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Abstract
Background: Oral Mucositis (OM) is an inevitable side effect of cytotoxic 
chemotherapy and/or radiotherapy used for haematopoietic stem cell 
transplantation (HSCT) in hematologic malignancies. Paliferminis the only 
available effective preventive strategy for management of OM in the setting of 
HSCT but is frequently overlooked in the treatment algorithms. 

Aims: The objectives of our study were to 1) review the present evidence for 
the use of palifermin in prevention of gastrointestinal mucositis. 2) Explore 
the implications of palifermin use on the management of hematological 
malignancies, particularly in the setting of autologous transplants.

Methods: A comprehensive systematic review of the literature was performed. 
There were no language restrictions and the following medical subject heading 
terms were used: “melphalan,” “multiple,” “myeloma,” “oral,” “mucositis,” “dose-
escalation,” “autologous,” “stem-cell transplantation”. The quality of studies, 
whether randomized controlled trials (RCTs) or retrospective studies was 
measured using Jadad or new-castle Ottawa scale respectively. 

Results: A total of 10 out of 24 studies met the inclusion criteria. These were2 
randomized controlled-trials, 3 case-series, and 5 prospective studies. In 4 out 
of 10 studies included, no specific data was available regarding the outcome 
of palifermin use in OM in multiple myeloma (MM) patients following ASCT. 
Majority of the studies had insufficient power and/or lacked sufficient sample 
size but palifermin use was found toper form reasonably well in preventing OM 
in MM patients. In 3 RCTs, palifermin was noted to enable safe administration of 
higher doses of melphalan. 

Conclusion: Palifermin is an effective cytoprotective agent that aids in 
prevention of OM in MM patients. 
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status of patients’ bone marrow [2,4]. The ulcerative phase is most 
severe [2,4] where bacterial super infection can cause life-threatening 
bacteremia and sepsis in neutropenic patients [6]. 

Presently, the management of OM relies on supportive care and 
palliation of symptoms [5]. Palifermin, a recombinant keratinocyte 
growth factor (rHu-KGF1) originally derived from embryonic lung 
fibroblasts line, has shown to cause epithelial cell proliferation and 
eventually showed significant merit as a cytoprotective agent [7-
9]. Paliferminis currently known to be the only effective preventive 
strategy of OM in the HSCT setting [5].

In many clinical trials examining its role in the HSCT setting, 
palifermin has been shown to reduce the incidence, duration and 
severity of OM induced by high-dose chemotherapy followed by 
autologous and allogeneic HSCT without negative influence on 
engraftment [10-15].Current guidelines recommend the use of 
palifermin in addition to topical analgesia, TPN, narcotic pumps 
and cryotherapy for oral mucositis management in various settings 
[16, 17]. In line with previous reports, a recent systematic review 

Introduction
During the administration of cancer therapies, chemotherapeutic 

agents and/or radiotherapy have the potential to cause injury to the 
mucosal barrier of the upper and lower gastrointestinal tract [1]. 
This resulting mucosal barrier injury (MBI) often manifests as oral 
or intestinal mucositis [2-4]. Oral Mucositis (OM) is an inevitable 
side effect of the conditioning regimens used for hematopoietic 
stem cell transplantation (HSCT) [5] and is viewed as one of the 
most debilitating side effects of cancer treatment both clinically and 
economically [3]. The severity of OM often leads to dose reductions, 
drug interruptions or premature discontinuation of life-saving 
chemotherapeutic agents [1]. 

The pathophysiology of OM is a complex biologic process and not 
very well understood. The development of OM has been hypothetically 
divided into four phases: 1) an inflammatory or vascular phase, 2) an 
epithelial phase, 3) an ulcerative or bacteriological phase, and 4) a 
healing phase. The process involves multiple mechanisms including 
cytokine medicated tissue damage, direct effect of medications and 
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by Raber-Durlacher and colleagues examining the role of cytokines 
and growth factors in OM prevention in cancer patients, palifermin 
was recommended for the prevention of OM in patients with 
hematological malignancies having high-dose chemotherapy and total 
body irradiation followed by autologous HSCT [18]. However, they 
noted conflicting and rather scarce evidence on the use of Palifermin 
in other settings [18]. Few studies, however, have focused on the 
role of Palifermin in prevention of OM in the setting of autologous 
transplants or in dose escalation setting of melphalan in multiple 
myeloma (MM) patients undergoing high-dose chemotherapy and 
autologous stem cell transplant. 

