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Introduction

Globo H, a hexasaccharide (Fucα1–2Galβ1–3GalNAcβ1–
3Galα1–4Galβ1–4Glc), is a Globo series glycosphingolipid 
originally isolated from the human breast cancer cell line 
MCF-7 [1] and is highly overexpressed in multiple epi-
thelial cancer cells [2–4]. Globo H plays an essential role 
in tumor survival by promoting immunosuppression and 
tumor survival signaling, triggering endothelial cell migra-
tion, tube formation, and intracellular calcium ion mobiliza-
tion to promote angiogenesis (Fig. 1A) [5]. It may also act 
as an immune checkpoint molecule, facilitating cancer cell 
evasion from immunosurveillance [5, 6]. In normal tissues, 
Globo H expression is limited to the secretory borders of 
apical epithelial cells, which makes it difficult to access by 
the immune system [7, 8]. Therefore, Globo H is a potential 
target for anticancer therapeutics, such as monoclonal anti-
bodies and antibody-drug conjugates (ADCs) [2].
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Abstract
Purpose  OBI-888 is a humanized, monoclonal IgG1 antibody specific to the tumor-associated carbohydrate antigen Globo 
H. We conducted a phase I-II study of OBI-888 in patients with advanced cancer.
Methods  Patients were treated with OBI-888 5, 10, or 20 mg/kg IV weekly in Part A (“3 + 3” design) and 20 mg/kg IV 
weekly in Part B (Simon’s 2-stage design) (1 cycle = 28 days).
Results  Overall, 54 patients were treated (Part A, n = 14; Part B, n = 40). OBI-888 was safe and well tolerated across the 
doses studied, with a low incidence of OBI-888-related treatment emergent adverse events. The maximum tolerated dose 
of OBI-888 was not reached. No dose-limiting toxicities were noted up to the 20 mg/kg dose level (recommended phase 2 
dose). Stable disease (SD) was noted in 28.6% and 20% of Parts A and B, respectively, including three patients with SD for 
6+, 7+, and 9 months. Antibody-dependent cellular cytotoxicity (ADCC) was induced after each OBI-888 treatment (aver-
age increase, 3.8-fold and 4.7-fold in Parts A and B, respectively), suggesting that ADCC induction is a potential mechanism 
of action of OBI-888.
Conclusions  OBI-888 was well tolerated. Prolonged SD was noted in three patients. ADCC was induced after each OBI-888 
treatment.
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OBI-888 is a humanized monoclonal immunoglobu-
lin G (IgG)1 antibody that targets Globo H (Fig.  1B). In 
in vitro studies, OBI-888 triggered complement-dependent 
cytotoxicity (CDC), antibody-dependent cell-mediated 
cytotoxicity (ADCC), and antibody-dependent phagocyto-
sis mechanisms, induced tumor lysis and inhibited Globo 
H-ceramide-induced T-cell suppression [9]. In xenograft 
tumor models, OBI-888 induced tumor growth inhibition, 
decreased M2 macrophage populations, and reversed the 
immunosuppressive effect of Globo H-ceramide, suggesting 
that immune modulation is a potential mechanism of action 
(Fig. 1B) [10]. OBI-888 is highly specific to Globo H and 
does not bind to the other Globo series antigens, SSEA-3 
and SSEA-4. Competitive enzyme-linked immunosorbent 
assay (ELISA) showed that OBI-888 does not bind to trun-
cated Globo H, requiring a full Globo H structure for com-
plete binding. OBI-888 inhibited tumor growth by 40–85% 

in breast, pancreatic, lung, and colon cancer xenograft ani-
mal models and was well tolerated at repeated doses of up 
to 100 mg/kg [Data on File, OBI Pharma Inc.]. Evaluations 
of cardiovascular effects by electrocardiography and central 
nervous system (CNS) effects by functional observational 
battery testing were incorporated into the 28-day repeated-
dose study in cynomolgus monkeys and Sprague Dawley 
rats, respectively. No adverse events (AEs) were noted at 
dose levels of up to 200 mg/kg, nor were there undesired 
effects on cardiovascular or CNS function [Data on File, 
OBI Pharma Inc]. As a glycosphingolipid, the structure of 
Globo H does not differ across species, and thus the bind-
ing efficacy of OBI-888 is expected to remain consistent 
in humans. The pharmacokinetic (PK) profile of OBI-888 
was evaluated in mice (T1/2 8.5 days), rats (T1/2 2.0 to 2.8 
days), and monkeys (T1/2 1.6 days). Biodistribution and 
single-photon emission computed tomography (SPECT) 

