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First report of safety and efficacy of daratumumab in 2 cases of advanced immunoglobulin
light chain amyloidosis
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Immunoglobulin light chain amyloidosis (AL) with advanced cardiac
involvement is characterizedby short survival.Outcomes are especially
poor for patients who have multiorgan involvement and coexisting
multiple myeloma and do not achieve normalization of the serum free
light chains with treatment (ie, fail to achieve hematologic complete
remission).1,2

Treatment ofAL includes the use of stem cell transplantation (SCT)
in a minority (20% at Mayo Clinic) of patients with the majority being
treated with proteasome inhibitor, alkylating agent, and/or steroid-
based combinations.3,4 Patients with progressive/refractory disease
after these treatments have a particularly poor outcome.

Daratumumab, an unconjugated, human anti-CD38 monoclonal
antibody, produces high response rates including complete responses
in dual refractory (immunomodulating agent and proteasome inhibitor)
multiple myeloma patients. The rapid development and US Food
and Drug Administration approval of daratumumab (2015) for pa-
tients with relapsed/refractory multiple myeloma offers a new first-
in-class therapy.5 With its activity in myeloma, there is potential for
activity in AL; however, the safety of daratumumab in advanced
AL is unknown.We report the first use of daratumumab in 2 patients
with multiple myeloma whose disease was complicated by advanced
multisystem AL.

In case 1 (Table 1), a 62-year-old white male was referred to
the Mayo Clinic for consideration of autologous hematopoietic
SCT for progressive hepatic and cardiac k light chain AL. A year

prior to referral, he was diagnosed with International Staging System
stage III immunoglobulin G k multiple myeloma (50% plasmacy-
tosis; calcium, 15.3 mg/dL; b-2 microglobulin, 9.1 mg/L;
creatinine, 2.1 mg/dL) with vertebral fractures. After discontinuing
a trial of lenalidomide because of severe skin toxicity, he achieved
a brief partial remission following 8 months of cyclophosphamide,
bortezomib, and dexamethasone therapy. Prior to presenting to the
clinic, he developed rapidly progressive hepatomegaly. Alkaline
phosphatase was 422 U/L, and a liver biopsy demonstrated
extensive amyloid deposition. Cardiac involvement was con-
firmed with magnetic resonance imaging with an interventricular
septal thickness of 16mm.Brain natriuretic peptidewas 1483 (pg/mL),
and cardiac troponin T was 0.08 (ng/mL). The patient underwent
reduced-dose melphalan conditioning (100 mg/m2) and autologous
stem cell rescue. SCT was uneventful; however, he did not achieve
a very good partial response, and at day 100, treatment with
carfilzomib, cyclophosphamide, and dexamethasone was started.
After 9 months of therapy, cyclophosphamide was stopped as the
light chain level plateaued after achieving very good partial response
and the patient developed progressive anemia. In December 2014,
he developed biochemical progression, and cyclophosphamide
was added with an initial response for 6 months that was
followed by rapid progression and clinical deterioration
(December 2015). He developed rectal bleeding because of
friable hemorrhoids and mucosal vascular involvement with

Table 1. Disease and treatment characteristics for cases 1 and 2

Disease/treatment characteristics*

Case 1 Case 2

Predaratumumab Postdaratumumab Predaratumumab Postdaratumumab

Creatinine (mg/dL) 1.9 1.4 3.1 2.0

NT-ProBNP (pg/mL) 2882 3568 1451 1660

Troponin T (ng/mL) 0.05 ,0.01 0.05 0.03

Alkaline phosphatase (U/L) 430 582 61 73

Electrocardiogram Pseudo-infarct pattern NA Normal NA

Echocardiogram

EF (%) 64 NA 68 NA

IVS (cm) 1.6 1.1

LV regional strain (normal is more

negative than 218)

27 223

Prior treatment

SCT Yes Yes

Bortezomib Yes Yes

IMiD Yes Yes

Dexamethasone Yes Yes

Carfilzomib Yes Yes

EF, ejection fraction; IMiD, immunomodulatory drugs; IVS, interventricular septum thickness; LV, left ventricular; NA, not available; NT-ProBNP, N-terminal prohormone of

brain natriuretic peptide.

*The laboratory data in both cases from Mayo Clinic are presented, and the pre- and postdaratumumab values are separated by several months, as both patients were

treated at different facilities.
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amyloid. He required multiple hospitalizations for congestive heart
failure and multiple surgical interventions to control rectal bleeding
resulting in transfusion-dependent anemia. Daratumumab treat-
ment was initiated as per the US prescribing information with
the first dose given as an inpatient, which he tolerated well. At
the conclusion of 8 weekly treatments, there was improvement
in his performance status and the bleeding subsided resulting
in transfusion independence. It was the first time in 4 years of
illness that he achieved normalization of serum free light chains
(Figure 1). NT-proBNP went from 2882 (pg/mL) to 3568 (pg/mL),
and cardiac troponin T declined from 0.05 ng/mL to,0.01 ng/mL.
Alkaline phosphatase increased mildly, but liver size remained
stable.

