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Abstract

Background: Although venous thromboembolism (VTE) is a significant complication for
patients with multiple myeloma (MM) receiving immunomodulatory drugs (IMiDs), no validated
clinical model predicts VTE in this population. This study aimed to derive and validate a new risk
assessment model (RAM) for IMiD-associated VTE.

Methods: Patients with newly diagnosed MM receiving IMiDs were selected from the SEER-
Medicare database (n=2,397) to derive a RAM and then data from the Veterans Health
Administration database (n=1,251) were used to externally validate the model. A multivariable
cause-specific Cox regression model was used for model development.

Results: The final RAM, named the “SAVED” score, included 5 clinical variables: prior surgery,
Asian race, VTE history, age =80 years, and dexamethasone dose. The model stratified
approximately 30% of patients in both the derivation and the validation cohorts as high-risk.
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Hazard ratios (HRs) were 1.85 (A<.01) and 1.98 (/<.01) for high-versus low-risk groups in the
derivation and validation cohorts, respectively. In contrast, the method of stratification
recommended in the current NCCN Guidelines for Cancer-Associated Venous Thromboembolic
Disease had HRs of 1.21 (P=.17) and 1.41 (P=.07) for the corresponding risk groups in the 2

datasets.

Conclusions: The SAVED score outperformed the current NCCN Guidelines in risk-
stratification of patients with MM receiving IMiD therapy. This clinical model can help inform
providers and patients of VTE risk before IMiD initiation and provides a simplified clinical
backbone for further prognostic biomarker development in this population.

Background

Methods

Multiple myeloma (MM) is associated with a high risk of venous thromboembolism (VTE),
especially when using treatment regimens containing immunomodulatory drugs (IMiDs; eg,
lenalidomide or thalidomide). Initial trials of IMiDs without pharmacologic VTE
prophylaxis reported a VVTE rate of 4.1 per 100 patient-months.2 To prevent IMiD-associated
VTE in patients with MM, experts from the International Myeloma Working Group
(IMWG) proposed a VTE risk assessment consensus guide that incorporated individual,
myeloma-related, and therapy-related risk factors,3 and recommended prophylactic
anticoagulation for patients with =2 of these risk factors. The same consensus was later
incorporated into the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines)
for Cancer-Associated Venous Thromboembolic Disease and became the cornerstone for
VTE risk stratification in subsequent MM clinical trials.* However, adherence to these
guidelines has been poor outside of clinical studies,>® and their performance has never been
validated in an independent population.”8

To address these issues, we conducted a large population-based cohort study using the
SEER-Medicare and Veterans Health Administration (VHA) databases. We assessed the
performance of the current NCCN Guidelines in each dataset and further developed and
validated an evidence-based VTE risk assessment model (RAM) for patients with MM
receiving IMiDs.

Derivation Cohort Selection

A retrospective cohort study was conducted using the SEER-Medicare database as the
derivation cohort.® Patients were included if they were aged >65 years with newly diagnosed
MM in January 2007 through December 2013 and had a prescription for IMiDs within 12
months of diagnosis, complete enrollment in fee-for-service plans for least 12 months (last
available claims in December 2014), and prescription drug coverage for at least 6 months
before the IMiD index date. Patients were excluded if they had alternative Medicare
eligibility, such as end-stage renal disease or disability, or a recent diagnosis of VTE within
6 months of first IMiD prescription (Figure 1).
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Outcome and Risk Factor Ascertainment

For outcome and risk factor ascertainment, administrative claims codes (ICD-9-CM, Current
Procedural Terminology, version 4 [CPT4], Health Care Procedure Classification Code
[HCPCS], and National Drug Code [NDC]) were obtained from Medicare Provider Analysis
and Review (MEDPAR), carrier claims (ie, National Claims History), outpatient claims, and
durable medical equipment files. Generic drug names for oral medications were obtained
from Medicare Part D Prescription Drug Event files (see supplemental eTable 1, available
with this article at JNCCN.org). The primary VTE outcome was defined as either 1 inpatient
or 2 outpatient claims at least 30 days apart in combination with an anticoagulant
prescription within 90 days.19 The ICD-9-CM codes used in this definition included
pulmonary embolism (PE), lower extremity deep vein thrombosis (LE-DVT), and upper
extremity DVT (UE-DVT) and had a positive predictive value of 75% to 95% based on
clinical record review (supplemental eTable 2).11 Patients were observed from 7 days after
first IMiD prescription until first VTE occurrence or death. Individuals were censored at
disenrollment from Medicare Part A, B, or D; enrollment in an HMO; 90 days after
discontinuation of IMiD; or December 2014, whichever came first.