Fig. 1  Potential mechanisms of action of OBI-888. (A) OBI-888 may 
block immunosuppression caused by the Globo H antigen recruitment 
of kinases to promote tumor cell survival, prevent angiogenesis by 
blocking Globo H–ceramide shed into the tumor microenvironment, 
activate antibody-dependent cell-mediated cytotoxicity (ADCC) 
through natural killer (NK) cell activation, and activate complement-

dependent cytotoxicity (CDC) through the generation of anti–Globo H 
immunoglobulin G and immunoglobulin M antibodies. Ca2+, calcium 
ions; TRAX, translin-associated factor X. (B) OBI-888 Globo H–tar-
geting monoclonal antibody (mAb). OBI-888 is a monoclonal anti-
body (mAb) that targets the Globo series carbohydrate antigen Globo 
H that is expressed on the cell surface of many solid tumors
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imaging of MCF-7 xenograft mice were used to dem-
onstrate the tumor specificity of OBI-888. OBI-888 was 
preferentially localized to the tumor site (Supplementary 
Fig.  1) [10]. The results of 7-day single-dose and 28-day 
repeat-dose toxicology studies in rats and monkeys were 
unremarkable [Data on File, OBI Pharma Inc.]. The poten-
tial risk of an OBI-888–induced cytokine release syndrome 
was evaluated using a human peripheral blood mononuclear 
cell solid-phase cytokine release assay [Data on File, OBI 
Pharma Inc.]. The levels of inflammatory cytokines, such 
as interleukin (IL)-2, IL-4, IL-6, IL-10, IL-17, tumor necro-
sis factor-α, and interferon-γ, were not significantly higher 
than those with trastuzumab treatment, demonstrating that 
OBI-888 has a minimal effect on nonspecific lymphocyte 
activation.

Here, we report the results of a first-in-human study of 
OBI-888 in patients with advanced solid tumors. We evalu-
ated the safety, tolerability, pharmacokinetics, pharmacody-
namics, and preliminary antitumor activity of OBI-888 as a 
single agent. On the basis of the 28-day rat and monkey tox-
icity studies (200 mg/kg/week), a starting dose of 5 mg/kg 
was chosen for this study. At the expected maximum dose 
of 20  mg/kg/week, the safety margin was approximately 
10-fold.

Patients and methods

Patients

Eligible patients were ≥ 18 years of age and had histo-
logically and/or cytologically confirmed advanced solid 
tumors that had been previously treated with standard-of-
care therapy, and either their physicians had determined 
that such therapy was no longer effective, or patients had 
declined to receive further non-investigational treatments. 
Other inclusion criteria were measurable disease according 
to the Response Evaluation Criteria in Solid Tumors ver-
sion 1.1. (RECIST v1.1); Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1; and adequate 
hepatic, renal, and hematologic function. Patients in Part 
B had to have a documented Globo H H-score of ≥ 100, 
as determined by a validated immunohistochemical assay 
(NeoGenomics®, San Diego, California, USA) approved 
by the US Food and Drug Administration (FDA) for use in 
clinical trials.

Exclusion criteria included a period of less than 3 weeks 
from prior cytotoxic chemotherapy or radiation therapy; 
primary immunodeficiency, systemic steroids (predni-
sone > 10 mg/day or equivalent) or other immunosuppres-
sive agents within the past 14 days; or an active infection 
requiring systemic therapy, including known infection with 

human immunodeficiency virus (HIV) or active infection 
with hepatitis B or C virus; known untreated CNS metasta-
ses; or a history of solid organ transplantation. The complete 
list of eligibility criteria is provided in the Supplementary 
file.

The study was conducted at multiple centers in the 
United States and in Taiwan. The study was approved by 
the institutional review boards of these institutions, and all 
patients provided written informed consent. The study was 
conducted in accordance with the ethical principles of the 
International Council on Harmonization for Good Clinical 
Practice guidelines, the Declaration of Helsinki, and appli-
cable local regulations and was registered at www.clinical-
trials.gov (NCT03573544).

