
Abstract. Background/Aim: Daratumumab is a promising
novel agent for relapsed/refractory multiple myeloma (RRMM).
However, there are limited data on its efficacy and toxicity
profiles in real-world patients, especially in the Asian
population. Patients and Methods: This was a multicenter,
retrospective, longitudinal cohort study set between January
2017 and April 2019. We collected and analyzed clinical and
survival data of 21 patients treated with daratumumab
monotherapy. All patients were previously exposed to
proteasome inhibitors and immunomodulatory drugs. Results:
The overall response rate was 42.1%, including one complete
remission (4.8%) and three very good partial responses
(14.3%). The cycles of daratumumab delivered were three
(range=1-10 cycles) and the median progression-free survival
was 6 months, while the overall survival was not reached.
Infusion reaction was observed in nine patients (42.9%), and
one discontinued permanently. Fatigue was the most common
adverse event (52.4%), and there were five cases of
documented infection during daratumumab treatment, two of
them leading to the death of the patient. Conclusion:
Daratumumab monotherapy showed fairly promising activity
with modest tolerance in heavily treated Asian RRMM patients. 

Multiple myeloma (MM) marks the third most common
hematological malignancy in Korea (1), and although the

survival outcomes have improved significantly with new
proteasome inhibitors (PI) and immunomodulatory drugs
(IMiD) (2-4), most patients still die from refractory disease
(5). More specifically, for patients with relapsed and
refractory MM (RRMM) who are refractory to both PI and
IMiD, the expected median overall survival (OS) is eight
months (6). Considering the fact that treatment of these
patients is usually complicated by cytopenias and
comorbidities, alternative agents that target novel pathways
with favorable tolerability are required. 

Daratumumab is a first-in-class human immunoglobulin
kappa monoclonal antibody targeting CD38 (7). Clinical
trials with daratumumab monotherapy in RRMM have
shown substantial efficacy and favorable safety profiles (8-
10), leading to its approval by the U.S. Food and Drug
Administration (FDA) in 2015 and by the Korean FDA in
2017. However, these trials excluded patients with poor
performance status and other significant co-morbidities, thus
their results cannot be immediately implemented into real-
world practice. Real-world data concerning daratumumab
monotherapy, especially from the Asian population, are still
lacking. Importantly, since it has been known that Asian
patients tend to be less tolerable to chemotherapy (11) often
leading to dose modifications, the toxicity profile is of
special interest. To this end, we carried out this study.

Patients and Methods 
Study design and subjects. This was a multicenter, retrospective,
longitudinal cohort study of MM patients over 18 years old. The
study period was set between January 2017 and April 2019. Initially,
55 patients were identified as being subjected to daratumumab
treatment, but 27 were excluded as they were participants of clinical
trials. After excluding an additional two patients for a previous
history of daratumumab-based trial, three for combination therapy,
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and two patients for insufficient data, a total of 21 patients were
enrolled. Their medical records were reviewed and analyzed for
demographics, disease characteristics, response to daratumumab,
adverse events, and survival outcomes. This study was conducted
according to the Declaration of Helsinki and was approved by the
institutional review board of all the participating hospitals (H-1906-
035-1038).

Daratumumab treatment. Daratumumab was administered as a
single drug at the dose of 16 mg/kg once weekly for the first 8

weeks (cycles 1 and 2), then every 2 weeks for 16 weeks (cycles 3
to 6), and then once every 4 weeks thereafter (cycles 7 and higher)
until disease progression or unacceptable toxicity. For infusion-
related reaction (IRR) prevention, the patients received
premedication comprising methylprednisolone or an equivalent,
acetaminophen, and diphenhydramine or an equivalent one hour
prior to administration of daratumumab. 

Definitions and statistical analysis. The response to daratumumab
was evaluated according to the International Myeloma Working
Group response criteria (12). The overall response rate (ORR) was
defined as the proportion of patients achieving at least a partial
response (PR). The clinical benefit rate was defined as the
proportion of patients achieving at least a minimal response (MR).
The adverse events (AE) were assessed according to the National
Cancer Institute Common Terminology Criteria for Adverse Events
(version 4.03). Refractory status was defined as disease progression
on or within 60 days of the last treatment. The OS and progression-
free survival (PFS) curves were estimated using the Kaplan–Meier
method. OS was defined as the time from daratumumab start date
to death from any cause. PFS was defined as the duration from
daratumumab start date to disease progression or death. If patients
survived without death or progression, survival was censored at the
latest date of follow-up when no death or progression was
confirmed, and data available up to June 2019 were used. All data
were analyzed using the Statistical Package for the Social Sciences
software (IBM® SPSS® Statistics, version 22.0). p-Values of <0.05
were considered statistically significant. 

