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Objectives: Lactoferrin is a glycoprotein with anti-infective and antiinflammatory properties found in secretions and immune cells. Talactoferrin alfa, a recombinant form of human lactoferrin, has similar
properties and plays an important role in maintaining the gastrointestinal mucosal barrier integrity. In experimental animal models, administration of talactoferrin reduces translocation of bacteria from the gut
into the systemic circulation and mortality from sepsis. Our objective
was to determine if talactoferrin could reduce 28-day all-cause mortality in patients with severe sepsis and to assess its safety.
Design: Prospective, randomized, double-blind, placebo-controlled,
multicenter phase 2 trial.
Setting: Adult ICUs and emergency departments in the United States.
Patients: One hundred ninety-four adults within 24 hrs of the
onset of severe sepsis.
Interventions: Enterally administered talactoferrin 1.5 g or placebo every 8 hrs for up to 28 days or until discharge from the ICU.

Measurements and Main Results: Modified intention-to-treat
analysis was used to assess the primary (28-day all-cause
mortality) and secondary endpoints. The all-cause mortality
at 28 days was 26.9% in the placebo group and 14.4% in the
talactoferrin group (two-sided p = 0.052), representing a 12.5%
absolute and a 46.5% relative reduction in mortality, meeting
the protocol-specified primary endpoint. Reduction in all cause
mortality was sustained at 6 months (p = 0.039). These reductions
in mortality were observed across a wide spectrum of subgroups.
The drug was well tolerated with a safety profile similar to that of
placebo.
Conclusions: Enteral administration of talactoferrin reduced
28-day all-cause mortality in patients with severe sepsis. This
reduction in mortality was sustained at 6 months. Talactoferrin
was very well tolerated. (Crit Care Med 2013; 41:706–716)
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epsis is a clinical syndrome defined by the presence of
both infection and a systemic inflammatory response.
Severe sepsis is defined as sepsis with the addition of one
or more organ dysfunctions (1, 2). Approximately 750,000
cases of severe sepsis occur each year in the United States (3).
The conventional management of sepsis consists of eradicating the underlying infection and providing supportive care for
associated organ dysfunction (4, 5). Despite the advances in
treatment, severe sepsis has a mortality of approximately 30%,
leading to the loss of about 220,000 lives each year while adding $16 billion in healthcare costs (3).
Lactoferrins are members of the transferrin family of nonheme iron binding proteins (6). They are normally found in
serum and in exocrine secretions such as milk, seminal fluid,
intestinal secretions, tears, sweat, saliva, and nasal secretions
in mammals (7–9) and in secretory granules of neutrophils
(10). They are synthesized in epithelial cells and polymorphonuclear cell precursors (10).
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are consistent with the demonstrated
ability of lactoferrin and oral TLF to
reduce mortality in bacterial (22, 23)
and lipopolysaccharide (Agennix data
on file) models of sepsis, respectively.
The safety and efficacy of TLF has also
been evaluated in other clinical trials in humans (24–27), enabling this
study to explore TLF effects in human
sepsis. This phase 2 trial was carried
out to extend the preclinical sepsis
results and to evaluate the safety and
efficacy of TLF in severe sepsis in
humans.