This manuscript aims to systematically review the role of 
paliferminin prevention of gastrointestinal mucositis and explore 
its implications on the management of hematological malignancies, 
specifically in the setting of autologous transplants.

Methods
Study selection

A systematic review was conducted beginning with a search of 
MEDLINE (January 2004-January 2013), EMBASE, and Cochrane 
databases using Ovid and PubMed search engines. Full articles, 
abstracts of cohort studies (whether retrospective or prospective) 
reporting the frequency and treatment of AMM were included. Case 
reports, reviews, comments, and letters to the editor were excluded 
from the search. There were no language restrictions and the following 
medical subject heading terms were used: “melphalan,” “multiple,” 
“myeloma,” “oral,” “mucositis,” “dose-escalation,” “autologous,” 
“stem-cell transplantation”. Boolean operators (“not,” “and,” “or”) 
were also used in succession to narrow or widen the search. Based on 
the title of the publication and the abstract, we either downloaded or 
requested full articles through our library.

Inclusion criteria

All articles initially retrieved were then screened for the presence 
of prospective and retrospective cohorts. We included those 
containing clinical data about the use of palifermin in prevention of 
oral mucositis in multiple myeloma patients and dose-escalation of 
melphalan in MM patients undergoing ASCT.

Exclusion criteria

Case reports, review articles, letters to the editor, and abstracts 
with insufficient details to meet the inclusion criteria were excluded 
from the study.

Quality assessment 

For assessment of the quality of retrospective and non-randomized 
cohort studies, we used the Newcastle-Ottawa scale [19].This scale 
gives “quality” points based on the selection, exposure/outcome, and 
comparability of the studied cohorts. The maximum attainable points 
are 10 with a score above 6 considered an indicator of “good quality” 
[19]. As for assessment of prospective or randomized-controlled 
trials, we used the Jadad score [20].

Institutional report

Patients seen at our institution for treatment of oral mucositis 
over the last 10 years were added to this study. Demographic data, 
cancer type, palifermin use, and OM rates were recorded.

Results
Following health literature search, 130 articles were found 

relevant as to the use of palifermin in OM prevention. Out of those, 
106 articles were excluded due to irrelevance to this study since many 
of those studies examined palifermin use in tumors or palifermin use 
was not examined following ASCT. A total of 10 out of 24 studies 
met the inclusion criteria and were included in this study (Figure 1). 
Those studies included: two randomized controlled-trials, 3 case-
series, and 5 prospective studies. In 4 out of 10 studies included, no 
specific data was included regarding the outcome of palifermin use in 
OM in MM patients following ASCT. Further information could not 
be obtained from the corresponding authors (Table 1). Mean Jadad 
score for the RCTs was 4.5 out of 6 maximum attainable points and 
7.5 out of 10 maximum attainable points for the retrospective studies.

Discussion
Palifermin use in the prevention of oral mucositis 

Palifermin was initially approved by the U.S. Food and Drug 
Administration (FDA) in 2004 to decrease the incidence and duration 
of severe OM in patients with hematologic malignancies who receive 
high doses of chemotherapy and radiation therapy followed by 
stem cell rescue. This approval was based on a large double-blinded, 
placebo-controlled, randomized trial by Speilberger and colleagues 
that enrolled 212 patients with hematological malignancies [non-
Hodgkin’s lymphoma (n=72), Hodgkin’s lymphoma (n=21), multiple 
myeloma (n=11) and leukemia (n=2)] undergoing ASCT (11). In this 
study, 106 patients were randomized to the palifermin group and 106 
patients to the placebo group. These patients received conditioning 
regimen of fractionated total-body irradiation plus etoposide and 
cyclophosphamide and supportive care as per institutional guidelines. 

