
A phase I study of the fully human, fragment crystal-
lizable-engineered, anti-CD-33 monoclonal antibody 
BI 836858 in patients with previously-treated acute 
myeloid leukemia   

 
In recent years, several research programs in acute 

myeloid leukemia (AML) have investigated the use of 
therapeutic monoclonal antibodies, which primarily elicit 
their effects through direct cell killing (apoptosis), via 
antibody-dependent cellular cytotoxicity (ADCC) or anti-
body-dependent cellular phagocytosis (ADCP).1,2 
Attention has been particularly focused on the myeloid 
differentiation antigen CD33,2 which is expressed on the 
surface of leukemic blast cells of almost all AML 
patients.1 While the activity of unconjugated anti-CD33 
antibodies such as lintuzumab has been generally disap-
pointing to date,3-6 clinical experience with gemtuzumab 
ozogamicin, a humanized anti-CD33 antibody-drug con-
jugate, provides proof-of-principle for targeting CD33 in 
patients with AML.7,8  

BI 836858 is a fully humanized IgG1 unconjugated 
anti-CD33 monoclonal antibody.1,9 Unlike lintuzumab, 
BI 836858 was fragment crystallizable (Fc)-engineered 
for increased binding to FcγRIIIa (CD16),9 a receptor 
found on the surface of natural killer (NK) cells and 
known to be involved in ADCC signaling.1,10 
Accordingly, BI 836858 demonstrated superior ADCC 
to lintuzumab in AML cells in the laboratory.9 Here, we 
report the findings of a phase I dose escalation study of 
BI 836858 in patients with relapsed or refractory (R/R) 
AML, according to World Health Organization 2016 cri-
teria (clinicaltrials gov. Identifier: NCT01690624).  

Details of the study are available on request. Briefly, 
BI 836858 was administered as an intravenous (i.v.) 
infusion every 7 days in a 14-day treatment cycle (days 
1 and 8). Premedication was obligatory prior to the first 
three administrations (acetaminophen/paracetamol; anti-
histamine; glucocorticoid). The starting dose of BI 
836858 was 10 mg, and in the absence of dose-limiting 
toxicities (DLT), dose escalation up to 320 mg was 
planned. Patients could receive up to eight repeated 
administrations of BI 836858 and in the case of clinical 
benefit and acceptable tolerability were allowed to con-
tinue treatment beyond that until disease progression. In 
the first seven patients, infusions were administered over 
a 3-hour period; however, due to the occurrence of a high 
number of infusion-related reactions (IRR), administra-
tion was adapted to a stepwise rate-controlled infusion 
with an increased premedication glucocorticoid dose 
(100 mg prednisolone or equivalent). If no IRR were 
apparent after first administration, the dose was reduced 
to 50 mg for adminstrations two to four, 25 mg for 
administration 5 and zero thereafter. Also, the protocol 
was adapted according to tumor load; patients with 
>5,000 leukocytes/mL peripheral blood were excluded. 
The primary endpoints for the study were the maximum 
tolerated dose (MTD) and number of patients with DLT 
during the MTD evaluation period (the first 2 treatment 
cycles). Secondary efficacy endpoints included best over-
all response according to International Working Group 
Criteria and progression-free survival (PFS), defined as 
the time from first treatment with BI 836858 until disease 
progression, relapse or death. 

Fifty-five patients were screened and 27 were treated 
with BI 836858 (10-40 mg; Table 1). The median duration 
of treatment was 21 days (range, 1-99 days), with a medi-
an of three infusions given (range, 1-14 infusions). The 
DLT evaluation period was not completed by 13 patients 

