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Abstract
We previously conducted a randomized, double-blind, placebo-controlled study conducted from
2000–2003 of palifermin, a recombinant human keratinocyte growth factor, dosed from 240 mcg/kg
to 720 mcg/kg, in 100 allogeneic hematopoietic stem cell transplantation (HCT) recipients. Treatment
with palifermin showed beneficial effects on mucositis, but no significant effect on engraftment,
acute GVHD, or early survival. In addition to the effect of palifermin on mucosa, other pleotrophic
effects, including more rapid immune reconstitution, have been seen in experimental transplant
models. Therefore, we investigated whether with longer follow-up we could detect additional
differences between the palifermin treated and placebo cohorts. We found no differences in CMV
or invasive fungal infections, chronic GVHD, or long-term survival between cohorts. We conclude
that the benefits of palifermin appear to primarily be limited to ameliorating mucotoxicity when given
to allogeneic HCT recipients.
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Introduction
Allogeneic hematopoietic cell transplantation represents the only curative therapy for large
numbers of patients with hematologic malignancies. A major advantage of allogeneic HCT is
the potential for graft-versus-leukemia effects which can reduce the risk of relapse and improve
survival. However, there is a tight association between GVL and graft-versus-host disease
(GVHD) and GVHD continues to be the major contributor to post-transplant morbidity and
mortality. The pathophysiology of GVHD is complex but involves inflammatory cytokine
effectors, amplified by translocation of lipopolysaccharide (LPS) across damaged
gastrointestinal epithelium (1,2). Therefore, protection of the gastrointestinal tract from HCT
conditioning induced injury has the potential to ameliorate the GI tract contribution to GVHD.

Palifermin (keratinocyte growth factor, KGF) has proven to be effective at preventing
chemotherapeutic or radiation gastrointestinal injury in the setting of high-dose autologous
HCT (3). Furthermore, preclinical animal models showed that palifermin reduced the severity
of acute GVHD arising after allogeneic HCT (4–6) An additional potential benefit of palifermin
may be improved thymopoiesis and peripheral immune reconstitution as has been seen in
experimental models of GVHD (7,8).

In order to determine the potential benefits of palifermin in the allogeneic HCT setting, we
conducted a phase I/II randomized, placebo-controlled trial of palifermin in 100 patients
undergoing matched, related donor, HCT following myeloablative therapy at the University
of Minnesota and the University of Michigan from 2000 to 2003. The results of this trial have
been reported (9), and contrary to expectations, palifermin administration before and after HCT
had no significant effect on the incidence and severity of acute GVHD, survival to day 100, or
relapse rates. We now update this data with longer follow-up and report infection rates observed
during this study.

Patients, Materials, and Methods
Patient and transplant characteristics

The patients characteristics have been previously reported (9). Briefly, one hundred patients
were enrolled on the study, 31 patients randomly assigned to receive placebo and 69 to receive
one of four doses and schedules of palifermin. Two patients who were randomized to palifermin
did not undergo transplant (death and patient decision) and were not further analyzed. Baseline
demographic and disease characteristics were balanced between the placebo and palifermin
cohort with respect to center (Michigan or Minnesota), gender, age, weight, year of transplant,
and disease treated (Table 1). The median age for placebo patients was 46 (7–63) years and
for palifermin patients was 46 (7–65) years. Median follow-up of 365 days is the same between
placebo and palifermin treated patients.

All patients received a myeloablative allogeneic HCT from a HLA-genotypically identical -
sibling donor. Conditioning regimens consisted of either cyclophosphamide (120 mg/kg) and
fractionated total body irradiation (1320 cGy) (University of Minnesota) or oral busulfan (16
mg/kg) and cyclophosphamide (120 mg/kg) (University of Michigan).

GVHD prophylaxis
GVHD prophylaxis consisted of a calcineurin inhibitor (tacrolimus or cyclosporine) and short-
course methotrexate (15 mg/m2 on day 1 and 10 mg/m2 on days 3, 6, and 11).
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Study Design
The study utilized a randomized, double-blind, placebo-controlled, dose-escalation design.
Three palifermin cohorts were sequentially enrolled with dose escalation of palifermin for each
cohort. All cohorts received 3 days of palifermin at 40 mcg/kg (8 patients) or 60 mcg/kg (61
patients) prior to the start of conditioning therapy and then received the same dose of palifermin
on 3 consecutive days weekly starting day 0 for one (18 patients), two (14 patients), or three
(37 patients) weeks. Thus the total palifermin dose ranged from 240 mcg/kg for the lowest
dose cohort to 720 mcg/kg for the highest dose cohort. Patients were randomized to palifermin
or placebo using a 1:2 scheme and structured to achieve balance within each study site and in
each cohort with stratification based on conditioning regimen and patient age.

Follow-up design
Patient study charts and transplant center database records were reviewed. Chronic GVHD was
recorded by date of onset and organs involved. CMV detection by antigenemia or blood DNA
PCR was considered evidence as CMV reactivation if there was more than one positive result
with no intervening negative studies. CMV infections were categorized as viremia, in the
absence of organ involvement, or as disease, if there was end organ involvement with CMV
as demonstrated by biopsy or organ dysfunction in the setting of documented viremia. Invasive
fungal infections (proven or probable) required documentation with positive culture or
cytologic/histologic results

Statistical methods
The primary endpoints in this followup study were chronic GVHD at 2 years, the probabilities
of overall survival (OS) at 2 years and the incidence of serious viral and fungal opportunistic
infections.

