
whom HCT-CI appeared to be crucially important was the group
of patients at high risk for disease relapse (beyond CR1/CR2 or with
high-risk cytogenetics). A high HCT-CI in these patients resulted in
uniformly negative outcomes. This group of patients with very poor
prognosis shouldprobablynot be transplanted.Lastly, the intermediate-
risk group could be the group that would benefit the most from
posttransplant interventions to decrease relapse rate.

This analysis is limited by a relatively small number of patients
treated with haploidentical transplants only. Factors included in the
risk model were selected from significant factors identified in the
multivariable model for PFS without weighting of the prognostic
impact of each component. Thismodel needs to be validated in a larger
number of patients, including HLA-matched transplants, as it could
have major implications in treatment decisions.

In conclusion, risk stratification models combining disease and
patient characteristics could further refineprognosis for potentialASCT
patients, better identify patients who could benefit from maintenance
therapies posttransplant, as well as serve as a tool to further compare
results among different studies.
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To the editor:

Daratumumab (anti-CD38) induces loss of CD38 on red blood cells

Harold C. Sullivan,1 Christian Gerner-Smidt,1 Ajay K. Nooka,2 Connie M. Arthur,1 Louisa Thompson,1 Amanda Mener,1
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The recently approved anti-CD38 monoclonal antibody daratumumab
(DARA) provides a unique therapeutic strategy that more selectively
targets plasma cells in patients with plasma cell myeloma.1-6 While
DARA recognizes and removesmalignant plasma cells, red blood cells
(RBCs) also express CD38.7 However, many patients on DARA
unexpectedly display a negative direct antiglobulin test (DAT) result,
despite producing pan-reactive indirect antibody test (IAT) results
observed on antibody screens.8-11 Pan-reactive IAT results caused by
DARA complicate pretransfusion testing,8-11 and the discrepancy be-
tween positive IAT results and negative DAT results observed in pa-
tients on DARA remains a common, yet incompletely understood,

outcome of DARA treatment. Furthermore, while DARA eliminates
plasma cell myeloma through a variety ofmechanisms,1-6 this antibody
fails to induce detectable RBC hemolysis.8,9,12,13 The negative DAT
result following DARA treatment coupled with the apparent resistance
of RBCs to DARA-induced hemolysis led us to hypothesize that
DARAmay induce removal of CD38 from the RBC surface, resulting
in a negative DAT result that may protect RBCs from DARA-induced
removal.

To examine the impact of DARA on RBC CD38 levels, 24 samples
were obtained from 13 DARA-treated patients enrolled in a phase 2 ef-
ficacy and safety trial (www.clinicaltrials.gov identifier #NCT01985126).
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Samples from 24 nontreated controls were obtained from the clinical
laboratory. Similar to previous reports,8,9 the 24 samples from DARA-
treated patients demonstrated anti-RBC antibodies in the serum (antibody
screen reactivity:weak positive to 21; supplemental Table 1, available on
theBloodWeb site). In contrast, none of the samples fromDARA-treated
patients demonstrated a positive DAT, indicating that standard clinical
tests could not detect binding of serumDARA to the patients’ ownRBCs
(supplemental Table 2). Consistentwith these and previous results,8,9,12,13

DARAalso failed to cause significant anemia, suggestingminimal (if any)

DARA-mediated hemolysis (Figure 1A). To more specifically investi-
gate the interaction between DARA and RBCs, we examined antibody
reactivity on the RBC surface using a more sensitive flow cytometry–
based DAT in which antibody engagement of RBCs is assessed using
fluorescently labeled anti–human immunoglobulin G.14,15 RBCs isolated
fromDARA-treatedpatientsdemonstratedweakantibodypositivitywhen
compared with RBCs isolated from nontreated patients (Figure 1B). To
determine whether low antibody binding to RBCs from DARA-treated
individuals reflected incomplete DARA engagement of CD38, we next
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Figure 1. Antibody and CD38 antigen levels are decreased on RBCs isolated from DARA treated individuals. (A) Hemoglobin (Hgb) levels of DARA-treated patients

before DARA exposure and at weeks 1, 2, 3, and 4 of treatment (week 4 n 5 11, as hemoglobin data were not available for 2 patients). (B-E) Flow cytometric detection of in
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incubated RBCs from DARA-treated or nontreated patients with
saturating levels of DARA. RBCs from nontreated patients displayed
higher DARA engagement than RBCs from DARA-treated individuals
(Figure 1C), strongly suggesting that the reduced DAT level following
DARA treatment did not reflect incomplete CD38 binding but instead
possibly reflected an actual loss of theCD38 target antigen. In contrast
to CD38, DARA treatment failed to alter the levels of Kell or Duffy
RBC antigens (Figure 1D-E), indicating that the effects of DARA
were CD38 specific.