Study design

This study was conducted in two parts: Part A (dose escala-
tion) and Part B (dose expansion). The primary objectives of 
Part A were to establish the maximum tolerated dose (MTD) 
and recommended phase II dose (RP2D) of OBI-888 and of 
Part B (cohort expansion) to further characterize the safety 
and clinical activity of the RP2D dose of OBI-888 admin-
istered as monotherapy. The secondary endpoints included 
the characterization of the PK/PD profiles of OBI-888.

This was an open-label study with eligible patients 
assigned to a dose level in the order of study entry accord-
ing to the 3 + 3 design in Part A or to a cohort according to 
tumor type in Part B (cohort 1: pancreatic adenocarcinoma; 
cohort 2: esophageal cancer; cohort 3: gastric cancer; cohort 
4: colorectal cancer; cohort 5: basket [any solid tumor type 
other than those included in cohorts 1 through 4]) (Fig. 2).

Treatment

OBI-888 was administered via intravenous (IV) infusion at 
doses of 5, 10, or 20 mg/kg in Part A (dose escalation) and 
at the RP2D of 20 mg/kg in Part B (cohort expansion), on 
days 1, 8, 15, and 22 of each 28-day cycle in both parts of 
the study (Fig. 2). The infusion was administered for a dura-
tion of approximately 90 min (± 10 min) for cycles 1 and 2, 
with the option of reducing the infusion time of cycle 3 to 60 
or 30 min at the discretion of the investigator, provided that 
no infusion-related AEs occurred at prior dose levels. DLTs 
were defined as any of the following that occurred within 
28 days of starting the study treatment: grade 4 neutrope-
nia, grade ≥ 3 febrile neutropenia with or without infection, 
grade 4 thrombocytopenia or grade 3 thrombocytopenia 
with bleeding, grade ≥ 3 nausea and vomiting or diarrhea 
for more than 72 h despite optimal supportive care, or any 
other grade ≥ 3 non-hematological AE that did not resolve 
before the next infusion. Treatment was continued until 
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no reported relationship information, were defined as drug 
related.

Computed tomography or magnetic resonance imaging 
evaluations were performed during screening and every 8 
weeks (± 1 week) for the first 6 months of the study, and 
then every 12 weeks (± 1 week) thereafter and at the ter-
mination visit. The tumor response was measured using 
RECIST v1.1 [11]. Stable disease lasting ≥ 4 months was 
considered clinical benefit [12, 13].

Pharmacokinetics

Blood samples for the PK analysis of OBI-888 levels were 
collected immediately prior to infusion, immediately fol-
lowing the end of the 90-min infusion, and 1, 4, and 8  h 
after the end of the infusion during cycle 1 on days 1, 8, 15, 
and 22 in Part A. Samples were collected prior to infusion 
during cycle 1, days 1, 8, and 15; immediately after infusion 
during cycle 1, days 1 and 15; and 1, 3, and 6 h after the end 
of infusion during cycle 1, and day 1 in Part B.

The concentration of the study drug was determined 
from the serum samples using a validated ELISA method. 
PK parameters were calculated using a non-compartmental 

progressive disease, unacceptable toxicity, or a decision by 
the investigator or patient to discontinue treatment.

Patient monitoring

Safety assessments, including vital signs, physical exami-
nations, electrocardiography recordings, AEs, and clini-
cal laboratory tests (routine hematology, serum chemistry, 
coagulation, and urinalysis), were performed at protocol-
specific visits (on cycle 1; days 1, 8, 15, and 22; and on day 
1 of each subsequent treatment cycle).

A treatment-emergent adverse event (TEAE) was defined 
as an AE with an onset date on or after the start of treat-
ment with the study drug or an AE that was present prior to 
the receipt of the study treatment and worsened in severity 
or increased in frequency, on or after the first dose. TEAEs 
were graded using the National Cancer Institute Common 
Terminology Criteria for Adverse Events (NCI CTCAE), 
version 4.03. AEs having both onset and end dates miss-
ing were defined as TEAEs, and events reported as “unre-
lated” or “unlikely related” were defined as unrelated to the 
study drug. Events reported as “possibly related,” “prob-
ably related,” or “definitely related,” as well as events with 

