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Palifermin, the first specific drug treatment for
oral mucositis in bone marrow transplant
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apy and radiotherapy is the tumor cell,

normal rapidly dividing tissues are
affected and injuries of the upper and low-
er gastrointestinal tract are frequent. Oral
mucositis (OM) is the most common com-
plication following myeloablative therapy
and Hematopoietic Stem Cell Transplanta-
tion (HSCT)."? AImost all patients receiving
chemotherapy and radiotherapy treatment
experience some degree of OM. In particu-
lar, about 40% of patients receiving stan-
dard chemotherapy, 75-90 % of bone mar-
row transplant patients treated with high-
dose conditioning regimen and nearly all
patients treated with radiotherapy for head
and neck cancers develop OM.>*

The clinical presentation of OM varies
from erythema and edema with soreness to
severe and painful ulcerations of the
mucosa that penetrate the submucosa and
may require treatment with opioid anal-
gesics. The pathogenesis of these lesions
involves injury to the epithelium and the
stroma, increased permeability of the ves-
sels with consequent edema, infiltration of
inflammatory cells and fibrosis. This process
is sustained by the upregulation of tran-
scription factors and proinflammatory cyto-
kines that in turn lead to oral ulceration.

As a consequence of the severe pain from
the OM, patients experience difficult or
impossible oral intake of food and fluids
with subsequent malnutrition and dehydra-
tion, rendering necessary the adoption of
the total parental nutrition.*” Other basic
daily activities such as talking, sleeping and
swallowing are also affected and produce a
negative impact on patients’ quality of life.®
Because of these symptoms, postpone-
ments of scheduled treatment and dose
reduction of the drugs are frequent and
potentially jeopardize the treatment out-
come. Moreover, the damage to the mucosa
together with the damage to salivary
glands with the consequent loss of saliva
barrier function, increase the incidence of
life-threatening infections from resident
microflora in patients that already have

Even though the target of chemother-
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bone marrow suppression and compro-
mised immunologic functions.>"

In order to prevent and treat OM several
experimental therapeutic attempts have
included oral cryotherapy," allopurinol
mouth rinses,' oral anesthetics, amifostine,
sucralfate, glutamine, granulocyte colony-
stimulating factor and granulocyte-macro-
phage colony-stimulating factor mouth-
wash.'™* None of these have shown clear
evidence of benefit.

In 2004 the US FDA approved Palifermin
(Kepivance™) for reduction of incidence and
duration of severe OM in patients receiving
high dose chemotherapy followed by HSCT.
Palifermin is a truncated, recombinant
human form of keratinocyte growth factor
(rHuKGF) that is member of the heparin-
binding family of fibroblast growth factor 7
(FGF-7) and promotes cell proliferationin a
variety of epithelial tissues with no effect
on other cell types. Keratinocyte growth
factor (KGF) was isolated in 1989 from con-
ditioned medium of a human embryonic
lung fibroblast cell line*** and is produced
by mesenchymal cells adjacent to the
epithelium of many organs, such as epider-
mis, upper and lower gastrointestinal
epithelium,” pancreas, liver lung, urotheli-
um, etc, and it is also produced by dermal
fibroblasts within the skin and by lamina
propria cells of the intestine.”** Increased
levels of KGF mRNA have been observed
within dermal wounds as compared to the
intact skin® and also in the intestine of
patients with inflammatory bowel disease,*
indicating that the increased levels of KGF
are a response to tissue damage.

