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Background and objectives: This report summarizes the first phase 1 trial treating patients with microalbuminuric diabetic
kidney disease (DKD) using FG-3019, a human monoclonal antibody to connective tissue growth factor (CTGF). CTGF is
critically involved in processes of progressive fibrosis, including DKD. This phase 1, open-label, dose-escalation trial
evaluated safety, pharmacokinetics, and possible therapeutic effects of FG-3019 on albuminuria, proteinuria, and tubular
proteins.

Design, setting, participants, and measurements: Microalbuminuric subjects (n � 24) with type 2 (79%) or type 1 (21%)
diabetes received 3 or 10 mg/kg FG-3019 dosed intravenously every 14 days for four doses. Albuminuria and safety follow-up
were to days 62 and 365, respectively.

Results: No infusion was interrupted for symptoms, although 5 of 24 subjects had mild infusion-day adverse events thought
to be possibly drug-related. No subject developed anti-FG-3019 antibodies. FG-3019 clearance was lower at 10 mg/kg than at
3 mg/kg, suggesting a saturable elimination pathway. Although this study was not designed for efficacy testing, it was notable
that urinary albumin/creatinine ratio (ACR) decreased significantly from mean pretreatment ACR of 48 mg/g to mean
post-treatment (day 56) ACR of 20 mg/g (P � 0.027) without evidence for a dose-response relationship.

Conclusions: Treatment of microalbuminuric DKD subjects using FG-3019 was well tolerated and associated with a decrease
in albuminuria. The data demonstrate a saturable pathway for drug elimination, minimal infusion adverse events, and no
significant drug-attributable adverse effects over the year of follow-up. Changes in albuminuria were promising but require
validation in a prospective, randomized, blinded study.
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P atients with diabetic kidney disease (DKD) are at in-
creased risk for cardiovascular complications and early
mortality. Those who survive long enough tend to

progress to ESRD requiring dialysis or transplantation. Al-
though advances in therapy with angiotensin converting en-
zyme inhibitors (ACEIs) and angiotensin receptor type II block-
ers (ARBs) have attenuated the incident rate of ESRD (1),
disease progression remains common (2–4) and diabetes con-
tinues to be the leading cause for initiation of dialysis in the
United States (1).

Connective tissue growth factor (CTGF) is a 349-amino-acid
secreted pleiotropic protein belonging to the cysteine-rich CCN
(CTGF/Cyr61/Cef10/NOVH) family. Numerous glomerular,
tubulointerstitial, and vascular cells types can produce CTGF,

and many factors associated with the diabetic condition can
stimulate CTGF expression, including hypertension, hypergly-
cemia, and hyperlipidemia (5–24).

CTGF is a critical mediator of extracellular matrix accumu-
lation and coordinates a final common pathway of fibrosis
(5,25,26). CTGF has been shown to amplify the fibrogenic ac-
tivity of TGF� (27) and IGF-1 (17) and to inhibit the action of
antifibrotic and regenerative factors bone morphogenic pro-
tein-7 (27,28) and vascular endothelial growth factor (29,30).

In type 1 diabetes, plasma and urine CTGF levels correlate
with the level of albuminuria and the stage of progressive renal
insufficiency (31–34), and the plasma CTGF level is an inde-
pendent predictor of vascular disease as assessed by intimal
medial thickness (35) and of mortality and progression to ESRD
(36). In renal biopsy specimens from patients with diabetes,
elevated levels of CTGF mRNA are associated with chronic
tubulointerstitial damage, albuminuria, and progression of re-
nal insufficiency (37–39).

FG-3019 is a recombinant human anti-CTGF monoclonal
IgG1 antibody that has shown activity in rodent models of
kidney dysfunction associated with type 1 and 2 diabetes (40–
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42). Here, we report results of an open-label dose-escalation
trial of FG-3019 infusions administered biweekly over 56 days
in patients with DKD, the first study designed to evaluate
safety and potential therapeutic effect of FG-3019 in this patient
population.