MATERIALS AND METHODS
This was a double-blind, placebo-controlled study of enteral TLF in patients
with severe sepsis. The protocol was
approved by the Institutional Review
Boards of each of the 24 participating
U.S. centers.
A total of 194 patients met the eligibility criteria as determined by an
independent clinical coordinating center (Ocean State Clinical Coordinating
Center, Providence, RI). Patients
were randomized at a ratio of 1:1 to
receive either TLF or placebo for up
to 28 days or until discharge from the
ICU, whichever occurred first. A TLF
dose of 4.5 g/day (1.5 g every 8 hrs)
was chosen based on extrapolations
Figure 1. Flow diagram for study participants. About one half of the patients were excluded by the
from the dosage regimens used in aniclinical coordinating center based on inclusion or exclusion criteria. Four patients were subsequently
excluded because consent was withdrawn before the first dose of study drug.
mal models of sepsis. This dose was
well tolerated in phase 1 studies, and
Talactoferrin alfa (TLF) is a recombinant human form of
higher doses did not result in any apparent increase in activity
lactoferrin produced in Aspergillus niger var awamori (11). (e.g., anti-tumor) in prior clinical studies (28, 29). Of the 194
Talactoferrin is equivalent to native lactoferrin from human
patients enrolled, 100 were randomized to TLF and 94 were
milk in 3D structure, molecular weight, biological activity, and
randomized to placebo. A total of 190 were treated, 97 in the
other physicochemical properties, differing only in the nature
TLF arm and 93 in the placebo arm (Fig. 1). Treatment arms
of glycosylation (12). Like the native protein, TLF displays were stratified by study center and by the presence or absence
anti-infective (11, 13–15) and anti-inflammatory (16–18) of cardiovascular (CV) dysfunction (vasopressor-dependent
properties, which have been demonstrated in in vitro and pre- shock) due to sepsis at the time of randomization.
clinical studies. Talactoferrin has also been shown to attenuThe study enrolled patients who had a diagnosis of sepsis
ate indomethacin-induced enteropathy in healthy volunteers, and at least one acute organ dysfunction due to sepsis. Patients
suggesting that it helps maintain the barrier properties of
received standard care for severe sepsis, allowing drotrecogin
gastrointestinal (GI) mucosa (19). In animal models of sepsis, alfa (activated) at the discretion of the primary physician.
enterally administered talactoferrin protects against mortal- The first dose of study drug was administered within 4 hrs of
ity induced by bacteria (15, 20) and endotoxin administration
randomization.
(Agennix data on file).
Safety was monitored daily in the ICU, and a final safety
Oral TLF acts locally at the level of the intestinal entero- evaluation was performed 4 wk after the last dose of study
cytes and the gut-associated lymphoid tissue (GALT). drug. Patients were contacted at 28 days, 3 months, and 6
Talactoferrin has been observed to protect against gut damage
months postrandomization to determine survival status. An
in both preclinical (21) and clinical studies (19), and to reduce
independent data safety monitoring board (DSMB) evalutranslocation of bacteria across the gut mucosa. These effects ated the safety and efficacy of talactoferrin after enrolling 40
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patients followed by two other evaluations prior to study completion. During the early phase of the trial, a disproportionate
number of patients were being enrolled with severe sepsis from
a urinary tract source. Therefore, a decision was made to cap
enrollment of such patients at 15% (30).
Participants
The inclusion criteria were as follows: age ≥ 18 yr; onset of
severe sepsis within the previous 24 hrs; and the ability to take
medication by enteral route (oral or via a feeding tube). Severe
sepsis was defined as the presence of at least two of the four
criteria of the systemic inflammatory response syndrome due
to known or suspected infection in association with at least
one of the following sepsis-induced organ dysfunctions: CV
(shock), respiratory, renal, hematological, and metabolic (2)
(Appendix 2).
The exclusion criteria were as follows: severe congestive
heart failure (e.g., New York Heart Association Class IV);
known HIV infection with CD4 < 200 cells/mm3; presence of
third degree burns involving > 20% body surface area; receiving immunosuppressants, to include prednisone 20 mg/day
or equivalent for ≥ 2 wk immediately prior to evaluation for
enrollment; patient is moribund; severe hypoxic encephalopathy (e.g., postcardiopulmonary resuscitation) or persistent
vegetative state; Child-Pugh Class C liver disease; and lack of
commitment to full, aggressive, life support.
Study Drug
The labeled study drug was shipped in cartons containing 1
wk’s supply.
During the study, the sponsor’s quality control process
identified mislabeled study drug provided by the contract
research organization responsible for drug labeling. The
mislabeling impacted the study drug received by some patients.
The study sponsor retrospectively traced exactly which
carton(s) were administered to each patient and determined
that the labeling and subsequent randomization errors
occurred randomly. Because vials of study drug were dispensed
in cartons containing 1 wk of drug supply, all patients enrolled
in the study received the same study drug for the first week
on study, whether correctly assigned by randomization or due
to a randomization error as a result of mislabeling. The vial
mislabeling incident was reported to the study DSMB and the
FDA and an independent investigation was performed. The
DSMB reviewed the details of the incident and reanalyzed
the previous DSMB meeting data conservatively so as to not
overestimate the efficacy or safety of TLF. The DSMB noted
that these errors were random, and as such were not associated
with the introduction of any bias. They concluded that no
safety issues arose from the randomization errors and that
enrollment should continue without modification.
Statistics
In this exploratory study, a sample size of 95 patients per arm
provided 80% power to detect a ≥ 43% reduction in 28-day
mortality (from 30% to 17%) in the talactoferrin arm with
708
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an a priori selected one-sided p value of < 0.1 (two-sided p
value of < 0.2). All data are presented with two-sided p values.
The primary analysis consisted of logistical regression with
CV dysfunction (vasopressor-dependent shock) included in
the model. The primary efficacy population and the modified
intention-to-treat population (MITT) included all patients
based on the treatment they received during the first week.
In the MITT population, the 45 patients who received incorrect treatment as a result of the mislabeling were assigned as follows. For the purpose of efficacy, the 23 patients randomized to
placebo or TLF but who received the other study drug only were
included in the arm of the study drug they actually received. The
22 patients who received a combination of both placebo and
TLF (at least one dose of both) during the study were included
in the arm of the study treatment they received during the first
week. This was done because treatments administered within
the first week after diagnosis of sepsis are thought to be most
important in determining outcome (5, 31, 32). Furthermore,
the average duration of study drug administration in the talactoferrin and placebo group was 8.7 and 7.1 days, respectively.
Two sensitivity analysis populations and an evaluable population were subsets of the MITT population. Sensitivity analysis 1 was performed by excluding the 22 patients who received
both talactoferrin and placebo. Sensitivity analysis 2 was performed by excluding the 45 patients who received the study
drug to which they were not randomized. Those patients in the
MITT population who received at least six doses of the study
drug were included in the evaluable patient population. The
ITT-as-randomized population included patients as they were
randomized.
For safety analysis, data from the 22 patients who received
at least one dose of TLF and placebo were analyzed as follows.
If the patient received TLF first, the patient was included in the
TLF group only and all safety data for that patient were included
in the TLF group. If the patient received placebo first, safety data
for that patient were included in the placebo group until the
time the patient received TLF; from that point, all subsequent
safety data for that patient were included in the TLF group.
Analyses were conducted to evaluate the effects of the drug
over a wide range of baseline characteristics such as the prior
location of patient, time of first organ dysfunction, source
of infection, comorbidities, severity of illness by Sequential
Organ Failure Assessment or Acute Physiology and Chronic
Health Evaluation (APACHE) II score, organ failure, race, gender, and age. Secondary endpoints were also analyzed, including the number of ICU days for survivors, the proportion of
shock-, ventilator-, dialysis-, and organ dysfunction-free days
in the ICU, duration of vasopressor use, time to death, and the
incidence of new infections in the ICU.