for reasons other than DLT (progressive disease, n=7; 
fatal intracranial hemorrhage, n=1; other adverse event 
[AE], n=2; patient refusal, n=1; not evaluable per proto-
col, n=1; persistent disease/lack of efficacy, n=1), there-
fore the MTD analysis set comprised 14 patients. Two 
patients in the 10 mg cohort had DLT. One patient had 
drug-related grade 3 elevated alanine aminotransferase 
(ALT) and aspartate transaminase (AST) 2 days after the 
first dose of BI 836858, which resolved within 8 days and 
5 days, respectively. No change was made to study treat-
ment for this patient. A second patient had a treatment-
related grade 3 liver function test increased 3 days after 
the first dose of BI 836858, which resolved within 6 days. 
BI 836858 was discontinued in this patient. Following 
protocol amendment, no further DLT were reported in 
the 10, 20 or 40 mg dose cohorts. The MTD was not 
reached because the study was prematurely terminated 
by the sponsor, based on interim pharmacodynamic eval-
uations.  

The most common AE were febrile neutropenia 
(44%), nausea (44%), IRR (41%) and anemia (37%; 
Table 2). Febrile neutropenia (41%) was the most fre-
quent grade 3 AE. Grade 4 AE were reported in six 
patients (22%). Seventeen (63%) patients had AE con-
sidered related to BI 836858 (9 in the 10 mg cohort, 5 in 
the 20 mg cohort, and 3 in the 40 mg cohort). The most 
common were IRR (11 patients [41%]). The rate of IRR 
was higher prior to adaptation of the infusion protocol 
(57% vs. 35% after adaptation) with all IRR occurring in 
patients with a white blood cell (WBC) count of 
>10x103/mL. The majority of IRR occurred during the first 
six infusions. All cases of IRR were manageable with 
established supportive care measures. No patients expe-
rienced AE that led to dose reductions. Six (22%) patients 
discontinued treatment due to AE, including one with 
grade 3 febrile neutropenia (20 mg dosing cohort), one 
with grade 2 leukocytosis (10 mg), one grade 3 cardiac 
failure (40 mg), one grade 3 IRR (20 mg), one grade 3 liver 
function test increased (10 mg) and one patient with a 
grade 4 neutrophil count decreased (10 mg). Twenty-
three patients (85%) had serious AE (SAE); five SAE were 
considered to be related to the study drug and were 
recorded in four patients (grade 3 IRR; grade 3 IRR and 
grade 3 liver function test increased; grade 3 non-cardiac 
chest pain; grade 3 elevated ALT/AST). Sixteen patients 
died during the study (8 during the on-treatment period; 
4 of which were due to disease progression and 4 were 
due to unknown reasons). None of the deaths were relat-
ed to study treatment. Special search categories for AE 
(i.e., user-defined search categories) were used for this 
study to adequately monitor the frequency and severity 
of anticipated AE (e.g., potential class effects). The most 
frequent user-defined AE were neutropenia (48%), nau-
sea (44%), IRR (41%) and drug-related hepatic disorders 
(33%). Laboratory evaluation demonstrated that 24 
(89%) patients had low WBC counts (grade 3: 33%; 
grade 4: 52%)  

BI 836858 exhibited two-compartmental pharmacoki-
netic behavior, with maximum plasma concentrations 
generally achieved at the end of the infusion (Table 3). 
From 10 to 40 mg BI 836858, maximum plasma concen-
trations for patients with R/R AML patients increased in 
a dose-proportional manner (Online Supplementary Figure 
S1). BI 836858 exposure and apparent terminal half-life 
(t1/2) increased with increasing doses (Table 3). Total plas-
ma clearance was low and decreased in a dose-dependent 
manner. The volume of distribution was small, at approx-
imately 6-7 L. No accumulation of BI 836858 was 
observed in plasma after weekly doses of up to 20 mg. 
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Slight accumulation was observed in patients receiving 
40 mg. Anti-drug antibodies were detected in one of 25 
patients with R/R AML after the first infusion in cycle 1; 
however, this patient had tested positive prior to treat-
ment commencement. 

