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Summary
Patients with multiple myeloma are at increased risk of vascular thromboembolic 
events (VTEs). This post hoc analysis evaluated VTEs in the randomised phase 2 
GRIFFIN study (Clini calTr ials.gov Identifier: NCT02874742) that investigated lena-
lidomide/bortezomib/dexamethasone (RVd) ± daratumumab (D). Patients with newly 
diagnosed multiple myeloma who were eligible for autologous stem cell transplanta-
tion (ASCT) received D- RVd/RVd induction, high- dose therapy and ASCT, D- RVd/
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I N TRODUC TION

Patients with multiple myeloma (MM) have an increased 
risk of vascular thromboembolic events (VTEs), with esti-
mates suggesting at least a seven- fold increased risk of de-
veloping VTEs.1,2 In the newly diagnosed setting, VTEs 
mostly occur within the first year after diagnosis and during 
the first six months of therapy, regardless of treatment reg-
imen.3 Although the reason for this increased VTE risk is 
not entirely understood, some likely contributing factors 
include immobilisation, surgery, infections, central venous 
catheters, erythropoietin use, treatment agents, and ac-
quired and inherited hypercoagulable states.1 Although the 
introduction of oral immunomodulatory drugs (IMiDs) has 
improved the clinical management of MM, these agents are 
not without limitations and VTEs are a known complica-
tion of therapy, particularly with thalidomide or lenalido-
mide combined with dexamethasone.1,4 Current guidelines 
from the International Myeloma Working Group (IMWG) 
recommend using VTE prophylaxis for patients with MM, 
assuming no contraindication (e.g., renal failure, von 
Willebrand disease, severe thrombocytopenia); the pro-
phylaxis approach is modified based on baseline VTE risk 
for a given therapy regimen, with the goal of choosing the 
safest and least cumbersome prophylaxis that reduces VTE 
risk to less than 10%.2 Two risk assessment models, SAVED 
and IMPEDE, have been validated to stratify VTE risk in 
patients with newly diagnosed MM (NDMM) according to 
certain predictive risk factors,5,6 but routine incorporation 
of these models in clinical decision making is limited.

Daratumumab, a human IgGκ monoclonal antibody tar-
geting CD38 with a direct on- tumour7– 10 and immunomod-
ulatory11– 13 mechanism of action, is approved across lines 
of therapy for patients with NDMM or previously treated 
MM.14,15 The daratumumab clinical profile is well estab-
lished by an expansive clinical trial programme; however, an 
association with VTE has not been closely examined. The 

randomised, phase 2 GRIFFIN study investigated safety 
and efficacy of daratumumab plus lenalidomide, borte-
zomib and dexamethasone (D- RVd) versus RVd alone in 
NDMM patients eligible for ASCT.16 In GRIFFIN, the pri-
mary analysis (median follow- up, 13.5 months) showed that 
the rate of stringent complete response (sCR) at the end of 
post- ASCT consolidation was significantly higher among 
patients who received D- RVd versus those who received RVd 
[42.4% vs 32.0%; one- sided p = 0.068 (prespecified one- sided 
α = 0.10)],16 and follow- up analyses demonstrated responses 
continued to deepen through the end of maintenance ther-
apy.17 This post hoc GRIFFIN analysis aimed to evaluate 
VTE risk and incidence among patients who received D- RVd 
versus RVd, correlate the baseline risk of VTE per SAVED 
score with overall VTE incidence, and examine the degree 
to which anti- thrombosis prophylaxis was administered 
in accordance with IMWG guidelines, as outlined in the 
GRIFFIN study protocol.2

M ETHODS

Patients and study design

The full study design and primary results from GRIFFIN, 
a multicentre, randomised, open- label, phase 2 study, 
were reported previously (Clini calTr ials.gov Identifier: 
NCT02874742).16 Briefly, enrolled patients were aged 18 to 
70 years and had a new diagnosis of MM according to 2014 
IMWG guidelines (SLiM- CRAB criteria),18 had an Eastern 
Cooperative Oncology Group performance status (ECOG 
PS) score of 0 to 2, and were candidates for high- dose therapy 
and ASCT. The following lab values were required: absolute 
neutrophil count ≥1.0 × 109/L, haemoglobin >75 g/L, platelet 
count ≥75 × 109/L (≥50 × 109/L if ≥50% of bone marrow was 
infiltrated with MM cells), alanine aminotransferase and as-
partate aminotransferase levels <2.5 times the upper limit of 

RVd consolidation and up to 2 years of lenalidomide maintenance therapy ± D. VTE 
prophylaxis was recommended (at least aspirin, ≥162 mg daily) in accordance with 
International Myeloma Working Group guidelines. In the safety population (D- RVd, 
n = 99; RVd, n = 102), VTEs occurred in 10.1% of D- RVd patients and 15.7% of RVd 
patients; grade 2– 4 VTEs occurred in 9.1% and 14.7%, respectively. Median time to the 
first onset of VTE was longer for D- RVd versus RVd patients (305 days vs 119 days). 
Anti- thrombosis prophylaxis use was similar between arms (D- RVd, 84.8% vs RVd, 
83.3%); among patients with VTEs, prophylaxis use at time of first VTE onset was 
60.0% for D- RVd and 68.8% for RVd. In summary, the addition of daratumumab to 
RVd did not increase the incidence of VTEs, but the cumulative VTE incidence was 
relatively high in this cohort and anti- thrombotic prophylaxis use was suboptimal.