RESULTS
A total of 401 patients were screened by the clinical coordinating center. Figure 1 illustrates the flow diagram for study participants. About one half of the patients were excluded by the
clinical coordinating center based on the study protocol inclusion or exclusion criteria. Four patients were subsequently
March 2013 • Volume 41 • Number 3
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Table 1.

Baseline Characteristics of Patients-Modified Intention-to-Treat Population
Placebo
n = 93

Talactoferrin
n = 97

61

58

50.5%

53.6%

White

77.4%

77.3%

Black

12.9%

17.5%

Asian

3.2%

2.1%

APACHE II score (mean, sd)

25.4 (7.5)

24.1 (7.5)

APACHE II score <25, n (%)

47 (51%)

46 (47%)

Sequential Organ Failure Assessment score (mean)

9.0

8.7

Time from first organ dysfunction to randomization (hrs – mean)

18.0

17.6

3.5 (3.6)

3.0 (2.7)

2.1

1.9

64 (68.8)

71 (73.2)

29 (31.2)

26 (26.8)

Cardiovascular shock

63 (67.7)

58 (59.8)

Respiratory

56 (60.2)

52 (53.6)

Renal

36 (38.7)

34 (35.1)

Metabolic

31 (33.3)

26 (26.8)

Hematologic

11 (11.8)

14 (14.4)

29 (31.2)

29 (29.9)

17 (18.3)

21 (21.6)

Norepinephrine

64 (68.0)

58 (59.8)

Vasopressin

18 (19.4)

16 (16.5)

Early goal-directed therapy

69 (74.2)

65 (67)

Drotrocogin alfa (activated)

5 (5.4)

10 (10.3)

Use of mechanical ventilation

73 (78.5)

73 (75.3)

Dialysis for chronic renal failure

10 (10.8)

11 (11.3)

Lung

48 (51.6)

45 (46.4)

Urinary tract

21 (22.6)

20 (20.6)

Intra-abdominal

14 (15.1)

13 (13.4)

14 (15.1)

14 (14.4)

66 (71)

64 (66)

Characteristic
Age (mean), yr
Gender (% Male)
Race

Baseline lactate, mmol/L (mean, sd)
Number of organs with dysfunction, n (%)
No of organs with dysfunction (mean)
2 or fewer organs
3 or higher organs
Type of organ dysfunction, n (%)

a

Concomitant interventions, n (%)a
Corticosteroid use for septic shock
Type of vasopressor at baseline
 Dopamine

Site of infection, n (%)

a

Skin or skin structure
Sites of positive cultures at baseline, n (%)

a

Any site

(Continued)
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(Continued) Baseline Characteristics of Patients-Modified Intention-to-Treat
Population

Table 1.

Characteristic

Placebo
n = 93

Talactoferrin
n = 97

Blood

32 (34.4)

38 (39.2)

Urine

18 (19.4)

16 (16.5)

Respiratory secretions

25 (26.9)

16 (16.5)

Gram positive

52 (78.8)

47 (73.4)

Gram negative

29 (43.9)

23 (35.9)

4 (6.1)

10 (15.6)

32 (34.4)

27 (27.8)

Type of organisma, n (%)

Fungal
Polymicrobial
APACHE = Acute Physiology and Chronic Health Evaluation.
a
Each patient may be counted in more than one category.

excluded because consent was withdrawn before receiving the
first dose of study drug. The final MITT population consisted
of 97 patients who received TLF and 93 patients who received
placebo.
Baseline Characteristics
Baseline patient characteristics (Table 1) were balanced
between the treatment groups with regard to age, gender, race,
ethnicity, height, and weight. The mean (± sd) age was 61 ± 16
yr for the placebo group and 58 ± 17 yr for the TLF group. The
ratio of males to females was approximately 1:1 in both groups.
About 75% of the study participants in each group were white,
and 15% African–American.
Each patient received an oral (or enteral, via a feeding tube)
dose of 1.5 g TLF or placebo (1 vial, 15 mL) every 8 (± 2) hrs.
In the TLF arm, 35.1% of patients received study drug only by
mouth, 32.0% of patients received study drug only by a feeding tube, and 33.0% of patients received study drug by both
routes. In the placebo arm, 26.9% of patients received study
drug only by mouth, 48.4% of patients received study drug
only by a feeding tube, and 24.7% of patients received study
drug by both routes. 15.6% of TLF doses and 17.0% of placebo
doses were delivered distally to the pylorus.
Table 2.

The mean number of organ dysfunctions was approximately two for each treatment group. CV dysfunction (vasopressor-dependant shock) was present in approximately
60% of patients. Concomitant therapeutic interventions
were generally balanced between the respective placebo and
TLF arms and included the use of drotrecogin alfa (activated) (5% and 10%), corticosteroids for refractory shock
(31% and 30%), and site-reported adherence to early goaldirected therapy (74% and 67%). Nearly all patients were on
systemic antibiotics before the first dose of study medication, and 92% and 96% of TLF and placebo patients, respectively, received antibiotics within 1 hr of meeting severe
sepsis criteria. Adequacy of antibiotic therapy was assessed
by asking if every microbial isolate identified from all baseline cultures was treated within 24 hrs of the culture being
obtained, by an antibiotic to which it was sensitive. This
assessment was made independently of the availability of
culture results at the time of antibiotic initiation and independently of the role of the organism in the septic process.
Based on this definition, the adequacy of antibiotic therapy
(yes, no, and unknown) was determined for 58%, 19%, and
23% of TLF patients and 55%, 14%, and 32% of placebo
patients, respectively.