While this cross-sectional analysis of the impact ofDARAonCD38
levels suggests that DARA treatment may alter CD38 detection, it
remained possible that the reduced DAT observed following DARA
treatment might simply reflect an inability of DARA to fully engage
RBCs in vivo. To test this, we examined the impact of DARA treat-
ment on RBC CD38 levels before and after infusion. Antibody (DAT)
reactivity on the RBC surface immediately following DARA infusion
was robust and occurred at a level similar to that observed following
DARA incubation with RBCs from nontreated individuals in vitro
(Figure 2A). Additional DARA incubation failed to increase antibody
engagement, strongly suggesting that DARA infusion led to complete
saturation of CD38-binding sites on RBCs in vivo. To determine
whether DARA engagement persists over time, we examined RBCs
1 week following DARA infusion (Figure 2A). Unlike the DAT level
observed immediately following DARA exposure, DAT levels
dropped considerably 1week later, largelymatching the levels observed
in our cross-sectional analysis of patients on active DARA therapy
(Figure 1). Incubation ofRBCswith saturating levels ofDARA failed to
increase antibody reactivity, consistent with the excess DARA detected
in serum samples when conducting IATs (supplemental Table 1), stron-
gly suggesting that decreases in DATs reflected loss of CD38. DARA-
induced decreases in detectable CD38 could be observedwithin 6 hours
of initiating treatment and also exhibited reversibility, as CD38 was
again detectable 6 months after discontinuing treatment and corre-
sponded with a loss of serumDARA detectable by IATs (supplemental
Figures 1 and 2; supplemental Table 3). Similar to our cross-sectional
analysis, DARA-induced changes over time also appeared to be CD38
specific (Figure 2B), as no alterations in Kell or Duffy antigens were
detected (Figure 2C-D).

Detection of CD38 on RBCs following DARA treatment could be
obscured by the masking of CD38 by degraded DARA fragments and/
or complement split products that prevent typical anti–immunoglobulin
G antibodies from recognizing bound DARA or the CD38 antigen.
As a result, we next determined whether the reduced DATs observed
following DARA treatment actually reflected masking of CD38 by
DARAfragments and/or complement split products.To accomplish this,
we first examined whether DARA induced complement fixation on the
RBC surface. No complement was detected on RBCs from DARA-
treated individuals (supplemental Figure 3), signifying that complement-
mediated masking of CD38 was not likely responsible for decreased
CD38 detection.We then directly examined CD38 levels using western
blot analysis. While CD38 protein was clearly present on RBCs before
DARA infusion, it became undetectable 1 week after treatment
(Figure 2E). DARA-induced changes in CD38 were once again
antigen specific, as DARA treatment failed to induce similar changes
in Kell or Duffy antigens (Figure 2F-G). Taken together, these results
demonstrate that DARA possesses the ability to uniformly remove
CD38 from the RBC surface without inducing detectable hemolysis.

The ability of DARA to induce antigen loss explains conflicting
results that surfaced shortly after the introduction of DARA: the ability
of DARA to cause a pan-reactive antibody screen in a patient with a
negative DAT result and no detectable hemolysis. While loss of CD38
on the RBC surface may impact RBC interactions with endothelial

cells or alter other RBC activities,16 DARA-induced removal of CD38
appears to prevent further DARA engagement, possibly protecting
RBCs from continual removal in the face of ongoingDARA treatment.
DARA-induced CD38 removal is consistent with alterations in target
antigens observed in murine models of incompatible transfusion and
correlativefindings in patients with autoimmune hemolytic anemia.17,18

Similar to DARA, in murine models, antibody engagement can in-
duce loss of target antigen, which typically occurs through an Fcg
receptor–dependent pathway.15,19-21 In these settings, even partial loss
of antigen can render RBCs resistant to antibody-mediated hemolysis,15

suggesting that a threshold effect may exist for antibody-induced
clearance.Asa result, even incomplete early lossofCD38might impact
the sensitivity of RBCs to possible DARA-induced removal, although
the initial density of CD38may also play a role in the relative resistance
of RBCs to DARA. While the precise mechanisms and factors that
regulateantibody-inducedantigen losson theRBCsurface remain tobe
determined, understanding factors that dictate antibody-induced antigen
loss versus RBC removal may provide an opportunity to selectively
enhance antigen loss over RBC clearance in the setting of autoim-
mune hemolytic anemia and immune-mediated hemolytic transfusion
reactions.15,19-22 Future studieswill explore these intriguingpossibilities.