Materials and Methods
Patients

Eligible subjects had type 1 or 2 diabetes mellitus, were at least 21
years old, had a body mass index �32 kg/m2, normal serum creatinine
(Cr) �1.1 (females), and �1.5 mg/dl (males), and microalbuminuria by
two first-morning urine albumin/creatinine ratio (ACR) of 30 to 300
mg/g, measured at the investigator’s laboratory in two samples col-
lected 2 to 3 days apart and obtained 1 to 15 days before randomization.
Subjects were excluded from participation if they had a malignancy
within 5 years; aspartate aminotransferase (AST) or alanine amino-
transferase (ALT) �1.5 times the upper limit of normal; and history of
allergy to previous antibody treatment and for myocardial infarction,
angioplasty or bypass surgery, congestive heart failure, angina, or
transient ischemic attack or stroke within the past 6 months. Concom-
itant therapy with insulin, oral hypoglycemic agents, ACEIs, ARBs,
other antihypertensive medications, and cholesterol-lowering drugs
were required to be stable for 4 weeks before the first study infusion.

The study was conducted in accordance with the Declaration of
Helsinki, International Conference on Harmonization Good Clinical
Practice guidelines, and local ethics committees. All study participants
provided written informed consent.

Study Treatment
FG-3019, a recombinant human IgG1 kappa monoclonal antibody

that binds to domain 2 of CTGF (Kd � 0.1 to 0.2 nM), was diluted in a
250-ml bag of 0.9% sodium chloride for injection, USP, and infused over
at least 120 minutes using a 0.22-�m in-line filter. Although not re-
quired, some sites premedicated patients with acetaminophen or anti-
histamines depending on the center’s protocol. Drug was administered
every other week for a total of four doses. Dose escalation to 10 mg/kg
was approved by an independent data safety monitoring committee
after all subjects assigned to the 3-mg/kg arm had received all four
study infusions. Dose cohorts were independent. Efficacy assessments
were performed on day 56 (14 days after the fourth infusion).

Study Purpose
Primary end points were pharmacokinetic parameters and safety.

Secondary end points included urinary protein normalized to Cr, esti-
mated GFR (eGFR), and hemoglobin A1c (HbA1c).

Laboratory Testing
Screening electrocardiogram, chest x-ray, and standard laboratory

testing were performed at each clinical site. eGFR (ml/min per 1.73 m2)
was calculated using the Modifications of Diet in Renal Disease equa-
tion (43), where eGFR � 186 (SCr)

�1.154 � (Age)�0.203 � (0.742 if female) �

(1.210 if African American).
Timed urine samples were collected overnight before each infusion

and at 2, 4, and 6 weeks after the final infusion. Urinary protein assays
were performed in a central laboratory on samples that had been stored
at �70°C. Urinary albumin (assayed by nephelometry), Cr, protein, and
�-2-microglobulin (�2M) were measured by Esoterix (East Windsor,
NJ). Urinary N-acetyl-�-d-glucosaminidase (NAG), �-1-microglobulin
(�1M), transferrin, and IgG were measured by Alta Analytical Labora-

tory, Inc. (San Diego, CA). Urinary protein concentrations were ex-
pressed relative to Cr concentration.

FG-3019 Pharmacokinetics, CTGF, and Immune Response
Assays for FG-3019, CTGF, and anti-FG-3019 antibodies in heparin

plasma were performed at FibroGen, Inc. (San Francisco, CA) and Alta
Analytical Laboratory, Inc. (San Diego, CA) by ELISA using frozen
samples stored at �70°C.

CTGF has four domains and an interconnecting central protease-
susceptible “hinge” region; cleavage of this region yields two 19-kD N-
and C-terminal halves (44). In previous studies, full-length CTGF
(CTGF-whole) and N-terminal fragments of the CTGF molecule (CTGF
N-fragment) have been detected in plasma samples; in urine, mainly
CTGF N-fragment has been found. Therefore, all plasma and urine
samples were tested with two CTGF assays—one that measures CTGF-
whole (W-CTGF), and one that measures the sum of CTGF-whole and
CTGF N-fragment (N�W-CTGF).

Development of an antibody response against the drug was evalu-
ated by measuring anti-FG-3019 antibodies at baseline and after FG-
3019 drug washout on days 126, 180, and/or 365.

