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abstract

PURPOSE To evaluate the safety, pharmacokinetics, and pharmacodynamics of Hu5F9-G4 (5F9), a humanized
IgG4 antibody that targets CD47 to enable phagocytosis.

PATIENTS AND METHODS Adult patients with solid tumors were treated in four cohorts: part A, to determine a
priming dose; part B, to determine a weekly maintenance dose; part C, to study a loading dose in week 2; and a
tumor biopsy cohort.

RESULTS Sixty-two patients were treated: 11 in part A, 14 in B, 22 in C, and 15 in the biopsy cohort. Part A used
doses that ranged from 0.1 to 3 mg/kg. On the basis of tolerability and receptor occupancy studies that showed
100% CD47 saturation on RBCs, 1 mg/kg was selected as the priming dose. In subsequent groups, patients
were treated with maintenance doses that ranged from 3 to 45mg/kg, andmost toxicities were mild to moderate.
These included transient anemia (57% of patients), hemagglutination on peripheral blood smear (36%), fatigue
(64%), headaches (50%), fever (45%), chills (45%), hyperbilirubinemia (34%), lymphopenia (34%), infusion-
related reactions (34%), and arthralgias (18%). No maximum tolerated dose was reached with maintenance
doses up to 45 mg/kg. At doses of 10 mg/kg or more, the CD47 antigen sink was saturated by 5F9, and a 5F9
half-life of approximately 13 days was observed. Strong antibody staining of tumor tissue was observed in a
patient at 30 mg/kg. Two patients with ovarian/fallopian tube cancers had partial remissions for 5.2 and
9.2 months.

CONCLUSION 5F9 is well tolerated using a priming dose at 1mg/kg on day 1 followed bymaintenance doses of up
to 45 mg/kg weekly.

J Clin Oncol 37. © 2019 by American Society of Clinical Oncology

INTRODUCTION

CD47 was first identified as an integrin-associated
transmembrane protein that is ubiquitously found in
normal and malignant tissues.1 Most cancer cells
overexpress CD47, and the degree of expression in-
dependently correlates with poor clinical outcome in a
variety of hematologic and solid tumor malignancies.2,3

The binding of CD47 to its receptor signal receptor
protein-a (SIRPa) on macrophages and dendritic cells
results in an inhibition of phagocytosis. Thus, CD47
provides a potent “do not eat me” signal that allows for
tumor cell evasion of immune destruction by first-
responder phagocytic cells and functions as a domi-
nant macrophage checkpoint.3-5 Blockade of CD47-
SIRPa signaling in isolation is insufficient to trigger
macrophage phagocytosis. Instead, additional pro-
phagocytic signals are required, such as calreticulin

and phosphatidylserine, which are frequently found on
cancer cells.6,7 CD47 also is widely expressed on
normal tissues, but because normal cells lack pro-
phagocytic signals, they are not susceptible to CD47-
mediated phagocytosis. A notable exception is aging
RBCs.8 Agents that inhibit CD47-SIRPa signaling can
induce macrophage phagocytosis of cancer cells both
in vitro and in vivo, which results in growth inhibition
and regression of a broad range of human cancer
xenografts.3,4 Therefore, the targeting of CD47 is a
novel immunotherapeutic strategy for treating human
cancers.

Hu5F9-G4 (5F9) is a humanized IgG4 monoclonal
antibody with high affinity for human CD47.9 5F9-
mediated blockade of CD47 enhances the phagocy-
tosis of cancer cells by macrophages. In preclinical
in vivo models, 5F9 was active against a wide range of
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solid tumors, including cancers of the breast, ovary, colon,
liver, brain, and other organs.3-5 Potent antitumor activity
also was observed in hematologic malignancies, including
acute myeloid leukemia (AML), non-Hodgkin lymphoma,
cutaneous T-cell lymphoma, acute lymphoblastic leuke-
mia, and multiple myeloma.9 In human tumor xenograft
models, 5F9 inhibited tumor cell growth and induced re-
mission in established tumors.9 In preclinical toxicology
studies, the major dose-limiting toxicity (DLT) was an on-
target anemia10 that was mitigated by using a priming and
maintenance dose schedule. Using this approach, non-
human primates tolerated 5F9 doses up to 300 mg/kg
without reaching a maximum tolerated dose (MTD).9

