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Abstract
Background  Patients with multiple myeloma (MM) have increased risks of venous thromboembolism (VTE) and arterial 
thromboembolism (ATE). The risk of thrombosis differs among different treatment regimens. It is unknown if daratumumab 
could affect thrombosis risk.
Methods  A comprehensive search was conducted until April 2020. Events of VTE, including pulmonary embolism and deep 
venous thrombosis, as well as events of ATE, including acute ischemic stroke and myocardial infarction, were extracted from 
trials. In addition, events of thrombocytopenia and gastrointestinal (GI) bleeding were also extracted.
Results  Six trials were included in the meta-analysis. Daratumumab was associated with a lower risk of VTE compared 
with non-daratumumab regimen (Risk ratio [RR], 0.60; 95% confidence interval [CI], 0.40–0.91). The risk of ATE had no 
significant difference (RR, 0.80; 95% CI, 0.48–1.33). Daratumumab was also associated with a trend of higher risk of Grade 
3/4 thrombocytopenia (RR, 1.14; 95% CI, 0.94–1.38), while the risk of GI bleeding was not significantly different (RR, 
1.32; 95% CI, 0.38–4.65).
Conclusion  Daratumumab is associated with lower risk of VTE in clinical trials.
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Background

Cancer patients are known to have a higher incidence of 
thromboembolism than the general population. Patients 
with malignant hematologic diseases, in particular those 
with multiple myeloma (MM), are among the highest risk 
group [1, 2]. In a population study, the hazard ratio was 
7.5 for venous thromboembolism (VTE) and 1.7 for arterial 
thromboembolism (ATE) in patients with MM, compared 
with their matched controls [3]. Studies have shown that the 
risk of thromboembolism in MM is modified by patient fac-
tors, disease status, as well as treatment regimen [4]. Indeed, 
in patients receiving immunomodulatory drugs (IMiDs) 

containing regimen, the incidence of VTE could be as high 
as 20% [5]. Therefore, routine VTE prophylaxis is recom-
mended for patients receiving IMiD-containing regimen [6].

Daratumumab, an anti-CD38 monoclonal antibody, is 
becoming the first-line treatment for relapsed/refractory 
MM, as well as newly diagnosed MM with high risk fea-
tures. However, its association with thromboembolism has 
not been well studied. Given that CD38 plays a critical role 
in the procoagulant activity of platelets and hemostasis [7], 
concerns have been raised whether its inhibition could affect 
the risk of thromboembolism. In this meta-analysis, we aim 
to investigate the risks of ATE and VTE in patients receiv-
ing daratumumab.

Materials and methods

Literature search

This study was performed in accordance with the Preferred 
Reporting Items for Systemic Reviews and Meta-Analysis 
(PRISMA) guideline. In April 2020, the following data 
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sources were searched: The Cochrane Controlled Trial 
Register, EMBASE, PubMed, ClinicalTrials.gov, as well as 
conference proceedings of the American Society of Hema-
tology and the American Society of Clinical Oncology. The 
following medical terms were used in the search: (1) daratu-
mumab, (2) darzalex, (3) 1 OR 2, (4) myeloma, (5) 3 AND 
4. Furthermore, a validated search strategy to identify con-
trolled trials were used in PubMed [8] and the “controlled 
trials” filter was used in EMBASE. The search was limited 
to publications in English.

Study selection

The inclusion criteria were specified in advance. Studies 
were eligible for inclusion if they are randomized-controlled 
trials comparing daratumumab-containing and non-dara-
tumumab regimen. We included both trials using daratu-
mumab in newly diagnosed MM as well as relapsed/refrac-
tory MM. For cases in which several reports were available 
for the same trial, the most recent data were included. Two 
of the authors (J.W. and Y.K.) reviewed the relevant reports 
and applied inclusion criteria independently.

Data extraction

Two of the authors (J.W. and Y.K.) independently extracted 
the data from included trials. The data were obtained from 
published reports, study results from ClinicalTrials.gov, or 
directly from investigators of the trial. For VTE, incidences 
of pulmonary embolism (PE) and deep venous thrombo-
sis (DVT) were extracted. For ATE, incidences of acute 
ischemic stroke (AIS) and myocardial infarction (MI) were 
extracted. Other information, such as characteristics of trial 
participants, type of intervention, and incidence of all and 
any grade 3 or 4 thrombocytopenia, were also extracted. 
Disagreements were resolved by discussion between the two 
review authors; if no agreement could be reached, a third 
investigator would be consulted.