Diagnosis of chronic GVHD was based on standard clinical criteria (10) with histopathologic
confirmation where possible. The cumulative incidence of GVHD was calculated by treating
deaths from other causes as competing risks. Probabilities and 95% confidence intervals (CI)
of infections and chronic GVHD, were calculated using the cumulative incidence function
(11). The statistical endpoint of overall survival (OS) was estimated by the Kaplan-Meier
method (12).

Statistical comparison of time-to-event curves was completed by the Log-Rank test.
Comparison of the demographic factors was performed by the Chi-square test or Fischer’s
exact test if patient numbers were small. Continuous factors were compared by the non-
parametric General-Wilcoxon test.

Results
Graft-versus-host disease

As originally reported, there was no significant difference in the incidence of grades II-IV or
grades III-IV acute GVHD in patients receiving palifermin compared to placebo nor was there
a difference in involvement or severity of individual organs. As shown in Table 2 and Figure
1, the cumulative incidence of chronic GVHD was nearly identical for both the palifermin and
placebo cohorts (55% vs 53%, p=0.65). There were no statistically significant differences in
time to onset of chronic GVHD or organ involvement.

Infections
As shown in Table 3, the one-year cumulative incidence of CMV infection was 16% for both
the palifermin and placebo cohorts (p=0.94). There was no evidence of a protective effect
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during the first 100 days after transplant (when CMV infections are most likely to occur) nor
was there a trend for decreasing CMV infection rates with increasing palifermin dose.

Palifermin administration was not associated with protection against invasive fungal infections.
Yeasts were the predominant fungal infection encompassing 26/28 cases in palifermin treated
patients and all nine invasive fungal infections in the placebo cohort. In addition to yeast
infections, there was one aspergillus and one penicillium infection in the palifermin treated
patients. As shown in Table 3, the one year cumulative incidence of invasive fungal infections
was 41% for the palifermin cohort and 29% for the placebo cohort (p=0.38).

Survival
We previously reported that palifermin did not provide a survival benefit for survival during
the first 100 days. This lack of benefit did not change over time as the two-year survival for
the palifermin cohort vs the placebo cohort was 46% vs 58%, respectively, p=0.42 (Table 4,
Figure 2).

Discussion
Our previous study demonstrated that palifermin could be safely administered to patients
undergoing allogeneic HCT. Although not monitored on a daily basis, we also showed that
palifermin reduced mucositis severity in patients undergoing a cyclophosphamide/total body
irradiation conditioning regimen, but not in patients receiving the less mucotoxic regimen of
busulfan and cyclophosphamide. At these doses and schedules, palifermin did not alter the
incidence, organ involvement, or severity of acute GVHD, nor did it protect against death.
Unanswered at the time of the original publication however, was whether palifermin may have
conferred protection against infections, chronic GVHD or late mortality. We now conclude
that chronic GVHD was unaffected in this study.

Animal studies in rodents indicated that palifermin can reduce acute GVHD associated lethality
when given with total body irradiation (5,6). However, the potency of this protective effect
varied between models and severity of the acute GVHD lethality in controls. When total body
irradiation was combined with cyclophosphamide, acute GVHD was more aggressive and
palifermin rescued ~13% of mice from lethality as assessed at the conclusion of the study (5.5
weeks post-BMT) (5). In these latter studies, a transient epithelial protective effect by
palifermin was observed on day 7 but not at later times post-BMT. Therefore, the clinical data
on acute GVHD lethality in cyclophosphamide and total body irradiation conditioned rodents
is similar in many respects to the acute GVHD results in this human clinical trial. Both rodent
(13,14), and non-human primates (15) studies have demonstrated that palifermin protects
thymic epithelium from radiation induced damage resulting in improved thymopoiesis and
peripheral immune recovery. We were not able to perform detailed immune recovery assays,
therefore, we can not conclude that palifermin does not alter immune recovery in a favorable
way. However, in this study we observed no evidence of clinical benefit in terms of reduced
fungal or CMV infections in the palifermin cohort.

The mechanisms that lead to chronic GVHD are complex and poorly understood, but a major
risk factor for chronic GVHD is preceding acute GVHD (16). Therefore, it is perhaps not
surprising that we observed no reduction in the incidence of chronic GVHD in the palifermin
cohort. It therefore follows that one year survival was not improved in the palifermin cohort,
given the major role GVHD plays in transplant related mortality, particularly following the
first few months. A lack of survival benefit with palifermin was previously reported in the
autologous HCT setting (3).
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Palifermin is routinely administered to reduce the severity, incidence, and duration of mucositis
following autologous HCT and we have previously reported a similar benefit in the allogeneic
setting when using highly mucotoxic regimens. However, palifermin, when administered in
the doses and schedule used in this study, resulted in no long term benefit. Results of ongoing
studies in other allogeneic HCT trials will determine whether the acute and chronic GVHD
results seen in palifermin treated patients enrolled on this trial can be extrapolated to other
clinical venues.
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Figure 1.
Cumulative incidence of chronic GVHD in the palifermin treated and placebo cohorts.
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Figure 2.
Kaplan-Meier survival curves for the palifermin treated and placebo cohorts.
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Table 1
Patient Characteristics

N Placebo Palifermin P
Total 100 31 60
 Center 0.91
Michigan 46 14 32
Minnesota 54 17 37
Gender 0.99
Male 58 18 40
Female 42 13 29
Median Age, y (range) 46 (7–63) 46 (7–65) 0.58
Disease 0.08
ALL 9 1 8
AML 36 12 24
CML 15 8 7
MDS 12 6 6
NHL 14 1 13
Hodgkin 1 0 1
Other malignancy 13 3 10
AML indicates acute myelogenous leukemia; CML, chronic myelogenous leukemia; MDS, myelodysplastic syndrome; NHL, non-Hodgkin lymphoma.
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