Preclinical studies

Increases in proliferation, thickness and
hyperplasia of some epithelia were shown
in animal models, rodents and monkeys,
after treatment with KGF, particularly the
keratinizing mucosa of the oral cavity.®

In colorectal xenograft models, KGF was
also shown to be able to protect the small
intestine of the mice from the symptoms of
the gastrointestinal radiation syndrome
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and from the mucosal injury produced by treatment
with fluorouracil (5FU). Protection was afforded
without altering tumor growth rate or 5FU tumor
cytotoxic effect.* In murine models, pretreatment
with KGF, was also shown to improve survival as a
result of protection of normal mucosa.***

Clinical studies

In order to evaluate the safety of recombinant human
keratinocyte growth factor (KGF), Meropol et al.*® per-
formed a phase | clinical study in patients with
metastatic colorectal cancer undergoing to 5FU treat-
ment. In this multicenter, randomized, double-blinded,
placebo-controlled study, 81 patients, enrolled in eight
centers in the US, Canada and Europe, received KGF by
intravenous bolus on day 1 to 3, followed by 5FU and
leucovorin. OM was assessed by examination on days
1, 4, 8, 15 and 28. Daily self-assessment was provided
by patients. The most common side effects were rash,
flushing, and edema, and occurred in 13 of 18 patients
treated with higher doses of KFG (60 and 80 ug/kg). The
frequency of grade 2 to 4 mucositis was 43% in
patients treated with KFG as compared to 67% in
patients treated with placebo. KGF (palifermin) was
well tolerated when administered for three days before
a five-day course of flurouracil and leucovorin.

In a phase Il clinical trial, 129 patients with hema-
tological malignancies undergoing total body irradia-
tion and high-dose chemotherapy followed by autol-
ogous bone-marrow transplantation (ABMT), were
randomized to receive placebo or palifermin 60
ug/kg/day for 3 days before TBI and/or 3 days after
ABMT. Three groups of patients were generated: the
placebo (pre and post) group, palifermin pre only
group, and palifermin pre and post group. Palifermin
recipients experienced a significant reduction in the
duration of severe oral mucositis. In the pre/post pal-
ifermin group the mean duration of severe mucositis
was 4 days vs 7.7 days in the placebo group and 5
days of the palifermin pre group. Improvement in the
quality of life was observed as expression of reduced
mouth and throat soreness, and other mucositis relat-
ed symptoms such as difficulty in swallowing, drink-
ing, eating, talking and sleeping. As a consequence,
use of opioid analgesics and total parental nutrition
was reduced.*”

Supported by the encouraging results obtained in
preclinical and phase | and Il clinical studies Spiel-
berger et al.** conducted a phase Il double-blind study
in order to compare the effect of palifermin with that
of placebo on the development of oral mucositis in
212 patients with hematologic neoplasia who were
undergoing total-body irradiation and high-dose
chemotherapy followed by autologous bone-marrow
transplantation. Patients were randomly assigned to
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receive palifermin (60 ug/kg per day) or placebo intra-
venously for three consecutive days, starting three
days before the initiation of total-body irradiation.
Then they received three additional doses of palifermin
or placebo on days O, 1 and 2 after transplantation.
Total-body irradiation was delivered in 6, 8 or 10 frac-
tions over a period of three or four days. Chemother-
apy included intravenous etoposide (60 mg/kg) the day
after the last radiation fraction and one dose of
cyclophosphamide (100 mg/kg) two days before trans-
plantation. Oral mucositis was assessed using the five
grade World Health Organization (WHO) oral-toxicity
scale (41), the five grade Radiation Therapy Oncology
Group (RTOG) acute radiation-morbidity scoring crite-
ria for mucous membranes,*” and the four grade West-
ern Consortium for Cancer Nursing Research (WCCNR)
revised staging system for oarl mucositis.* In addition,
patients were asked to complete the Oral Mucositis
Daily Questionnaire (OMDQ)* every day from the day
before the start of the conditioning regimen up to 28
days after transplantation in order to indicate the ear-
ly manifestations of oral mucosa toxicity that are not
detectable by clinicians but that can be felt by
patients. The incidence of oral mucositis of WHO grade
3 or 4 was 63% in the palifermin group and 98% in
the placebo group. The duration of mucositis was 6
days (range, 1 to 22) in the palifermin group and 9
days (range, 1 to 27) in the placebo group. Among all
patients, the median duration of WHO grade 3 or 4 oral
mucositis was 3 days (range, 0 to 22) in the palifermin
group and 9 days (range, O to 27) in the placebo group.
Patients receiving palifermin showed a significant
reduction in the incidence of grade 4 oral mucositis,
20 % vs. 62 %, patient-reported soreness of the mouth
and the throat, and a decrease in the use of opioid
analgesics and use of total parental nutrition. Palifer-
min recipients had a lower incidence of febrile neu-
tropenia as compared to placebo recipients (75% vs.
9200). Side effects were mild in severity and transient,
and consisted of rash, pruritus, erythema, and taste
alterations. Transient, asymptomatic increases in
serum amylase and lipase were also observed. The clin-
ical benefits deriving from palifermin treatment were
confirmed by the patients' self-assessment with the
OMQD that showed an improvement in patient over-
all and physical wellness.*

