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Abstract

Background: Carfilzomib, a next generation proteasome inhibitor, improves outcomes in
patients with multiple myeloma (MM); however, a proportion of those treated develop renal failure
due to adverse event, comorbidity, or myeloma progression. The rate of renal failure and
associated risk factors remains unknown in real-world populations.

Patients and Methods: Adults with relapsed/refractory MM who received carfilzomib between
the years 2013-2016 were identified in the Surveillance, Epidemiology, and End Results (SEER)-
Medicare linked databases. Renal failure was defined using the corresponding International
Classification of Diseases, Ninth Revision (ICD-9) and Tenth Revision (ICD-10) diagnostic codes
and procedure codes for dialysis. Patients with a pre-existing diagnosis of renal failure were
excluded to distinguish an adverse event from co-morbidity. Multivariate cox regression analysis
was performed to identify the variables independently associated with the development of renal
failure among MM patients utilizing carfilzomib.
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Results: 1950 patients were included in the analysis. Renal failure developed in 22% of patients
during the study period. The median time to development of renal failure from first carfilzomib
administration was 1.6 months (range <0.1-23.3). Increasing age (adjusted hazard ratio [aHR] 1.01
per year, p=0.018), pre-existing heart failure (aHR 1.50, p=0.005), and pre-existing chronic kidney
disease (aHR 2.00, p<0.001) were associated with a higher risk of developing renal failure.

Conclusion: Renal failure occurred in up to 22% of patients on carfilzomib therapy. The exact
cause and mechanism of renal failure cannot be determined from our study and may be
multifactorial. Future studies are needed to further understand the cause of renal failure among
patients on carfilzomib and devise strategies to mitigate the risk.
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Introduction

Multiple myeloma is an incurable hematological malignancy, which has seen tremendous
progress in therapeutic agents over the past decade. Among them, carfilzomib, a next
generation proteasome inhibitor, is now widely used among patients with relapsed/refractory
multiple myeloma (MM) based upon pivotal landmark trials which have shown to improve
outcomes for patients with MM including overall survival.[1,2]

While the increased efficacy of carfilzomib has led to important gains for patient with MM,
carfilzomib is also associated with a unique toxicity profile, including cardiac, pulmonary
and renal adverse events. Rates of cardiac and pulmonary toxicity have been characterized in
randomized controlled trials [3-5] as well as among real-world patients.[6] However, there is
a paucity of data regarding renal adverse events with carfilzomib use. Early case reports of
renal toxicity with carfilzomib hypothesized many potential mechanisms including tumor
lysis, cardiorenal syndrome and endothelial damage including thrombotic microangiopathy.
[7-11] Renal failure could also be multifactorial due MM itself or other comorbidities,
making the etiology of these events unclear. Ball et a/. performed a systematic review and
meta-analysis of randomized controlled trials of carfilzomib containing regimens and
demonstrated that the cumulative rate of grade 3-5 renal adverse events was 8.3% with a
pooled incidence ratio of 1.66 in the carfilzomib arm compared to the control arm.[12] In
this analysis acute kidney injury was the most common adverse event.

Given that as many as 70% of real-world patients would not have met the stringent eligibility
criteria for hallmark randomized controlled trials containing carfilzomib-based regimens,
[13] there is a need understand the frequency of adverse events including renal failure
among real-world patients using carfilzomib. Additionally, understanding risk factors
associated with the development of renal failure is important in order to identify groups at
highest risk of this adverse event and subsequently evaluate future strategies/interventions
aimed at minimizing this risk.

To fulfill the above knowledge gaps, we used the Surveillance, Epidemiology, and End
Results (SEER)-Medicare linked administrative database to estimate the frequency of renal
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failure among MM patients on carfilzomib therapy. We also aimed to investigate factors
associated with an increased risk of developing renal failure while on carfilzomib therapy.

Methods

Data Source

The data source for this study was the SEER-Medicare linked database which provides
cancer registry data from 18 geographic areas covering approximately 28% of the US
population and is linked to billing claims for Medicare beneficiaries.[14] This linked
database contains information regarding patient demographics, tumour characteristics and
survival for those with a cancer diagnosis who reside in the coverage area. This data source
broadly represents the health care experience of patients in the United States diagnosed with
cancer and who are insured through traditional fee-for-service Medicare plans. This study
was performed under a protocol approved by the Washington University School of Medicine
Human Subject Committee.