130 articles from health literature search 

24 articles found to be relevant 

106 articles were excluded due to:                   
1- Irrelevance to hematological malignancies                                                      
2- Palifermin not given following autologous 
stem-cell transplantation 

10 articles met inclusion criteria 

Figure 1: Flowchart showing included and excluded articles for the use of 
Palifermin in prevention of oral mucositis in multiple myeloma patients.
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A significant improvement in the incidence of OM was noted in the 
palifermin group (63%) as compared to the placebo group (98%) 
(p<0.05).A significant decrease in duration of OM (9 days in the 
placebo group vs. 6 days in the palifermin group) and in the incidence 
of grade 4 mucositis (20% vs. 62%, p<0.001) and its duration (9 days 
in the placebo vs. 3 days in the Palifermin group) was also noted.   In 
the MM patient cohort, a significant median decrease of 6.7 days in 
grade 3 and 4 OM was reported.

Stiff and colleagues reported results of a Phase III randomized 
trial for the use of palifermin and OM prevention in patients 
with hematological malignancies but did not include the type of 
hematological malignancies included in the study [21]. Nasilowska-
Adamska assessed the role of palifermin in the prevention of OM 
and acute GvHD (aGvHD) during autologous or allogenic HSCT. 
Fifty-three patients with hematological diseases (which included 
3 MM patients) received palifermin and were compared to 53 
matched retrospective controls. Significant reduction was noted in 
the incidence of WHO grade 1-4 OM (58% in the palifermin group 
vs. 94% in placebo group, p<0.001), grade 3-4 OM (13 vs. 43%, 

p<0.001) and the median duration of OM (4vs.9 days, p<0.001). Use 
of analgesics and total parenteral nutrition was also significantly 
reduced [10]. However, the outcomes in the MM group were not 
reported.

Few case series reported small number of MM patients and the 
role of palifermin in OM prevention [14,22]. Keefe and colleagues 
reported a case-series of 5 patients with hematologic malignancies 
who received palifermin for OM mucositis prevention with only one 
MM patient included with a reported 12 days of grade 4 OM [22]. 
Similarly, Horsley and colleagues reported a series of 59 patients (10 
of which were MM patients) where 32 patients receiving palifermin 
were compared with 27 patients receiving standard treatment. 
Overall, a significant reduction in the incidence of severe OM (13 
vs. 48%, p=0.003), dysphagia (p=0.044), nutritional problems (4.9 
vs. 6.0, p=0.003), and prolonged length of inpatient stay (14 vs. 18 
days, p=0.026) was noted in the palifermin group compared to 
standard care. A subgroup analysis of outcome in MM patients was 
not performed. Tsirgotis reported beneficial use of palifermin in the 
prevention of intestinal mucositis in their patients (n=35, of which 7 

Authors Study Design Cancer Placebo 
Group (N)

Palifermin 
Group (N)

Multiple 
myeloma 

patients (N)

Dose of 
Palifermin

Dose 
Limiting 
Toxicity

Days given

Outcomes in 
Grade 3 & 4 OM 
in MM patients 

(p<0.05)

[11] RCT-PC HM 105 105 11 60µg/kg/day N/A 3 days before TBI, 
then 0,1, and 2$

6.7 days mean 
decrease

[21] RCT-PC (Phase 
III) HM 106 106 Data not 

available 60µg/kg/day N/A 3 days before TBI, 
then 0,1, and 2$

Data not 
available

[10]

Prospective 
trial with a 

retrospective 
control

HM 53 53 3 60µg/kg/day N/A
3 days before & 

after conditioning 
regimen

Data not 
available

[14] Case series HM 27 32 10 60µg/kg/day N/A

3 days before & 
after conditioning 
regimen + 3 days 

after stem cell 
transplant

Data not 
available

[23] Prospective study HM 20 15 7 (vs.. 3 
controls) 60µg/kg/day N/A

3 days before 
the conditioning 

regimen

Data not 
available

[16] Prospective study MM 5 5 10 60µg/kg/day N/A

3 days before 
myeloablative 

therapy and 3 days 
after stem-cell 

therapy

4 out of 5 had 
grade 3 or 4 OM

[25] Case series MM 21 67 92 60µg/kg/day N/A

3-day short 
course of 60mg/kg 
Palifermin before 
and G-CSF after 

transplantation (-7,-
6, & -5 days)

Reduced TPN, 
pain medications, 
and transfusion. 