All-Cause Mortality-Modified Intention-to-Treat Population
Overall Patient Population
Placebo
n = 93
Deaths,
n (%)

Talactoferrin
n = 97
Deaths,
n (%)

28 days

25 (26.9)

14 (14.4)

12.5%

46.5%

0.48(0.23, 1.01)

0.052

3 months

27 (29.7)

17 (17.9)

11.8%

39.7%

0.54(0.27, 1.09)

0.085

6 months

32 (35.6)

20 (21.1)

14.5%

40.7%

0.5(0.26, 0.97)

0.039

Absolute
Reduction in
Mortality

Relative
Reduction in
Mortality

Odds Ratio
and 95%
Confidence
Interval

pa
(two-sided)

p value from two-sided logistic regression test with cardiovascular dysfunction (vasopressor-dependent shock) included in the model.

a
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Table 3. Mortality in Patients With and Without Vasopressor-Dependent Septic Shock—
Modified Intention-to-Treat Population
Septic Shock Present

a

Septic Shock Absent

Placebo
n = 63
Deaths,
n (%)

Talactoferrin
n = 58
Deaths,
n (%)

Odds
Ratio and
95%
Confidence
Interval

Talactoferrin
n = 39
Deaths,
n (%)

Odds
Ratio and
95%
Confidence
Interval

pa
(twosided)

28 days

18 (28.6)

13 (22.4)

0.72 (0.32, 1.65)

0.439

7 (23.3)

1 (2.6)

0.09 (0.01, 0.75)

0.026

3 months

20 (32.8)

15 (26.3)

0.73 (0.33, 1.63)

0.443

7 (23.3)

2 (5.3)

0.18 (0.04, 0.96)

0.039

6 months

23 (38.3)

16 (28.1)

0.63 (0.29, 1.37)

0.241

9 (30)

4 (10.5)

0.28 (0.08, 1.01)

0.051

Placebo
n = 30
pa
Deaths,
(two-sided)
n (%)

p value from two-sided univariate logistic regression analysis.

The most common sites of infection were respiratory, followed by urinary tract, intra-abdominal, and skin. The incidence of positive cultures with Gram positive, Gram negative,
or fungal organisms was similar between the groups. Isolation
of Gram positive organisms was about twice as common as
Gram negative organisms, and about a third of the cultures
were polymicrobial. Blood cultures were positive in 34% of
the placebo group and 39% of the TLF group. All cultures
were negative in about a third of the patients in both groups.

12.5% absolute and a 46.5% relative reduction in 28-day allcause mortality. The primary analysis met the primary endpoint of 28-day all-cause mortality reduction (two-sided p =
0.052), with an odds ratio of 0.48 (Table 2). Univariate logistic
regression analysis demonstrated an odds ratio of 0.46 and p =
0.04. The reduction in 28-day mortality was noted in patients
with and without shock at baseline, although a greater decrease
occurred in those without shock (Table 3). The reduction in
all-cause mortality was sustained at 6 months in the overall
population (p = 0.039; Table 2) and in those subgroups with or
All-Cause Mortality
without vasopressor-dependent shock (Table 3). Kaplan–Meier
The MITT analysis (using logistic regression with baseline CV
survival curves (Fig. 2) also illustrate that the survival benefit of
dysfunction status [vasopressor-dependant shock]) demonTLF at 28 days is sustained at 6 months.
strated that treatment with TLF decreased mortality from 26.9%
Because of the mislabeling errors, two sensitivity analy(placebo) to 14.4% (TLF) (Table 2). This decrease represents a
ses were performed to analyze potential impact on 28-day
mortality; one analysis
excluded the 22 patients
who received a dose of both
placebo and TLF and the
second analysis excluded
all 45 patients impacted by
the mislabeling. As shown
in Table 4, reductions in
28-day mortality in the TLF
arms and odds ratios were
similar in the MITT, ITTas-randomized, sensitivity
1 and 2 populations, and
the evaluable population
(patients who received at
least six doses of the study
drug), suggesting that the
mislabeling did not impact
the study outcome.
Figure 3 shows the
28-day mortality according to baseline APACHE II
scores in successive quartiles
Figure 2. Kaplan–Meier survival-time curves for the modified intention-to-treat population. Treatment with talacto(0–19, 20–24, 25–30, and >
ferrin, compared with placebo, resulted in a decrease in all-cause mortality at 28 days (two-tail p = 0.052) and at 3
30). The numbers of patients
(p = 0.085) and 6 months (p = 0.039).
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Table 4.

Analyses of 28-Day All-Cause Mortality in Different Populations
n

Deaths
n (%)

Absolute
Reduction
in Mortality

pa
(two-sided)

Odds Ratio and
95% Confidence
Interval

Placebo

93

25 (26.9)

12.5%

0.052

0.48(0.23, 1.01)

TLF

97

14 (14.4)

Placebo

94

25 (27.2)

12.9%

0.023

0.42(0.20, 0.89)

100

14 (14.3)

Placebo

84

17 (20.2)

11.4%

0.053

0.41(0.16, 1.01)

TLF

91

8 (8.8)

Sensitivity analysis 1
(excludes 22 mixed)

Placebo

81

21 (25.9)

11.0%

0.116

0.53(0.24, 1.17)

TLF

87

13 (14.9)

Sensitivity analysis 2
(excludes 45 affected)