Results 
Patient characteristics. The characteristics of the enrolled
patients are listed in Table I. The median time from MM
diagnosis to daratumumab monotherapy was 54 months
(range=12-119 months). The median of previous lines of
therapy was 4 (range=3-8), all the patients were previously
exposed to at least one PI and IMiD, and the majority (76.2%)
of the patients were double-refractory. Nineteen (90.5%)
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Table I. Baseline characteristics at daratumumab treatment.

%                                                                                                 N, %

Age (years)                                       Median (range)           69 (55-86)
                                                           18 to <65                       7 (33.3)
                                                           65 to <75                       9 (42.9)
                                                           ≥75                                5 (23.8
Gender                                               Male                             10 (47.6)
Performance status                           ECOG 0-1                     4 (19.0)
                                                           ECOG ≥2                     17 (81.0)
ISS                                                     I/I/III                       7(33.3)/5(23.8)/
                                                                                                  9(42.9)
Cytogenetics profile                         t(4;14)                          1/13 (7.7)
                                                           del17p                         2/13 (15.4)
                                                           t(14;16)                             0/13
                                                           del13q                         8/13 (61.5)
                                                           amp1q21                    5/13 (38.5)
                                                           Missing                              8
Extramedullary involvement                                                  8 (38.1)
Bone involvement                                                                  17 (81.0)
Lines of previous therapy                Median (range)              4 (3-8)
                                                           >3                                 17 (81.0)
Previous proteasome inhibitor          Bortezomib                 21 (100.0)
                                                           Ixazomib                        1 (4.8)
                                                           Carfilzomib                  14 (66.7)
Previous IMiD                                  Thalidomide                11 (52.4)
                                                           Lenalidomide              21 (100.0)
                                                           Pomalidomide              20 (95.2)
Refractory to                                    Last line of therapy      19 (90.5)
                                                           Double refractory       16 (76.2) 
                                                           Bortezomib                 9/21(42.9)
                                                           Carfilzomib              14/14 (100.0)
                                                           Thalidomide               5/11 (45.5)
                                                           Lenalidomide            20/21 (95.2)
                                                           Pomalidomide           18/20 (90.0)
Previous HSCT                                 autoSCT                        8 (38.1)
                                                           alloSCT                          2 (9.5)
Lab findings at daratumumab start   WBC (103/l)              4554 (1963)
mean (±standard deviation)              Hb (g/dl)                      10.2 (2.1)
                                                           Plt (109/l)                     148 (78)
                                                           Cr                                 1.3 (1.0)
Renal function                                   ≥60 ml/min                  11 (52.4)
(creatinine clearance)                        30 to <60 ml/min          7 (33.3)
                                                           <30 ml/min                   3 (14.3)

ECOG: Eastern Cooperative Oncology Group performance status; ISS:
International Staging System; IMiD: immunomodulatory drugs; HSCT:
hematopoietic stem cell transplantation; autoSCT: autologous stem cell
transplantation; alloSCT: allogeneic stem cell transplantation. 

Table II. Overall best response.

Median number of cycles                                            3 (1-10)
Best response to daratumumab                                          
   CR                                                                             1 (4.8%)
   VGPR                                                                       3 (14.3%)
   PR                                                                             4 (19.0%)
   MR                                                                           3 (14/3%)
   SD                                                                            4 (19.0%)
   PD                                                                            4 (19.0%)
   NE*                                                                           2 (9.5%)
Overall response rate**                                           8/19 (42.1%)
Clinical benefit rate**                                            11/19 (57.9%)

CR: Complete response; VGPR: very good partial response; PR: partial
response; MR: minimal response; SD: stable disease; PD: progressive
disease; NE: not evaluable. *Response not evaluable due to death by
sepsis during the first cycle of daratumumab. **For patients with
evaluable responses only.



patients were refractory to the last line of therapy. At the start
of daratumumab monotherapy, there were three patients with
creatinine clearance <30 ml/min. Extramedullary involvement
was seen in eight (38.1%) patients. Most patients had an
ECOG performance score of 2 or higher, and there was one
patient with ECOG 3. Cytogenetic risk by fluorescence in situ
hybridization (FISH) was available in 13 patients, and among
them, two were identified as high risk [i.e. t(4;14), t(14;16)
and 17p deletion]. 