Participants

Using the SEER-Medicare linked database, we identified adults (age >18) with MM
(International Classification of Disease for Oncology [third edition] code 9732) receiving
carfilzomib for relapsed or refractory myeloma from 2013 to 2016. Carfilzomib become
commercially available in the United States in early 2013 and, at time of analysis, the
SEER-Medicare database included claims through 2016. The Healthcare Commons
Procedure Coding Systems (HCPCS) codes for carfilzomib (codes C9295 and J9047) were
used to identify patients who had received carfilzomib at any time during their disease
course in the study period. Carfilzomib that was provided via a clinical trial, and not billed
to Medicare, was not available in the dataset. Patients who began carfilzomib within 6
months of MM diagnosis were excluded in attempt to create a more homogenous cohort of
patients with relapsed or refractory MM, the population carfilzomib was indicated for upon
its initial approval. Patients may have been receiving carfilzomib as a single-agent or in
combination with dexamethasone, immunomodulatory drugs, or other treatments for MM.
Interruption in carfilzomib-based treatment of >60 days was considered to be a change in
treatment strategy and only data from the first carfilzomib regimen was included in the
analysis.

The International Classification of Diseases, Ninth Revision (ICD-9) and Tenth Revision
(ICD-10) was used to identify all the codes for renal failure and dialysis that have been
previously reported in peer-reviewed literature with acceptable negative and positive
predictive value[15] (Supplementary Table 1). Renal failure codes present within the 90 days
prior to the initiation of carfilzomib were considered to be pre-existing conditions and those
patients were excluded. Renal failure was defined from the first carfilzomib dose through 28
days after the last dose. Treatment details including year of carfilzomib administration and
time from carfilzomib initiation to renal failure were recorded. Baseline co-morbidities
present within 90 days prior to carfilzomib were also captured for hypertension, diabetes,
congestive heart failure and chronic kidney disease and were defined using ICD-9/10 codes.
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Statistical Analysis

Results

Patient baseline demographic factors were summarized using measures of central tendency
and proportions. The frequency of renal failure was reported using descriptive statistics. A
multivariate cox regression, with participants censored 28-days after discontinuation of
carfilzomib, was conducted to assess the association of baseline factors with the
development of renal failure. P-values less than 0.05 were considered significant. All
analyses were performed using SAS Enterprise Guide 5.1.

A total of 2369 patients treated with carfilzomib for relapsed or refractory MM were
identified between the years 2013-2016. There were 419 patients who had a history of renal
failure prior to carfilzomib administration and were excluded, leaving 1950 evaluable
patients. Baseline characteristics of the included patients are outlined in Table 1. The median
age of the evaluable patients was 70 (range 30-94) and 55% were males. The majority of
patients were white; 20% of patients were African American or belonged to another race.
Among the evaluated co-morbidities, hypertension was most common, present in 55% of the
cohort, and heart failure was the least common, in 10% of the cohort. The median time from
MM diagnosis to the initiation of carfilzomib was 40 months (range 6-170). The median
duration of treatment with carfilzomib was 3 months (range <1-40). The estimated median
overall survival from initiation of carfilzomib was 17 months (95% CI 16-18).

In total, approximately 22% (425/1950) of patients treated with carfilzomib during the study
period had 1CD-9/10 codes indicative of a new renal failure. The median time to
development of renal failure from the time of carfilzomib initiation was 1.6 months (range
<0.1-23.3). Cumulative incidence of renal failure during the first six months is shown in
Figure 1. The incidence of renal failure was highest during the initial three months and then
stabilized. Factors significantly associated with increased risk of renal failure are
summarized in Table 2. Increasing age (adjusted hazard ratio [aHR] 1.01 per year, 95%
Confidence Interval [CI] 1.00-1.03, p=0.018), pre-existing heart failure (aHR 1.50, 95% ClI
1.13-1.98, p=0.005), and pre-existing chronic kidney disease (aHR 2.00, 95% CI 1.62-2.47,
p<0.001) were all associated with a higher risk of developing renal failure among patients on
carfilzomib. Gender, race, time from diagnosis to carfilzomib use, carfilzomib use year or a
pre-existing history of hypertension and diabetes were not significantly associated with renal
failure during carfilzomib use.