Placebo

70

20 (28.6)

12.6%

0.078

0.48(0.21, 1.09)

TLF

75

12 (16.0)

Population
Modified ITT
ITT—randomized

TLF
Evaluable

ITT = intention-to-treat; TLF = talactoferrin.
a
Two-sided p values for treatment based on logistic regression analysis, including vasopressor-dependent shock in the model. Note: The analyses for each of
these five populations met the a priori defined statistical endpoint of one-sided p < 0.10 (two-sided p < 0.20).
Modified ITT = all patients based on the treatment they received during the first week.
ITT as randomized = based on the randomized assignment.
Subsets of the modified ITT population: Evaluable = those who received at least six doses of the study drug. Sensitivity analysis 1 excluded those patients who
received both TLF and placebo. Sensitivity analysis 2 excluded all patients who received the study drug to which they were not randomized.   

in each group (placebo vs. TLF) were similar in each quartile.
APACHE II scores were unknown for a single patient who was
alive in the placebo group. Mortality increased with increasing APACHE II scores in both treatment groups. The decrease
in mortality associated with TLF appeared to be greater for
patients with higher APACHE II scores (Fig. 3).
Secondary Endpoints
No statistically significant differences were noted between
treatment groups for the following secondary endpoints: the
number of ICU days for survivors, the proportion of shock-,

ventilator-, dialysis-, organ dysfunction-free days in the ICU,
duration of vasopressor use, time to death, and the incidence
of new infections in the ICU.
Subgroup Analysis
The Forest plot in Figure 4 shows that the relative effect of
TLF on 28-day all-cause mortality was consistent across the
majority of subgroups. Exceptions were noted in three subgroups: female gender, metabolic organ dysfunction, and
abdominal site of infection.

Figure 3. Overall 28-day all-cause mortality by Acute Physiology and Chronic Health Evaluation (APACHE) II
quartiles. TLF = talactoferrin.
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Safety Results
Talactoferrin was well tolerated. No clinically significant differences were noted
between treatment groups
in the incidence of adverse
events (Table 5). The incidence of postbaseline infections was evaluated. These
were defined as relapse or
superinfection at the site of
the original infection or as
new infections. Relapse or
superinfection was identified in 12.4% and 12.9% of
TLF and placebo patients,
respectively, and new infections were identified in
18.6% of TLF patients and
23.7% of placebo patients.
March 2013 • Volume 41 • Number 3
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weight newborns showed
that enteral administration of bovine lactoferrin
decreased the occurrence of
neonatal sepsis (37).
Lactoferrin binds to
epithelial cells and modulates intracellular signaling
pathways impacting cytokine secretion (e.g., nuclear
factor-kB) (38), increases
levels of key chemokines
(e.g., CCL20) and cytokines (e.g., interferon-γ)
derived from the GI tract,
and decreases production
of Th2-mediated cytokines
(interleukin [IL]-4, IL-6,
and IL-10). The biologic
effects include a decrease
in GI tract–induced systemic surges of proinflammatory cytokines that may
contribute to the multiorgan dysfunction in sepsis.
Lactoferrin appears to normalize gut permeability,
Figure 4. Effect of talactoferrin on 28 day all-cause mortality in various subgroups (relative risk and 95% condecrease bacterial transfidence interval). APACHE = Acute Physiology and Chronic Health Evaluation; SOFA = Sequential Organ Failure
location across the gut,
Assessment.
dampen the hyperimmune
response to inflammatory
DISCUSSION
stimuli, and potentially also impact the immunosuppressed
The effect of talactoferrin alfa on 28-day all-cause mortal- state that follows the proinflammatory surge (39, 40). Sepsis
ity in patients with severe sepsis was evaluated in a randomis a severe clinical syndrome characterized by cytokine release,
ized, double-blind, placebo-controlled phase 2 study. The
increased expression of adhesion molecules, release of reactrial achieved its primary endpoint of a reduction in 28-day
tive oxygen species, and expression of acute-phase proteins
all-cause mortality, from 26.9% in the placebo group to 14.4%
(41–43). These pathophysiological aspects of sepsis impact
in the talactoferrin group. This represents a 12.5% absolute
the gut, and this may be one area where talactoferrin acts. In
and a 46.5% relative reduction in mortality. Furthermore, the
15 healthy human volunteers, talactoferrin reduced the indoeffect of talactoferrin on reducing mortality was sustained at
methacin-mediated increase in gut permeability (19). In ani6 months.
mal models of sepsis induced by bacteria (22) and endotoxin
Lactoferrin is a naturally occurring 78 kDa iron-binding
administration (Agennix data on file), enterally administered
protein (33) present in mucosal surfaces and at the sites of
lactoferrin decreased mortality. The gut has been considered
inflammation (10). It is expressed throughout the body in
a “motor of multiorgan failure” in sepsis (44–46). The sepsisimmune cells and body surfaces exposed to the external induced increase in gut permeability results in increased bacenvironment. Although it is present in tears, saliva, and
terial translocation, which can further exacerbate the septic
respiratory secretions, the highest concentrations are found state. Both local and systemic sequelae are observed followin colostrum (34). Maternal milk plays a central role in helping the ischemia-reperfusion injury to the gut that is observed
ing to establish the immune system, including the GALT—
in sepsis (44–46). Oral talactoferrin, which acts locally on
the largest immune system in the body (15). In breast fed
intestinal enterocytes and the GALT, may help stabilize the
infants, enhancing the gut barrier to infection has been
gut and interrupt this sequence of noxious events (19). Given
attributed at least in part to lactoferrin (35). Interestingly, the potential action of TLF in the gut, it is interesting to note
the milk of mothers of premature infants has a much higher
that patients with abdominal infections tended to fair worse
concentration of lactoferrin (> 5g/L) than that of the mothwith TLF compared to placebo. This finding requires further
ers of mature term infants (~ 1–5 g/L) (36). One recent evaluation. Direct infectious, ischemic or surgical insults to
study in very low birth weight and extremely low birth the gut may impact potentially protective mechanisms in the
Critical Care Medicine
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Table 5.