Reduced the 
number of days 
with severe OM

[33]

Phase I 
prospective 

study on the use 
of Palifermin in 
patients with 

MM with renal 
insufficiency**

MM N/A 19 19 60µg/kg/day N/A
-5,-4,-3 and day 

+1,+2,+3 following 
ASCT

53% (8 of 15) 
had grade 3 OM. 
Permitted dose-

escalation of 
melphalan up to 

180mg/m2

[40]

Phase I dose-
escalation trial 
of high-dose 

melphalan with 
Palifermin

MM N/A 19 19 60µg/kg/day N/A
--5,-4,-3 and day 

+1,+2,+3 following 
ASCT

44% (8 of 18) 
had OM grade 3. 

No TPN.

Table 1: A review of the medical literature on multiple myeloma patients receiving Palifermin for cytoprotection following ASCT.

*RCT-PC: Randomized Controlled Trial-Placebo Controlled; HM: Hematologic Malignancies; MM: Multiple Myeloma $0=Day of transplantation ** Renal failure defined 
as renal clearance <50ml/min.
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MM patients were included) undergoing auto HSCT [23] but another 
report by Herbers al did not show any clinically relevant impact 
on intestinal mucositis or incidence of oral mucositis in BEAM 
(carmustine, etoposide, cytarabine and melphalan)-treated HSCT 
recipients, but incidence of grade II or above OM was lower in the 
palifermin group (47% in palifermin group vs. 100 % in controls [24].

The largest single report of palifermin use for OM prevention in 
MM came from a retrospective analysis by Kobbe that included 92 
patients with MM. Sixty seven patients received palifermin (Group A) 
as compared with 21 patients who received pegfilgrastim (Group B) 
and to 21 patients who did not receive any growth factors (Group C). 
In patients with normal renal function, the incidence of OM in Group 
A was 16 % (p< 0.002), and 64% in patients with abnormal renal 
function at the time of HDCT. The patients with severe mucositis spent 
more days in hospital (median 19 days, range 16–49 versus median 17 
days, range 13–39, p< 0.05) and needed more supportive care in terms 
of parenteral narcotics (median 5 days, range 0–14 versus median 0 
days, range 0–17, p<0.0001), intravenous antibiotics (median 8 days, 
range 0–37 versus median 5 days, range 0–24, p< 0.01) and parenteral 
nutrition (median 9 days, range 0–29 versus median 0 days, range 
0–20, p< 0.01). Compared to the other groups, patients in group A 
experienced a reduced number of days in hospital (p<0.002), and a 
reduced need of parenteral narcotics (p< 0.01), parenteral nutrition 
(p< 0.01) and blood transfusions (p<0.01). No improvements were 
noted in patients with abnormal renal function [25]. 

Role of Palifermin in dose-escalation of Melphalan in 
patients with Multiple Myeloma for HDC and ASCT

Dose-escalation of melphalan with the aim of improving response 
rates in patients of MM has been an area of interest amongst transplant 
researchers over the past three decades [26]. Unfortunately, these 
attempts in the past have encountered dose-limiting toxicities with 
severe oral and gastrointestinal mucositis [27-29].Administration of 
melphalan at 220 mg/m2 was attempted by Moreau but significant 
OM, delayed platelet engraftment, and cardiac arrhythmias were 
observed [26]. Tandem transplantation is an innovative approach 
but considered experimental and has failed to catch up because of 
previously negative results [28, 29]. OM has often the dose-limiting 
side effect of melphalan and has hindered the attempts to raise the dose 
greater than 200mg/m2 in patients with normal renal function and 
140 mg/m2 in patients with abnormal renal function [30]. Effective 
cytoprotection could be a feasible method to increase the dose of 
melphalan. Philips attempted increasing the dose of melphalan by 
combining it with amifostine [31] and were successful in increasing 
the dose of melphalan to 280 mg/m2 in patients with normal renal 
function [31].Cardiac toxicity with a trial fibrillation was seen in 3 of 
36 patients treated with melphalan doses >280 mg/m2 and was fatal 
in 1 patient who received melphalan 300 mg/m2. Infusional toxicities 
such as hypotension and nausea were also seen with amifostine and 
hence, this agent is currently not recommended for prevention of 
OM in the setting of hematologic malignancies [31].