Statistical Analyses
All subjects who received at least one infusion of FG-3019 (n � 24)

were included in the safety analyses. Subjects who received at least one
infusion of FG-3019 and had no major protocol deviations (n � 20) were
included in the efficacy analyses (the four major protocol deviations
involved incorrect dosing as described in the Results section). No im-
putation was performed for missing data with the exception of carry-
forward to day 56 of day 42 preinfusion laboratory data for one 10-
mg/kg subject. Adverse events were summarized by their MedDRA
(version 7.1) system organ class and preferred term. Noncompartmen-
tal pharmacokinetic parameters for FG-3019 were calculated using
WinNonlin, version 4.0.1 (Pharsight Corporation, Mountain View, CA).
Data are reported as mean � SD.

Results
Baseline Characteristics

Tables 1 and 2 summarize baseline characteristics. Ten sub-
jects each received 3 or 10 mg/kg FG-3019 on days 0, 14, 28, and
42; one 3-mg/kg subject withdrew after one dose. Four addi-
tional subjects at one site were assigned to receive 10 mg/kg
but were dosed incorrectly with 3 mg/kg. These four subjects
did not receive a full course of treatment and were therefore
only included in the safety evaluation. Subjects had longstand-
ing diabetes (most with type 2), a mean age of 58 years, and a
body mass index of 30.3 (�4.0) (Table 1). Serum Cr was normal,
and mean eGFR was 84 � 21 ml/min per 1.73 m2. Despite
normal serum Cr, baseline eGFR for two subjects in the 10-
mg/kg cohort classified them as stage 3 chronic kidney disease.
Baseline renal function and urinary protein were evenly bal-
anced although the latter tended to be higher for the 10-mg/kg
cohort (Table 2). The overall average mean arterial pressure
(MAP) was 94.5 (�8.2) mmHg on the basis of the average of
three blood pressure measurements before treatment. Over half
were receiving insulin, and 88% were receiving an ACEI or an
ARB, including 19 of 20 in the efficacy population. Four subjects
received both drug types. Three subjects had changes in
ACEIs/ARBs during the protocol; one decreased dose on study
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day 42, and two increased their dose, one on study day 4 and
the other on study day 42.

FG-3019 Pharmacokinetics
At the lower dose of 3 mg/kg, there was linear clearance of

FG-3019 and a steady-state half-life (T1/2) of 4.3 days, with
minimal accumulation from dose 1 to dose 4 (Figure 1). The rate
of clearance was slower and T1/2 was longer at 56 days for the
10-mg/kg dose. Slower clearance at the higher dose of 10
mg/kg suggested a saturable clearance pathway and resulted
in a greater than proportional increase in exposure to drug
(steady-state area under the curve) than expected from the dose
increase alone (Table 3; Figure 1).

Plasma and Urine CTGF Levels
Pretreatment plasma N�W-CTGF was within normal range

in both dose groups with mean levels of 7.3 (�2.7) ng/ml and

12.2 (�3.2) ng/ml for the 3- and 10-mg/kg dose groups, re-
spectively (Table 4). After FG-3019 infusions of 3 mg/kg,
plasma N�W-CTGF peaked at 72 hours with mean levels of
372.1 (�135.4) ng/ml and 430.3 (�169.7) ng/ml after the first
and fourth infusions, respectively. In the 10-mg/kg cohort,
N�W-CTGF peaked at 7 days after the first infusion and 3 days
after the fourth, with peak levels of 947.8 (�180.9) ng/ml and
1296.2 (�355.7) ng/ml, respectively. Determination of the ap-
parent peak is an estimation based on limited sampling after
the 24-hour time point. However, even at the apparent peak of
N�W-CTGF, FG-3019 was at a �10-fold molar excess over
N�W-CTGF. Plasma N�W-CTGF gradually decreased over
the 14-day period until the next infusion in the 3-mg/kg cohort,
paralleling the clearance of FG-3019 from plasma, but did not
become undetectable in all subjects before the next infusion. In
contrast, in the 10-mg/kg cohort, plasma N�W-CTGF re-

Table 1. Patient demographics (safety population)

Mean (�SD) or N (%) FG-3019 3 mg/kg (n � 14) FG-3019 10 mg/kg (n � 10) All (n � 24)

Age (years) 54 (�14) 63 (�7.5) 58 (�12)
range (33 to 78) (48 to 75) (33 to 78)

Female (%) 4 (29%) 4 (40%) 8 (33%)
Caucasian (%) 6 (43%) 6 (60%) 12 (50%)
African American (%) 2 (14%) 0 2 (8%)
Hispanic (%) 6 (43%) 3 (30%) 9 (38%)