Baseline absolute counts of CD33+ blasts in peripheral 

blood and bone marrow were highly variable, ranging 
from 15% to 95% and 28% to 95% of total blasts, 
respectively. Overall, total blood blasts remained 
unchanged following treatment with BI 836858. 
However, pharmacodynamic analyses showed 
decreased levels of CD33+ blasts in blood after adminis-
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Table 2. All-cause adverse events by MedDRA preferred terms and highest CTCAE grade in patients with relapsed or refractory acute myeloid 
leukemia treated with BI 836858 during the on-treatment period. 
 AE, n (%)                                                 All grades                   Grade 1/2                     Grade 3                        Grade 4                        Grade 5 

 Total with AE                                                      27 (100)                               2 (7)                               11 (41)                               6 (22)                                 8 (30) 
 Febrile neutropenia                                          12 (44)                                1 (4)                               11 (41)                                    0                                           0 
 Nausea                                                                 12 (44)                              12 (44)                                   0                                          0                                           0 
 Infusion-related reactions                              11 (41)                               8 (30)                               3 (11)                                     0                                          0 
 Anemia                                                                 10 (37)                                1 (4)                                8 (30)                                 1 (4)                                       0 
 Dyspnea                                                                9 (33)                                8 (30)                                1 (4)                                      0                                           0 
 Platelet count decreased                                  8 (30)                                     0                                         0                                     8 (30)                                     0 
 Constipation                                                        7 (26)                                7 (26)                                    0                                          0                                           0 
 White blood cell count decreased                 7 (26)                                 1 (4)                                  1 (4)                                  5 (19)                                      0 
 Hypokalemia                                                        7 (26)                                6 (22)                                1 (4)                                      0                                           0 
 Fatigue                                                                   6 (22)                                5 (19)                                1 (4)                                      0                                           0 
 Sepsis                                                                    4 (15)                                     0                                     1 (4)                                   2 (7)                                   1 (4) 
 Atrial fibrillation                                                  3 (11)                                     0                                    3 (11)                                     0                                           0 
Adverse events (AE) shown are those occurring in >20% of patients for all grades and grade 1/2, >10% for grade 3 and all grade 4. CTCAE: common terminology criteria 
for adverse events; R/R AML: relapsed or refractory acute myeloid leukemia. Medical dictionary for drug regulatory activities (MedDRA) version used for reporting: 21.0. 

Table 1. Baseline demographics and characteristics of patients with relapsed/refractory acute myeloid leukemia treated with BI 836858. 
                                                                                                                  BI 836858 dose 
 Characteristics                                                       10 mg                               20 mg                                 40 mg                            All patients 
                                                                                 N=12                                  N=8                                     N=7                                   N=27 

 Male                                                                                        6 (50)                                       6 (75)                                          3 (43)                                       15 (56) 
 Race                                                                                                                                                                                                                                                          
     White                                                                                12 (100)                                     6 (75)                                          6 (86)                                       24 (89) 
     Black/African American                                                       0                                            2 (25)                                              0                                              2 (7) 
     Multiple*                                                                                0                                                 0                                              1 (14)                                         1 (4) 
 Age, years                                                                                                                                                                                                                                                
    Median (range)                                                           63.5 (36-77)                             62.0 (45-67)                               70.0 (63-81)                             67.0 (36-81) 
    <65                                                                                      6 (50)                                       4 (50)                                          1 (14)                                       11 (41) 
     ≥65                                                                                      6 (50)                                       4 (50)                                          6 (86)                                       16 (59) 
 ECOG PS                                                                                                                                                                                                                                                  
     0                                                                                           4 (33)                                       1 (13)                                          1 (14)                                        6 (22) 
     1                                                                                           8 (67)                                       5 (63)                                          3 (43)                                       16 (59) 
     2                                                                                                0                                            2 (25)                                          3 (43)                                        5 (19) 
 Type of AML                                                                                                                                                                                                                                            
     De novo                                                                             7 (58)                                       3 (38)                                          5 (71)                                       15 (56) 
     Secondary                                                                         5 (42)                                       5 (63)                                          2 (29)                                       12 (44) 
 Blasts in bone marrow                                                                                                                                                                                                                        
     Median, % (range)                                                   18.0 (4.0-96.0)                          56.0 (0-90.0)                            50.0 (1.0-92.0)                           41.5 (0-96.0) 
 Bone marrow blasts category                                                                                                                                                                                                             
    <30%                                                                                   7 (58)                                       2 (25)                                          2 (29)                                       11 (41) 
    ≥30%                                                                                   4 (33)                                       6 (75)                                          5 (71)                                       15 (56) 
    Missing                                                                                1 (8)                                             0                                                   0                                              1 (4) 
 Previous systemic anti-leukemia therapies                                                                                                                                                                                    
     Median, n (range)                                                         2.0 (1-7)                                   3.5 (1-9)                                     2.0 (1-5)                                   3.0 (1-9) 
     ≥1 line of iHD                                                                  10 (83)                                     8 (100)                                       7 (100)                                      25 (93) 
     ≥1 line of pLD                                                                  3 (25)                                       3 (38)                                          3 (43)                                        9 (33) 
     ≥1 line of ASCT                                                                4 (33)                                       2 (25)                                          1 (14)                                        7 (26) 
     ≥1 line of other                                                                2 (17)                                       1 (13)                                              0                                             3 (11) 
*American Indian/Alaskan native and White. Data are n (%), unless otherwise stated. iHD: intensive high dose; pLD: palliative low dose; ECOG PS: Eastern Cooperative 
Oncology Group performance status; R/R AML: relapsed or refractory acute myeloid leukemia; ASCT: allogeneic stem cell transplantation.  