In case 2 (Table 1), a 55-year-old white male was diagnosed with
l light chain amyloidosis as he presented with unexplained nephrotic
syndrome with more than 10 g/d albuminuria. He was treated with

8 months of cyclophosphamide, bortezomib, and dexamethasone.
At baseline, he had 15% marrow involvement by l restricted plasma
cells. He responded well to treatment (data not available), but it was
discontinued because of severe peripheral neuropathy. His proteinuria
progressed over the course of 6 to 8 months, and he presented to the
Mayo Clinic. After extensive evaluation, high-dose therapy and SCT
were recommended for l light chain AL with kidney involvement and
progressive proteinuria. The patient tolerated high-dose melphalan
(200 mg/m2) well except for fluid overload associated with stem cell
mobilization. He achieved partial response (50% reduction in l light
chain) after SCT. Six months after transplant, he developed increas-
ing proteinuria and l light chains increased; salvage treatment
with carfilzomib, cyclophosphamide, and dexamethasone was initi-
ated. After 6 months of therapy, he developed progressive disease
and worsening peripheral neuropathy. At this time, treatment
with daratumumab was started. After 12 weeks of treatment, the
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Figure 1. Kappa free light chain. Car, carfilzomib;

Cyclo, cyclophosphamide; Dex, dexamethasone.
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Figure 2. Lambda free light chain.
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patient reported significant improvement in quality of life with
improvement in renal function (serum creatinine decreased from
3.1 mg/dL to 2.0 mg/dL) and edema (serum albumin increased from
1.6mg/dL to 2.3mg/dL). He achieved hematologic complete remission
(Figure 2). He developed a mild infusion reaction (burning sensation in
eye and scratchy feeling in throat) with the first infusion that was given
over 15 hours, but each subsequent infusion was shorter, most recently
3 to 4 hours.

Our patients demonstrate that daratumumab lowers the light chain
and is able to do so rapidly. Second, it can be used in the dose and
schedule that is approved for multiple myeloma. The latter is very
important in patients with advanced cardiac AL because of concerns
about volume overload and infusion reaction-related morbidity. Our
first patient had advanced cardiac and hepatic AL but was able to
tolerate the weekly regimen with daratumumab. Although it is early to
gauge organ response, the fact that the patients’ serum free light chain
levels normalized for the first time in the course of these 2 patients’
illnesses despite prior use of proteasome inhibitors, immunomodu-
latory drugs, and SCT is very encouraging.We believe that this patient
experience justifies a formal clinical trial evaluating the safety and efficacy
of daratumumab in AL, a disease with a mortality of 40% at 1 year.
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An upper bound for the half-removal time of neutrophils from circulation
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In the 5 May 2016 issue of Blood, Silvestre-Roig et al1 explored the
phenotypic heterogeneity and the versatility of neutrophils, a heteroge-
neity established in part by an adaptable neutrophil lifespan. As
noted by the authors, the classical understanding of the neutrophil
population is one that is relatively homogenous, partially owing
to what is generally believed to be their short lives in the blood.
This latter observation is supported by a variety of analyses where
neutrophil half-lives were measured on the order of hours.2 However,
a more recent report on an in vivo labeling technique using heavy
water (2H2O) has cast doubt on this classical view of neutrophil
lifespan.3 There, the authors reported an average circulatory lifespan
of 5.4 days, which elicited additional commentary in subsequent
issues of Blood2,4,5 and elsewhere.6

We favor the term “half-removal time” over half-life because
detecting that a neutrophil has left the free circulation is not the same
as determining that it has died, because neutrophils are capable of
chemotaxis, margination in some organs, and migration into tissues.
Consequently, we do not discount the possibility of a long neutrophil
lifespanwith a short residence time in circulation. The time neutrophils
remain in circulation has been studied for .70 years by a variety of
labeling techniques.3,4,7-11 An overview of the history of neutrophil
tracer labeling was very recently published12 in response to a new
deuterium-labeled glucose and water tracing study,4 whose results
seem to confirm the classical view of the short durations for neutrophils

in the blood. Prior to the results reported using heavy water,3 where
much longer lifespans were found, the reported range of half-removal
timeshas been from6.661.1 hours using diisopropylfluorophosphate32

labeling11 to 10.4 6 1.5 hours using 3H–diisopropyl fluorophosphate,8

without considering the 16 hours reported after studies using irradiated
cats.10 It should be noted, however, that labeling studies are not without
limitations. In their response to letters about their article,3 Pillay et al5

pointed out that the reported short half-removal times may have been
affected by neutrophils activated by ex vivo priming techniques.13

Further, results may be impacted by other factors including, and not
limited to, the rate withwhich the label is picked up in the cells, the reuse/
recycling of labelwithin the cellular pool, and the loss of label.14 For these
reasons, we sought an alternative method to provide bounds on the
neutrophil half-removal and residence times.

Using fairly straightforward mathematical analyses of previously
published data of the circulating neutrophil response to exogenous
granulocyte colony-stimulating factor (G-CSF), the principle cytokine
responsible for the modulation of the neutrophil lineage,15 we present
here a novelmethod for calculating thehalf-removal timeof neutrophils
from the bloodwithout relying on any labeling experiments.Our results
give a lower bound for the rate of removal of neutrophils from cir-
culation, which in turn provides an upper bound on the half-removal
time t1/2, the latter ofwhich confirms the earlier, classicalmeasurements
of a short neutrophil lifespan.
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