Demographics information was obtained from the Patient Entitlement and Diagnosis
Summary File. For this study, race was classified as white, black, or Asian (including Asian,
Pacific Islander, American Indian, and Alaskan Native) according to SEER race recode.
VTE risk factors including obesity, congestive heart failure, myocardial infarction, cardiac
arrhythmias, diabetes, hypertension, renal disease, liver disease, immobilization (paralysis/
hemiplegia), blood clotting disorders (coagulopathy), anemia, history of VTE, history of
bleeding, central venous catheter, recent sepsis, surgery, and traumatic injury were
ascertained from patient Medicare files (supplemental eTable 2).22-15 Concurrent
chemotherapy and erythropoietin were defined using a 30-day window before and after an
IMiD prescription (supplemental eTable 3).16 Dexamethasone dose per cycle was calculated
from the average monthly dexamethasone dose over 30 days, with low dose defined as <120
mg, standard dose as 120 to 160 mg, and high dose as >160 mg per cycle. Concurrent
anticoagulants were defined by any anticoagulant prescription written within 30 days before
to 7 days after the date of IMiD prescription.

Validation Cohort Selection

External validation was performed using a separate cohort of patients from the VHA
database that linked the VA Central Cancer Registry and the VHA electronic medical record.
Veteran patients aged =65 years with newly diagnosed MM who were prescribed an IMiD
within 12 months of diagnosis but did not have a recent VTE were identified using a patient
selection algorithm similar to the one shown in Figure 1. A sensitivity analysis was
performed using patients of all ages. Covariates from the derivation process were defined
using similar claims codes as described in the previous section using the VA Informatics and
Computing Infrastructure platform. All drug administration was captured using pharmacy
benefits management records. The VTE outcome up to 1 year after diagnosis was obtained
and adjudicated by the last author (K.M. Sanfilippo).
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Statistical Analysis

Results

To evaluate the performance of the NCCN Guidelines for Cancer-Associated Venous
Thromboembolic Disease, we followed the risk stratification scheme from the January 2018
version of the guidelines.? Patients were assigned to the high-risk group if they had any of
the following therapy-related risk factors: dexamethasone =480 mg, doxorubicin, or
multiagent chemotherapy, or if they had =2 of the following individual risk factors: prior
VTE, obesity, central venous catheter or pacemaker, cardiac disease (myocardial infarction,
congestive heart failure, or cardiac arrhythmias), chronic renal disease, diabetes, acute
infection (sepsis), paralysis/hemiplegia, recent general surgery or anesthesia, traumatic
injury, erythropoietin treatment, or coagulopathy. Discrimination of the NCCN risk group
was assessed by the hazard ratio (HR) and Harrell’s c-index from the Cox regression model.

To derive a new RAM, we first examined the association between VTE and an expanded set
of risk factors in univariate Cox regression models (supplemental eTable 4). We then used a
backward stepwise algorithm with a cutoff P value of .15 for variable selection in the
multivariable Cox regression model. Continuous variables in the final model (eg, age) were
dichotomized according to the optimized c-index. Variables from the Cox regression model
were incorporated into a RAM where integer scores were assigned according to the
coefficients. The model’s discrimination was internally and externally validated using
Harrell’s c-indices with 200 bootstrap samples for the 95% CI.17 Risk group performance
was evaluated by HR and Pvalue. The RAM was calibrated by comparing the Kaplan-Meier
failure estimates in the 2 datasets.8 Interactions were tested using the likelihood ratio test.
Proportionality assumption was tested using the Schoenfeld residuals. Analyses were
performed using STATA 14.2 (StataCorp LP), R-3.5.1 (R Foundation), and SAS 9.4 (SAS
Institute Inc.).