Other (%) 0 1 (10%) 1 (4%)
Weight (kg) 83.3 (�13) 89.1 (�18) 85.7 (�15)
Body mass index (kg/m2) 29.5 (�3.4) 31.4 (�4.6) 30.3 (�4.0)
Type 2 diabetes (%) 11 (79%) 8 (80%) 19 (79%)
Years of diabetes 17 (�6) 15 (�8) 16 (�7)
MAPa (mmHg) 92.6 (�6.8) 97.0 (�9.7) 94.5 (�8.2)
Insulin (%) 10 (71%) 5 (50%)b 15 (63%)
Oral hypoglycemic (%) 8 (57%) 8 (80%)c 16 (67%)
ACEIs and/or ARBs (%) 12 (86%) 9 (90%) 21 (88%)

aAverage of three pretreatment blood pressure measurements.
bOne receiving pramlintide.
cOne receiving exenatide.

Table 2. Baseline clinical variables (efficacy population)

Mean (�SD) FG-3019 3 mg/kg (n � 10) FG-3019 10 mg/kg (n � 10) All (n � 20)

Serum Cr (mg/dl) 0.9 (�0.1) 1.0 (�0.3) 0.9 (�0.2)
eGFR (MDRD) (ml/min per 1.73 m2) 84.8 (�16.2) 79.4 (�22.9) 81.9 (�19.7)
Urine ACR (mg/g) 48.0 (�26.6) 73.0 (�74.8) 61.2 (�57.3)
Urine albumin excretion rate (mg/24 h) 83.2 (�81.5) 140.8 (�145.1) 117.1 (�123.2)
Urine protein/Cr ratio (mg/g) 137.1 (�38.8) 218.2 (�127.3) 170.9 (�91.9)
Urine protein excretion rate (mg/24 h) 233.6 (�160.1) 392.9 (�286.6) 327.3 (�249.7)
Urine NAG (IU/L) 3.9 (�2.2) 5.5 (�2.6) 4.7 (�2.5)
Urine �1M (mg/L) 5.7 (�4.5) 6.7 (�5.3) 6.2 (�4.8)
Urine �2M (�g/L) 34.2 (�28.6) 96.5 (�104.2) 67.4 (�82.5)
Plasma CTGF N�W (ng/ml) 6.5 (�1.1) 11.2 (�3.6) 9.8 (�3.8)

MDRD, Modifications of Diet in Renal Disease study equation.
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mained elevated over the 14-day period until the next infusion.
Plasma N�W-CTGF had returned to levels within the normal
range by 12 weeks after the final infusion in the 3-mg/kg cohort
and by the end of the follow-up period (day 365) for the
10-mg/kg cohort. CTGF-whole was detectable in only a small
subpopulation of patients in the 3-mg/kg cohort and was be-
low quantitation (�3.8 ng/ml) in the 10-mg/kg cohort. There-
fore, the transient increase of N�W-CTGF consisted entirely of
increased CTGF N-fragment (Table 4), which is likely due to
binding of CTGF N-fragment with FG-3019 in plasma. Urine
N�W-CTGF was below quantitation (� 2.8 ng/ml) at all time
points with the exception of one subject who had a detectable
level of 3 ng/ml on day 14. CTGF-whole was not detected in
any of the urine samples (data not shown).

Safety
Infusions were well tolerated with no interruptions for symp-

toms. Centers reported a total of 11 infusion-day adverse events
possibly related to study drug in five subjects, including two
headaches and one episode each of fatigue, sore throat, dizzi-
ness, flushing, anemia, anxiety, hyperglycemia, hypoglycemia,
and increased lactate dehydrogenase. Overall, throughout the
treatment period including the 2 weeks after the final infusion,
88% of subjects reported mild or moderate adverse events
(Table 5). Adverse events did not increase in frequency with
dose escalation, with the possible exception of two subjects
with cold sores in the 10-mg/kg cohort. Two patients experi-
enced serious adverse events after day 300 that were consid-
ered unrelated to study drug: One patient had severe gastro-
enteritis and the other had a stroke. One subject in the 3-mg/kg
cohort had a transient AST/ALT rise. Another subject in the
3-mg/kg cohort experienced increases in AST and ALT levels
from baseline levels of 15 and 18 U/L to 119 and 85 U/L,

respectively, at 4 days after the first infusion (2.4- and 1.4-fold
upper limit of normal, respectively). The values were improv-
ing on day 7, but the subject was then lost to follow-up; because
of the temporal association, the liver enzyme elevations were
considered possibly related to FG-3019, although recreational
drug use was also suspected. No subject developed an antibody
response to FG-3019.