Fig. 2  Study design: A. Dose escalation; B. Expansion part of the study
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was designed to enroll up to 150 total patients based on 
Simon’s 2-stage design [14], with up to 9 patients in each 
cohort recruited in the first stage. If at least one objective 
response was observed within the first six cycles of therapy, 
up to 21 additional patients were enrolled in that cohort, for 
a total of up to 30 patients per cohort. If at least four objec-
tive responses were observed within the first six cycles of 
therapy in these 30 patients, then OBI-888 was considered 
worthy of further evaluation. This design was based on the 
assumption that an overall response rate of 5% or lower 
would result in a low level of interest in further develop-
ment of the treatment, whereas an overall response rate of 
25% or higher would elicit a high level of interest in the 
treatment. The sample size was based on a one-sided alpha 
of 0.05 and 90% power. The 95% confidence interval (CI) 
was estimated using the exact binomial distribution.

Results

Patient demographics

The patient demographics are detailed in Table 1. Fourteen 
patients were enrolled in Part A. Their mean age was 58.2 
years. Eleven patients were women and three men. Thir-
teen patients had an ECOG score of 1 and one patient had a 
score of 0. Their median number of prior therapies was three 
(range, 1–9). All patients treated in Part A were included in 
the safety and PK study.

Forty patients were enrolled in Part B. Their mean age 
was 59.8 years. Twenty-four patients were men and 16 were 
women. Twenty-six (65%) of 40 patients had an ECOG 
score of 1 and 14 had a score of 0. Their median number 
of prior therapies was four (range, 1–9). All patients treated 
in Part B were included in the safety study population and 
16 patients (16/40, 40.0%) were included in the PK study 
population.

Safety and tolerability

The median duration of treatment with OBI-888 was 7.1 
weeks (range, 0.1–39.1). The median number of doses given 
was 8.0 (range, 1–36). In Part A, the median duration of 
treatment with OBI-888 was 6.9 weeks (range, 1.1–27.1). 
The median number of doses given was 8.0 (range, 2–26). 
All 14 patients received at least two OBI-888 doses, with 
4/14 patients (28.6%) receiving six doses and 3/14 patients 
(21.4%) receiving eight doses, with a mean extent of expo-
sure of 67.0 days (SD = 51.8). Thirteen patients (13/14, 
92.9%) experienced TEAEs during Part A (Supplementary 
Table 1A), with 50% of the TEAEs attributed to OBI-888. 
Two patients (2/14, 14.3%) reported three serious adverse 

method (Phoenix WinNonlin Software, v8.3) from blood 
samples collected during cycle 1, dose 1 and included 
Cmax, total exposure (AUC), half-life (t1/2), clearance, 
and volume of distribution (Vd). To assess the attainment 
of the steady state, trough (Cmin) concentrations and peak 
concentrations (end of infusion) of each dose were obtained 
directly from the analytical data.

Pharmacodynamics and biomarkers

Tumor tissue samples were collected from all the patients 
at the time of screening for entry in both parts of the study. 
While attempts were made to obtain fresh biopsy specimens, 
archival samples were retained along with the histology or 
pathology report when possible. All fresh biopsy speci-
mens or archival samples were sent to the central laboratory 
(NeoGenomics, Aliso Viejo, California, USA) for Globo H 
expression analysis using a validated immunohistochemical 
assay (NeoGenomics) approved by the US FDA for use in 
clinical studies.

Tumor biopsy samples mandated at baseline were also 
used to examine the expression of immune markers, such 
as tumor-infiltrating lymphocytes, including natural killer 
cells, and immune checkpoints, such as PD-L1, using 
immunohistochemistry, as well as to evaluate the expres-
sion of additional tumor-associated glycans. Blood samples 
used for PK and antidrug antibody (ADA) assessments were 
pooled and used for serum glycan analysis. Blood samples 
were collected during cycle 1, days 1 and 15; cycle 2, day 
22; and cycle 4, day 1 for ADCC analysis (serum samples 
were analyzed using the ADCC Reporter Bioassay [Pro-
mega, Madison, Wisconsin, USA] established on Globo 
H-expressing MCF-7 cells); cycle 1, days 1, 8, and 15 for 
CDC/ADCC analysis; and cycle 1, day 1 for KIR, HLA, and 
FcγR genotyping.