This research was deemed exempt by the University of Washington’s Institutional Review
Board (IRB) and conformed to all principles of the Declaration of Helsinki. Use of the VHA
database was approved by the St. Louis Veterans Affairs Medical Center IRB.

Cohort Descriptions

Baseline patient characteristics for the derivation (SEER-Medicare) and external validation
(VHA) cohorts are shown in Table 1. A total of 2,397 patients with MM from the SEER-
Medicare database met the study inclusion and exclusion criteria (Figure 1). Comparison of
the demographics of the final study cohort and the overall MM cohort is shown in
supplemental eTable 5. The differences seen with age and year of diagnosis were related to
the nature of the cohort design and reflected the increasing enrollment in Medicare Part D
during the 7-year period.18 In the derivation cohort, median age was 74 years (interquartile
range [IQR], 70-80 years), 49% were female, and 80% were white, 13% were black, and
7% were Asian (Table 1). More patients received lenalidomide (78%) than thalidomide
(22%). Median time from diagnosis to IMiD initiation was 59 days (IQR, 37-135 days) and
median time on IMiD treatment was 116 days (IQR, 28-279 days). Concurrent treatments
included dexamethasone in 60% of patients and bortezomib in 20%. Only 13% of patients
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had anticoagulant exposure (11% warfarin, 1% low-molecular-weight heparin [LMWH], 1%
direct oral anticoagulant [DOAC]), with a median duration of 116 days (IQR, 42-315 days).
VTE occurred in 346 patients (14.4%), with 200 events (8.3%) occurring during the first 12
months of continuous IMiD exposure. Specifically, there were 90 PEs, 196 LE-DVTs, and
60 UE-DVTs. Incidence of VTE was 5.1% at 3 months, 8.7% at 6 months, and 12.5% at 12
months after IMiD initiation.

The external validation cohort consisted of 1,251 patients with MM (Table 1). The
distribution of age and comorbidity was similar in both groups. However, in contrast to the
SEER-Medicare cohort, patients in the VHA cohort were predominantly male (98%), with a
higher proportion of black patients (22%) and a lower proportion of Asian patients (2%). As
the validation cohort predated 2007, there was more thalidomide (60%) and melphalan
(15%) use and less lenalidomide (40%) and bortezomib (11%) use; otherwise,
dexamethasone (69%) and anticoagulant administrations (21%) were similar in both cohorts.
VTE occurred in 117 patients (9.4%) within 12 months of IMiD initiation.

Assessment of NCCN Guidelines Performance

We assessed the performance of the NCCN Guidelines for Cancer-Associated Venous
Thromboembolic Disease in both datasets (Table 2). Among 2,397 patients with MM in the
derivation cohort, the guideline stratified 1,023 patients (43%) into a high-risk group and
1,374 (57%) into a low-risk group. Incidence of VTE at 3 and 6 months was 5% and 9%,
respectively, in the high-risk group, and 5% and 8%, respectively, in the low-risk group (HR,
1.21; P=.17; c-index=0.51) (Figure 2). In the sensitivity analysis, from which patients being
treated with previous anticoagulants (n=300) were excluded, the resulting model had an HR
of 1.34 (P=.04) for high- versus low-risk groups, with a c-index of 0.52.

The analysis was repeated using the independent VHA cohort (Table 2 and Figure 2). The
NCCN Guidelines similarly did not accurately predict early onset of VTE, with an incidence
of 5% and 9% in the high-risk group and 4% and 8% in the low-risk group at 3 and 6
months, respectively (HR, 1.41; P=.07; c-index=0.54). In a sensitivity analysis that included
patients of all ages, the risk stratification had a similar magnitude of discrimination but had
more precision (HR, 1.42; P=.01; c-index=0.54).

Derivation and Validation of the New RAM (SAVED Score)

Univariate analysis for all potential risk factors in the derivation cohort is shown in
supplemental eTable 4. Five independent predictors of VTE were identified through
multivariable regression (Table 3). Weighting each variable according to its beta coefficient,
we created an ordinal score from -3 to +8. Variables in the final model included (with point
assignment) surgery within 90 days (+2), Asian race (=3), VTE h (+3), age =80 years (+1),
and dexamethasone dose (+2 for high, +1 for standard), the sum of which represented the
“SAVED” score.