K E Y W O R D S
daratumumab, GRIFFIN, newly diagnosed multiple myeloma, prophylaxis, vascular thromboembolic 
events, VTEs
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normal (ULN), total bilirubin level <1.5 times the ULN, cre-
atinine clearance ≥30 ml/min, and corrected serum calcium 
≤14.0  mg/dl or free ionised calcium ≤6.5  mg/dl. Patients 
were randomised (1:1) to receive D- RVd or RVd; stratifica-
tion factors were International Staging System (ISS) disease 
stage (I vs II vs III) and creatinine clearance (30– 50 ml/min 
vs >50 ml/min).

All patients received four induction cycles and two post- 
ASCT consolidation cycles (all 21 days) of oral lenalidomide 
(25 mg daily; Days 1– 14), subcutaneous bortezomib (1.3 mg/m2; 
Days 1, 4, 8 and 11), and oral dexamethasone (20 mg; Days 
1, 2, 8, 9, 15 and 16). Patients with a creatinine clearance of 
30 ml/min to 50 ml/min could receive a reduced lenalido-
mide dose (10 mg every 24 h), and patients with severe renal 
impairment or end- stage renal disease were eligible for dose 
adjustments. The D- RVd group also received intravenous 
daratumumab (16 mg/kg) weekly during induction therapy 
(Cycles 1– 4, Days 1, 8 and 15), then every three weeks during 
post- ASCT consolidation therapy (Cycles 5– 6, Day 1). Pre- 
infusion medications included acetaminophen, diphen-
hydramine or equivalent, montelukast, and dexamethasone. 
Post- infusion medications included an anti- histamine (di-
phenhydramine or equivalent), a short- acting ß2- adrenergic 
receptor agonist, and control medications for patients with 
lung disease. After completing induction (Cycle 4), patients 
underwent stem cell mobilisation, high- dose therapy (mel-
phalan 200 mg/m2), and ASCT, then two cycles of post- ASCT 
consolidation therapy (Cycles 5– 6). Following consolidation 
therapy, all patients received maintenance therapy (Cycles 
7+; 28- day cycles) of oral lenalidomide (10  mg daily, Days 
1– 21; increasing to 15 mg after three cycles, if tolerated) for 
up to two years or until disease progression. The D- RVd 
group also received intravenous daratumumab (16 mg/kg) 
on Day 1 every eight weeks during maintenance therapy. 
Alternatively, protocol amendments permitted patients the 
option to receive intravenous daratumumab (16 mg/kg) 
every four weeks during maintenance, instead of every eight 
weeks per the original protocol, or subcutaneous daratu-
mumab (1800 mg) every four weeks. Following completion 
of study maintenance therapy (Cycle 32), patients could con-
tinue on lenalidomide maintenance monotherapy per local 
standard of care at physician discretion.

Adverse events (AEs) were monitored continuously from 
informed consent through 30 days after the last study treat-
ment and graded per National Cancer Institute Common 
Terminology Criteria for Adverse Events Version 4.03. Per 
study protocol, all patients were to receive VTE prophylaxis 
with at least aspirin ≥162 mg/day. Patients at increased VTE 
risk, based on their medical history, were to receive alter-
native prophylaxis of subcutaneous enoxaparin 40 mg/day 
or other low- molecular- weight heparin (LMWH; at equiva-
lent dose and frequency for prophylaxis). Vitamin K antag-
onists, factor Xa inhibitors, or direct thrombin inhibitors 
may have been used at the treating physician's discretion. A 
medical review was performed on patient medical history 
data to identify relevant prior and ongoing cardiovascular 
comorbidities including hypertension, cardiac arrythmias, 

valvular disease and vascular ischaemic disease (stroke, cor-
onary artery disease, ischaemic bowel, peripheral venous 
disease and cardiac congenital disorders).

All patients provided written informed consent; the study 
was conducted according to guidelines of the Declaration of 
Helsinki and approved by the Institutional Review Board (or 
Ethics Committee).

Statistical approach

The prespecified primary end- point was sCR rate (per IMWG 
criteria18,19) by the end of post- ASCT consolidation, when all 
randomised patients had completed consolidation treatment 
or discontinued treatment, and the primary end- point was 
previously reported (median follow- up 13.5 months).16 The 
present analysis occurred when all patients completed two 
years of maintenance therapy or discontinued treatment.

Responses were assessed using a validated computer al-
gorithm according to IMWG criteria.18,19 Thrombotic events 
were identified using a Standardised MedDRA Queries 
(SMQ) search for the term ‘embolic and thrombotic events’ 
which included: embolic and thrombotic events, arterial 
(SMQ); embolic and thrombotic events, venous (SMQ); 
and embolic and thrombotic events, vessel type unspecified 
and mixed arterial and venous (SMQ). Response rates were 
compared between treatment groups. Baseline VTE risk 
was assessed using SAVED scores5: surgery within 90 days 
(S; +2), Asian race (A; −3), history of VTE (V; +3), eighty 
(age ≥80 years; E; +1), and dexamethasone dose (D; +2 for 
high, +1 for standard). In GRIFFIN, the VTE risk was not 
assessed using IMPEDE scores since not all variables re-
quired for derivation of IMPEDE were collected during the 
study. Exploratory comparisons between treatment groups 
were conducted using descriptive statistics and include no 
evaluation of statistical significance.