Immunogenicity

ADAs against OBI-888 were assessed in serum samples 
obtained prior to infusion during cycles 1 and 2, days 1, 8, 
15, and 22; every two cycles beginning with cycle 3; and 
at the end of the study/early termination using a series of 
validated ELISA-based assays (Syneos Health, Morrisville, 
North Carolina, USA). For patients with persistent anti-
bodies at the end of the study, an additional ADA sample 
was collected four months after the end-of-study visit, if 
possible.

Statistical analysis

A “3 + 3” design was used in the dose-escalation part of 
the study (Part A). The cohort-expansion phase (Part B) 
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events (SAEs) that were unrelated to OBI-888. There were 
no DLTs or TEAEs leading to discontinuation of OBI-888 
treatment, and no deaths were reported in Part A of the study. 
TEAEs related to OBI-888 in Part A by system organ class 
and preferred terms are shown in Supplementary Table 1B.

The MTD was not achieved at the maximum dose tested 
(20 mg/kg) in Part A; therefore, 20 mg/kg was determined 
as the RP2D, and it was used in Part B of the study. In Part 
B, the median number of doses given was 8.0 (range, 1–36). 
Thirteen of 40 (32.5%) patients received ≥8 doses of OBI-
888, 7/40 patients (17.5%) received 4 doses, and the remain-
der of the patients received 1–3 doses, with mean extent of 
exposure being 57.5 (SD = 55.7) days. Thirty-nine patients 
(39/40, 97.5%) experienced TEAEs in Part B, and 47.5% of 
these TEAEs were attributed to OBI-888 (55 drug-related 
TEAEs) (Table 2). Twenty-two patients (22/40, 55%) expe-
rienced grade ≥ 3 TEAEs and 17 patients (17/40, 42.5%) 
reported SAEs (only one SAE was determined to be OBI-
888 related). TEAEs led to the discontinuation of OBI-888 
in five patients (5/40, 12.5%). The TEAEs in four of the five 
patients were not serious, but the fifth patient had a serious 
infusion-related reaction. Two patients (2/40, 5.0%) died 
during Part B: one patient from cohort 1 (pancreatic cancer) 
died following the development of sepsis and one patient 
from cohort 4 (colorectal cancer) died from progressive dis-
ease (the study drug was discontinued because of disease 
progression two weeks prior to the patient’s assessment for 
abdominal pain that was attributed to disease progression). 
Deaths were not attributable to OBI-888. TEAEs related to 
OBI-888 in Part B according to system organ class and pre-
ferred terms are shown in Supplementary Table 2.

Laboratory assessments, vital signs, echocardiography, 
and physical examinations did not reveal any safety con-
cerns for OBI-888.

Immunogenicity

A positive result for anti–OBI-888 neutralizing antibodies 
was observed at baseline (prior to cycle 1, day 1 dose) in 6 
patients (the signal disappeared at subsequent time points in 
one patient, suggesting that it was not induced by OBI-888). 
ADA induction at week 21 was observed in 5 patients and at 
the end of the study in 4 patients.

Tumor biopsies and Globo H assessment in Part B

Of the 40 patients who were enrolled in Part B, 5 (12.5%) 
patients underwent a fresh tumor biopsy, and for the remain-
ing 35 (87.5%) patients archival tumor tissue was used for 
assessment of Globo H results. Among the 35 archival 
biopsies, 42.9% were collected within 1 year, 31.4% were 
collected 1–2 years prior to enrollment, and the remaining 
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25.7% were collected > 2 years and within 5 years from 
enrollment on the study. The source of the biopsy was from 
the primary tumor in 25 (62.5%) patients and from meta-
static sites in 15 (37.5%) patients.

Tumor biopsy samples were also used to evaluate the 
percentages of lymphocytes and macrophages within the 
intertumoral and peritumoral area, based on the cell mor-
phology under H&E staining. The correlation between 
tumor-infiltrating lymphocytes (TILs) and tumor- infiltrat-
ing macrophages (TIMs) levels with the Globo H score is 
shown in the scatter plot of the Supplementary Fig. 2.

Pharmacokinetics and pharmacodynamics

Pharmacokinetics

While 14 patients were enrolled in Part A and 40 patients 
were enrolled in Part B, PK sampling was sparse in Part B, 
with samples collected only at the end of infusion and 72 
and 168 h after the end of infusion of the first dose (cycle 
1, day 1). Therefore, PK parameters cannot be determined 
using non-compartmental analyses.