A randomized-controlled trial by Blijlevens examined the 
efficiency of palifermin in a chemotherapy-only, high-dose melphalan 
(HDM) transplant setting, to reduce OM and its sequelae measured by 
patient-reported outcomes (PRO) and medical resource use in MM 
patients [32]. Palifermin, relative to placebo was given either pre-/

post-HDM or pre-HDM in patients with MM undergoing autologous 
stem-cell transplantation at 39 European centers and palifermin was 
found not to reduce OM or OM-related patient’s burden in MM 
transplant patients [32]. However, pre-HDM had lower incidence of 
Grade 3-4 OM compared with placebo (24% vs.37%) where pre-/post-
HDM showed no reduction in grade 3-4 OM compared to placebo 
(38% vs. 37%)(30). There were other numerical differences in favor 
of palifermin in pre-HDM compared with placebo for the primary 
and some secondary benefits including mean duration of severe OM 
(1.9 vs.2.4 days), incidence of ulcerative OM (51% vs.58%), as well as 
mean duration of ulcerative OM (4.8 days pre-HDM vs. 5.0 days with 
placebo). Suboptimal timing of the post-dose may impair healing and 
exaggerate oral toxicity [32].

Though the findings of recent clinical studies carried out in 
patients undergoing hematopoietic stem cell transplantation and/or 
high dose melphalan showed non-significant effects of palifermin in 
oral mucositis prevention, the effect of palifermin yet remains to be 
validated in larger randomized trials due to lack of sample size and 
effective randomization [22].

Our group designed a dose-escalating trial using palifermin to 
explore if higher dose of melphalan could be tolerated in patients 
with MM undergoing ASCT [33]. The study was 3+3 phase 1 design 
divided into two arms, one with the normal renal function and the 
other with abnormal renal function.  Level 1 began at dose 200 mg/
m2 in patients with normal renal function and 140mg/m2 in patients 
with abnormal renal function with subsequent dose-escalations of 
melphalan were done at 20 mg/m2 increments in both the arms while 
the dose of palifermin remained constant.  Palifermin was given as an 
intravenous bolus on days -5, -4, -3 and then on day +1, +2 and +3 
(PBSCs were infused on day 0). 

The overall incidence of OM > grade 3 in normal renal function 
arm was 44% (8/18) with a median duration of severe OM was 10 days 
(range 4 –20 days). Eleven patients (61%) required opioid analgesics 
and none of the patients received parenteral feeding. A trial fibrillation 
developed in one of six patients treated with melphalan 280 mg/m2. 
In the abnormal renal function arm, 15 patients were evaluable. The 
overall incidence of OM ≥ grade 3 was 53% (8 of 15) and a median 
duration of ≥ grade 3 OM was 6.5 days (range, 3-42 days). 

Dosing of palifermin

The dosing of palifermin in prevention of OM has not been 
uniformly established. Current studies in the medical literature 
reported the use of palifermin doses of 60 mcg/kg/day. Vadhan-Raj 
and colleagues described 1-day dosing of palifermin before auto-SCT 
as patient-friendly and cost-effective in properly selected patients [34]. 
Doses up to 180 mcg/kg have been tested safe in healthy volunteers 
and one-day dosing of palifermin of 180 mcg/kg, 3 days before cycled 
doxorubicin-based chemotherapy had reported efficacy in reducing 
severe OM in sarcoma patients from 51 to 13% [34]. Trials examining 
different palifermin doses need to be conducted while taking into 
consideration the timing of palifermin administration.

Cost of palifermin

Palifermin is currently priced at 4700 US dollars per 5 mg vial. In a 
retrospective analysis of phase 3 trials, the impact of palifermin on the 
cost of hospitalization was studied [35]. The hospital costs of patients 
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on Palifermin were compared to those on placebo. A non-significant 
mean savings of $3,595 per patient (95% confidence interval: $2,090-
$5,103) was observed in patients who were treated with palifermin 
[35]. A prospective study with a larger cohort of patients may firmly 
establish palifermin to be an economically favorable option. 

