4 years had
substantially fewer skeletal-related events than the group
treated for 2 years (21 versus 43%, respectively; P<0.001).
Actuarial curves at 5 years showed that progression-free
survival was 75% (95% CI: 64%-82%) and overall sur-
vival 68% (95% CI, 60%-76%) in the group treated for 4
years; these rates were not significantly different from
those of the control group treated for 2 years with zole-
dronic acid (P=0.67); but this trial was underpowered to
show differences in survival. The trial did, however, con-
firm that the continued use of zoledronic acid was useful
to reduce skeletal-related events and to preserve a better
quality of life.23

With bisphosphonates and denosumab being potent
options in MM, Goldstein, in this issue of the Journal,
comments on both costs and the fact that novel patent-
protected drugs will induce greater expenditure than
generically available alternatives.24 While there is an
unequivocal need to thoroughly evaluate and measure
"real" advances with new drugs, shortcomings of this
commentary are the "generalization" regarding patent
versus generic medications, the understatement of pro-
gression-free survival differences, convenience of subcu-
taneous versus i.v. medication, and the decreased renal
impairment and safer use of denosumab in patients with
renal impairment. Moreover, Goldstein’s conclusions
only apply to the health system in the USA, whereas
reimbursement of medication providers and financial
incentives to physicians to prescribe more expensive
drugs are different in Europe (Table 1).24 The rising cost of
patented cancer medicines in the USA is a known phe-
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nomenon: from 2000 until now, there have been 5- to 10-
fold increases in the cost of new drugs.25 Price differences
in Europe can, therefore, be substantially different from
those in the USA (Table 1). In Germany, a benefit assess-
ment of pharmaceuticals in accordance with the Act on
the Reform of the Market for Medicinal Products
(AMNOG) is limiting the cost of new pharmaceutical
products. In the USA, a deflation of generic prices has
been reported, due to an increasing number of competing
companies entering the market. As clinicians and
researchers we know that medical advances are needed,
and developmental costs for new drugs have steadily
increased with regulatory requirements. Goldstein
reminds us of the financial burden associated with new
cancer agents, which we offer to our patients with the
aim to 'never harm but always aid': nevertheless, the judge-
ment regarding bisphosphonate generics versus denosum-
ab is biased and the comparison is cumbersome. His con-
clusions that generic bisphosphonates have a novel coun-
terpart and that the financial burden with denosumab is
higher are, however, worth noting.24 Thus, the good news
prevails that treatment options for the prevention of bone
complications have increased with the introduction of
denosumab, providing a new choice for patients and
physicians. Once initiated, bisphosphonates or denosum-
ab should be continued for at least 2 years, after which a
suspension of bisphosphonate treatment may be consid-
ered in very responsive patients, although this may be
associated with skeletal risks, especially in those with
prior skeletal complications. For patients in whom bis-
phosphonates were stopped after 2 years, the drug should
be resumed on a monthly basis if the MM recurs and/or
new skeletal-related events occur,  independently of the
use of novel agent-based therapies.1–3
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