The mean PK parameters of OBI-888 in both studies are 
presented in Table 3. The maximum concentration of OBI-
888 was reached shortly after the end of infusion, followed 
by a bi-exponential decline. OBI-888 exposure and Cmax 
generally increased with increasing dose during the dose-
escalation phase (Part A). The PK profile of OBI-888 at a 
20 mg/kg dose following single-dose administration in Part 
B was similar to that of the 20 mg/kg dose in Part A (Supple-
mentary Fig. 3 [A]).

Although AUCinf in the pancreatic and basket cohorts 
was slightly higher than that in the other cohorts (likely 
attributable to the small sample sizes), exposure to OBI-888 
across all cohorts in Part B was generally similar (Supple-
mentary Fig. 3 [B]). The mean volume of distribution (Vd) 
ranged from 4.3 to 7.9 L across the treatment cohorts, con-
sistent with the expected distribution volume of large-pro-
tein therapeutics. The half-lives (t1/2) ranged from 1.1 to 1.6 
days across all cohorts.

ADCC activity

ADCC was induced after each OBI-888 infusion, and cyto-
toxicity levels dropped back to baseline within 7 days. The 
average ADCC induction levels in the patient cohorts in Part 
A were 3.0-fold to 4.4-fold higher than baseline, with cohort 
3 (20 mg/kg) having the highest ADCC induction level and 
the smallest SD of 0.6-fold (Supplementary Table 4), which 
supported the decision to use the 20 mg/kg dose in Part B 
of the study.
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CDC is not a major mechanism of action of OBI-888. Simi-
larly, it has been previously reported that CDC does not play 
a major role in mediating the effects of the anti-HER2 anti-
body trastuzumab [15].

Response and PFS

The time of treatment and course of the disease for each 
patient are shown in the swimmer plot (Fig. 3). In Part A, 
of the 14 patients who were evaluable for response, 28.6% 
had stable disease by RECIST and 14.3% had stable dis-
ease lasting ≥ 4 months (95%CI, 1.8 − 42.8%). In Part B, 
of the 40 patients who were evaluable for response, 20% 
had stable disease by RECIST (ranging from 12.5 to 25.0% 
in the individual cohorts), and 10% had stable disease last-
ing ≥ 4 months (95%CI, 2.8 − 23.7%). The median PFS was 
1.8 months (95% CI, 1.18–2.96) in Part A, and 1.8 months 
(95% CI, 1.71–1.87) in Part B respectively (Supplemen-
tary Table 3). Overall, three patients had stable disease 
for 6 + months (adenoid cystic carcinoma of the Bartholin 
gland), 7 + months (well-differentiated neuroendocrine car-
cinoma), and 9 months (gastric cancer).

For patients who discontinued treatment, the primary 
reason was disease progression in 41 (75.9%) patients; 

Serum samples across cohorts in Part B demonstrated 
a similar pattern of ADCC induction (average cohort 
increases of 3.7-fold to 5.3-fold). Patients with pancreatic 
cancer had significantly lower ADCC induction levels than 
those with esophageal cancer, gastric cancer, and basket 
cohorts (Supplementary Table 4). These results provide 
evidence that ADCC induction is a potential mechanism of 
OBI-888 action.

CDC Activity

All serum samples were analyzed using a chemilumines-
cence-based CDC assay, and CDC activity was expressed 
as the percentage of lysis for each sample. Serum samples 
from patients in Part A demonstrated weak or no CDC 
induction after OBI-888 infusion in Cohort 1 (5 mg/kg), 9% 
CDC activity in Cohort 2 (10 mg/kg), and 11% CDC activ-
ity in Cohort 3 (20 mg/kg). CDC activity was significantly 
higher in cohort 3 than in cohort 1 (p = 0.007). This observa-
tion supports the decision to use a 20 mg/kg dose in Part B 
of the study.

Serum samples from patients across all cohorts in Part B 
demonstrated CDC activity of 0–10%. These data suggest 
that OBI-888 has low potential to induce CDC; therefore, 

Fig. 3  Swimmer plot shows time on treatment and course of the disease for each patient
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