Events

Incidence of ≥ Grade 3 Adverse

System Organ Class
and Preferred Term

Placebo

Talactoferrin

Table 5. (Continued) Incidence of
≥ Grade 3 Adverse Events
System Organ Class
and Preferred Term

Placebo

Talactoferrin

Vascular disorders

Blood and lymphatic system disorders
Anemia

6.5%

9.2%

Hypertension

2.2%

0.0%

Leukopenia

2.2%

0.0%

Hypotension

2.2%

2.8%

3.2%

0.0%

2.2%

0.0%

4.3%

1.8%

Cardiac disorders
Atrial fibrillation
Gastrointestinal disorders
 Diarrhea
Ileus

General disorders and administration site conditions
Multiorgan failure

7.5%

8.3%

Pneumonia

1.1%

2.8%

Urinary tract infection

4.3%

1.8%

Wound infection

2.2%

0.0%

3.2%

3.7%

2.2%

0.9%

Infections and infestations

 Sepsis
Catheter bacteremia

Metabolism and nutrition disorders
Hyperglycemia

2.2%

0.9%

Hypoglycemia

1.1%

2.8%

Hypokalaemia

2.2%

1.8%

Hypophosphataemia

3.2%

1.8%

Hypoalbuminemia

3.2%

0.0%

3.2%

0.9%

2.2%

0.0%

Renal failure

2.2%

0.9%

Acute renal failure

4.3%

1.8%

Nervous system disorders
Encephalopathy
Psychiatric disorder
Confusional state
Renal and urinary disorders

Respiratory, thoracic, and mediastinal disorders
Hypoxia

6.5%

2.8%

Pleural effusion

4.3%

1.8%

Respiratory failure

3.2%

5.5%

Acute respiratory
distress syndrome

4.3%

0.9%

Acute respiratory failure

2.2%

0.0%

Pulmonary embolism

2.2%

0.9%
(Continued)
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otherwise normal gut during sepsis. It is also possible that
this outcome from a small subgroup in a small trial may be
misleading.
The reduction in mortality from TLF administration in this
phase 2 study is large compared to other sepsis trials. However,
the use of concomitant medications (steroids, drotrecogin
alfa) and the baseline characteristics, including the numbers
of organ failure, sites of infection, types of organism, incidence of positive blood cultures, and APACHE II scores, were
similar to other recently reported interventional sepsis studies
(47, 48). The Kaplan–Meier survival curves begin to separate
in the first few days, and their separation becomes more pronounced in the second and third week. Thereafter, the effect
seems to be relatively constant. The reason behind this pattern of effect is unknown and will require additional investigation on the mechanism of action that may include effects
on excessive inflammation as well as later hypoimmune phases
of sepsis (49). A recent analysis of several immunomodulating
therapies studied in severe sepsis has suggested a treatmentby-severity interaction, with greater benefit observed with
increasing severity (50). Perhaps consistent with this observation, we observed that the greatest mortality reduction in the
TLF-treated patients occurred in those with higher APACHE
II scores.
The results of this study were scrutinized for sources of bias
that could have occurred because of the study drug labeling
error. An analysis of efficacy data performed only on patients
without randomization errors provided results similar to those
for the overall MITT population. In addition, results from analysis of the sensitivity population that excluded the 22 patients
who received both TLF and placebo were also similar to those
for the MITT population. Another analysis, which excluded
the 45 patients who received study drug to which they were not
randomized (sensitivity analysis 2), is the most conservative
and in that sense, it could be argued, the most reliable. These
sensitivity analyses provide further evidence that the errors in
labeling of the study medication vials did not introduce bias
nor impact the study outcome.
The findings from this phase 2 study, and the need for new
therapies in severe sepsis, warrant further studies with talactoferrin. Recently, talactoferrin was evaluated globally in another
phase 2/3 sepsis trial. The primary endpoint of this latter
study was to determine the effect of oral talactoferrin alfa on
28-day all-cause mortality in patients with severe sepsis. Based
on the review of available data, the DSMB for this second
March 2013 • Volume 41 • Number 3
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study recommended that patient enrolment and treatment be
stopped. The data from the phase 2/3 will be unblinded to better understand the results.

CONCLUSIONS
This study of talactoferrin in severe sepsis met the a priori
determined outcome measure of reduction in 28-day all-cause
mortality, which was sustained at 6 months. Furthermore,
these effects were observed over a wide range of subgroups and
talactoferrin had no significant side effects.

ACKNOWLEDGMENTS
We thank Steven Simonson, MD, and Junming Zhu, PhD,
Agennix, for assistance in preparation of the article.