Statistical analysis

When specific data were not available, requests for the infor-
mation were sent to the corresponding authors of the trial. 
Risk ratio (RR) of thromboembolism events was the primary 
measure of interest. Given the heterogeneity of the popula-
tion, the random-effects model was used throughout the anal-
ysis. The Paule-Mandel method for random-effects model 
was used due to small number of studies and rarity of events, 
which is supposed to lead to more conservative results [9]. 
The heterogeneity was assessed by the Paule-Mandel tau 
square, I2 index, and Cochran’s Q test. Publication bias was 
assessed using funnel plots. Meta-regression with a mixed-
effects model was used to assess the association between the 

response rate or thrombocytopenia and thromboembolism 
events; the restricted maximum likelihood method was used 
to estimate variance. All tests were two sided, and p < 0.05 
was considered statistically significant. Statistical calcula-
tions were made using R statistical software version 3.6.1 
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Study selection and characteristics of included trials

The search yielded 630 potentially relevant reports, of which 
56 were considered for further investigation. Of these, 50 
reports were excluded for various reasons (Fig. 1). The final 
meta-analysis consisted of 6 trials [10–15], randomizing 
3,802 patients, from 2016 to 2020. The characteristics of 
the included trials were shown in Table 1. All trials are open 
labeled, parallelly assigned, and demonstrate adequate con-
cealment of allocation (Supplemental Table 1).

Different strategies for VTE prophylaxis were applied 
in different trials. In the PULLOX trial [10], patient either 
received aspirin or low-molecular-weight heparin (LMWH) 
per physicians’ preference. In the MAIA trial [13], patients 
received aspirin, LMWH, or warfarin, based on the VTE risk 
factors, according to the International Myeloma Working 
Group (IMWG) recommendations [6]. In the GRIFFIN trial 
[15], all patients received aspirin; the addition of a second 
prophylactic medication, LMWH, was optional. However, in 
the ALCYONE trial [12], where no IMiD was administered, 
no VTE prophylaxis was required per trial protocol. Details 

Fig. 1   Study flowchart. DARA, daratumumab. MM, multiple mye-
loma
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for VTE prophylaxis were not available for the CASTOR 
trial [11] and the CASSIOPEIA trial [14].

Daratumumab use and the risk of VTE

All trials reported relevant data for the analysis of VTE. 
The funnel-plot (Supplemental Fig. 1), followed by the 
Egger regression test, did not find significant publication 
bias (p = 0.44). Treatment with daratumumab was associated 
with a statistically significant lower rate of VTE compared 
with non-daratumumab regimens (RR, 0.60; 95% confidence 
interval [CI], 0.40–0.91; Fig. 2). For subtypes of VTE, there 
was a significantly lower risk of PE associated with daratu-
mumab (RR, 0.60; 95% CI, 0.38–0.95; Fig. 2). There was 
a trend of lower risk for DVT but this was not statistically 
significant (RR, 0.67; 95% CI, 0.26–1.67; Fig. 2).

The subgroup analysis of specific therapeutic regimens 
showed a significantly lower risk of VTE among trials with 
IMiD-containing regimens (RR, 0.61; 95% CI, 0.40–0.94; 
4 trials, 2,568 patients; Supplemental Fig. 2). There was 
no significant difference for non-IMiD regimens (RR, 0.44; 
95% CI, 0.06–3.37; 2 trials, 1,180 patients; Supplemental 
Fig. 2).

Daratumumab use and the risk of ATE

Five trials [10–13, 15] reported relevant data for the analysis 
of ATE. The funnel-plot (Supplemental Fig. 3), followed by 
the Egger regression test, did not find significant publication 
bias (p = 0.46). No significant difference was found regard-
ing the risk of overall ATE (RR, 0.80; 95% CI, 0.48–1.33), 
acute ischemic stroke (RR, 0.89; 95% CI, 0.42–1.87), or 

myocardial infarction (RR, 0.68; 95% CI, 0.33–1.39). 
(Fig. 3).

The subgroup analysis showed no significant difference 
of risk of ATE among trials with IMiD-containing regimen 
(RR, 0.61; 95% CI, 0.34–1.12; 3 trials, 1494 patients; Sup-
plemental Fig. 3) or with non-IMiD regimen (RR, 1.55; 95% 
CI, 0.60–3.99; 2 trials, 1,180 patients; Supplemental Fig. 4).