Daratumumab efficacy. The enrolled patients received a
median of 3 cycles (range=1-10 cycles) of daratumumab
(Table II). Among the 19 patients with evaluable response,
the ORR was 42.1% (8/19), including one complete response
(CR) and three very good partial responses (VGPR). The
clinical benefit was seen in 57.9% of the patients (11/19),
and the median time to response for these patients was two
months (range=1-6 months). The three patients with

compromised renal function did not benefit from
daratumumab treatment. As shown in Figure 1, the median
PFS was six months (95%CI=1.1-10.9 months) and the
median OS was not reached. The median PFS for responders
(CR + VGPR + PR) was eight months while for non-
responders [MR + stable disease (SD) + progressive disease
(PD)] the median PFS was one month (p=0.015). The
median OS for responders was not reached, while for non-
responders the median OS was six months (p=0.023). The
patients with double-refractory MM (DR-MM) to both PI
and IMiD were associated with a trend towards worse PFS
(median PFS for DR-MM patients 4 months vs. 10 months
for others, p=0.092) but the difference did not show a
statistical significance. The OS was similar between the two
groups (p=1.000). Due to the limited number of patients
with available cytogenetic profiles and even smaller number
of patients with high risk abnormalities (2 patients classified
as high risk: 1 with both t(4;14) and del17p, and 1 with
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Figure 1. Survival curves. A) PFS of all patients (left), according to daratumumab response (middle), and according to double-refractoriness (right).
B) OS of all patients (left), according to daratumumab response (middle), and according to double-refractoriness (right). PFS: Progression-free
survival; OS: overall survival; DR-MM: double-refractory multiple myeloma.



del17p), the impact of risk stratification on PFS and OS
could not be well established. 

Daratumumab safety. IRR occurred in 42.9% (9/18) of the
patients. There were four cases with grade 3 or higher IRR
in the form of severe nausea and vomiting combined with a
generalized rash leading to permanent daratumumab
discontinuation in one patient, and dyspnea (bronchospasm)
requiring immediate intervention in three patients. The latter
three patients continued subsequent daratumumab treatment
on desensitization protocol. 

There were six cases of documented infection: one with
Pseudomonas bacteremia after cycle 3, one with gram-
negative rod bacteremia during cycle 1 leading to patient’s
demise, one with Corynebacterium bacteremia during cycle
1 to patient’s demise, one with atypical pneumonia after
cycle 5, one with Pneumocystis pneumonia after cycle 3, and
one with Herpes gingivostomatitis after cycle 1. The details
of other AEs are described in Table III. The most common
AE was fatigue, which was reported in 52.4% (11/21) of the
patients. No new safety issue was raised. 

Subsequent treatment after daratumumab. At the time of data
cut-off, four patients had expired and eight were still on
daratumumab monotherapy. There were two patients who
expired due to bacteremia during the first cycles of
daratumumab, one due to progressive disease while on
daratumumab and one due to recurrent esophageal cancer-
causing airway obstruction. For the remaining nine patients,
subsequent treatment schema is shown in Table IV. All but one
proceeded to the next line therapy, and the most often used
regimen was bendamustine with prednisone. For the one patient
who did not receive any subsequent treatment, best supportive
care was offered due to the patient’s refusal for further treatment. 

Discussion 

As the treatment landscape of MM continues to evolve, we
are being introduced to a newer class of anti-myeloma drugs
and immunotherapy has emerged as one of the major players
in recent years. In this study, we evaluated the efficacy and
tolerability of daratumumab, the first monoclonal antibody
to demonstrate single agent clinical activity in MM
treatment, in Asian RRMM patients. With a median of four
lines of previous treatment and a median time from MM
diagnosis to daratumumab treatment of 54 months, the
baseline characteristics of our patients were similar to those
from the SIRUIS trial (8) and GEN501 trial (9) (Table V).
Also, although the cytogenetic profiles were only available
in 13 patients, the percentages of high-risk abnormalities
were comparable to previous studies. Furthermore, the
percentages of patients previously treated with PIs and
IMiDs and patients with DR-MM were similar to the
abovementioned clinical trials: if anything, with 66.7% of
the patients having been treated with carfilzomib and 95.2%
with pomalidomide, the proportion of patients exposed to
next-generation PI and IMiD were higher in our study. Even
so, daratumumab monotherapy proved to have a significant
clinical activity with ORR of 42.1% including 19.0% of
VGPR or better in our study. In fact, the response rate seems
to be higher than expected in Korean patients (13). One
interesting observation was the higher proportion of patients
harboring del13q in our cohort (Table I). The number of
patients is too small and treatment schema too heterogeneous
to grant this observation any clinical implications. However,
since this seems to be the only notable difference between
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Table III. Adverse events.

