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Introduction

Multiple myeloma is a hematologic malignancy characterized by significant bone disease – 

lytic lesions are present in over 60% of patients at diagnosis, as are pathologic fractures, 

osteoporosis, and hypercalcemia1. Due to the frequency and morbidity of bone disease in 

these patients, guidelines from the National Comprehensive Cancer Network (NCCN), 

American Society of Clinical Oncology (ASCO), International Myeloma Working Group 

and European Myeloma Network all recommend use of the bisphosphonates zoledronic acid 

and pamidronate in patients receiving primary myeloma therapy2,3. In 2018, NCCN and 

ASCO updated their recommendations to include the osteoclast inhibitor denosumab as an 

alternative anti-resorptive agent, after evidence that it is noninferior to zoledronic acid in 

delaying time to first skeletal-related event (SRE)4,5.

There is considerable evidence to support the use of bisphosphonates from randomized 

controlled trials. Pamidronate and zoledronic acid have been shown to significantly reduce 

SREs (defined as pathologic fracture, radiation or surgery on bone and spinal cord 

compression) and bone pain, with a relative risk reduction of 16–17% in some studies6,7 and 

absolute risk reduction of 0.9 SRE per year in another8. Whether bisphosphonates improve 

survival is controversial and may vary by the specific agent used9. Pamidronate was 

Corresponding author: Siyang Leng, MD MS, Columbia University Medical Center, 161 Fort Washington Ave, Garden Level G, 
New York, NY 10032, Phone: 347-615-2039 / Fax: 212-305-8111, SL4076@cumc.columbia.edu.
*Dr. Lentzsch and Dr. Neugut contributed equally as senior authors to this study

HHS Public Access
Author manuscript
J Natl Compr Canc Netw. Author manuscript; available in PMC 2020 January 01.

Published in final edited form as:
J Natl Compr Canc Netw. 2019 January ; 17(1): 22–28. doi:10.6004/jnccn.2018.7079.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



associated with a survival benefit in one study for relapsed or refractory myeloma patients 

(median 21 months survival in users versus 14 months in those receiving placebo; p =0.04)8. 

The MRC Myeloma IX trial of 1,960 newly diagnosed patients found that zoledronic acid 

improved survival compared to clodronate, but only in patients with bone disease or SRE at 

baseline (hazard ratio (HR) 0.82; 95%CI 0.70–0.95)10,11.

The compelling evidence regarding the benefit of bisphosphonates resulted in a change of 

NCCN guidelines in 2011 to recommend bisphosphonate treatment for all newly diagnosed 

myeloma patients receiving primary myeloma therapy, without contraindication. We 

performed a population-based analysis to investigate whether newly diagnosed myeloma 

patients received bisphosphonates in accordance with guidelines. We examined predictors 

for bisphosphonate use, and also whether use is associated with a change in survival on a 

population level.

Methods

Data Source

This retrospective cohort study used data from the Surveillance, Epidemiology and End 

Results (SEER)-Medicare Database12. SEER is a population-based tumor registry developed 

by the National Cancer Institute (NCI) that captures time of diagnosis, tumor details, and 

sociodemographic characteristics for individuals with cancer over 18 geographic areas of the 

United States (U.S.), representing approximately 28% of the population13. Medicare 

captures billed claims submitted through inpatient (Part A), outpatient (Part B), and 

prescription drug (Part D) coverages. The SEER and Medicare files are linked to provide 

data about individual patients from their time of cancer diagnosis onward14.

Cohort Selection

Individuals 65 years or older diagnosed with multiple myeloma (SEER Site Recode 34000) 

between 2012 to 2013 were included in this analysis. Patients were required to have received 

antineoplastic therapy appropriate for myeloma (Supplemental Data S1) within 6 months 

after diagnosis, and to have complete Medicare Parts A and B coverage from 12 months 

before diagnosis onward. We excluded patients who had received bisphosphonates prior to 

myeloma diagnosis, who had less than 6 months of follow-up after diagnosis, and 

individuals diagnosed by autopsy.

Patient Characteristics

Age at diagnosis was stratified into 65–74, 75–84, and ≥85 years. Race was recorded as 

white, black and other. Marital status was recorded as married and unmarried. 

Socioeconomic status (SES) was calculated from education, poverty level and income data 

from the 2000 census using reported methods15.