Daratumumab use and the incidence 
of thrombocytopenia

Compared with non-daratumumab regimens, the use of dara-
tumumab was associated with a trend of higher incidence of 
all-grade thrombocytopenia (RR, 1.09; 95% CI, 0.96–1.24; 
Fig. 4), as well as Grade 3/4 thrombocytopenia (RR, 1.14; 
95% CI, 0.94–1.38; Fig. 4). No significant difference of the 
incidence of gastrointestinal bleeding was observed (RR, 
1.32; 95% CI, 0.38–4.65; Fig. 4).

Meta‑regression analysis of risk of VTE

Given that significant heterogenicity of thrombocytopenia 
incidence and treatment response rate exist between the 
treatment arms and the control arms, meta-regression analy-
sis was performed to assess their impact on the VTE. The 
outcome is the RR of VTE and the modifier is the incidence 
of all-grades thrombocytopenia in the daratumumab arm, or 
the odds ratio (ORs) of achieving complete response (CR) or 
better (including CR and stringent CR) after treatment. No 
significant association was identified (p = 0.84 and 0.97, as 
shown in Fig. 5a and b, respectively).

Table 1   Characteristics of included trials

VTE venous thromboembolism, RRMM relapsed/refractory multiple myeloma, NDMM, newly diagnosed multiple myeloma, D, or D- daratu-
mumab Rd lenalidomide and dexamethasone, Vd, bortezomib and dexamethasone, VMP bortezomib, melphalan, and prednisone, RVd, lenalido-
mide, bortezomib, and dexamethasone, VTd, bortezomib, thalidomide, and dexamethasone, ASA, aspirin, LMWH low-molecular-weight heparin, 
VKA vitamin K antagonist, N/A not available

Study Study design Regimen Disease indication Patients rand-
omized, study; 
control

Median 
age 
(years)

Follow 
up time 
(months)

VTE prophylaxis

Dimopoulos et al. 
[10], (PULLOX)

Phase 3 DRd vs Rd RRMM 286; 283 65 13.5 ASA or LMWH

Palumbo et al. [11], 
(CASTOR)

Phase 3 DVd vs Vd RRMM 251; 247 64 7.4 N/A

Mateos et al. [12] 
(ALCYONE)

Phase 3 D-VMP vs VMP NDMM 350; 356 71 16.5 None

Facon et al. [13] 
(MAIA)

Phase 3 DRd vs Rd NDMM 368; 369 73 28.0 ASA or LWMH or 
VKA

Moreau et al. [14] 
(CASSIOPEIA)

Phase 3 D-VTd vs VTd NDMM 543; 542 58 18.8 N/A

Voorhees et al. [15], 
2020 (GRIFFIN)

Phase 2 D-RVd vs RVd NDMM 104; 103 60 13.5 ASA ± LMWH
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Discussion

In this meta-analysis, we showed that in randomized-con-
trolled trials (RCTs), the use of daratumumab was associated 
with a lower risk of VTE comparing with non-daratumumab 
regimen. The risk of ATE, however, was not significantly 
different between daratumumab and non-daratumumab 
regimens. Furthermore, daratumumab was associated with 
higher incidences of thrombocytopenia.

Six trials were identified directly comparing daratu-
mumab and non-daratumumab regimen. Heterogeneity was 
noticed among the studies, with the incidence of VTE rang-
ing from 0 to 4.4% in the daratumumab arm, and 0.9–6.0% 
in the non-daratumumab arm. This could be explained by 
differences in disease status among various trials. Past stud-
ies have shown that the risk of VTE is higher at the time 
of diagnosis than after relapse [3]. We also found a higher 

incidence of VTE for newly diagnosed MM than relapsed/
refractory MM (2.6% vs 1.7%, respectively) in patients 
receiving daratumumab. Moreover, the heterogeneity could 
also be caused by different treatment regimens. When IMiDs 
were given in combination with other agents, the risk of 
VTE significantly increased and remained higher despite 
VTE prophylaxis [16]. In the daratumumab arm of our study, 
the incidence of VTE was 2.6% for patients on IMiD-con-
taining regimen, compared with only 0.3% for patients on 
non-IMiD regimen. Other treatment related factors, such as 
the use of erythropoietin, could not be explored due to lim-
ited information. Given heterogeneities of included studies, 
the random-effects model was used, despite small I2, which 
is notoriously imprecise in meta-analysis with small number 
of studies [17].