Conclusions

Oral mucositis is the manifestation of severe dam-
age induced by chemotherapeutic agents and radia-
tion therapy. In the transplant setting it is a major
problem affecting quality of life in transplanted
patients. Loss of integrity of the oral mucosa predis-
poses patients to infection, and this risk increases dur-
ing the neutropenic period that follows the condition-
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ing regimen. The severity of mucositis is correlated
with days of therapy with injectable narcotics, antibi-
otics, total parental nutrition, long periods of hospital-
ization and mortality.

Patients that develop severe mucositis are more like-
ly to experience pulmonary or multi-organ failure as
a cause of death after ABMT as compared to patients
with less severe mucositis.*"*“ Mucositis may direct-
ly contribute to mortality risk and may also be a sur-
rogate marker of other organ toxicities. A relationship
between oral mucositis and hepatic veno-occlusive
disease also has been reported.”

Palifermin has been shown to reduce the duration
and severity of symptoms associated to oral mucosi-
tis after chemotherapy and radiotherapy for patients
with hematologic neoplasias. In particular, palifermin
significantly reduced the incidence of grade 4 oral
mucositis, in which oral alimentation is impossible.
The use of parenteral opioids as well as total parental
nutrition and antibiotics was reduced. Patients’ qual-
ity of life was improved by this treatment as well as a
reduced mortality risk. Therefore by reducing the inci-
dence of oral mucositis, palifermin might potentially
decrease the costs of care and improve clinical out-
comes.

References

1. Chapko MK, Syrjala KL, Schilter L, Cummings C, Sullivan KM.
Chemoradiotherapy toxicity during bone marrow transplantation:
time course and variation in pain and nausea. Bone Marrow Trans-
plant. 1989; 4: 181-6.

2. McGuire DB, Altomonte V, Peterson DE, Wingard JR, Jones RJ, Gro-
chow LB. Patterns of mucositis and pain in patients receiving
preparative chemotherapy and bone marrow transplantation.
Oncol Nurs Forum. 1993; 20: 1493-1502.

3. Sonis ST, Sonis AL, Lieberman A. Oral complications in patients
receiving treatment for malignancies other than of the head and
neck. J Am Dent Assoc. 1978; 97: 468-72.

4. Sonis ST. The pathobiology of mucositis. Nat Rev Cancer 2004; 4:
277-84.

5. Sonis ST, Elting LS, Keefe D, Peterson DE, Schubert M, Hauer-
Jensen M, et al. Mucositis Study Section of the Multinational
Association for Supportive Care in Cancer; International Society
for Oral Oncology. Perspectives on cancer therapy-induced mucos-
al injury: pathogenesis measurement, epidemiology, and conse-
quences for patients. Cancer 2004; 100 (Suppl 9): 1995-2025.

6. Filicko J, Lazarus HM, Flomenberg N. Mucosal injury in patients
undergoing hematopoietic progenitor cell transplantation: new
approaches to prophylaxis and treatment. Bone Marrow Trans-
plant 2003; 31:1-10.