R E SU LTS

In total, 207 patients were randomised (D- RVd, n = 104; RVd, 
n  =  103) and constituted the intent- to- treat (ITT) popula-
tion; the safety analysis population included all randomised 
patients who received one or more doses of study treatment 
(D- RVd, n = 99; RVd, n = 102). At analysis (median follow-
 up, 38.6 months), VTEs had occurred in 10 (10.1%) patients 
in the D- RVd group and 16 (15.7%) patients in the RVd group. 
Patient demographics and baseline disease characteristics 
are summarised for each treatment group, by patients who 
did or did not experience VTEs (Table 1). The groups with 
VTEs had higher proportions of males than groups without 
VTEs, more patients with VTEs had an ECOG PS score of 
1 or 2 than those without VTEs, and a higher proportion of 
patients without VTEs had ISS stage III disease compared to 
those who had VTEs [28 (15.5%) vs 0%, respectively]. Bone 
marrow involvement of ≥60% of plasma cells (by bone mar-
row biopsy/aspirate) was observed in five (50.0%) patients 
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T A B L E  1  Demographic and baseline disease characteristics among patients who did or did not experience VTEs

Characteristic

Patients who experienced VTEs Patients who did not experience VTEs

Total (n = 26) D- RVd (n = 10) RVd (n = 16) Total (n = 181) D- RVd (n = 94) RVd (n = 87)

Age, years

Median (range) 57.5 (35– 70) 54.0 (35– 70) 59.5 (47– 70) 60.0 (29– 70) 59.5 (29– 70) 61.0 (40– 70)

<65, n (%) 17 (65.4) 7 (70.0) 10 (62.5) 134 (74.0) 69 (73.4) 65 (74.7)

≥65, n (%) 9 (34.6) 3 (30.0) 6 (37.5) 47 (26.0) 25 (26.6) 22 (25.3)

Male, n (%) 19 (73.1) 8 (80.0) 11 (68.8) 99 (54.7) 50 (53.2) 49 (56.3)

Weight, kg n = 26 n = 10 n = 16 n = 179 n = 92 n = 87

Median (range) 87.1 (62.0– 148.5) 81.9 (63.6– 141.5) 88.2 (62.0– 148.5) 80.4 (37.4– 158.6) 78.9 (48.8– 158.6) 82.7 (37.4– 150.1)

ECOG PS score, n (%) n = 26 n = 10 n = 16 n = 177 n = 91 n = 86

0 3 (11.5) 1 (10.0) 2 (12.5) 76 (42.9) 38 (41.8) 38 (44.2)

1 17 (65.4) 7 (70.0) 10 (62.5) 86 (48.6) 44 (48.4) 42 (48.8)

2 6 (23.1) 2 (20.0) 4 (25.0) 15 (8.5) 9 (9.9) 6 (7.0)

ISS disease stage, n (%)a

I 13 (50.0) 6 (60.0) 7 (43.8) 86 (47.5) 43 (45.7) 43 (49.4)

II 13 (50.0) 4 (40.0) 9 (56.3) 64 (35.4) 36 (38.3) 28 (32.2)

III 0 0 0 28 (15.5) 14 (14.9) 14 (16.1)

Missing 0 0 0 3 (1.7) 1 (1.1) 2 (2.3)

Type of measurable 
disease, n (%)b

Serum and urine 4 (15.4) 1 (10.0) 3 (18.8) 33 (18.2) 22 (23.4) 11 (12.6)

Free light chain 3 (11.5) 2 (20.0) 1 (6.3) 23 (12.7) 13 (13.8) 10 (11.5)

Serum only 14 (53.8) 4 (40.0) 10 (62.5) 99 (54.7) 49 (52.1) 50 (57.5)

Urine only 5 (19.2) 3 (30.0) 2 (12.5) 22 (12.2) 9 (9.6) 13 (14.9)

Not evaluable 0 0 0 4 (2.2) 1 (1.1) 3 (3.4)

Bone marrow involvement 
(% plasma cells, 
bone marrow biopsy/
aspirate), n (%)c

<10 3 (11.5) 1 (10.0) 2 (12.5) 13 (7.2) 9 (9.6) 4 (4.6)

10– 59 9 (34.6) 4 (40.0) 5 (31.3) 88 (48.6) 42 (44.7) 46 (52.9)

≥60 14 (53.8) 5 (50.0) 9 (56.3) 73 (40.3) 40 (42.6) 33 (37.9)

Missing 0 0 0 7 (3.9) 3 (3.2) 4 (4.6)

Time from MM diagnosis 
to randomisation

n = 26 n = 10 n = 16 n = 179 n = 93 n = 86

Median (range), months 0.8 (0– 3) 0.4 (0– 3) 0.9 (0– 2) 0.8 (0– 61) 0.7 (0– 12) 0.9 (0– 61)

Cytogenetic profile, n (%)d n = 25 n = 10 n = 15 n = 170 n = 88 n = 82

Standard risk, n (%) 21 (84.0) 8 (80.0) 13 (86.7) 144 (84.7) 74 (84.1) 70 (85.4)