This report describes the first-in-human phase I trial of 5F9
in patients with advanced solid tumors and lymphomas.
The trial consisted of three distinct dose escalation parts.
Part A used weekly dosing to determine a tolerable day 1
priming dose. Part B administered the 5F9 priming dose
identified in part A followed by escalation of weekly
maintenance doses to establish an MTD. At the completion
of part B, a tumor biopsy expansion cohort was opened. In
part C, a loading dose was given on day 11 in addition to
weekly 5F9 therapy to enable more-rapid attainment of
therapeutic concentrations. The safety, tolerability, and
early efficacy results along with summary pharmacoki-
netics (PK) and pharmacodynamics (PD) data are de-
scribed here. Detailed PK and PD findings will be reported
elsewhere.

PATIENTS AND METHODS

Patient Selection and Oversight

Eligible patients were adults 18 years of age or older with
histologically or cytologically confirmed advanced solid
malignancy or lymphoma previously treated with at least
one regimen of systemic therapy, or who refused other
systemic therapy, with an Eastern Cooperative Oncology
Group performance status of 0 to 2 and for whom no
curative therapy was available. Additional eligibility criteria
are outlined in the Data Supplement.

This study was approved by the human investigations
committee at each institution, and in accordance with
assurances filed with and approved by the Department of
Health and Human Services. These data are anonymized to
protect the identities of the research participants. Informed
written consent was obtained from each participant. Pa-
tients were enrolled from August 2014 through January
2018.

Study Design and Drug Administration

The primary objectives were to assess the safety and tol-
erability of 5F9 and to determine the recommended doses
and schedules for additional trials. The secondary ob-
jectives were to evaluate the PK and PD profiles and to
document antitumor activity. Treatment cycles were
28 days long and continued until disease progression. In

part A, the 5F9 starting dose of 0.1 mg/kg was infused
intravenously weekly, with dose escalation conducted in
single-patient cohorts for doses less than 3 mg/kg in a
modified accelerated titration design.11 The duration of the
infusion was 1 hour for doses from 0.1 to 1 mg/kg and
2 hours for 3 mg/kg. In part B and beyond, all patients re-
ceived a 1 mg/kg priming dose on day 1 for 3 hours followed
by escalating maintenance doses for 2 hours on day 8 that
began at the 3 mg/kg weekly dose level. After a safe dose
was determined in part B, a solid tumor expansion cohort of
15 patients was opened, which required mandatory pre-
treatment and during treatment tumor biopsies.

Beginning in part B, routine premedication with acet-
aminophen and an antihistamine was administered before
the first two doses of 5F9. In part C, patients received a
loading dose on day 11 of cycle 1 (cohorts of 20, 30, and
45 mg/kg) in addition to weekly maintenance dosing at the
same level. After cycle 1, if patients had treatment delays
longer than 4 weeks, repriming was required.

In part B, dose escalation was performed using a traditional
3 + 3 phase I study design.12 DLT was defined as any drug-
related adverse event (AE) of grade 3 or greater that oc-
curred from the time of first dose in part A, or from the first
maintenance doses in parts B and C, until the completion of
28 days of therapy (cycle 1), with exceptions that are listed
in the Appendix. If a DLT was observed, the number of
patients at that dose level was expanded from three up to
six. Grade 3 anemia was excluded as a DLT because it was
expected and anticipated to be transient and reversible.
The MTD was defined as the highest dose level explored
that induced DLTs in less than 33% of patients. Up to 10
more patients could be entered to any safe dose level to
collect additional safety and PK data.

Study Assessments

All patients who received at least one 5F9 treatment were
evaluated for safety. Standard safety assessments were
conducted at baseline, before each weekly infusion, and
out to 28 days after the last dose of study drug. Because of
the possibility of hemagglutination, peripheral blood smear,
visual acuity, and retinal photographic examinations were
performed three times weekly for the first two weeks in part A.
In part B, peripheral blood smears were examined on days
1, 2, 8, 9, 15, 22, and 29, and visual acuity wasmeasured on
days 1 and 8. However, there were no adverse findings on
retinal photography as assessed by an ophthalmologist in
part A. Therefore, retinal photography was not performed in
parts B and C. Routine laboratory assessments are detailed
in the Appendix. AEs were graded according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events (version 4.03). Tumor measurements were obtained
at baseline and every 8 weeks until disease progression or
study withdrawal. Response was determined using Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) version
1.113 or the International Working Group response criteria for

2 © 2019 by American Society of Clinical Oncology

Sikic et al

Downloaded from ascopubs.org by 99.198.213.234 on February 27, 2019 from 099.198.213.234
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.



malignant lymphomas.14 Details on PK and antidrug anti-
body (ADA) monitoring as well as PD receptor occupancy
studies and tumor biopsy analyses are provided in the Data
Supplement.