A patient was considered to have a SRE at diagnosis if he/she had a claim for one within 90 

days before myeloma diagnosis and 60 days after. SRE was defined as pathologic fracture, 

spinal cord compression, radiation, and surgery to bone7,8,16. Codes used to identify SREs 

are given in Supplemental Data S216–19.
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The presence of several comorbid conditions at any time before the diagnosis of myeloma 

was recorded – acute kidney injury, chronic kidney disease, use of hemodialysis, 

osteoporosis, osteopenia, and hypercalcemia. Comorbidity score was assessed using the 

Klabunde adaptation of the Charlson comorbidity index20. The initial antineoplastic regimen 

used after diagnosis, defined as all antineoplastic drugs a patient received within the first 90 

days of treatment, was recorded and categorized as proteasome inhibitor-based (proteasome 

inhibitor with or without steroids), immunomodulatory imide agent-based, proteasome 

inhibitor + immunomodulatory agent, proteasome inhibitor + other cytotoxic agent, and 

other. The specific drugs in each class and their identifying codes are listed in Supplemental 

Data S1. Of note, steroids come in many formulations and accompanying drug codes. We 

examined their use, but do not believe our methodology fully captured use as we found that 

only 58% of patients received steroids as part of their antineoplastic regimen – significantly 

lower than what we expected since steroids are nearly always given.

Measures

The primary outcome of this analysis was the use of bisphosphonates, defined as whether a 

patient received a bisphosphonate within 6 months after start of his/her myeloma therapy. 

All bisphosphonates that have been evaluated for use in myeloma were included, with a full 

list given in Supplemental Data S3. Duration of bisphosphonate use, defined as the time 

interval between the first and last doses, was determined. We calculated the percentage of 

time patients received bisphosphonates while on anti-neoplastic therapy, whereby a patient 

treated according to guidelines would receive bisphosphonates 100% of the time that he/she 

is on anti-neoplastic therapy.

We assessed overall survival from diagnosis as a function of bisphosphonate use. Patients 

were followed from myeloma diagnosis to death, end of enrollment from SEER-Medicare, 

or 12/3½014, whichever was earliest.

Statistical Analyses

We conducted univariate and multivariable logistic regression analyses to evaluate which 

variables were associated with the use of bisphosphonates. Proportions were compared using 

the χ2 test. Kaplan-Meier analysis was used to evaluate survival, with hypothesis testing 

conducted using the log-rank test. Cox proportional hazards models were used to adjust for 

the effects of covariates on both outcomes, with the proportional hazards assumption 

evaluated by the Wald test21. For all models, we used α <0.05 and two-sided tests of 

statistical significance. All analyses were conducted using SAS 9.3 (SAS Institute, 2010).

This study used deidentified data and was deemed exempt by our Institutional Review 

Board.

Results

We identified 1,309 patients between January 1, 2012, and December 31, 2013 with a 

diagnosis of multiple myeloma who received chemotherapy within 6 months of diagnosis 

and who had >6 months of follow-up after diagnosis (Figure 1). Among them, 720 (55%) 
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received at least one dose of a bisphosphonate within 6 months after the start of 

antineoplastic therapy, while 589 (45%) did not.

Zoledronic acid was the most commonly used bisphosphonate, in 640 of the 720 (89%) 

patients. Pamidronate was used in 139 (19%) patients. Some patients – 84 (12%) received 

more than one bisphosphonate agent over the course of their treatment, with the most 

common scenario being use of both zoledronic acid and pamidronate, in 66 patients. Median 

time to initiation of bisphosphonates from myeloma diagnosis was 52 days (IQR 26–152).

Among users, median number of doses given was 8 (max 33, interquartile range (IQR) 4–

13), and median duration of bisphosphonate use was 294 days (IQR 89–569). On average, 

patients received bisphosphonates covering 66% (IQR 43–93%) of the time over which they 

received chemotherapy. By comparison, a patient receiving bisphosphonate every month 

he/she is on chemo would have a coverage of 100%.

Descriptive statistics for users of bisphosphonates, and factors associated with use, are 

summarized in Table 1. In multivariable analysis, factors associated with decreased use of 

bisphosphonates were chronic kidney disease (adjusted odds ratio [OR] 0.48; 95%CI 0.35–

0.66), hemodialysis (AOR 0.42; 95%CI 0.24–0.75), and residence in a Southern region 

(AOR 0.66; 95%CI 0.45–0.99). Factors associated with increased use of bisphosphonates 

were having a SRE at time of diagnosis (AOR 2.60; 95%CI 1.98–3.40), hypercalcemia 

(AOR 1.74; 95%CI 1.26–2.41), and use of proteasome inhibitor + immunomodulatory drug 

regimens (AOR 1.70; 95%CI 1.36–2.85 compared to proteasome inhibitor regimens without 

immunomodulator).