To identify patients at the highest risk for VTE that would warrant thromboprophylaxis, we
further stratified the SAVED score into 2 risk groups. In the derivation cohort, 686 patients
(29%) with a score =2 were considered high-risk, and 1,711 patients (71%) with a score <1
were considered low-risk. Incidence of VTE at 3 and 6 months was 7% and 12% in the high-
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risk group, respectively, versus 4% and 7% in the low-risk group, respectively (Figure 3).
The HR for VTE was 1.85 (A<.01) with a c-index of 0.61 (0.57-0.64) (Table 3).

The RAM was externally validated using the VHA dataset (validation cohort; Table 3). The
same risk predictors had a similar direction and magnitude in both datasets with the
exception of older age. The SAVED model stratified 414 patients (33%) as high-risk and 837
patients (67%) as low-risk. The corresponding HR for VTE was 1.98 (/<.01) in the high-
risk versus low-risk strata with a c-index of 0.60 (0.54-0.64). The new model calibrated well
with similar expected and observed VTE events at different time points (Figure 3).

We performed 3 sensitivity analyses using the derivation cohort and 1 sensitivity analysis
using the validation cohort. First, we examined the performance of the model in the
derivation cohort after removing patients who had baseline anticoagulation for any reason.
Using the subcohort of 2,097 patients without anticoagulant exposure, the resulting c-index
was 0.60 and HR was 1.68 (P<.01) for the high-risk versus the low-risk group. Second, we
used a more restrictive definition for VTE (inpatient diagnosis of VTE only) in the
derivation cohort; the corresponding c-index was 0.62 and the HR for VTE was 1.97 (/<.01)
between the high-risk versus the low-risk group. Third, we examined PE and/or LE-DVT as
the outcome after excluding UE-DVT and found that the SAVED RAM had a c-index of
0.58 and an HR of 1.96 (#<.01) for the 2 risk groups. Finally, we included patients of all
ages in the validation cohort rather than restricting the patients to those aged >65 years. In
this expanded analysis of 2,208 Veterans Affairs patients, the SAVED RAM retained a c-
index of 0.58 and a corresponding HR of 1.83 (/A<.01) between the risk groups.

Discussion

With improved MM-directed and supportive care, VTE has emerged as a significant
treatment-associated complication of IMiD therapy.2-3 Using 2 nationwide databases with
>3,600 patients, we derived and externally validated a simple RAM that identifies patients
with a 2-fold increased risk for IMiD-associated VTE. It is the first validated clinical RAM
for patients with MM receiving an IMiD.

The new SAVED model, with only 5 variables, has greater discriminative power than the
more complex consensus currently recommended by the NCCN Guidelines for Cancer-
Associated Venous Thromboembolic Disease. This improvement is likely related to several
factors. First, we included demographics such as age and race. Second, we assigned
differential weighting with more points to stronger predictive factors. Third, we used a
modern dataset reflecting the contemporary treatment approach to MM. The variables
included in the SAVED score are intuitive: history of VTE and recent surgery are well-
known risk factors of VTE in the general population, 1920 combination regimens with
dexamethasone are associated with an increased risk of VTE in MM,2 and younger age and
Asian race are associated with a lower risk of VTE.19:21.22 Conversely, some variables not
included in the SAVED maodel (eg, cytotoxic chemotherapy, LMWH/DOAC use) could
impact VTE risk; however, their extremely low proportion (~1%) meant that they were not
commonly used for first-line treatment in MM. The discrepancy in the association between
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VTE incidence and age in the derivation and validation datasets may be related to the
differential likelihood of receiving subsequent aggressive treatment in the 2 cohorts.