Statistical Analysis

This was an open-label, nonrandomized, first-in-human
dose escalation phase I trial. All patients exposed to 5F9
were included in the safety analysis, and all patients who
had at least one postbaseline tumor assessment were
considered evaluable for tumor response assessment.

RESULTS

Patient Characteristics

The characteristics of all 62 treated patients are listed
in Table 1. Female patients comprised 65% of participants

and included 13 with ovarian cancer and five with breast
cancer. Themost frequent tumor type was colorectal cancer.
Nine patients had salivary gland or head and neck cancers,
and two had diffuse large B-cell lymphoma (DLBCL). Pa-
tients were heavily pretreated, having received a median of
five systemic treatments (range, one to 18 treatments) before
study enrollment. The Eastern Cooperative Oncology Group
performance status was 0 in 19 patients (30%), 1 in 42
patients (68%), and 2 in one patient (2%).

Safety

The treatment cohorts and DLTs are listed in Table 2. Two
DLTs were observed in part A at 3 mg/kg, including one
patient who developed grade 3 right-side upper-abdominal
pain during the first infusion of 5F9 and one patient with
grade 3 hemagglutination defined as grade 2 headache
associated with hemagglutination on the peripheral blood
smear. However, no DLTs were observed in the six patients
treated at 1 mg/kg, so this dose was selected as the day 1
priming dose for use in all subsequent parts of the study.

In part B, weekly maintenance doses were administered at 3,
10, and 20 mg/kg beginning on day 8 after the priming dose.
One patient at 3mg/kg had transient grade 3 elevated bilirubin
without changes in serum transaminases, which at the time
was defined as a DLT. A second patient treated at 20 mg/kg
had grade 3 hemagglutination (grade 2 headache with
hemagglutination on peripheral blood smear), but no other
DLTs occurred in the six patients treated at this dose level.
Fifteen additional patients were treated with 20 mg/kg in the
tumor biopsy expansion cohort to collect additional PD data,
and noDLTswere observed. In part C, one patient at 20mg/kg
experienced grade 3 elevated bilirubin, but no additional DLTs
occurred despite escalation to 30mg/kg and 45mg/kg in nine
and six patients, respectively. Thus, no MTD was reached in
parts B or C. On the basis of this favorable safety profile and
the accumulated PK data that demonstrated steady-state
dose levels well above the targeted threshold of 200 mg/mL15

(Fig 1A), a maintenance dose of 30 mg/kg was recom-
mended for additional clinical evaluation.

The combined AE profile from 44 patients treated with 5F9
maintenance doses of 20, 30, and 45 mg/kg are listed
in Table 3. Overall, the most common 5F9 toxicity was the
expected on-target anemia, which occurred in 57% of
patients treated with doses that ranged from 20 to 45mg/kg
(13% of patients with grade 3). Typically, a modest, pre-
dictable fall in hemoglobin (1 to 2 g/dL) occurred after the
1 mg/kg priming dose followed by a rapid compensatory
reticulocytosis, as illustrated in a single patient in Figure 1B.
5F9 treatment was not associated with thrombocytopenia.
In the 52 patients treated for at least 4 weeks, the median
percent change in platelet count from baseline on day 29 at
the end of the first cycle was 23.2% (range, 254.3% to
91.2%). Five patients received concomitant anticoagulant
therapy, but no associated bleeding or thrombocytopenia
was observed.

TABLE 1. Patient Demographics and Baseline Characteristics
Characteristic No. %

No. of patients treated 62 100

Median age, years (range) 60 (35-84)

Sex

Male 22 35

Female 40 65

Ethnicity

Hispanic or Latino 4 6.5

Not Hispanic or Latino 58 93.5

Race

White 49 79.0

Asian 11 17.7

Black 2 3.2

ECOG performance status

0 19 30

1 42 68

2 1 2

Median No. of prior systemic treatments (range) 5 (1-18)

Tumor type

Colorectal 18 29.0

Ovarian 13 21.0

Salivary 5 8.1

Breast 5 8.1

Head and neck 4 6.5

Pancreatic 4 6.5

Lung 2 3.2

Skin 2 3.2

DLBCL 2 3.2

Other 7 11.3

Abbreviations: DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern
Cooperative Oncology Group.
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Hemagglutination on the peripheral blood smear was noted
in 36% of patients but was not associated with significant
clinical toxicities (2% grade 3). Specifically, no neurologic,
renal, or cutaneous abnormalities were noted.