We examined the effects of bisphosphonate use on survival using multivariable proportional 

hazards analysis (Table 2). Users of bisphosphonates had a lower hazard ratio for death (HR 

0.70; 95%CI 0.56–0.88) compared to non-users after adjusting for covariates, including 

comorbidities and antineoplastic therapy use. Other factors associated with decreased risk of 

death include female gender (HR 0.76; 95%CI 0.59–0.97) and proteasome inhibitor + 

immunomodulatory imide agent use (HR 0.67; 95%CI 0.48–0.92 compared to proteasome 

inhibitor use without immunomodulatory agent). Factors associated with increased risk were 

age ≥85 (HR 1.98; 95%CI 1.37–2.87 compared to ages 65–74), hemodialysis (1.50; 95%CI 

1.01–2.22), hypercalcemia (HR 1.37; 95%CI 1.06–1.78), and higher comorbidity (HR 1.32 

for comorbidity score of ≥2 compared to 0; 95%CI 1.01–1.72).

Discussion

In this retrospective cohort study, we found that 55% of myeloma patients diagnosed 

between 2012–2013 were started on a bisphosphonate within 6 months of starting 

antineoplastic therapy. Zoledronic acid was much more frequently used than pamidronate. 

Though patients should be receiving bisphosphonates every month by guidelines, on average 

those in our cohort received 2 doses of bisphosphonates every 3 months (66% coverage). 

Having a SRE at the time of diagnosis was a strong predictor of bisphosphonate use, as were 

hypercalcemia and use of proteasome inhibitor + immunomodulatory imide combination 

regimens. Chronic kidney disease and hemodialysis were associated with decreased use. The 
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use of bisphosphonates was associated with improved survival even after adjusting for 

demographic characteristics, comorbidities, and initial myeloma therapy.

Though the use of bisphosphonates in myeloma is well-supported by evidence and has been 

recommended by professional society guidelines for two decades22,23, the real-world 

adoption of this practice has not been examined until recently. Investigators at Amgen 

examined bisphosphonate use using electronic health records from Flatiron Health, 

consisting of data drawn from over 250 cancer clinics and covering 1.5 million U.S. cancer 

patients treated mostly at community practices. They found that of 11,112 myeloma patients 

treated between 2009 and 2016, 63% received at least one dose of pamidronate or zoledronic 

acid24. Median time to bisphosphonate initiation was 29 days. Patients with chronic kidney 

disease were less likely to receive bisphosphonates (72% of patients with stage 1 compared 

to 24% with stage 5; HR 0.22; 95%CI 0.18–0.28).

Two other population-based analyses of bisphosphonate use in myeloma have been 

published. One utilized the United States Veterans cancer registry to compare the use of 

zoledronic acid to pamidronate in 1,018 newly diagnosed patients between 2002–2009. 

Patients receiving zoledronic acid had significantly improved survival (HR 0.78; 95%CI 

0.67–0.92) and fewer SREs (HR 0.75; 95%CI 0.60–0.94) compared to those who received 

pamidronate16. In comparison, our analysis found that users of bisphosphonates collectively 

had improved survival compared to non-users. We did not examine the impact of 

bisphosphonates on SRE development due to a few concerns. Administrative claims for 

SREs may not accurately reflect the time of occurrence, duration and nature of SREs, 

making it difficult to distinguish new SREs from existing ones19. Additionally, our dataset 

does not contain certain variables which reflect the degree of bone disease at diagnosis, such 

as results of skeletal imaging and presence of bone pain. These variables may have a 

significant effect on the development of SREs separate from bisphosphonate use and we 

could not control for them.

A second population-based study used 2 large managed-care databases comprised of 

commercially insured patients to compare users of zoledronic acid to those who did not 

receive any bisphosphonates. Over 1,655 myeloma patients (newly diagnosed and relapsed/

refractory) were identified between 2001–2006. Those receiving zoledronic acid had 

improved survival (incidence rate ratio 0.58; p <0.001) and lower rates of SREs (incidence 

rate ratio 0.63; p <0.001). These benefits were most prolonged in those who used zoledronic 

acid the longest25. In comparison to this study, we examined a more uniform population 

(newly diagnosed, treated patients) in which everyone should receive a bisphosphonate, and 

incorporated more demographic and clinical variables.

The median time to initiation of bisphosphonates in our cohort was 52 days after the start of 

antineoplastic therapy. One potential explanation for the delay is the time associated with 

obtaining a baseline dental exam, which is recommended prior to bisphosphonate use5,26. 