Efficacy: Urinary Albumin Excretion Rate, Tubular
Dysfunction, and eGFR

Mean urinary ACR tended to be decreased at the efficacy end
point on day 56 (2 weeks after the final infusion) in both dose
groups (Table 6). In the 3-mg/kg cohort, mean ACRs on days
56 and 84 were 29 (�15) and 45 (�28) mg/g, respectively,
compared with 48 (�27) mg/g at baseline. Mean ACRs in the
10-mg/kg cohort on days 56 and 84 were 39 (�25) and 37 (�17)
mg/g, respectively, as compared with 73 (�75) mg/g at base-
line. Because differences between doses were not apparent,
data from both dose groups were combined. Analysis of pooled
data showed a significant average decline in mean ACR from
baseline to day 56 of 27 (�49) mg/g (P � 0.027) (Table 6, Figure 2).
The subjects with the most pronounced (�50%) decline in ACR
(n � 6) tended to have higher baseline ACR than those remain-
ing more stable. Their mean baseline ACR was 100 (�84) mg/g
(range � 42 to 268 mg/g), which fell to 30 mg/g (�18) (range �

14 to 63 mg/g) on day 56. In contrast, subjects with �50% ACR
decrease had a mean baseline ACR of only 43 (�30) mg/g
(range � 13 to 117 mg/g), which had not changed significantly
on day 56 (mean � 36 � 23 mg/g; range � 9 to 84 mg/g).
During the washout period from the last infusion on day 42 to
day 84, urinary ACR returned to baseline in the 3-mg/kg
cohort but remained low in the 10-mg/kg cohort.

Mean overnight urinary NAG concentrations remained con-
sistent with baseline values with no apparent trend over the
FG-3019 dosing period. Urine concentrations of �2M and �1M
were variable over time with no apparent trend. Overnight
urinary �2M/Cr showed a decline at day 56 relative to baseline
(25 � 50% decrease for all subjects; P � 0.043). Overnight
NAG/Cr and �1M/Cr showed no trend over time.

Serum Cr and eGFR were stable in the efficacy population.
Mean percent change in eGFR from a mean baseline value of 84
(�21) ml/min per 1.73 m2 to day 56 was 3.6% � 14%. However,
the eGFR formula utilized is now recognized not to be highly
precise in subjects with eGFRs in this range.

Additional Clinical Assessments
HbA1c was measured in 12 subjects (8 receiving FG-3019 at

10 mg/kg and 4 receiving FG-3019 at 3 mg/kg) and remained
stable over time. The overall mean HbA1c values were 8.2% �

1.57% at baseline and 8.3% � 1.66% at day 56, reflecting a mean
change of 0.1% � 0.64%. For the safety population, average
MAPs at baseline and day 56, respectively, were 92.6 (�6.8)
mmHg and 88.2 (�11.2) mmHg for the 3-mg/kg cohort and
97.0 (�9.7) mmHg and 93.5 (�9.2) mmHg for the 10-mg/kg
cohort. A meaningful difference in MAP after therapy between
responders and nonresponders was not apparent.

Figure 1. FG-3019 plasma concentration before and after the first
infusion, showing no accumulation for 3 mg/kg (n � 13, first
dose; n � 9, fourth dose), but slower clearance for 10 mg/kg
(n � 10, first dose; n � 7 to 10, fourth dose) (mean � SD; safety
population). The slower clearance rate and longer T1/2 with the
higher dose suggests a saturable clearance pathway and higher
drug exposure (steady-state area under the curve).
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Discussion
This is the first phase 1, open-label, dose-escalation trial of

FG-3019, an investigational human monoclonal antibody to
CTGF, in subjects with type 1 or 2 diabetes and microalbumin-
uria. Both doses of FG-3019 (3 and 10 mg/kg) were well toler-
ated during four infusions over 42 days.