7. Kostler WJ, Hejna M, Wenzel C, Zielinski CC. Oral mucositis com-
plicating chemotherapy and/or radiotherapy: options for preven-
tion and treatment. Cancer J Clin 2000; 51: 290-315.

8. Woo SB, Sonis ST, Monopoli MM, Sonis AL. A longitudinal study
of oral ulcerative mucositis in bone marrow transplant recipients.
Cancer 1993; 72:1612-7.

9. Bellm LA, Epstein JB, Rose-Ped A, Martin P, Fuchs HJ. Patient
reports of complications of bone marrow transplantation. Support
Care Cancer 2000; 8: 33-9.

10. Wardley AM, Jayson GC, Swindell R, Morgenstern GR, Chang J,
Bloor R, et al. Prospective evaluation of oral mucositis in patients
receiving myeloablative conditioning regimens and haemopoiet-
ic progenitor rescue. Br J Haematol 2000; 110: 292-9.

11. Ruescher TJ, Sodeifi A, Scrivani SJ, Kaban LB, Sonis ST. The impact
of mucositis on alpha-hemolytic streptococcal infection in
patients undergoing autologous bone marrow transplantation for

haematologica reports 2006; 2(issue 7):May 2006

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

New Insights in Hematology

hematologic malignancies. Cancer 1998; 82: 2275-81.

Rapoport AP, Miller Watelet LF, Linder T, Eberly S, Raubertas RF,
Lipp J, et al. Analysis of factors that correlate with mucositis in
recipients of autologous and allogeneic stem-cell transplants. J
Clin Oncol 1999;17:2446-53.

Sonis ST, Oster G, Fuchs H, Bellm L, Bradford WZ, Edelsberg J, et
al. Oral mucositis and the clinical and economic outcomes of
hematopoietic stem-cell transplantation. J Clin Oncol 2001; 19:
2201-5.

Mahood DJ, Dose AM, Loprinzi CL, Veeder MH, Athmann LM,
Therneau TM, et al. Inhibition of fluorouracil-induced stomatitis
by oral cryotherapy. J Clin Oncol 199; 9:449-52.

Loprinzi CL, Cianflone SG, Dose AM, Etzell PS, Burnham NL,
Therneau TM, et al. A controlled evaluation of an allopurinol
mouthwash as prophylaxis against 5-fluorouracil-induced stom-
atitis. Cancer 1990; 65: 1879-82.

Antonadou D, Petridis A, Synodinou M, Throuvalas N, Bolanos N,
Veslemes M, et al. Amifostine reduces radiochemotherapy-induced
toxicities in patients with locally advanced non-small cell lung
cancer. Semin Oncol 2003; 30: 2-9.

Castagna L, Benhamou E, Pedraza E, Luboinski M, Forni M, Bran-
des |, et al. Prevention of mucositis in bone marrow transplanta-
tion: a double blind randomised controlled trial of sucralfate. Ann
Oncol 2001; 12: 953-5.

Anderson PM, Schroeder G, Skubitz KM. Oral glutamine reduces
the duration and severity of stomatitis after cytotoxic cancer
chemotherapy. Cancer 1998; 83: 1433-9.

Crawford J, Tomita DK, Mazanet R, Glaspy J, Ozer H. Reduction of
oral mucositis by filgrastim (r-metHuG-CSF) in patients receiving
chemotherapy. Cytokines Cell Mol Ther 1999; 5: 187-93.

Chi KH, Chen CH, Chan WK, Chow KC, Chen SY, Yen SH, et al.
Effect of granulocyte-macrophage colony-stimulating factor on
oral mucositis in head and neck cancer patients after cisplatin, flu-
orouracil, and leucovorin chemotherapy. J Clin Oncol 1995; 13:
2620-8.