Given that we only had data about bisphosphonate use over 2012–2013, we were not able to 

meaningfully examine duration of use. Most guidelines recommend use for at least 2 

years2–4, though the optimal duration has not been clearly established27. We did find that on 

average, patients received 2 doses of bisphosphonates every 3 months, which is lower than 
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the monthly dosing that is currently recommended by guidelines for patients with active 

myeloma on antineoplastic therapy2–4. However, there is now evidence that one dose of 

zoledronic acid every 3 months is noninferior to monthly dosing for the prevention of 

SREs28, suggesting that some patients may have received adequate therapy for bone disease.

Our findings that bisphosphonate use decreased with chronic kidney disease and 

hemodialysis, and increased with SRE at diagnosis and hypercalcemia conform to clinical 

practice and thus are not surprising. We also found that patients who receive proteasome 

inhibitor + immunomodulatory imide ± steroid (“triplet”) regimens had increased use of 

bisphosphonates, which supports the notion that those who receive the most up-to-date 

antineoplastic therapies are also more likely to receive other guideline-based care. 

Interestingly, these patients also had improved survival compared to those receiving 

proteasome inhibitors without immunomodulatory drugs, but we cannot tell if this effect is 

from increased use of up-to-date and guideline-based care, or differences in disease or 

patient characteristics. The finding that bisphosphonate use impacted survival is biologically 

plausible, and is in accordance with some prospective studies8,10. Bisphosphonates induce 

osteoclast apoptosis by inhibiting the mevalonate pathway required for the prenylation of 

proteins such as Ras29, helping to restore bone health. They have antiproliferative effects 

against myeloma cells, and also anti-angiogenic and immunomodulatory properties30,31.

Strengths of our study include the use of a nationally representative database and 

examination of users of bisphosphonates compared to non-users. Our study also has 

important limitations. Our population only included those aged 65 or older and reflects 

<10% of newly diagnosed myeloma patients in the U.S. during the time period included. We 

lacked data about dental health, an important mediator of bisphosphonate use. We also 

lacked other important covariates that could predict outcomes such as disease stage, 

cytogenetics, or response to therapy, although none of these variables should affect the 

decision to treat patients with bisphosphonates. The use of billing codes to capture data can 

lead to under-capture of interventions. Our data covered only the years 2012–2013 as more 

recent data had not yet been released at the time we initiated this study; nonetheless, this 

limits our ability to examine bisphosphonate use over a longer time interval.

In conclusion, we found that 55% of newly diagnosed myeloma patients who receive 

antineoplastic therapy were given a bisphosphonate in accordance with national guidelines. 

Given the clinical evidence supporting the effectiveness of bisphosphonates in myeloma, we 

advocate for efforts to increase bisphosphonate use in these patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Diagram illustrating selection of a cohort of newly diagnosed elderly patients with multiple 

myeloma who received antineoplastic therapy in SEER-Medicare, 2012–2013. These 

patients were evaluated for bisphosphonate use.
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Table 1.

Factors Associated with Use of Bisphosphonates in Myeloma Patients Who Received Chemotherapy.

Total
Univariate Multivariable

# User (%) P-value Point estimate 95% Wald CI

Overall 1,309 720 (55.0%) N/A N/A N/A

Age group

 65 – 74 735 409 (55.7%) 0.016 REF REF

 75 – 84 485 275 (56.7%) 1.22 0.94–1.58

 ≥85 89 36 (40.5%) 0.66 0.40–1.08

Gender

 Male 753 417 (55.4%) 0.75 REF REF

 Female 556 303 (54.5%) 0.92 0.70–1.22

Race

 White 1,027 583 (56.8%) 0.031 REF REF

 Black 199 93 (46.7%) 0.85 0.59–1.21

 Other
a 83 44 (53.0%) 0.75 0.46–1.25

Marital status

 Unmarried 543 293 (54.0%) 0.52 REF REF

 Married 766 427 (55.7%) 0.92 0.71–1.19

Region

 North East 219 125 (57.1%) REF REF

 North Central 169 100 (59.2%) 0.003 1.00 0.63–1.60

 South 385 181 (47.0%) 0.66 0.45–0.99

 West 536 314 (58.6%) 1.13 0.78–1.63

SES rank

 Lowest quintile 293 157 (53.6%) REF REF

 Second quintile 368 184 (50.0%) 0.007 0.79 0.56–1.11

 Third quintile 275 173 (62.9%) 1.25 0.86–1.82

 Fourth quintile 198 118 (59.6%) 1.07 0.70–1.61

 Highest quintile 175 88 (50.3%) 0.73 0.47–1.14

Acute kidney injury

 No 830 503 (60.6%) <0.001 REF REF

 Yes 479 217 (45.3%) 0.85 0.62–1.17

Chronic kidney disease

 No 771 498 (64.6%) <0.001 REF REF

 Yes 538 222 (41.3%) 0.48 0.35–0.66

Osteoporosis
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Total
Univariate Multivariable