The online version of this article contains a data supplement.
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Follicular lymphoma (FL) is the most common type of indolent non-
Hodgkin lymphoma (NHL), accounting for;22% of all patients with
NHL.1 Several studies identified a high-risk population of patients,
comprising;20%of all patientswithNHL,whohadFL that progressed
within 24 months from initiation of the first-line chemoimmunotherapy
and were at increased risk of death.2-4

Idelalisib, a highly selective, orally bioavailable inhibitor of the
d isoform of phosphoinositide 3-kinase d, is indicated in the United
States and Europe as monotherapy for relapsed FL.5,6 A phase 2,
multicenter, open-label, single-arm study evaluated the efficacy and
safety of idelalisib in 125 patients previously treated with first-line
chemoimmunotherapy who had relapsed indolent NHL that was
refractory to both alkylators and rituximab (NCT01282424).7

The primary efficacy end point was the overall response rate (ORR),
assessed using the standard criteria for lymphoma8 by an independent
reviewcommittee.Keysecondaryendpoints includeddurationof response
(DOR), lymph node response rate, overall survival (OS), progression-free
survival (PFS), and safety.7 After median duration of treatment with
idelalisib monotherapy of 6.6 months, 90% of patients in this study
achieved tumor reductions in the size of lymphnodes. TheORRwas 57%,
with 7 (6%) complete responses and 63/125 (50%) partial responses. The
median DOR was 12.5 months and the median PFS was 11 months.7

To examine whether idelalisib improved clinical outcomes in pa-
tients with FL experiencing early progressive disease (PD) after initial
chemoimmunotherapy, we performed a retrospective post hoc analysis in
a subgroup of patients with FL. Histological types of FL permitted in the
study included grades 1, 2, and 3A (with specific exclusion of grade 3B).

Of the 72 patients with FL,7 46 received first-line chemo-
immunotherapy. Nine of these patients had late PD after 24 months
from the initiation of treatment, and 37 had early PDwithin#24months
from the start of treatment. This high-riskpopulationwaswell represented
in the trial (37/125 [30%]), and all 37 patients received idelalisib
treatment (supplementalFigure1, availableon theBloodWebsite).A total
of 19 (51.4%) of these patients were male and 18 (48.6%) were
female; 89.2% had grade 1 or 2 FL, and 56.8% had high-risk Follicular
Lymphoma International Prognostic Index9 scores. The majority of pa-
tients (21/37 [56.8%]) received rituximab, cyclophosphamide, doxorubi-
cin,vincristine, andprednisone-based therapies (R-CHOP-like [R-CHOP,
R-CHEP, R-CHO]) as first-line therapy (supplemental Table 1;
supplemental Figure 1), and were heavily pretreated, with median
number of 3 prior therapies. The median (range) time from the start of
first-line therapy to the start of idelalisib treatmentwas 30.3 (8.9–94.7)
months and the mean (standard deviation) intertreatment interval
between first- and second-line treatments was 12.5 (6.12) months.

Idelalisib had an acceptable safety profile in patients with early PD.
Overall, 34 (91.9%) and 19 (51.4%) early PD patients received oral
idelalisib150mgtwicedaily for$2monthsand$6months, respectively.
In total, 13 out of 37patients (35.1%) and4out of 37patients (10.8%)had
to reduce idelalisib dose to 100 mg and 75 mg twice daily, respectively,
mostly due to increased levels of alanine aminotransferase and aspartate
aminotransferase, followed by diarrhea and neutropenia, consistent with
the similar trend observed in the overall study population.7 The most
commonlyoccurringAEswerediarrhea (51.4%), cough (40.5%), pyrexia
(35.1%), nausea (32.4%), neutropenia (24.3%), night sweats (24.3%),
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