Pharmacokinetic analysis indicated that drug clearance was

saturable. Clearance was slower for the 10-mg/kg dose than for
the 3-mg/kg dose and slower for the fourth dose than the first
dose. These results suggest a high-affinity, low-capacity clear-
ance mechanism such as binding to target CTGF, superimposed
on the background low-affinity clearance of antibody. T1/2 was
approximately 5 to 6 days after four doses of FG-3019, which is
shorter than the typical IgG T1/2 of 10 to 14 days. This is

Table 3. FG-3019 plasma concentration (safety population)

Mean (�SD) Day n 3 mg/kg n 10 mg/kg

Cmax (�g/ml) 0 13 72.9 (�20.9) 10 419.8 (�211.4)
42 9 76.0 (�11.1) 9 511.0 (�309.5)

Cmax (nM) 0 13 486 (�139) 10 2799 (�1409)
42 9 507 (�74) 9 3407 (�2063)

Median Tmax (hours) 0 13 2.25 10 3.04
42 9 4.12 9 6.00

T1/2 (hours) 0 13 73.3 (�16.8) 10 141 (�25.3)
42 9 102 (�17.2) 6 135 (�41.3)

CL (ml/h per kg) 0 13 0.43 (�0.11) 10 0.23 (�0.11)
42 9 0.30 (�0.08) 9 0.17 (�0.07)

AUCInf (h��g/ml) 0 13 7446 (�1718) 10 53,894 (�24,565)
AUCss (h��g/ml) 42 9 11,648 (�4477) 9 79,995 (�33,891)

Cmax, maximum plasma concentration; Tmax, time to Cmax; T1/2, half-life; CL, clearance; AUC, area under the curve;
AUCss, steady-state AUC; AUCInf, AUC extrapolated to infinity.

Table 4. Plasma levels of CTGF-whole (W-CTGF assay) and CTGF-whole � CTGF N-fragment (N � W-CTGF
assay) (efficacy population)

Levels 3 mg/kg n � 10 10 mg/kg n � 10

Plasma W-CTGFa (ng/ml)
preinfusion 4.15 3.7
after infusion 1

24 hours 3.89 (�0.5) 3.7
72 hours 3.7 (�0.3) 3.7
7 days 3.81 (�0.4) 3.7

day 56 4.27 (�1.7) 3.7
Plasma N�W-CTGFb

preinfusion (ng/ml) 7.3 (�2.7) 12.2 (�3.2)
after infusion 1

Tcmaxc 3 days 7 days
Cmax (ng/ml) 372.1 (�135.4) 947.8 (�180.9)
Cmax (nM)d 19.6 (�7.1) 49.9 (�9.5)
FG-3019: N�W-CTGF molar ratio at Tcmax 11 14

after infusion 4
Tcmaxc 3 days 3 days
Cmax (ng/ml) 430.3 (�169.7) 1296.2 (�355.7)
Cmax (nM)d 22.6 (�8.9) 68.2 (�18.7)
FG-3019: N�W-CTGF molar ratio at Tcmax 12 23

day 56 (ng/ml) 58.6 (�60.1) 1010.2 (�415.2)
aThe lower quantitation limit of the W-CTGF assay is 3.8 ng/ml; samples with concentration below the quantitation limit

were assigned a value of 3.7 ng/ml.
bThe lower quantitation limit of the N�W-CTGF assay is 3.8 ng/ml.
cTcmax � the time point of maximum N�W-CTGF concentration after the first or fourth infusion.
dFor calculation of the molar concentration, it was assumed that all of the measured N�W-CTGF was CTGF N-fragment.
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unlikely to reflect antigen-mediated clearance because the as-
say for FG-3019 measures free (not antigen-bound) antibody,
and FG-3019 was present in significant molar excess over CTGF
N-fragment bound to the antibody. FG-3019 was previously
evaluated in an open-label, dose-escalation trial in subjects with
moderately severe idiopathic pulmonary fibrosis, and the sin-
gle-dose pharmacokinetic data were similar (45).

Although there are varying reports regarding association of
urinary CTGF with DKD (32,46), the results reported here show
that diabetic subjects with microalbuminuria did not have ele-
vated urinary CTGF values. Plasma levels of CTGF-whole were
low in these subjects, and changes could not be measured.
Plasma levels of CTGF N-fragment significantly increased over
a period of 3 to 7 days after each FG-3019 infusion, possibly
reflecting slower clearance of the CTGF N-fragment-FG-3019
complex compared with the small (approximately 19 kD) un-
complexed CTGF N-fragment, which may be freely filtered by
the kidney.