High risk, n (%) 4 (16.0) 2 (20.0) 2 (13.3) 26 (15.3) 14 (15.9) 12 (14.6)

del17p 4 (16.0) 2 (20.0) 2 (13.3) 10 (5.9) 6 (6.8) 4 (4.9)

t(4;14) 1 (4.0) 0 1 (6.7) 13 (7.6) 8 (9.1) 5 (6.1)

t(14;16) 0 0 0 4 (2.4) 1 (1.1) 3 (3.7)

Abbreviations: D- RVd, daratumumab plus lenalidomide/bortezomib/dexamethasone; ECOG PS, Eastern Cooperative Oncology Group performance status; ISS, International 
Staging System; MM, multiple myeloma; RVd, lenalidomide/bortezomib/dexamethasone; VTEs, vascular thrombotic events.
aBased on the combination of serum β2- microglobulin and albumin.
bIncludes immunoglobulin D, immunoglobulin M, immunoglobulin E, and biclonal.
cHighest value by biopsy or aspirate.
dCytogenetic risk was based on local f luorescence in situ hybridisation or karyotype analysis. Patients with high- risk cytogenetics had a del17p, t(4;14) or t(14;16) abnormality; 
a patient could be counted in more than one subcategory. Patients with standard- risk cytogenetic abnormalities had an absence of high- risk cytogenetic abnormalities.
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receiving D- RVd and nine (56.3%) patients receiving RVd 
with VTEs, versus 40 (42.6%) and 33 (37.9%) patients receiv-
ing D- RVd and RVd, respectively, without VTEs. Among 
patients with VTEs, the median total number of treatment 
cycles was 32.0 (range, 20– 32) in the D- RVd group and 30.5 
(range, 4– 32) in the RVd group.

Summary of VTE incidence and time to VTEs

VTEs occurred in 10 (10.1%) D- RVd patients and 16 (15.7%) 
RVd patients (Table  2). Grade 2– 4 VTEs occurred in nine 
(9.1%) D- RVd patients and 15 (14.7%) RVd patients. No grade 
5 VTEs occurred in either treatment group. The most com-
mon any- grade VTEs were deep- vein thrombosis [D- RVd, 
n = 2 (2.0%); RVd, n = 7 (6.9%)], pulmonary embolism [n = 2 
(2.0%); n  =  4 (3.9%)], and embolism classified as unspeci-
fied vessel type and mixed arterial and venous [n = 2 (2.0%); 
n = 3 (2.9%)]. Grade 2– 4 pulmonary embolism occurred in 
two (2.0%) D- RVd patients and four (3.9%) RVd patients.

The median time to first onset of VTE was 305 (range, 6– 
810) days for D- RVd patients versus 119 (range, 21– 822) days 
for RVd patients (Figure  1). Across both groups, the VTE 
incidence increased most rapidly during induction therapy, 
in which nearly half of VTEs occurred (Table 3). During in-
duction (Cycles 1– 4), overall VTE incidence was 5.1% (n = 5) 
for D- RVd and 8.8% (n = 9) for RVd. During consolidation 
therapy, no D- RVd patients had a VTE of first onset and one 
(1.4%) RVd patient experienced a VTE. Additional VTEs of 
first onset contiued to occur during the first year of mainte-
nance therapy [Cycles 7– 18: D- RVd, 2.2% (n = 2); RVd, 7.0% 

(n = 5)] and thereafter [Cycle 18+: D- RVd, 3.6% (n = 3); RVd, 
1.7% (n = 1)]. The median dose of lenalidomide on or prior to 
the first onset date of VTE was 17.5 (range, 10– 25) mg for the 
D- RVd group and 25.0 (range, 10– 25) mg for the RVd group.

Response rates among patients with VTEs

Among patients who experienced VTEs, clinical responses 
deepened over time and response rates were higher in the 
D- RVd group versus the RVd group after two years of main-
tenance (Figure 2A). By the end of post- ASCT consolidation, 
complete response or better (≥CR) was achieved in 50.0% of 
D- RVd patients with VTEs versus 31.3% of RVd patients with 
VTEs. Response rates continued to deepen during mainte-
nance therapy and improved for D- RVd versus RVd; after two 
years of maintenance therapy, the rate of ≥CR among patients 
with VTEs rose to 90.0% for D- RVd and 68.8% for RVd.

At the time of first onset of VTEs, a best response of CR 
or better occurred in 50.0% of D- RVd patients with VTEs 
versus 31.3% of RVd patients with VTEs (Figure 2B).

SAVED scores and cardiovascular comorbidities

VTE risk was assessed using the SAVED score, which was 
calculated based on patient- specific parameters and strati-
fied into low (<2 points) and high risk (≥2 points). Generally, 
a higher SAVED score indicates higher VTE risk. The me-
dian SAVED score in the ITT population was 0 (range, 0– 3) 
in the D- RVd group and 0 (range, −3 to 4) in the RVd group. 