DISCUSSION

In our cohort of 1950 older adults with relapsed or refractory MM utilizing carfilzomib,
renal failure occurred in up to 22% of patients. Increasing age, pre-existing heart failure and
chronic kidney disease were associated with a higher risk of developing renal failure.

There are several differences in our selected cohort as compared to previously reported
carfilzomib clinical trials ASPIRE and ENDEAVOR [3,4] including a higher median age of
the patients in our study. Additionally, while we could not determine the functional status of
patients from our registry cohort, in both ASPIRE and ENDEAVOR approximately 90% had
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an ECOG 0-1 representing a highly selected population, which is likely not reflective of real
world patients.[16] Twenty percent of our cohort belonged to minority groups, but
unfortunately, many clinical trials continue to under enroll[17] or not report the racial
makeup of their cohorts, making it challenging to compare cohorts. The median duration on
treatment and overall survival was also significantly shorter in our cohort than that reported
in clinical trials. [3,4] The exact cause of this is unclear and whether it is on the basis of
patient characteristics, toxicity/drug tolerance, or poorer response is unknown.

The cumulative incidence of renal failure among patients utilizing carfilzomib in our study
was higher than that reported in clinical trials. Ball ef a/. recently summarized renal adverse
event rates among four pivotal trials with carfilzomib-based regimens (ASPIRE,
ENDEAVOR, FOCUS and CLARION) which included 2954 patients.[12] In their study, the
cumulative rate of renal adverse events was 21.3% for all grades and 8.3% for grades 3-5
with acute kidney injury being the predominant reported event. Interestingly, renal adverse
events were highest in the CLARION trial, [18] which included older transplant ineligible
patients, likely reflecting a population of trial patients that more closely resembles our real-
world patient cohort. While the above analysis done by Ball ef a/. had a much wider
definition of renal toxicities including nephropathy, nephrotic syndrome, thrombotic
microangiopathy, proteinuria, our study only defined renal adverse events as those coded as
renal failure in order to minimize the effect of any confounding variables which would be
increasingly difficult to distinguish in an administrative registry cohort.

With regards to the timing of renal failure, previous retrospective studies have shown that the
median time to the development of renal failure among patient on carfilzomib is between 1-2
months, which is similar to the observation in our study.[19,7] The mechanism of renal
failure in these studies is reported to be wide range including tumor lysis, albuminuria, and
endothelial damage including thrombotic microangiopathy and cardiorenal syndrome.
[11,9,10,20,21] In our study, we cannot determine the cause of renal failure and it may be
multifactorial from the MM disease as well as other non-MM related causes present in the
general population. Additionally, as our study relies on ICD codes for clinical diagnosis, we
cannot ascertain the duration of renal adverse event and its subsequent management.

Risk factors for the development of renal adverse events with carfilzomib usage vary among
studies. Dimopolous et a/. conducted an observational study which suggested an increased
risk of eGFR reduction with increasing doses of carfilzomib; however, did not find an effect
of any baseline variables such as age, underlying diabetes or medications.[7] Conversely,
Ball et a/. did not find any relationship between carfilzomib dosing, duration, or setting
(newly-diagnosed vs relapsed disease) in any of the pivotal carfilzomib trials.[12] In our
study, age was associated with a marginal increase in the risk of renal failure. While no
specific literature exists with regards to renal adverse events in older adults with MM, older
adults are known to be at higher risk of both treatment related toxicity as well as treatment
discontinuations and subsequent poor outcomes. [22,23]Additional age-associated
vulnerabilities such as polypharmacy and accumulation of co-morbidities may also make
older adults more susceptible to renal adverse events.[24] Pre-existing heart failure and pre-
existing chronic kidney disease was associated with an increased risk of renal failure in our
study. These patients developing renal failure may be natural progression of their disease,
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unrelated to carfilzomib, but it is possible that carfilzomib treatment exacerbated the
underlying dysfunction. Regardless of etiology, identifying these risk factors may help
identify patients that need to be monitored more carefully for developing renal failure during
treatment.