Our observations are subject to some limitations. This was an
exploratory open-label study, underpowered for efficacy and
subject to confounding effects that might affect apparent effi-

cacy. Nevertheless, urine albumin excretion and tubular dys-
function as reflected by �2M/Cr decreased at the primary end
point (day 56). These declines were not correlated with starting
concentrations of CTGF, and there was no clear and consistent
correlation between ACR response and starting concentrations
of any other biomarker. Both dose groups had apparent re-
sponders, and although there was no obvious dose-response
relationship, the duration of response trended longer in the
10-mg/kg cohort. Small MAP decrements of approximately 4
mmHg were noted in the 3- and 10-mg/kg dosing groups at
day 56, and confounding by blood pressure cannot be com-
pletely excluded. However, no meaningful difference between
responders and nonresponders in blood pressure or MAP after
therapy was found.

Although an antibody to CTGF would be anticipated to
modulate extracellular matrix synthesis, it may have additional
biologic effects. FG-3019 may block CTGF-mediated effects on
glomerular capillary permeability, possibly related to func-
tional and structural changes in podocytes or tubular cells.
Studies using rodent models of diabetes have demonstrated
early upregulation of CTGF before TGF� with CTGF expression

Table 5. Adverse events reported by two or more subjects through study day 56 (safety population)

Adverse Event FG-3019 3 mg/kg (n � 14) FG-3019 10 mg/kg (n � 10) All (n � 24)

Overall 14 (100%) 7 (70%) 21 (88%)
Headache 3 (21%) 0 3 (13%)
AST increased 2 (14%) 0 2 (8%)
LDH increased 2 (14%) 0 2 (8%)
Herpes simplex 0 2 (20%) 2 (8%)
Fatigue 1 (7%) 1 (10%) 2 (8%)
Edema 1 (7%) 1 (10%) 2 (8%)
Excoriation 1 (7%) 1 (10%) 2 (8%)
Laceration 2 (14%) 0 2 (8%)
Pain in extremity 1 (7%) 1 (10%) 2 (8%)
Hyperglycemia 2 (14%) 0 2 (8%)
Anemia 1 (7%) 1 (10%) 2 (8%)
Anxiety 1 (7%) 1 (10%) 2 (8%)

Data presented as n (%). LDH, lactate dehydrogenase.

Table 6. Overnight microalbumin (nephelometry)/Cr ratios (mg/g) (mean �SD) at days 0 (baseline), 56 (2 weeks
after final infusion), and 84 (during washout period) (efficacy population)

Day
3 mg/kg (n � 9) 10 mg/kg (n � 10) All (n � 19)

0 56 84 0 56 84a 0 56 84a

First morning
urine ACR
(mg/g)

48 (�27) 29 (�15) 45 (�28) 73 (�75) 39 (�25) 37 (�17) 61 (�57) 34 (�21) 41 (�23)

�ACR to day 56 �66 to 10 (P � 0.052b) �205 to 10 (P � 0.124b) �205 to 10 (P � 0.027b)
Pt with �50%
2ACR

3 of 9 3 of 10 6 of 19

an � 1 fewer subject.
bP compared with baseline.
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primarily in podocytes, (6) and the development of more severe
DKD in mice overexpressing CTGF specifically in podocytes
(47). Heterozygous CTGF knockout (�) mice developed less
severe albuminuria and glomerular basement membrane thick-
ening with diabetes (48), and a CTGF antisense oligonucleotide
decreased albuminuria, mesangial hypertrophy, and the in-
creased serum Cr in murine models (streptozotocin and db/db)
of type 1 and 2 diabetes (49).

In conclusion, this open-label phase 1 trial showed that FG-
3019, a human monoclonal antibody to CTGF, is well tolerated
for at least 6 weeks in type 1 and type 2 diabetic subjects with
microalbuminuria when administered by sequential intrave-
nous infusion given every other week. Anti-FG-3019 antibodies
were not detected in this study, which is consistent with other
studies in which FG-3019 was infused. Preliminary efficacy
data, to be interpreted with caution because of the uncontrolled
open-label design, suggest a rapid and significant decline in
urine ACR under treatment, particularly in subjects with higher
baseline microalbuminuria, and warrant further clinical trials in
subjects with more advanced DKD.
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