T A B L E  2  Summary of total VTE incidence in the safety analysis populationa

Patients with ≥1 VTE, n (%)

D- RVd (n = 99) RVd (n = 102)

Grade 1 Grade 2– 4 Total Grade 1 Grade 2– 4 Total

Total number with ≥1 VTE 1 (1.0) 9 (9.1) 10 (10.1) 1 (1.0) 15 (14.7) 16 (15.7)

Embolic and thrombotic events 2 (2.0) 3 (3.0) 5 (5.1) 1 (1.0) 10 (9.8) 11 (10.8)

Deep vein thrombosis 1 (1.0) 1 (1.0) 2 (2.0) 0 7 (6.9) 7 (6.9)

Pulmonary embolism 0 2 (2.0) 2 (2.0) 0 4 (3.9) 4 (3.9)

Embolism venous 0 0 0 1 (1.0) 0 1 (1.0)

Jugular vein thrombosis 0 1 (1.0) 1 (1.0) 0 1 (1.0) 1 (1.0)

Subclavian vein thrombosis 0 1 (1.0) 1 (1.0) 0 0 0

Thrombophlebitis superficial 1 (1.0) 1 (1.0) 2 (2.0) 0 0 0

Unspecified and mixed arterial 
and venous

0 6 (6.1) 6 (6.1) 1 (1.0) 5 (4.9) 6 (5.9)

Embolism 0 2 (2.0) 2 (2.0) 1 (1.0) 2 (2.0) 3 (2.9)

Cerebral congestion 0 2 (2.0) 2 (2.0) 0 1 (1.0) 1 (1.0)

Cerebrovascular accident 0 0 0 0 1 (1.0) 1 (1.0)

Hemiparesis 0 0 0 0 1 (1.0) 1 (1.0)

Intestinal infarction 0 1 (1.0) 1 (1.0) 0 0 0

Vascular access site thrombosis 0 1 (1.0) 1 (1.0) 0 0 0

Abbreviations: D- RVd, daratumumab plus lenalidomide/bortezomib/dexamethasone; RVd, lenalidomide/bortezomib/dexamethasone; VTE, vascular thrombotic event.
aNo grade 5 VTEs were reported in either treatment group.
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Among patients who experienced VTEs, the median SAVED 
score was slightly higher for RVd patients than for D- RVd pa-
tients [D- RVd: 0 (range, 0– 3); RVd: 0.5 (range, 0– 4); Table 4]; 
slightly higher individual scores were observed in the RVd 
versus D- RVd groups.

In an analysis of comorbidities, the median number of car-
diovascular comorbidities was one for patients in the overall 
population as well as among patients who experienced VTEs. 
The proportion of patients without any cardiovascular 

comorbidities was 48.1% (50/104) for D- RVd patients and 
24.3% (25/103) for RVd patients in the overall population 
compared with 30.0% (3/10) and 12.5% (2/16), respectively, 
for patients who experienced VTEs. The proportions of pa-
tients with one cardiovascular comorbidity were similar for 
the overall population [D- RVd, 41.3% (43/104); RVd, 57.3% 
(59/103)] and patients who experienced VTEs [D- RVd, 40.0% 
(4/10); RVd, 62.5% (10/16)], while the proportion of patients 
with two cardiovascular comorbidities was lower in the 

F I G U R E  1  Cumulative incidence of VTEs in the safety analysis population. D- RVd, daratumumab plus lenalidomide/bortezomib/dexamethasone; 
RVd, lenalidomide/bortezomib/dexamethasone; VTE, vascular thrombotic event. [Colour figure can be viewed at wileyonlinelibrary.com]

C
um

ul
at

iv
e 

VT
E 

in
ci

de
nc

e,
 %

0

5

10

15

20

0 3 6 9 12 15 18 27
Time, months

21 24

No. at risk
RVd

D-RVd
102
99

97
97

91
92

85
92

79
89

75
88

71
86

63
79

69
85

67
83

30 33 36

61
76

60
73

55
67

RVd

D-RVd

T A B L E  3  Summary of patients with ≥1 VTE by treatment phase in the safety analysis population

Patients with ≥1 VTE, 
n (%)

D- RVd (n=99) RVd (n=102)

C 1– 4a C 5– 6b C 7– 18c C 18+c Total C 1– 4a C 5– 6b C 7– 18c C 18+c Total

n = 99 n = 91 n = 89 n = 84 n = 99 n = 102 n = 74 n = 71 n = 58 n = 102

Total 5 (5.1) 0 2 (2.2) 3 (3.6) 10 (10.1) 9 (8.8) 1 (1.4) 5 (7.0) 1 (1.7) 16 (15.7)

Cerebral congestion 0 0 1 (1.1) 1 (1.2) 2 (2.0) 0 0 1 (1.4) 0 1 (1.0)

Deep vein thrombosis 2 (2.0) 0 0 0 2 (2.0) 3 (2.9) 1 (1.4) 3 (4.2) 0 7 (6.9)

Embolism 1 (1.0) 0 0 1 (1.2) 2 (2.0) 1 (1.0) 1 (1.4) 0 1 (1.7) 3 (2.9)

Pulmonary embolism 1 (1.0) 0 0 1 (1.2) 2 (2.0) 2 (2.0) 1 (1.4) 1 (1.4) 0 4 (3.9)

Thrombophlebitis 
superficial

0 0 2 (2.2) 0 2 (2.0) 0 0 0 0 0

Intestinal infarction 1 (1.0) 0 0 0 1 (1.0) 0 0 0 0 0

Jugular vein 
thrombosis

0 0 0 1 (1.2) 1 (1.0) 1 (1.0) 0 0 0 1 (1.0)