Other common toxicities were grade 1 and 2 fatigue (64%),
headaches (50%; 2% grade 3), fever (45%), chills (45%),
hyperbilirubinemia (34%), and arthralgias (18%). Un-
conjugated hyperbilirubinemia that was not associated
with other liver function test abnormalities was common
after the 5F9 priming dose; however, it generally returned
to baseline within a few days. Transient elevation in
unconjugated bilirubin was likely due to the expected
phagocytosis of aged RBCs that result from blockade of
CD47. As such, in part B, the protocol was amended to
exclude grade 3 hyperbilirubinemia from the DLT defini-
tion. First- or second-dose infusion-related reactions (IRRs)
occurred in 34% of patients, predominantly in those en-
rolled in the 20 mg/kg and higher dose cohorts. These were
characterized by symptoms such as chills, fever/pyrexia,
photopsia, back pain, and headaches that generally lasted
a day or two after the associated infusion and were man-
aged with symptomatic supportive care. Overall, only one
patient underwent dose reduction from 30 to 20 mg/kg in

part C because of an IRR, and this patient was able to
receive further treatment without problems. One additional
patient withdrew consent because of infusion-related AEs.
However, all other patients who experienced IRRs were
able to continue treatment at their assigned dose level.

Transient grade 3 IRRs that responded to symptomatic
treatment and that did not require dose reductions were not
considered DLTs. No risk factors for IRRs were identified.
After the first three patients were treated in the part C
loading dose cohort at 30 mg/kg, routine antihistamine and
acetaminophen premedication was mandated for all new
patients before the initial priming dose of 1 mg/kg on day 1
and before the second higher dose on day 8. However,
even with routine prophylaxis, grade 1 or 2 IRRs that were
managed symptomatically were common and reported in
seven of 12 premedicated patients treated in part C at 30 or
45 mg/kg. Lymphopenia was found in 36% of patients
without apparent clinical consequences. No treatment-
related deaths occurred on study.

Hemagglutination was seen on peripheral blood smear
typically after the first or second 5F9 dose. However, there
were no clear clinical sequelae. Specifically, no treatment-
related peripheral vascular symptoms, changes in renal
function, deep venous thromboses, pulmonary emboli, or
other thrombotic events were observed. Furthermore, serial
retinal photographs were collected over seven time points
in the first cycle to assess for microvascular changes, but no
such findings were noted, so the protocol was amended to
remove retinal photography evaluation in part B.

PK and ADA Analysis

Similar to the PK in nonhuman primates, 5F9 exhibited
nonlinear PK behavior as a result of the CD47 antigen sink,
which resulted in a short apparent half-life at doses of 0.1 to
3 mg/kg of 5F9 (Fig 1A; and online only Appendix Table
A1). However, doses of 10 mg/kg and higher saturated this
sink, which extended the 5F9 half-life to approximately
13 days, consistent with other humanized monoclonal
antibodies.16 At these doses, free antibody levels exceeded
the antitumor activity threshold of 200 mg/mL identified
from PK modeling.9,15,19 Serum samples from six (9.7%) of
62 patients tested positive for ADA, but there was no impact
on 5F9 PK and no apparent clinical symptoms.15 Detailed
PK profiling will be presented elsewhere.

PD and Tissue Biopsy Analysis

Studies of RBC occupancy showed complete saturation of
CD47 on RBCs at doses of 1 mg/kg and higher (Fig 2A),
which also supported 1 mg/kg as the initial 5F9 priming
dose. In contrast, maximal saturation of CD47 on WBCs
was only observed after higher maintenance doses (Fig
2B). Doses of 30 mg/kg maximally saturated CD47 on
circulating WBCs.

In addition, anti-IgG4 staining demonstrated strong anti-
body penetration into metastatic tumor tissue in an axillary

TABLE 2. Treatment Cohorts and DLTs

Part and Dose Cohort
Patients,

No.
Infusions,

No.