Meropol NJ, Miller LL, Korn EL, Braitman LE, MacDermott ML,
Schuchter LM. Severe myelosuppression resulting from concurrent
administration of granulocyte colony-stimulating factor and cyto-
toxic chemotherapy. J Natl Cancer Inst 1992; 84: 1201-3.
Meropol NJ, Rustum YM, Creaven PJ, Blumenson LE, Frank C. Phase
| and pharmacokinetic study of weekly 5-fluorouracil adminis-
tered with granulocyte-macrophage colony-stimulating factor
and high-dose leucovorin: a potential role for growth factor as
mucosal protectant. Cancer Invest 1999; 17 :1-9.

Dazzi C, Cariello A, Giovanis P, Monti M, Vertogen B, Leoni M, et
al. Prophylaxis with GM-CSF mouthwashes does not reduce fre-
quency and duration of severe oral mucositis in patients with sol-
id tumors undergoing high-dose chemotherapy with autologous
peripheral blood stem cell transplantation rescue: a double blind,
randomized, placebo-controlled study. Ann Oncol 2003; 14: 559-
63.

Rubin JS, Osada H, Finch PW, Taylor WG, Rudikoff S, Aaronson SA.
Purification and characterization of a newly identified growth
factor specific for epithelial cells. Proc Natl Acad Sci USA 1989;
86: 802-6.

Finch PW, Rubin JS, Miki T, Ron D, Aaronson SA. Human KGF is
FGF-related with properties of a paracrine effector of epithelial
cell growth. Science 1989; 245: 752-5.

Housley RM, Morris CF, Boyle W, Ring B, Biltz R, Tarpley JE, et al.
Keratinocyte growth factor induces proliferation of hepatocytes
and epithelial cells throughout the rat gastrointestinal tract. J
Clin Invest. 1994; 94:1764-77.

Yi ES, Yin S, Harclerode DL, Bedoya A, Bikhazi NB, Housley RM, et
al. Keratinocyte growth factor induces pancreatic ductal epithe-
lial proliferation. Am J Pathol 1994; 145: 80-5.

Pierce GF, Yanagihara D, Klopchin K, Danilenko DM, Hsu E, Ken-
ney WC, et al. Stimulation of all epithelial elements during skin
regeneration by keratinocyte growth factor. J Exp Med 1994; 179:
831-80.

Yi ES, Shabaik AS, Lacey DL, Bedoya AA, Yin S, Housley RM, et al.
Keratinocyte growth factor causes proliferation of urothelium in
vivo. J Urol1995; 154: 1566-70.

Ulich TR, Yi ES, Longmuir K, Yin S, Biltz R, Morris CF, et al. Ker-
atinocyte growth factor is a growth factor for type Il pneumocytes
in vivo. J Clin Invest. 1994; 93:1298-306.

Werner S, Peters KG, Longaker MT, Fuller-Pace F, Banda MJ,
Williams LT. Large induction of keratinocyte growth factor expres-
sion in the dermis during wound healing. Proc Natl Acad Sci USA.
1992; 89: 6896-900.

101



E. Gallo

32.

33.

34.

35.

36.

37.

38.

39.

40.

Finch PW, Pricolo V, Wu A, Finkelstein SD. Increased expression of
keratinocyte growth factor messenger RNA associated with
inflammatory bowel disease. Gastroenterology 1996; 110: 441-

51.

Farrell CL, Rex KL, Kaufman SA, Dipalma CR, Chen JN, Scully S, et
al. Effects of keratinocyte growth factor in the squamous epithe-
lium of the upper aerodigestive tract of normal and irradiated
mice. Int J Radiat Biol 1999;75: 609-20.

Farrell CL, Bready JV, Rex KL, Chen JN, DiPalma CR, Whitcomb KL,
et al. Keratinocyte growth factor protects mice from chemother-
apy and radiation-induced gastrointestinal injury and mortality.
Cancer Res 1998; 58: 933-9.

Potten CS, O'Shea JA, Farrell CL, Rex K, Booth C. The effects of
repeated doses of keratinocyte growth factor on cell proliferation
in the cellular hierarchy of the crypts of the murine small intes-
tine. Cell Growth Differ 2001; 12: 265-75.