Another cost analysis of palifermin in patients undergoing auto 
HSCT following non-TBI-based conditioning regimens at a single 
center reported that mediantotal transplant charges were significantly 
higher in the palifermin-treated group compared to patients not 
treated with palifermin (myeloma: $167,820 versus $143,200, P < .001; 
lymphoma: $168,570 versus $148,590, P < .001) [36]. In this study, 
the duration of patient controlled anesthesia was less in palifermin 
group but this did not convert into a significant decrease in length of 
hospital stay or overall survival in myeloma or lymphoma group [36]. 
The cost effectiveness of palifermin is not well established and needs 
further exploration. 

Safety of palifermin

Palifermin has the physiologic tendency to increase epithelial 
cell growth which is responsible for common side effects seen in 
patients taking this medication. Side effects that commonly observed 
include white coating of the tongue, rash, pedal edema, itching, 
elevated amylase and lipase [37]. Also, there have been reports of 
Acanthosis nigricans secondary to palifermin [38,39].Such adverse 
effects were previously noted by our group in both studied arms 
taking Palifermin [33,40]. In the group with normal renal function, 
common adverse events related to palifermin included asymptomatic 
elevation of amylase (10 events, 4 were grade 3-asymptomatic), lipase 
(5 events, 2 were grade 3 -asymptomatic), rash (18 events, no ≥ grade 
3 events), and edema (11 events, no ≥grade 3 events). In the group 
with renal insufficiency, thirteen patients developed skin rash (No 
grade 3or greater). Nine patients showed amylase elevation (grade 
≥3 in 3 patients). Elevated lipase was seen in 2 patients (No grade 3 
or greater). One patient in the group with renal insufficiency had a 
lichenoid growth on the tongue and the biopsy was consistent with 
Pyogenic Granuloma, a possible manifestation of Palifermin activity.

As palifermin is an epithelial growth factor, concerns have been 
raised that it can lead to secondary malignancies. As keratinocyte 
growth factor (KGF) receptors are not expressed in hematological 
cancers, such risk is less likely in case of hematological malignancies. 
In an analysis conducted by Speilberger rates of secondary 
malignancies were similar in patients receiving palifermin compared 
to patients receiving placebo [11]. The median follow up time was 
approximately50 months (49.8 months for Palifermin group and 49.5 
months for the placebo group [41].To the best of our knowledge, 
there have been no reports of any secondary malignancy related to 
Palifermin. 

Side effects with palifermin are relatively well tolerated and most 
often do not lead to discontinuation of the drug [11,12,15,25]. Higher 
incidence of toxicity mostly skin reactions leading to discontinuation 
of the drug were seen when patients received more than six doses of 
the palifermin [12]. The safety of palifermin may be dependent on the 
conditioning regimen used due to variable drug interactions although 
clear data suggesting this does not exist.

In allogeneic HSCT transplant setting, multiple studies have 

shown benefits of palifermin in preventing oral mucositis but 
the results are variable depending on the conditioning regimen 
[10,12,15,18,42]. In a retrospective analysis, palifermin reduced total 
parenteral nutrition and patient controlled analgesia use in patients 
receiving TBI-based allogeneic HSCT but not in chemotherapy based 
allogeneic HSCT recipients [42] which was consistent with results 
of previously published reports of use of palifermin in allogeneic 
transplant patients [12,15].

Additionally, palifermin administration has been studied with 
multi-agent conditioning regimens (for e.g. BEAM and FEAM 
regimens for lymphoma and other Fludarabine (F) combinations) 
[24]. BEAM and FEAM regimens are potentially more toxic than 
single-agent melphalan used for myeloma. BEAM is mainly used 
as conditioning regimen in lymphoma patients with different risk 
profile for developing mucositis.

Conclusion
Palifermin has manageable toxicity profile and is an effective 

cytoprotective agent found to aid in prevention of OM in MM 
patients. Though, prospective RCTs properly examining its use and 
benefits are scarce. Palifermin enables administration of higher doses 
of melphalan especially in patients with abnormal renal function. 
Although, dialysis patients were excluded from the study performed 
at our institution. This combination might lead to overall improved 
survival in MM patients. Such benefits need to be further elucidated 
in larger cohorts.  
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