Patients
With

DLTs, No.

Part A: weekly dose (prime), mg/kg

0.1 1 72 0

0.3 2 11 0

1 6 70 0

3 2 2 2*†

Part B: prime, maintenance
doses, mg/kg

1, 3 4 20 1‡

1, 10 3 112 0

1, 20 7 78 1†

Tumor biopsy cohort: prime,
maintenance doses, mg/kg

1, 20 15 197 0

Part C: prime, loading, maintenance
doses, mg/kg

1, 20, 20 7 130 1‡

1, 30, 30 9 129 0

1, 45, 45 6 54 0

Total 62 875 5

Abbreviation: DLT, dose-limiting toxicity.
*Grade 3 pain, right-side upper abdomen.
†Grade 3 hemagglutination (grade 2 headache with hemagglutination on

peripheral blood smear).
‡Grade 3 elevated bilirubin (unconjugated)/blood bilirubin increase.
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lymph node from a patient with metastatic ovarian cancer
(Fig 2C). This patient was treated with 30 mg/kg 5F9, and
the biopsy sample was obtained after 5 weeks of treatment.
These collected data support the recommended dose of 30
mg/kg for phase II evaluation.

Antitumor Activity

Two patients with clear cell ovarian and fallopian tube
carcinomas had confirmed partial responses by RECIST

version 1.1 (Figs 3A and 3B), with time to progression of
5.2 months and 9.2 months, respectively. These patients
had reductions in target lesions of 50% and 44%. Their
cancer antigen 125 tumor markers dropped from 338 to 70
U/mL and 890 to 103 U/mL, respectively. Both patients
were heavily pretreated with more than six prior lines of
systemic therapy, and both received 5F9 at 20 mg/kg. A
third patient with DLBCL at the 20mg/kgmaintenance dose
had a mixed response by International Working Group

TABLE 3. Adverse Event Summary for Patients Treated With Maintenances Doses of 20 mg/kg or Higher
Patients Treated, No. (%)

Part B, Biopsy Cohort, and Part C
Prime + 20 mg/kg Maintenance Dose

(n = 29)
Part C: Prime + 30 mg/kg Load and

Maintenance Dose (n = 9)
Part C: Prime + 45 mg/kg Load and

Maintenance Dose (n = 6)

Adverse Event* All Grades Grade 3 Grade 4 All Grades Grade 3 Grade 4 All Grades Grade 3 Grade 4

Anemia 19 (66) 5 (17) 0 3 (33) 0 0 3 (50) 1 (17) 0

Hemagglutination 12 (41) 1 (3) 0 2 (22) 0 0 2 (33) 0 0

Hyperbilirubinemia 11 (38) 3 (10) 0 0 0 0 1 (17) 0 0

Thrombocytopenia 5 (17) 0 0 0 0 0 0 0 0

Lymphocyte count decreased 4 (14) 4 (14) 0 3 (33) 2 (22) 1 (11) 1 (17) 1 (17) 0

Arthralgia/myalgia 5 (17) 0 0 2 (22) 0 0 1 (17) 0 0

Headache 11 (38) 0 0 6 (67) 1 (11) 0 4 (67) 0 0

Nausea 3 (10) 0 0 2 (22) 0 0 3 (50) 0 0

Fatigue 18 (62) 0 0 6 (67) 0 0 4 (67) 0 0

Fever 14 (48) 0 0 4 (44) 0 0 2 (33) 0 0

Chills 12 (41) 0 0 5 (56) 0 0 3 (50) 0 0

Infusion-related reaction 7 (24) 2 (7) 0 2 (22) 1 (11) 0 2 (33) 1 (17) 0

*Adverse events occurred in . 15% of patients across all three cohorts listed (n = 44) and selected adverse events of interest.
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criteria. This heavily pretreated patient with non-Hodgkin
lymphoma had bulky lesions in the chest that decreased in
size but had a solitary inguinal lymph node that increased
while on treatment.