Farrell CL, Rex KL, Chen JN, Bready JV, DiPalma CR, Kaufman SA,
Rattan A, Scully S, Lacey DL. The effects of keratinocyte growth
factor in preclinical models of mucositis. Cell Prolif 2002; 35 (Sup-
pl 1): 78-85.

Khan WB, Shui C, Ning S, Knox SJ. Enhancement of murine intes-
tinal stem cell survival after irradiation by keratinocyte growth
factor. Radiat Res 1997; 148: 248-53.

Meropol NJ, Somer RA, Gutheil J, Pelley RJ, Modiano MR, Rowin-
sky EK, Rothenberg ML, Redding SW, Serdar CM, Yao B, Heard R,
Rosen LS. Randomized phase | trial of recombinant human ker-
atinocyte growth factor plus chemotherapy: potential role as
mucosal protectant. J Clin Oncol 2003; 2: 1452-8.

Spielberger R, Stiff P, Emmanouilides C, Yanovich S, Bensinger W,
Hedrick E, et al. Efficacy of Recombinant Human Keratinocyte
Growth Factor (rHuKGF) in Reducing Mucositis in Patients with
Hematologic Malignancies Undergoing Autologous Peripheral
Blood Progenitor Cell Transplantation (auto-PBPCT) After Radia-
tion-Based Conditioning- Results of a Phase 2 Trial. Proc ASCO
2001; 25 abs.

Spielberger R, Stiff P, Bensinger W, Gentile T, Weisdorf D, Kewal-

102

41.

42.

43.

44,

45,

46.

47.

ramani T, et al. Palifermin for oral mucositis after intensive ther-
apy for hematologic cancers. N Engl J Med2004; 351: 2590-8.
World Health Organization. A Handbook for Reporting Results of
Cancer Treatment. World Health Organization: Geneva 1979.
Cox JD, Stetz J, Pajak TF. Toxicity criteria of the Radiation Thera-
py Oncology Group (RTOG) and the European Organization for
Research and Treatment of Cancer (EORTC) Int J Radiat Oncol Biol
Phys 1995; 31:1341-6.

Olson K, Hanson J, Hamilton J, Stacey D, Eades M, Gue D, et al.
Assessing the reliability and validity of the revised WCCNR stom-
atitis staging system for cancer therapy-induced stomatitis. Can
Oncol Nurs J2004; 14: 168-74.

Stiff PJ, Erder H, Bensinger WI, Emmanouilides C, Gentile T, Isitt J,
et al. Reliability and validity of a patient self-administered daily
questionnaire to assess impact of oral mucositis (OM) on pain and
daily functioning in patients undergoing autologous hematopoi-
etic stem cell transplantation (HSCT). Bone Marrow Trans-
plant2006; 37: 393-401.

Stiff PJ, Emmanouilides C, Bensinger WI, Gentile T, Blazar B, Shea
TC, et al. Palifermin Reduces Patient-Reported Mouth and Throat
Soreness and Improves Patient Functioning in the Hematopoietic
Stem-Cell Transplantation Setting. J Clin Oncol 2006; 24 [Epub
ahead of print]

Bolwell B, Kalaycio M, Sobecks R, Andresen S, Rybicki L, Kuczkows-
ki E, et al. Severe Mucositis Adversely Affects Survival after Autol-
ogous Stem Cell Transplantation (ABMT) for Lymphoid Malignan-
cies. Blood, 2005; 106, abs 837.

Wingard JR, Niehaus CS, Peterson DE, Jones RJ, Piantadosi S, Levin
LS, Saral R, Santos GW. Oral mucositis after bone marrow trans-
plantation. A marker of treatment toxicity and predictor of hepat-
ic veno-occlusive disease. Oral Surg Oral Med Oral Pathol
1991,72:419-24.

haematologica reports 2006; 2(issue 7):May 2006