tration of 40 mg BI 836858, indicating target engage-
ment (Online Supplementary Figure S2). In the 40 mg dose 
cohort, CD33+ blasts were undetectable in the bone mar-
row of five of seven patients on cycle 1 day 8, suggesting 
target saturation. Conversely, in the 10 mg cohort, the 
majority of patients had detectable CD33+ blasts at this 
time point. Most patients had low NK counts (CD3-neg-
ative, CD16-positive, CD56-positive) in the blood and 
bone marrow at screening (Online Supplementary Figure 
S3). Peripheral blood NK cells were below the lower 
limit of normal (<30 cells/mL), within the lower end of 
normal range (30-150 cells/mL), normal (>150 cells/mL) 
and missing in 30%, 56%, 11% and 4% of patients, 
respectively. Of note, there was a transient decline in NK 
cell counts at cycle 1 day 4 compared to the screening 
values in patients across all treatment cohorts. NK cells 
in the bone marrow ranged from very few to 7%. In 
both blood and bone marrow, there were no significant 
changes in the numbers of activated NK cells (expressing 
CD69 or CD158b) during treatment (data not shown). 
Monocyte counts were also below, or at the very end of 
the lower limit of the normal range in the majority 
(59%) of patients. 

No responses to treatment were detected; 23 patients 
(85%) were removed from the study due to lack of 
response with persistent AML, two (7%) patients were 
not evaluable, and two (7%) did not have a post-baseline 
assessment. Median PFS was 29 days (95% confidence 
interval: 27-50). There were no notable changes in the 
percentage of myeloid blasts in the bone marrow during 
the treatment period.  

To conclude, this study provides valuable information 
about the safety, efficacy, pharmacokinetics and pharma-
codynamics of BI 836858 in patients with R/R AML 
which may have important implications for potential 
future development of immunotherapies in this setting. 
BI 836858 had predictable and manageable tolerability 
with no unexpected AE. However, although there was 
evidence of target engagement in the blood and to some 
extent in the bone marrow, no responses to BI 836858 
were observed. The primary objective of MTD was not 
met due to premature termination. We hypothesize that 
the low levels of baseline effector cells observed in this 
study were relevant to the lack of efficacy of BI 836858. 
Other studies indicate that baseline NK cell phenotype 
and function is defective in patients with AML.11 
Interestingly, phenotypic and functional abnormalities of 
NK cells appear to be partially restored in AML patients 
achieving a complete remission (CR).11 As BI 836858 
relies on ADCC for functionality, the low levels of effec-
tor cells detected in the patient population, and the lack 
of pharmacodynamic effects (see Online Supplementary 
Appendix), underpinned the decision to terminate the 
study based on a lack of perceived benefit over risk. 