Subclavian vein 
thrombosis

0 0 0 1 (1.2) 1 (1.0) 0 0 0 0 0

Vascular access site 
thrombosis

1 (1.0) 0 0 0 1 (1.0) 0 0 0 0 0

Cerebrovascular 
accident

0 0 0 0 0 0 0 1 (1.4) 0 1 (1.0)

Embolism venous 0 0 0 0 0 1 (1.0) 0 0 0 1 (1.0)

Hemiparesis 0 0 0 0 0 1 (1.0) 0 0 0 1 (1.0)

Abbreviations: C, cycle; D- RVd, daratumumab plus lenalidomide/bortezomib/dexamethasone; RVd, lenalidomide/bortezomib/dexamethasone; VTE, vascular thrombotic event.
aCycles 1– 4 (21- day cycles) correspond to D- RVd or RVd induction therapy.
bCycles 5– 6 (21- day cycles) correspond to D- RVd or RVd post- ASCT consolidation therapy.
cCycles 7– 32 (28- day cycles) comprised study treatment maintenance therapy of D- R or R. Following completion of study maintenance therapy (Cycle 32), patients could 
continue R maintenance monotherapy per local standard of care.

https://onlinelibrary.wiley.com/
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overall population [D- RVd, 7.7% (8/104); RVd, 13.6% (14/103)] 
compared with those who experienced VTEs [D- RVd, 30.0% 
(3/10); RVd, 25.0% (4/16)].

VTE prophylaxis use

In the overall safety analysis population, anti- thrombosis 
prophylaxis medication at any time was received by 84 
(84.8%) D- RVd patients and 85 (83.3%) RVd patients 
(Table 5). Overall, 48 (48.5%) D- RVd patients and 31 (30.4%) 
RVd patients were already receiving anti- thrombosis proph-
ylaxis before the first dose of study drug and continued 
prophylaxis during the study. The most frequently used 
drugs for anti- thrombosis prophylaxis overall were salicylic 
acid and derivatives, used in approximately 80% of all pa-
tients. Among patients who received salicylic acid and de-
rivatives, the median daily dose for D- RVd patients (n = 77) 
was 110.8  mg (range, 80.0– 650.0 mg) and for RVd patients 

(n  =  82) was 81.0 mg (range, 81.0– 650.0 mg). Heparins 
were used in approximately 15% of patients, including low- 
molecular- weight and standard heparin. Other drugs used 
included direct factor Xa inhibitors (5%– 8%), platelet aggre-
gation inhibitors (≤1%), vitamin K antagonists (≤1%), and 
direct thrombin inhibitors (≤1%).

Among patients who developed VTEs, anti- thrombosis 
prophylaxis was used in eight (80.0%) patients in the  
D- RVd group and 15 (93.8%) patients in the RVd group at 
any time. However, only six (60.0%) D- RVd patients and 
11 (68.8%) RVd patients were receiving anti- thrombosis 
prophylaxis medication at time of first onset of VTE. This 
included aspirin in four (40.0%) D- RVd patients and 10 
(62.5%) RVd patients, as well as LMWH in one (10.0%) and 
two (12.5%) patients, respectively. One (10.0%) D- RVd pa-
tient received rivaroxaban (at a daily full dose of 20 mg). 
In the RVd group, one (6.3%) patient received prasugrel 
and one (6.3%) patient received warfarin. The protocol- 
recommended aspirin dose was ≥162 mg/day; among pa-
tients who experienced a VTE (at any time) and received 
anti- thrombosis prophylaxis, the median daily dose of 
salicylic acid and derivatives was 162.0 mg (range, 80.0– 
325.0 mg) for D- RVd (n  =  5) and 81.0 mg (range, 81.0– 
325.0 mg) for RVd (n = 14).

DISCUSSION

Patients with MM have an increased risk of VTEs, which is 
further exacerbated by oral IMiD treatment.1,4 In this post 
hoc analysis of the GRIFFIN study, the addition of dara-
tumumab to RVd for induction/consolidation therapy for 
transplant- eligible patients with NDMM did not appear 
to increase VTE incidence. VTEs occurred in 10.1% of D- 
RVd patients (grade 2– 4, 9.1%) and 15.7% of RVd patients  
(grade 2– 4, 14.7%). The overall VTE rates in GRIFFIN, 

F I G U R E  2  Summary of response rates over time among patients who experienced VTEs (A) and response rates among these patients at first onset 
of VTE (B). ASCT, autologous stem cell transplant; CR, complete response; D- RVd, daratumumab plus lenalidomide/bortezomib/dexamethasone; PR, 
partial response; RVd, lenalidomide/bortezomib/dexamethasone; sCR, stringent complete response; SD/PD/NE, stable disease/progressive disease/not 
evaluable; VGPR, very good partial response; VTEs, vascular thrombotic events. [Colour figure can be viewed at wileyonlinelibrary.com]

T A B L E  4  VTE risk according to SAVED scoresa among the ITT 
population and patients who experienced VTEs

SAVED score

ITT population
Patients who 
experienced VTEs

D- RVd 
(n = 104)

RVd 
(n = 103)

D- RVd 
(n = 10)

RVd 
(n = 16)

Median (range) 0 (0– 3) 0 (−3 to 4) 0 (0– 3) 0.5 (0– 4)

Mean (SD) 0.3 (0.88) 0.7 (1.07) 0.7 (1.16) 0.8 (1.06)