DISCUSSION

The anti-CD47 antibody 5F9 is well-tolerated in patients
with solid tumors and lymphoma when administered using
a priming andmaintenance dose regimen. AnMTD was not
defined, even at doses up to 45 mg/kg weekly. The rec-
ommended 5F9 priming dose of 1mg/kg on day 1 achieved
maximal CD47 receptor occupancy on RBCs. Receptor
occupancy on circulating WBCs was not available at low
maintenance doses, but available data confirmed complete
WBC receptor occupancy at weekly maintenance dosing of
30 mg/kg beginning on day 8. A tissue biopsy sample of a
lymph node with metastatic ovarian cancer in one patient
demonstrated excellent penetration of 5F9 into the tumor
microenvironment. At doses above 10mg/kg, the PK of 5F9
was linear, and increases in drug exposure were dose pro-
portional. The resulting long terminal half-life of approximately

13 days supports every 2-week dosing after saturating con-
centrations are achieved.

The most common toxicity was expected, on-target, mild,
transient, and predictable anemia, which was mitigated by
administering priming and maintenance doses in cycle 1.
After the initial priming dose, hemoglobin levels dropped on
average by approximately 2 g/dL presumably because of
RBC phagocytosis by macrophages in the liver and spleen.
However, this was immediately followed by a rapid com-
pensatory reticulocytosis as younger RBCs were released
into circulation. Younger RBCs are unperturbed by CD47
blockade because they lack prophagocytic signals that
accumulate on older RBCs. Despite continued 5F9 dosing,
hemoglobin levels typically remained stable beyond the first
week, and in many patients, the anemia gradually resolved
to baseline as the circulating RBC population shifted to a
younger average age. Hemagglutination on peripheral blood
smear was noted in some patients, typically after the first or
second dose, but there was no consistent association with
clinical sequelae. Blood transfusions were infrequently re-
quired in this mostly solid tumor population, with four of

20

40

60

80

100

0 14

Patients treated at 30 mg/kg
weekly (n = 14)

28 42 56 70 84

Day

CD
47

 W
BC

 
Re

ce
pt

or
 O

cc
up

an
cy

 (%
)

8
Pr

8
Po

18
Pr

29
Pr

29
Po

36
Pr

57
Pr

85
Pr

113
Pr

141
Pr

169
Pr

225
Pr

253
Pr

0
1

50

100

Day

CD
47

 R
BC

 
Re

ce
pt

or
 O

cc
up

an
cy

 (%
)

1/3 mg/kg
1/10 mg/kg

1 mg/kg
3 mg/kg

0.3 mg/kg
0.1 mg/kg

1/20 mg/kg

B CA

Pretreatment

Day 36

FIG 2. Pharmacodynamics of Hu5F9-G4. (A) RBC receptor occupancy. (B) WBC receptor occupancy. (C) IgG4 immunohistochemical staining in a lymph
node with tumor involvement obtained from a 70-year-old patient with ovarian cancer treated with 30mg/kg of 5F9. She remained on study for 7 months with
a best overall response of stable disease. 1/3 is 1 mg/kg priming dose and 3mg/kg weekly dosing. 1/10 is 1 mg/kg priming dose and 10mg/kg weekly dosing.
1/20 is 1 mg/kg priming dose and 20 mg/kg weekly dosing. Po, post-infusion sample collection; Pr, pre-infusion sample collection.

21.7 mm

27.9 mm

17.33 mm 9.87 mm

Baseline Scan 8-Week Scan Baseline Scan 8-Week Scan

A

BA

FIG 3. Hu5F9-G4 partial responses observed in (A) a patient with clear cell ovarian cancer and (B) a patient with fallopian tube cancer.

6 © 2019 by American Society of Clinical Oncology

Sikic et al

Downloaded from ascopubs.org by 99.198.213.234 on February 27, 2019 from 099.198.213.234
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.



62 patients receiving RBC transfusions. However, early clinical
experience with 5F9 in patients with refractory end-stage
AML17 suggests that blood product support can readily
be administered to patients who receive 5F9 therapy.