REFERENCES

1. Bone RC, Sibbald WJ, Sprung CL: The ACCP-SCCM consensus conference on sepsis and organ failure. Chest 1992; 101:1481–1483
2. Bone RC, Balk RA, Cerra FB, et al: Definitions for sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis. The
ACCP/SCCM Consensus Conference Committee. American College of Chest Physicians/Society of Critical Care Medicine. Chest
1992; 101:1644–1655
3. Angus DC, Linde-Zwirble WT, Lidicker J, et al: Epidemiology of severe
sepsis in the United States: Analysis of incidence, outcome, and
associated costs of care. Crit Care Med 2001; 29:1303–1310
4. Russell JA: Management of sepsis. N Engl J Med 2006;
355:1699–1713
5. Dellinger RP, Levy MM, Carlet JM, et al; International Surviving Sepsis
Campaign Guidelines Committee; American Association of Critical-Care
Nurses; American College of Chest Physicians; American College of
Emergency Physicians; Canadian Critical Care Society; European Society of Clinical Microbiology and Infectious Diseases; European Society
of Intensive Care Medicine; European Respiratory Society; International
Sepsis Forum; Japanese Association for Acute Medicine; Japanese
Society of Intensive Care Medicine; Society of Critical Care Medicine;
Society of Hospital Medicine; Surgical Infection Society; World Federation of Societies of Intensive and Critical Care Medicine: Surviving
Sepsis Campaign: International guidelines for management of severe
sepsis and septic shock: 2008. Crit Care Med 2008; 36:296–327
6. Metz-Boutigue MH, Jollès J, Mazurier J, et al: Human lactotransferrin:
Amino acid sequence and structural comparisons with other transferrins. Eur J Biochem 1984; 145:659–676
7. Probable role of lactoferrin in the transport of iron across the intestinal
brush border. Nutr Rev 1980; 38:256–257
8. Masson PL, Heremans JF: Lactoferrin in milk from different species.
Comp Biochem Physiol, B 1971; 39:119–129
9. Levay PF, Viljoen M: Lactoferrin: A general review. Haematologica
1995; 80:252–267
10. Masson PL, Heremans JF, Schonne E: Lactoferrin, an iron-binding
protein in neutrophilic leukocytes. J Exp Med 1969; 130:643–658
11. Ward PP, Piddington CS, Cunningham GA, et al: A system for production of commercial quantities of human lactoferrin: A broad spectrum natural antibiotic. Biotechnology (NY) 1995; 13:498–503
12. Sun XL, Baker HM, Shewry SC, et al: Structure of recombinant
human lactoferrin expressed in Aspergillus awamori. Acta Crystallogr
D Biol Crystallogr 1999; 55(Pt 2):403–407
13. Miehlke S, Reddy R, Osato MS, et al: Direct activity of recombinant
human lactoferrin against Helicobacter pylori. J Clin Microbiol 1996;
34:2593–2594
14. Dial EJ, Romero JJ, Headon DR, et al: Recombinant human lactoferrin is effective in the treatment of Helicobacter felis-infected mice. J
Pharm Pharmacol 2000; 52:1541–1546
15. Edde L, Hipolito RB, Hwang FF, et al: Lactoferrin protects neonatal
rats from gut-related systemic infection. Am J Physiol Gastrointest
Liver Physiol 2001; 281:G1140–G1150

Critical Care Medicine

16. Cumberbatch M, Dearman RJ, Uribe-Luna S, et al: Regulation of epidermal Langerhans cell migration by lactoferrin. Immunology 2000;
100:21–28
17. Spadaro M, Caorsi C, Ceruti P, et al: Lactoferrin, a major defense
protein of innate immunity, is a novel maturation factor for human dendritic cells. FASEB J 2008; 22:2747–2757
18. de la Rosa G, Yang D, Tewary P, et al: Lactoferrin acts as an alarmin to
promote the recruitment and activation of APCs and antigen-specific
immune responses. J Immunol 2008; 180:6868–6876
19. Troost FJ, Saris WH, Brummer RJ: Recombinant human lactoferrin
ingestion attenuates indomethacin-induced enteropathy in vivo in
healthy volunteers. Eur J Clin Nutr 2003; 57:1579–1585
20. Yen CC, Lin CY, Chong KY, et al: Lactoferrin as a natural regimen for
selective decontamination of the digestive tract: Recombinant porcine lactoferrin expressed in the milk of transgenic mice protects neonates from pathogenic challenge in the gastrointestinal tract. J Infect
Dis 2009; 199:590–598
21. Dial EJ, Dohrman AJ, Romero JJ, et al: Recombinant human lactoferrin prevents NSAID-induced intestinal bleeding in rodents. J Pharm
Pharmacol 2005; 57:93–99
22. Kruzel ML, Harari Y, Chen CY, et al: Lactoferrin protects gut mucosal
integrity during endotoxemia induced by lipopolysaccharide in mice.
Inflammation 2000; 24:33–44
23. Zimecki M, Artym J, Chodaczek G, et al: Protective effects of lactoferrin in Escherichia coli-induced bacteremia in mice: Relationship to
reduced serum TNF alpha level and increased turnover of neutrophils.
Inflamm Res 2004; 53:292–296
24. Parikh PM, Vaid A, Advani SH, et al: Randomized, double-blind,
placebo-controlled phase II study of single-agent oral talactoferrin
in patients with locally advanced or metastatic non-small-cell lung
cancer that progressed after chemotherapy. J Clin Oncol 2011;
29:4129–4136
25. Digumarti R, Wang Y, Raman G, et al: A randomized, double-blind,
placebo-controlled, phase II study of oral talactoferrin in combination with carboplatin and paclitaxel in previously untreated locally
advanced or metastatic non-small cell lung cancer. J Thorac Oncol
2011; 6:1098–1103
26. Jonasch E, Stadler WM, Bukowski RM, et al: Phase 2 trial of talactoferrin in previously treated patients with metastatic renal cell carcinoma. Cancer 2008; 113:72–77
27. Lyons TE, Miller MS, Serena T, et al: Talactoferrin alfa, a recombinant
human lactoferrin promotes healing of diabetic neuropathic ulcers: A
phase ½ clinical study. Am J Surg 2007; 193:49–54
28. Mojaverian P: Single and multiple dose safety, tolerability and pharmacokinetics (PK) of oral recombinant lactoferrin (rhLF) in healthy subjects.
Salt Lake City, UT, Proc Ann Mtg Am Asso Pharm Scientists, 2003
29. Hayes TG, Falchook GF, Varadhachary GR, et al: Phase I trial of oral
talactoferrin alfa in refractory solid tumors. Invest New Drugs 2006;
24:233–240
30. Bernard GR, Vincent JL, Laterre PF, et al; Recombinant human protein C Worldwide Evaluation in Severe Sepsis (PROWESS) study
group: Efficacy and safety of recombinant human activated protein C
for severe sepsis. N Engl J Med 2001; 344:699–709
31. Otero RM, Nguyen HB, Huang DT, et al: Early goal-directed therapy
in severe sepsis and septic shock revisited: Concepts, controversies,
and contemporary findings. Chest 2006; 130:1579–1595
32. Rivers E, Nguyen B, Havstad S, et al; Early Goal-Directed Therapy Collaborative Group: Early goal-directed therapy in the treatment of severe sepsis and septic shock. N Engl J Med 2001;
345:1368–1377
33. Anderson BF, Baker HM, Norris GE, et al: Structure of human lactoferrin: Crystallographic structure analysis and refinement at 2.8 A
resolution. J Mol Biol 1989; 209:711–734
34. Levay PF, Viljoen M: Lactoferrin: A general review. Haematologica
1995; 80:252–267
35. Sherman MP: New concepts of microbial translocation in the neonatal intestine: Mechanisms and prevention. Clin Perinatol 2010;
37:565–579
36. Hirai Y, Kawakata N, Satoh K, et al: Concentrations of lactoferrin and
iron in human milk at different stages of lactation. J Nutr Sci Vitaminol
1990; 36:531–544
www.ccmjournal.org