Our study showed that daratumumab was associated a 
lower risk of VTE in clinical trials. The mechanisms are 

Fig. 2   Risk ratio of venous thromboembolism between daratumumab and non-daratumumab regimens. ref reference, DARA​ daratumumab, CI 
confidence interval, RE random effects



654	 J. Wang, Y. Kim 

1 3

unclear; however, a possible explanation could be the “on-
target, off tumor” effect of CD38 inhibition. CD38, a sur-
face glycoprotein, acting as a receptor and an ectoenzyme, 
is involved in intracellular Ca2+ signaling. It is widely 
expressed on immune cells, as well as red blood cells and 
platelets [18]. In vitro studies showed that thrombin-induced 
platelet activation was compromised by CD38 deficit; ani-
mal models showed that CD38-deficient mice had longer 
bleeding times and unstable formations of thrombus [7]. 
Therefore, platelet dysfunction might contribute to lower 
incidences of VTE. In addition, patients on daratumumab 
had improved health-related quality of life [19], which 
would further reduce VTE risk factors such as immobility. 
Finally, we found severe thrombocytopenia, a protective fac-
tor for VTE [20], was more common in the daratumumab 
arm. Of note, although it is still unclear if treatment response 
rate in MM is associated with risk of VTE, patients in the 

daratumumab arm have significantly improved response rate. 
Nonetheless, meta-regression did not find the risk of VTE 
was significantly associated with improved response rate 
(indicated by the odds ratio of complete response or better).

Looking into subtypes of VTE, daratumumab was associ-
ated with a trend of lower risk of DVT, but not statistically 
significant. In addition, in the subgroup analysis, trials with 
non-IMiD regimen had a trend of lower risk of VTE, but 
not statistically significant. These results could be due to 
insufficient statistical power due to small numbers of stud-
ies and rarity of events. However, true insignificance could 
not be excluded.

In terms of ATE, we did not find significant risk dif-
ferences between daratumumab and its comparators (RR, 
0.80; 95% CI, 0.48–1.33). However, a lower trend was seen 
in the subgroup analysis of IMiD-containing regimens 
(RR, 0.61; 95% CI, 0.34–1.12). CD38 has been found on 

Fig. 3   Risk ratio of arterial thromboembolism between daratumumab and non-daratumumab regimens. ref reference, DARA​ daratumumab, CI 
confidence interval, RE random effects
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cardiomyocytes [21] and preclinical studies have shown that 
CD38 deficiency is cardio-protective. For example, Guan 
et al. [22] showed that CD38 deficiency protected mice heart 
from ischemia/perfusion injury through the anti-oxidative 
stress pathway. Unlike VTE, for which the risk peaks within 
the first few months after initiation of therapy and decreases 
dramatically thereafter [23], the risk curve for ATE is more 
flat and elevated for a prolonged period. In a large registry 
study, MM was associated with increased risk of ATE of 
1.9-, 1.5-, and 1.5-fold at 1-, 5-, and 10-year follow up [3]. 
Therefore, given limited follow up time in clinical trials, a 
risk difference might not become obvious. Future studies 
using registries are needed to further identify the association 
between daratumumab use and the risk of ATE.

Myeloma treatment regimens are associated with high 
rates of bone marrow suppression, which is more common 

with multi-drug combination [24]. A recent study [25] found 
patients on daratumumab had higher rates of neutropenia, 
anemia, and thrombocytopenia, indicating that daratumumab-
containing regimen have considerable bone marrow suppres-
sion effects. In our meta-analysis, we also found a trend of 
higher incidences of all grades and severe thrombocytopenia in 
patients receiving daratumumab. However, we found the risk 
of GI bleeding was low in both arms and had no significant 
difference.

Fig. 4   Risk ratio of thrombocytopenia and gastrointestinal bleeding between daratumumab and non-daratumumab regimens. ref reference, DARA​ 
daratumumab, CI confidence interval, RE random effects
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Conclusion

In patients with MM, daratumumab in combination with 
other anti-myeloma medications is associated with a lower 
risk of VTE in clinical trials. The risk reduction should be 
confirmed by prospective controlled studies.
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