Most 5F9-related AEs were mild to moderate in severity,
and 5F9 infusions were easily administered in an outpatient
setting. At dose levels of 20 mg/kg and higher, the com-
monly observed AEs were headache, fatigue, fever, and
chills during the infusions, with most occurring within the
first cycle. Pretreatment with acetaminophen and di-
phenhydramine lowered the incidence and severity of
these reactions, and this pretreatment is recommended
before the first two doses of 5F9. A few patients experi-
enced abdominal, back, or chest pains during infusion that
were not associated with other clinical findings and often
was mitigated by temporarily stopping or slowing the rate of
infusion. No treatment-related autoimmune phenomena
(pneumonitis, colitis, or hepatitis) analogous to those re-
ported with programmed cell death 1/programmed cell
death-ligand 1 checkpoint inhibitors were observed. De-
spite the widespread expression of CD47 on normal tissues,
patients tolerated 5F9 well presumably because normal
cells, unlike their malignant counterparts, lack prophago-
cytic signals and thus are not susceptible to CD47
blockade. Of note, no dose-related thrombocytopenia or
neutropenia was observed. This favorable safety profile
suggests that 5F9 may be readily combined with other
antitumor antibodies, which is consistent with emerging
clinical reports.18

Of note, single-agent 5F9 induced objective tumor re-
sponses in two patients, one with clear cell ovarian cancer
and one with a fallopian tube cancer. Both patients were

heavily pretreated with more than six lines of systemic
therapy, including multiple lines of platinum-based che-
motherapy. However, all phase I first-in-human studies
have limitations because of the heterogeneity of patients
who may not reflect broader phase II and III study pop-
ulations because they are selected for more indolent dis-
ease, including many who have participated in multiple
prior phase I studies. Therefore, further evaluation of 5F9 is
ongoing in an additional cohort of patients with ovarian
cancer.

Detailed translational studies that analyze treatment-related
changes in the tumor microenvironment in biopsy samples
from patients in this trial are ongoing. Additional trials are
ongoing that are evaluating 5F9 therapy in patients with
ovarian cancer, AML, and cutaneous T-cell lymphoma. 5F9
generated objective responses in patients with solid tumors
in this phase I trial; however, its optimal therapeutic impact
likely will be in combination with other anticancer thera-
pies.18 Ongoing combination trials are evaluating 5F9 plus
rituximab in B-cell lymphomas (ClinicalTrials.gov identifier:
NCT02953509),18 with cetuximab in colorectal cancers
(ClinicalTrials.gov identifier: NCT02953782), with azaciti-
dine in treatment-naı̈ve AML and myelodysplastic syn-
drome (ClinicalTrials.gov identifier: NCT03248479), and
with the programmed cell death-ligand 1 checkpoint in-
hibitor avelumab in patients with ovarian cancer
(ClinicalTrials.gov identifier: NCT03558139). 5F9 has re-
ceived fast-track designation by the US Food and Drug
Administration for further development in DLBCL and fol-
licular lymphoma. In summary, enhancement of macro-
phage phagocytosis of tumor cells by blocking CD47 with
5F9 is a promising new cancer therapeutic strategy.
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APPENDIX

Patient Eligibility

Additional patient eligibility criteria included having malignancy as-
sessable for response by Response Evaluation Criteria in Solid Tumors
(RECIST) for solid tumors or International Working Group criteria for
lymphomas; ECOG performance status 0–2; life expectancy at least
3 months, and negative urine or serum pregnancy tests for all women
of child-bearing potential.Exclusion criteria included primary brain
tumors, patients with brain metastases, red blood cells (RBCs)
transfusion dependence, hemoglobin, 9.5 g/dL, neutrophils, 1.03
109/mL, AST/ALT. 5 times upper limits of normal (ULN), Bilirubin.
2.5 times ULN, serum creatinine . 1.5 times ULN, and significant
medical conditions that would substantially increase the medical risks
of participation in the study.

Methods

Dose-limiting toxicity exceptions: Grade 3 anemia; Grade 3 nausea,
vomiting, diarrhea, or infusion reactions in the absence of premed-
ication (including influenza-like symptoms, myalgias, fever, chills,
headache, or acute pain) that resolves to# Grade 2 within# 72 hours
after medical management (eg, supportive care) has been initiated;
Grade 3 fatigue that resolves to # Grade 2 within 2 weeks on study;
Grade 3 hyperbilirubinemia, isolated electrolyte abnormalities, or al-
anine aminotransferase and/or aspartate aminotransferase elevations
that resolve to # Grade 2 with supportive care within 72 hours and is
not associated with other clinically significant consequences; Grade 3
tumor lysis syndrome or related electrolyte disturbances (hyper-
kalemia, hypophosphatemia, hyperuricemia) that resolve to# Grade 2
within 7 days; Grade 3 or 4 lymphopenia.