In contrast to the current study, lintuzumab conferred 
objective responses including CR in a phase I dose esca-
lation trial in R/R AML.12 Given that BI 836858 was a 
similar design to lintuzumab (both were fully humanized 
IgG1 monoclonal antibodies, though BI 836858 was Fc 
engineered to increase ADCC) and was considered supe-
rior to lintuzumab in preclinical experiments,9 it is not 
clear why it did not show clinical activity in this phase I 
study. Lintuzumab is dependent on engagement of sever-
al immune effector cells including macrophages/mono-
cytes (that facilitate ADCP)13 as well as NK cells (that 
facilitate ADCC).13 The impact of BI 836858 on immune 
effector cell function in patients requires more evalua-
tion. It is possible that differences in internalization 
kinetics of CD33 following engagement with lintuzumab 
or BI 836858 may influence immunogenicity. While inter-
nalization is slower with BI 836858 and this correlates 
with superior ADCC in cell-based assays,9 it is uncertain 
how this may influence other effector functions. Also, 
lack of efficacy could potentially relate to pre-adminis-
tration of glucocorticoids. Despite steps to reduce gluco-
corticoid dose as soon as possible, administration may 
interfere with NK cell function, as indicated in previous 
preclinical studies.14,15 However, unpublished observa-
tions suggest that BI 836858 may activate NK cells when 
combined with decitabine, despite premedication with 
glucocorticoids. Further clinical studies have been 
designed to assess combination regimens that may 
potentiate the activity of BI 836858 by increasing effec-
tor immune function. For example, based on preclinical 
evidence that decitabine increased BI 836858 activity via 
upregulation of the NK group 2D ligand,9 a phase II 
study is exploring the efficacy and safety of this combi-
nation (clinicaltrials gov. Identifier: NCT02632721). 
Other BI 836858-based combinations are also being 
assessed in a multi-sub-study phase Ib/II trial (clinicaltri-
als gov. Identifier: NCT03013998). These studies will 
include post-remission therapy when immune effectors 
might be more numerous and active. 
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Table 3. Summary of pharmacokinetic parameters following a single infusion of BI 836858 in patients with relapsed or refractory acute 
myeloid leukemia (n=25, infusion duration 3-6 hours in different dose groups). 

 Pharmacokinetic parameters* 
                                 AUC0-∞             AUC0-∞, norm              Cmax               Cmax, norm                     tmax                      t½                       CL                     Vss 
                                ng.h/mL        (ng.h/mL)/mg         ng/mL        (ng/mL)/mg               hours                 hours                mL/min                  L 

 10 mg† (n=12)        23,400 (137)           2,340 (137)             873 (207)          87.3 (207)             4.43 (3.00-7.00)        11.3 (64.3)              7.11 (137)            7.01 (53.0) 
 20 mg‡ (n=6)          97,900 (114)           4,890 (114)          3,270 (35.4)        164 (35.4)             6.10 (5.00-8.80)        21.4 (91.7)              3.40 (114)            6.30 (29.4) 
 40 mg‡ (n=7)         296,000 (256)          7,400 (256)          6,100 (82.1)        152 (82.1)             5.87 (5.00-8.45)        34.5 (107)              2.25 (256)            6.86 (69.5) 
*Shown are geometric mean (%gCV) non-compartmental pharmacokinetic parameters of BI 836858 except for tmax which is shown as median (range); †infusion range 
from 3-6 hours; ‡5-hour infusion. AUC0-∞: area under the plasma concentration-time curve over the time interval from zero extrapolated to infinity; CL: clearance; Cmax: max-
imum concentration; gCV: geometric coefficient of variance; NA: not assessable; NC: not calculated; norm: normalized to administered dose; R/R AML: relapsed or refractory 
acute myeloid leukemia; tmax: time point at which maximum concentration is reached; t½: apparent half-life; Vss: volume of distribution at steady state 
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