The new RAM represents an improvement to the existing models reported in the MM
literature given its early VTE prediction, consistency, and simplicity. It is important to
compare this RAM for patients with MM with various existing RAMs for patients with solid
tumors. In studies of the latter, the best clinical scores had c-indices of 0.66 to 0.70 in the
derivation cohort,2324 although external validations led to lower values of 0.50 to 0.57.25
Acquiring additional information on the disease staging and laboratory values might
improve the SAVED RAM; however, a recent study showed that the laboratory predictors in
the Khorana score used in solid tumors and lymphomas were not predictive for VTE in MM.
26 By preselecting a cohort of patients with high-risk cancer (MM) and high-risk treatment
(IMiD), we inevitably lost some of the key discriminative factors observed in other studies
involving a mixture of patients with cancer. Therefore, although we could not predict a true
“low-risk” population, a “highest-risk” group of individuals was identified for whom the
burden of more aggressive primary anticoagulant thromboprophylaxis rather than aspirin
would be warranted at IMiD initiation. This simplified set of clinical risk predictors can
serve as the new backbone for further evaluation of novel prognostic biomarkers in this high-
risk patient population.

This observational cohort study has several strengths. First, stringent criteria were used to
ensure the correct cancer diagnosis, sufficient follow-up, and exclusion of recent VTE.
Second, previously validated administrative codes with a high positive predictive value were
used to reduce misclassification errors. The observed incidence of VTE in the derivation
cohort was similar to the complication rate reported in a contemporary phase 111 randomized
controlled trial of patients with MM (12.5% at 12 months).2” Both UE-DVT and LE-DVT
were included in addition to PE for the primary outcome because these were used to
characterize thromboembolism in recent VTE prophylaxis trials in patients with cancer,28-30
Reassuringly, performance of the SAVED RAM was similar if the outcomes were restricted
to only PE and LE-DVT. Fourth, the large number of patients and events allowed for a
precise estimation of the VTE risk, and various sensitivity analyses were concordant with
the primary results. Finally, despite the use of an independent external validation dataset
with different patient demographics and chemotherapy, the derived model had similar
discrimination and calibration.

There are also limitations associated with administrative databases. We did not have access
to patient-level data, including initial disease staging, laboratory parameters, family history
of VTE, or nonprescription medications. The comorbidities captured using claim codes
reflected the more severe phenotypes and may have led to the omission of milder cases. We
only analyzed the impact of baseline clinical predictors at the time of IMiD initiation and did
not assess time-varying risk factors that occurred later in the treatment course. Finally,
because of the inherent age limitation of the Medicare database, the RAM was derived from
patients aged >65 years. Reassuringly, the median age of diagnosis is 67 years for MM, and
the RAM retained its significance in the sensitivity analysis that included patients of all
ages.
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Conclusions

We derived and externally validated the first VTE RAM for patients with MM starting IMiD
therapy. The SAVED model is a parsimonious score with only 5 clinical variables that
allows clinicians to readily identify patients at the highest risk of VTE. We are hopeful that
this clinical tool will aid informed shared decision-making between providers and patients
with MM regarding VTE risk before IMiD initiation. Future prospective studies are needed
to define the best VTE prevention strategy for patients with MM within a given risk stratum.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients with MM in SEER-Medicare database, 2007-2014 (N=30,757)

—_
—> Diagnosis outside 2007-2013 (n=41)
—> Diagnosis by autopsy or death certificate (n=353)
Ensure correct cancer diagnosis
and drug treatment (index date)
> No Medicare Part D prescription drug coverage (n=9,695)
> No new IMiID prescription within 12 mo of diagnosis (n=14,015)
—
—
No continuous Medicare Parts A and B enrollment within 12 mo
—> )
of index® (n=708)
—>» Any HMO enrollment within 12 mo of index® (n=2,561)
Ensure complete follow-up for risk factor
and outcome assessment
»| No continuous Medicare Part D enrollment within 6 mo of index®
(n=504)
> Age <65y, end-stage renal disease, or disability eligibility (n=280)
-
> Recent diagnosis of VTE within 6 mo of index® (h=203) } Ensure accurate classification of outcome

Final study cohort (n=2,397)

Figure 1.
Derivation cohort patient selection and exclusion schema.