Routine Laboratory Assessments

Laboratory assessments included routine blood counts with re-
ticulocyte counts, general chemistry panels, serum uric acid, phos-
phorous, haptoglobin, D-Dimer, thrombin time, plasma fibrinogen,
serum folic acid, prothrombin time, activated partial thromboplastin
time, total iron and transferrin saturation, and urinalysis. All patients
had a blood type and screen and direct antigen test performed at
screening. Electrocardiograms were obtained at baseline and days 8,
29 and 57 of therapy. Peripheral blood smears were evaluated for
blood cell morphology pre- and post-5F9 dosing on days 1 and 8 and

on days 2, 4, 8, 11, 15, 22 and 29. High resolution retinal photographs
were performed at screening, and on days 1, 2, 4, 8, 9, 11 and 15 to
assess for retinal microangiopathy; however, retinal imaging was
halted in Part B due to a lack of correlative findings.

Pharmacokinetics and Anti-Drug Antibodies

Blood samples for pharmacokinetics (PK) monitoring were collected
on day 1 pre-dose, and at the end of infusion and on day 8 at pre-dose
and 0, 1, and 2 hours after the end of infusion. Additional PK samples
were collected on days 9 and 30, and pre- and post-dose on days 11 (if
dosed), 15, 22, 29, 36, 43, 50, and 57 and finally at the end of study
treatment. Samples were shipped to a central laboratory for analysis of
5F9 concentration in serum using a validated ELISA Assay.15 The
assay was specific to 5F9 and had a lower limit of quantification of
approximately 200 ng/mL. Noncompartmental analysis (NCA) was
performed using NCA for R software package to estimate PK pa-
rameters such as terminal half-life and area-under-the-concentration
(AUC) curve.19

Anti-drug antibodies (ADA) were collected pre-dose and then every
4 weeks through week 17, and then on weeks 25, 33, 49 and 30 days
after the last dose of 5F9. Samples were shipped to a central laboratory
for ADA analysis.15 The ADA analysis followed a three-tiered approach,
consisting of screening, confirmatory, and titer steps with pre-specified
false positive rates of 5% and 1% for the screening and confirmatory
steps, respectively. The cut points were generated using in-study
samples.

Pharmacodynamics and Tumor Biopsies

Blood samples for CD47 receptor occupancy assessments on RBC
andWBC were collected on day 1 and 8 pre- and post-dosing with 5F9
and on days 15, 22, 29, 36, 57 and end of study treatment. Receptor
occupancy measurements were quantitated by using a flow cytometry
assay with a tagged fluorescent anti-CD47 antibody to assess satu-
ration of CD47 binding sites on RBC and WBC obtained from patients.

In the mandatory tumor biopsy cohort, patients were required to
undergo mandatory tumor biopsies that were obtained pre-treatment
and during week 6 of treatment. Tissue specimens were formalin- fixed
and paraffin-embedded and subjected to immunohistochemical stains
using an anti-IgG4 antibody. Because the levels of endogenous IgG4
levels are low in most tissues, treatment related changes could detect
the presence of 5F9 in tissues during treatment.

TABLE A1. Summary of Geometric Mean (Geometric %CV) Cmax and AUC Values after the First (Priming), Second, and Fifth Doses at All Dose Levels (Study
SCI-CD47-001; Data Supplement)

Dose (mg/kg)

Week 1 Week 2 Week 5

n Cmax (mg/L) n AUClast mg/L/d Cmax (mg/L) n AUClast mg/L/d Cmax (mg/L)

0.1 1 NC NA NA NA NA NA NA

0.3 2 0.138 (NC) 1 0.00665 (NC) 0.170 (NC) 1 0.0246 (NC) 0.161 (NC)

1 6 0.682 (121) 6 0.141 (48.0) 5.83 (48.0) 6 2.89 (112) 10.6 (52.3)

3 6 0.637 (1,830) 3 33.7 (29.9) 45.3 (27.9) 2 80.0 (23.6) 58.7 (1.67)

10 3 0.573 (54.3) 3 577 (9.36) 177 (16.9) 3 1,560 (12.7) 368 (22.4)

20 35 0.758 (235) 35 898 (112) 411 (27.3) 33 2,560 (60.9) 728 (23.4)

30 3 0.776 (7.01) 2 724 (37.7) 586 (42.9) 2 5,080 (54.2) 1,090 (45.0)

Abbreviations: AUC, area-under-the-concentration; NA, not applicable; NC, not calculated
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