                                                          Any grade            Grade 3 or higher

Infusion-related reaction                 9 (42.9%)                   4 (19.0%)
   Dyspnea                                               7                                  3
   Nausea                                                  1                                  1
   Cough                                                   2                                  0
Anemia                                              5 (23.8%)                   4 (19.0%)
Thrombocytopenia                           8 (38.1%)                   6 (28.6%)
Neutropenia                                      6 (28.6%)                   5 (23.8%)
   Febrile neutropenia                             5                                  5
Elevation of liver enzyme                      0                                  0
Fatigue                                             11 (52.4%)                   2 (9.5%)
Infection                                           6 (28.6%)                   5 (23.8%)
   Bacteremia                                           3                                  3
   Pneumonia                                           2                                  2
   Other infection                                    1                                  0

Table IV. Subsequent treatment after daratumumab.

Patient              Subsequent               Current       Survival*       Overall
                          treatment                  status         (months)      survival** 
                                                                                                    (months)

1                  Benda/Pd → PCD            Alive                9                   74
2             VAD→MPT→Benda/Pd       Alive                3                   22
3                             PCD                       Alive                1                   46
4               Supportive care only         Alive                1                   49
5                           DCEP                     Alive                1                 119
6                         Benda/Pd                   Alive                1                   95
7                          VelDex                    Alive                3                   41
8                              MP                        Alive                6                   78
9                           DCEP                     Alive                1                   57

Benda/Pd: Bendamustine and prednisone; PCD: pomalidomide,
cyclophosphamide, dexamethasone; VAD: vincristine, doxorubicin,
dexamethasone; MPT: melphalan, prednisolone, thalidomide; DCEP:
dexamethasone, cyclophosphamide, etoposide, cisplatin; VelDex:
bortezomib, dexamethasone; MP: melphalan, prednisolone. *Time from
the daratumumab progression date to the last follow-up. **Time from
multiple myeloma diagnosis to the last follow-up. 



our patients compared to patients enrolled in clinical trials,
corroborative research might be necessary. 

As for the safety of daratumumab, though no new toxicity
signal was identified, there were more grade 3 or higher
IRRs and infections in our cohort compared to previous
reports based on both clinical trials and real-life experience
(Table V). Notably, two patients (9.5%) expired during the
first cycle of daratumumab due to sepsis. Infection was not
necessarily associated with compromised bone marrow
function as most patients had stable hemogram at the start of
daratumumab (Table I). We do not routinely use prophylactic
antibiotics or antifungals with daratumumab in Korea. As
evident from another Korean report on real-world experience
with daratumumab (13), the high rate of infection
complications seems to be a true finding. Further studies
from other East Asian countries are needed to optimize the
supportive care when using daratumumab. For IRRs,
although more patients in our study experienced grade 3 or
higher IRRs, they were manageable and all but one
continued with daratumumab therapy. 

One of the limitations of this study is that we could not
establish the response of daratumumab in DR-MM due to the
small number of patients. Conflicting results have been
reported regarding the role of daratumumab in DR-MM.
While Usmani et al. (6) delineated the benefit of daratumumab
irrespective of refractory status to PIs and IMiDs, Salomon-
Perzynski et al. (14) showed that daratumumab cannot
overcome the double-refractoriness in a recent report. In our
study, DR-MM was associated with shorter PFS to
daratumumab but the difference did not reach statistical
significance and there was no difference in OS. A larger
number of patients is needed to confirm the efficacy of
daratumumab in DR-MM treatment. Also, we were not able
to determine the predictive marker for daratumumab response.
It has been suggested that IgG myeloma responds better to
daratumumab than non-IgG myeloma (15, 16), but in our

cohort only one patient out of the four patients with VGPR or
CR had IgG myeloma. Other limitations include the short
follow-up period and the limited availability of cytogenetic
profiles to evaluate the impact of risk stratification on the
prognosis. However, these limitations do not diminish the
importance of our findings that highlight the need for real-
world data to complement the results of published clinical
trials, especially across the different ethnicities. 

In conclusion, daratumumab monotherapy showed a fairly
promising activity, but relatively modest tolerance in heavily
treated Asian RRMM patients. 
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