To our knowledge, the current study is the first population-based study done among patients
with MM utilizing carfilzomib which specifically tries to estimate both the incidence as well
the risk factors for the development of renal failure during treatment. Our study has several
limitations which must be acknowledged. First, the etiology of renal failure in patients with
MM can be unclear as MM itself and common comorbidities such as HTN and diabetes can
lead to renal failure. Moreover, pre-existing co-morbidities as well as renal adverse events
were defined using ICD codes which has unavoidable limitations including under reporting,
over reporting or miscoding. Additionally, ICD codes do not differentiate between the
severity, reversibility, duration, clinical significance of the pre-existing co-morbidities or
renal failure captured in our dataset. Carfilzomib administration was captured using HCPCS
codes; however, we did not have additional important details regarding the dose and
schedule of the drug which could have affected or been changed due to the development of
adverse events. We also did not capture other drugs, including anti-MM agents, administered
concurrently with carfilzomib. Many anti-MM treatments are oral formulations, and thus,
their utilization would only be available on the subset of patients who had enrolled in the
optional Medicare Part D (prescription benefit). Lastly, the SEER-Medicare database is
largely representative of the older adult patients in the US enrolled in traditional fee-for-
service Medicare and the results may not generalize to other populations. Based on these
limitations, while our study does show that a high proportion of patients with relapsed or
refractory MM develop renal failure, due to the study design, we cannot comment on
causation. Additionally, this study should not be viewed as implying harm from carfilzomib
as it is important to note that carfilzomib has been shown to improve outcomes in clinical
trials even among patients with underlying renal impairment [25,26] emphasizing the need
to individualize risk: benefit ratio for patients.

In conclusion, our study demonstrates that renal failure occurred among 22% patients during
carfilzomib utilization. Although the etiology of renal failure among these patients is
unclear, patients on carfilzomib should be monitored carefully for this adverse event. Future
studies are needed to better define the risk for and cause of renal failure in older patients
treated with carfilzomib in real-world clinical practice and to determine strategies and
intervention to mitigate this risk especially among patient groups felt to be at highest risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1:
Incidence of renal failure from the time of carfilzomib initiation
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Baseline characteristics of selected 1950 adults with multiple myeloma who received carfilzomib

Table 1:

Demographics (N=1950)
Age, years (median, range) 70 (30-94)
Gender (N, %)
Female 881 (45)
Male 1069 (55)
Ethnicity (N, %)
Caucasian 1567 (80)
Black 275 (14)
Other 108 (6)
Comor bidity/Perfor mance Status I ndicators
Pre-existing co-morbidities (N, %)
Hypertension 1078 (55)
Diabetes 421 (22)
Heart Failure 202 (10)
Chronic Renal Failure 425 (22)
Treatment characteristics
Time from diagnosis to carfilzomib, months (median, range) 40 (6-170)
Year of Carfilzomib usage (N, %)
2013 278 (15)
2014 512 (26)
2015 641 (33)
2016 519 (27)
Duration of carfilzomib usage, months (median, range) 3 (<1-40)

Overall Survival, months (median, 95% confidence interval) *

17 (95% Cl 16-18)

*
Calculated from the time of initiation of carfilzomib
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Multivariate cox regression of variables associated with renal failure among adults with relapsed/refractory

MM utilizing carfilzomib

Table 2:

Demographics aHR | 95% Confidencelnterval | P-value
Age (per year) 1.01 1.00-1.03 0.018
Gender

Male REF

Female 1.08 0.89-1.31 0.429
Race

White REF

Black 1.09 0.83-1.43 0.532

Other 1.43 0.99-2.06 0.060
Time from diagnosis to Carfilzomib (per month) | 1.00 1.00-1.00 0.671
Carfilzomib utilization year (per year) 0.93 0.83-1.01 0.069
Pre-existing Hypertension 1.07 0.86-132 0.528
Pre-existing Diabetes 112 0.90-1.41 0.315
Pre-existing Heart Failure 1.50 1.13-1.98 0.005
Pre-existing Chronic Kidney Disease 2.00 1.62-2.47 <0.001

aHR adjusted hazard ratio
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