Abbreviations: D- RVd, daratumumab plus lenalidomide/bortezomib/
dexamethasone; ITT, intent- to- treat; RVd, lenalidomide/bortezomib/
dexamethasone; SD, standard deviation; VTE, vascular thrombotic event.
aSAVED scores were calculated using patient- specific parameters: surgery within 90 
days (S; +2), Asian race (A; −3), history of VTE (V; +3), eighty (age≥80years; E; +1), 
and dexamethasone dose (D; +2 for high, +1 for standard).

https://onlinelibrary.wiley.com/
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including those with the first occurrence during induction 
therapy (D- RVd, 5.1%; RVd, 8.8%), were higher than previ-
ously reported for patients with NDMM without a high VTE 
risk while on lenalidomide- induction therapy (2.3% with 
aspirin prophylaxis and 1.2% with LMWH group prophy-
laxis).20 The anti- thrombotic prophylaxis recommendations 
in the GRIFFIN study protocol were aligned with IMWG 
guidance stating that aspirin prophylaxis should be used for 
any myeloma patient with at most one VTE risk factor and 
LMWH (or full- dose warfarin) prophylaxis should be used 
for patients with more than one VTE risk factor.2 Despite this, 
only 84.8% and 83.3% of D- RVd and RVd patients, respec-
tively, received VTE prophylaxis. Among patients with VTEs, 
80.0% of D- RVd patients and 93.8% of RVd patients received 
anti- thrombosis prophylaxis, but only 60.0% and 68.8%, 
respectively, were receiving anti- thrombosis prophylaxis 
medication at the onset of first VTE. These data indicate sub-
optimal use of anti- thrombotic prophylaxis, even in academic 

centres. The relatively high VTE incidence in GRIFFIN may 
be due to suboptimal use of anti- thrombosis prophylaxis, and 
prophylaxis use should be strongly encouraged or required 
even during maintenance therapy, as VTEs occur well beyond 
the induction phase. Additionally, these data also reflect that 
aspirin (salicylic acid and derivatives) may not be sufficient 
prophylaxis for myeloma patients treated with RVd. These data 
indicate that revisiting the IMWG guidance may be warranted 
for this patient population.

The median time to first onset of VTE was longer for 
D- RVd than RVd patients (305 days vs 119 days). Across 
both study groups, the VTE incidence increased most rap-
idly during induction therapy, yet VTEs continued to occur 
during maintenance therapy at a lower rate. The median 
time to onset of VTE for the D- RVd group was 305 days, no-
tably longer than for the RVd group and other reports of 
VTE incidence among NDMM patients3; however, the lon-
ger median may be skewed by the relatively small number of 

T A B L E  5  Summary of anti- thrombosis prophylaxis medication usea

Overall safety analysis 
population Patients who experienced VTEs

Total anti- thrombosis 
prophylaxis use

Total anti- thrombosis 
prophylaxis use

Anti- thrombosis use at the 
first onset time of VTE

D- RVd 
(n = 99)

RVd 
(n = 102)

D- RVd 
(n = 10)

RVd 
(n = 16)

D- RVd 
(n = 10)

RVd 
(n = 16)

Total number of patients with ≥1 anti- 
thrombosis prophylaxis concomitant 
medication, n (%)

84 (84.8) 85 (83.3) 8 (80.0) 15 (93.8) 6 (60.0) 11 (68.8)

Anti- thrombotic agents, n (%) 20 (20.2) 21 (20.6) 4 (40.0) 7 (43.8) 2 (20.0) 3 (18.8)

Heparin group 14 (14.1) 17 (16.7) 3 (30.0) 4 (25.0) 1 (10.0) 2 (12.5)

Enoxaparin 9 (9.1) 11 (10.8) 1 (10.0) 3 (18.8) 0 0

Lovenox 4 (4.0) 5 (4.9) 2 (20.0) 2 (12.5) 1 (10.0) 2 (12.5)

Heparin 1 (1.0) 2 (2.0) 0 0 0 0

Dalteparin 1 (1.0) 1 (1.0) 0 0 0 0

Enoxaparin sodium 1 (1.0) 0 0 0 0 0

Direct factor Xa inhibitors, n (%) 8 (8.1) 5 (4.9) 2 (20.0) 3 (18.8) 1 (10.0) 0

Xarelto 3 (3.0) 3 (2.9) 1 (10.0) 1 (6.3) 1 (10.0) 0

Apixaban 2 (2.0) 1 (1.0) 1 (10.0) 1 (6.3) 0 0

Rivaroxaban 2 (2.0) 1 (1.0) 0 1 (6.3) 0 0

Eliquis 1 (1.0) 0 0 0 0 0

Anti- platelet medications (excluding heparin), 
n (%)

0 1 (1.0) 0 1 (6.3) 0 1 (6.3)

Prasugrel 0 1 (1.0) 0 1 (6.3) 0 1 (6.3)

Salicylic acid and derivativesb 77 (77.8) 82 (80.4) 5 (50.0) 14 (87.5) 4 (40.0) 10 (62.5)

Vitamin K antagonists, n (%) 0 1 (1.0) 0 1 (6.3) 0 1 (6.3)

Warfarin 0 1 (1.0) 0 1 (6.3) 0 1 (6.3)