715

Guntupalli et al
37. Manzoni P, Rinaldi M, Cattani S, et al; Italian Task Force for the Study
and Prevention of Neonatal Fungal Infections, Italian Society of Neonatology: Bovine lactoferrin supplementation for prevention of lateonset sepsis in very low-birth-weight neonates: A randomized trial.
JAMA 2009; 302:1421–1428
38. Håversen L, Ohlsson BG, Hahn-Zoric M, et al: Lactoferrin downregulates the LPS-induced cytokine production in monocytic cells via
NF-kappa B. Cell Immunol 2002; 220:83–95
39. Håversen LA, Baltzer L, Dolphin G, et al: Anti-inflammatory activities
of human lactoferrin in acute dextran sulphate-induced colitis in mice.
Scand J Immunol 2003; 57:2–10
40. Håversen LA, Engberg I, Baltzer L, et al: Human lactoferrin and peptides derived from a surface-exposed helical region reduce experimental Escherichia coli urinary tract infection in mice. Infect Immun
2000; 68:5816–5823
41. Raetz CR, Ulevitch RJ, Wright SD, et al: Gram-negative endotoxin: An
extraordinary lipid with profound effects on eukaryotic signal transduction. FASEB J 1991; 5:2652–2660
42. Ulevitch RJ, Tobias PS: Receptor-dependent mechanisms of cell stimulation by bacterial endotoxin. Annu Rev Immunol 1995; 13:437–457
43. Pajkrt D, Doran JE, Koster F, et al: Antiinflammatory effects of reconstituted high-density lipoprotein during human endotoxemia. J Exp
Med 1996; 184:1601–1608

716

www.ccmjournal.org

44. Pastores SM, Katz DP, Kvetan V: Splanchnic ischemia and gut mucosal injury in sepsis and the multiple organ dysfunction syndrome. Am
J Gastroenterol 1996; 91:1697–1710
45. Schwarz B, Salak N, Hofstötter H, et al: Intestinal ischemic reperfusion syndrome: Pathophysiology, clinical significance, therapy. Wien
Klin Wochenschr 1999; 111:539–548
46. Stallion A, Kou TD, Latifi SQ, et al: Ischemia/reperfusion: A clinically
relevant model of intestinal injury yielding systemic inflammation. J
Pediatr Surg 2005; 40:470–477
47. Rice TW, Wheeler AP, Bernard GR, et al: A randomized, double-blind,
placebo-controlled trial of TAK-242 for the treatment of severe sepsis.
Crit Care Med 2010; 38:1685–1694
48. Bernard GR, Zeno B, Bernard AC, et al: A Randomized, PlaceboControlled, Dose Escalation Trial of Anti-TNF (AZD9773) in
patients with severe sepsis. Am J Respir Crit Care Med 2011;
183:A5604
49. Hotchkiss RS, Karl IE: The pathophysiology and treatment of sepsis.
N Engl J Med 2003; 348:138–150
50. Kalil AC, LaRosa SP, Gogate J, et al; Eritoran Sepsis Study Group:
Influence of severity of illness on the effects of eritoran tetrasodium
(E5564) and on other therapies for severe sepsis. Shock 2011;
36:327–331

March 2013 • Volume 41 • Number 3