Abbreviations: IMiD, immunomodulatory drug; MM, multiple myeloma; VTE, venous
thromboembolism.

qIndex date was determined by date of first new IMiD prescription (must be within 12
months of initial MM diagnosis) and ranged from January 1, 2007-June 31, 2014, to ensure
that patients had at least 6 months of follow-up (unless censored by death or disenrollment)
because Medicare claims ended on December 31, 2014.
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VTE Incidence (95% Cl)
HR Risk Stratification 3 mo 6 mo 12 mo
SEER- 1.21 (P=.17) High (n=1,023) 5% (4-7) 9% (7-12) | 15% (12-19)
Medicare Low (n=1,374) | 5% (4-6) | 8% (7-10) | 11% (5-13)
VHA 1.41 (P=.07) High (n=587) 5% (4-7) 9% (7-12) | 13% (10-16)
Low (n=664) 4% (3-6) 8% (6-10) 9% (7-11)

Figure 2.

VTE incidence and Kaplan-Meier failure curve of patients stratified by NCCN Guidelines.
Abbreviations: HR, hazard ratio; IMiD, immunomodulatory drug; VHA, Veterans Health

Administration; VTE, venous thromboembolism.
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Figure 3.

VTE incidence and Kaplan-Meier failure curve of patients stratified by SAVED RAM.
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Abbreviations: HR, hazard ratio; IMiD, immunomodulatory drug; RAM, risk assessment
model; VTE, venous thromboembolism.
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Table 1.

Baseline Characteristics for Derivation and External Validation Cohorts

Page 14

Derivation Cohort (SEER-Medicare; N=2,397) External Validation Cohort (VHA; N=1,251)

% (n) % (n)
Age (IQR), y 74 (70-80) 74 (69-79)
Female sex 49% (1,181) 2% (22)
Race
White 80% (1,909) 76% (949)
Black 13% (303) 22% (273)
Asian 7% (159) 2% (29)
Unknown/Missing 1% (26) 0% (0)
Year of diagnosis
<2007 0% 37% (461)
2007 8% (202) 10% (131)
2008 13% (311) 11% (133)
2009 12% (294) 11% (136)
2010 14% (341) 8% (96)
2011 15% (362) 8% (105)
2012 18% (419) 8% (103)
2013 20% (468) 7% (86)
IMiD type
Lenalidomide 78% (1,863) 40% (497)
Thalidomide 22% (534) 60% (754)
Relevant comorbidities
CHF 15% (360) 12% (147)
MI 5% (116) 4% (49)
CA 19% (446) 15% (191)
Obesity 6% (137) 26% (330)
Diabetes 27% (649) 30% (376)
Hypertension 69% (1,641) 75% (937)
Renal disease 27% (636) 23% (290)
Liver disease 1% (31) 2% (26)
Paralysis/Hemiplegia 1% (31) 1% (16)
Coagulopathy 12% (277) 7% (92)
VAnemia 53% (1,273) 529% (650)
History of VTE 2% (45) 1% (14)
History of bleeding 8% (181) 3% (38)
Central venous catheter 1% (35) 1% (14)
Recent sepsis 5% (121) 1% (16)
Recent surgery 2% (44) 3% (32)
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Derivation Cohort (SEER-Medicare; N=2,397) External Validation Cohort (VHA; N=1,251)

% (n) % (n)
Recent traumatic injury 16% (373) 8% (102)
Recent erythropoietin 12% (290) 20% (245)
Concurrent chemotherapy
Bortezomib 20% (486) 11% (141)
Melphalan 1% (15) 15% (184)
Cyclophosphamide 1% (27) 1% (15)
Doxorubicin 1% (17) 1% (9)
Concurrent dexamethasone
None or low dose (<120 mg/cycle) 41% (972) 31% (387)
Standard dose (120-160 mg/cycle) 40% (952) 49% (616)
High dose (>160 mg/cycle) 20% (473) 20% (248)
Concurrent anticoagulant
None 87% (2,097) 79% (991)
Warfarin 11% (252) 16% (195)
LMWH 1% (35) 5% (57)
Direct oral anticoagulant 1% (13) 1% (8)

Abbreviations: CA, cardiac arrhythmia; CHF, congestive heart failure; IMiD, immunomodulatory drug; IQR, interquartile range; LMWH, low-
molecular-weight heparin; MI, myocardial infarction; VHA, Veterans Health Administration; VTE, venous thromboembolism.
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