Direct thrombin inhibitors, n (%) 1 (1.0) 0 0 0 0 0

Pradaxa 1 (1.0) 0 0 0 0 0

Abbreviations: D- RVd, daratumumab plus lenalidomide/bortezomib/dexamethasone; RVd, lenalidomide/bortezomib/dexamethasone; VTEs, vascular thrombotic events.
aAll concomitant medications were coded according to the WHODrug dictionary. The coded terms are displayed. Because of this, several products with the same active 
ingredient are listed separately by brand name or generic name.
bCoded terms for the ASA derivatives included aspirin/00002701/, aspirin Ec, acetylsalicylic acid, asa, aspirin enteric coated K.P., aspirin or ecotrin.
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D- RVd patients with VTEs during induction and consolida-
tion. Regardless of the small number of patients with VTEs, 
the finding that VTEs continued to occur during consolida-
tion and maintenance suggests that it is important to con-
tinue VTE prophylaxis beyond induction. As expected, the 
patients in the RVd arm were exposed to a higher median 
dose of lenalidomide, which may have contributed to the 
higher incidence of VTEs in the RVd arm. While this anal-
ysis was not powered to evaluate efficacy, responses among 
patients with VTEs were consistent with the primary find-
ings of the GRIFFIN study16 and demonstrate that despite 
VTEs, patients still benefited from D- RVd therapy. D- RVd 
was associated with higher rates of ≥CR compared to RVd; 
by the end of post- ASCT consolidation, rates of ≥CR among 
patients with VTEs were 50.0% for D- RVd versus 31.3% for 
RVd, mirroring improved rates of ≥CR for D- RVd across 
all patients. Patients who developed VTEs were also able to 
continue therapy and experienced deepening of response; 
after two years of maintenance treatment, rates of ≥CR for 
patients who experienced VTEs were 90.0% for D- RVd and 
68.8% for RVd. Thus, development of VTEs did not prevent 
patients from completing planned therapy or achieving 
maximal depth of response.

Risk assessment tools, such as calculated SAVED scores, 
may help identify patients at high risk for VTE. Relatively 
high rates of VTE (incidence ≥10%) were recorded in both 
groups, despite retrospective SAVED scores suggesting a 
low risk of VTEs (median score well below 2 points). Mean 
SAVED scores were less than 1 in the ITT population and 
among those who developed VTEs. This analysis shows that 
lower- risk patient populations (based on SAVED score) are 
also at risk of developing VTEs while on IMiD- based com-
bination regimens and implies the need for more precise 
tools to predict VTE risk. Use of the IMPEDE score may 
have possibly improved risk assessment in the present study; 
however, its use with our analysis was not possible as not all 
variables required for derivation of the IMPEDE score were 
collected during the study. Another observation is that the 
proportion of patients with two cardiovascular comorbidi-
ties was lower in the overall population compared with those 
who experienced VTEs. This suggests that a high cardiovas-
cular disease burden should be considered when assessing 
a patient's VTE risk; however, it is important to note that 
these results could be confounded by small patient numbers. 
Nevertheless, it is noteworthy that more than 15% of patients 
in both arms had no recorded use of VTE prophylaxis, and 
30%– 40% of patients in both arms were not receiving anti- 
thrombotic prophylaxis at the time of VTE. These observa-
tions are consistent with the notion that existing VTE risk 
stratification tools are somewhat limited in their ability to 
capture all relevant aspects of coagulation in MM patients, 
and that we need improved algorithms that take account 
of disease- specific, patient- specific, and treatment- specific 
characteristics.21,22 Importantly, this analysis also suggests 
a need to better understand VTE pathogenesis in MM, and 
to improve and optimise adherence to anti- thrombosis pro-
phylaxis, even in patients considered at low risk.

Two recent reports have assessed VTE incidence in pa-
tients with MM receiving daratumumab.23,24 A systematic 
review and meta- analysis of pooled data from six clinical tri-
als reported that the addition of daratumumab to established 
backbone regimens did not increase the risk for VTEs.23 
Similarly, a post hoc analysis of the phase 3 CASTOR, 
POLLUX, and MAIA clinical trials data revealed that VTE 
incidences were similar in patients receiving daratumumab- 
containing regimens and non- daratumumab regimens (haz-
ard ratio 0.80; 95% confidence interval, 0.57– 1.13; p = 0.17), 
with risk factors for VTEs similar in both populations.24 
Our results from GRIFFIN are consistent with these pre-
vious findings that daratumumab was not associated with 
increased VTE incidence.

In conclusion, in this post hoc analysis, the addition of 
daratumumab to RVd as therapy for transplant- eligible 
patients with NDMM did not appear to increase VTE in-
cidence. Furthermore, our current data suggest that VTE 
prophylaxis use in this population was suboptimal, and 
VTE prophylactic therapy adherence may not be ideal in the 
United States, even at academic centres, which constituted 
the majority of study sites in this trial. Thus, these results 
suggest that an unmet need exists to improve and optimise 
adherence to anti- thrombosis prophylaxis in patients with 
NDMM, even among those who may be deemed at low risk 
for VTEs. Additional and larger prospective investigations 
are warranted to understand optimal VTE prophylaxis use 
in all patients with NDMM, guided by validated MM VTE 
prediction tools and even in those classified with lower VTE 
risk.
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