# User (%) P-value Point estimate 95% Wald CI

 No 934 518 (55.5%) 0.60 REF REF

 Yes 375 202 (53.9%) 0.76 0.57–1.02

Osteopenia

 No 621 303 (48.8%) <0.001 REF REF

 Yes 688 417 (60.6%) 1.24 0.96–1.60

Hypercalcemia

 No 1,038 553 (53.3%) 0.014 REF REF

 Yes 271 167 (61.6%) 1.74 1.26–2.41

Hemodialysis

 No 1,229 699 (56.9%) <0.001 REF REF

 Yes 80 21 (26.3%) 0.42 0.24–0.75

Comorbidity score

 0 549 341 (62.1%) REF REF

 1 282 156 (55.3%) <0.001 0.79 0.57–1.08

 ≥2 Missing  46216 217 (47.0%) 1.05 0.77–1.42

Antineoplastic regimen

 PI ± steroid 605 319 (52.73%) REF REF

 IMID ± steroid 192 98 (51.04%) 0.78 0.54–1.12

 PI + IMID ± steroid 252 165 (65.48%) 0.007 1.70 1.21–2.39

 PI + other cytotoxic ± steroid 190 100 (52.63%) 0.99 0.69–1.42

 Other
b 70 38 (54.29%) 1.02 0.59–1.75

SRE at Diagnosis

 No 818 368 (45.0%) <0.001 REF REF

 Yes 491 352 (71.7%) 2.60 1.98–3.40

Note: Statistically significant results in bold.

Abbreviations: IMID = immunomodulatory imide agent; PI = proteasome inhibitor; SES = socioeconomic status; SRE = skeletal related events.

a
Other race includes: Asian, Hispanic, North American Native, and Unknown.

b
Other antineoplastic regimens include: other cytotoxic agents ± steroids (34 patients), IMID + other cytotoxic agents ± steroids (10 patients) and 

PI + IMID + other cytotoxic agents ± steroids (26 patients).
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Table 2.

Multivariable Cox Proportional Hazards Analysis of Overall Survival in Myeloma Patients Who Received 

Chemotherapy.

Parameter HR (for death) 95% CI

Bisphosphonate use

 Users vs non-users 0.70 0.56–0.88

Age group

 75 – 84 vs 65 – 74 1.25 1.00–1.58

 ≥85 vs 65 – 74 1.98 1.37–2.87

Gender

 Female vs male 0.76 0.59–0.97

Race

 Black vs white 0.99 0.72–1.35

 Other vs white 1.07 0.69–1.65

Marital status

 Married vs unmarried 1.09 0.86–1.37

Region

 North Central vs North East 1.03 0.68–1.56

 South vs North East 1.23 0.86–1.76

 West vs North East 1.05 0.76–1.47

SES rank

 Second quintile vs lowest quintile 0.98 0.72–1.32

 Third quintile vs lowest quintile 0.97 0.70–1.34

 Fourth quintile vs lowest quintile 0.95 0.66–1.37

 Highest quintile vs lowest quintile 0.85 0.58–1.26

Acute kidney injury

 Yes vs no 1.16 0.88–1.53

Chronic kidney disease

 Yes vs no 1.01 0.77–1.33

Osteoporosis

 Yes vs no 1.21 0.94–1.54

Osteopenia

 Yes vs no 1.02 0.82–1.28

Hypercalcemia

 Yes vs no 1.37 1.06–1.78

Hemodialysis
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Parameter HR (for death) 95% CI

 Yes vs no 1.50 1.01–2.22

Comorbidity score

 1 vs 0 0.85 0.63–1.16

 ≥2 vs 0 1.32 1.01–1.72

Antineoplastic regimen

 IMID ± steroid vs PI ± steroid 0.77 0.56–1.07

 PI + IMID ± steroid vs PI ± steroid 0.67 0.48–0.92

 PI + other cytotoxic ± steroid vs PI ± steroid 0.97 0.71–1.31

 Other vs PI ± steroid 0.79 0.49–1.29

SRE at diagnosis

 Yes vs no 1.23 0.97–1.57

Note: Statistically significant results in bold.

Abbreviations: HR = hazard ratio; IMID = immunomodulatory imide agent; PI = proteasome inhibitor; SES = socioeconomic status; SRE = 
skeletal related events
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