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Abstract

Purpose To update the clinical practice guidelines for the use of growth factors and cytokines for the prevention and/or treatment
of oral mucositis (OM).

Methods A systematic review was conducted by the Mucositis Study Group of the Multinational Association of Supportive Care
in Cancer/International Society of Oral Oncology (MASCC/ISOO). The body of evidence for each intervention, in each cancer
treatment setting, was assigned an evidence level. The findings were added to the database used to develop the 2014 MASCC/
ISOO clinical practice guidelines. Based on the evidence level, the following guidelines were determined: recommendation,
suggestion, and no guideline possible.

Results A total of 15 new papers were identified within the scope of this section and were merged with 51 papers that were reviewed in
the previous guidelines update. Of these, 14, 5, 13, 2, and 1 were randomized controlled trials about KGF-1, G-CSF, GM-CSF, EGF,
and erythropoietin, respectively. For the remaining agents there were no new RCTs. The previous recommendation for intravenous
KGF-1 in patients undergoing autologous hematopoietic stem cell transplantation (HSCT) conditioned with high-dose chemotherapy
and TBI-based regimens is confirmed. The previous suggestion against the use of topical GM-CSF for the prevention of OM in the
setting of high-dose chemotherapy followed by autologous or allogeneic stem cell transplantation remains unchanged.

Conclusions Of the growth factors and cytokines studied for the management of OM, the evidence supports a recommendation in
favor of KGF-1 and a suggestion against GM-CSF in certain clinical settings.
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Introduction

Oral mucositis (OM) remains a dose-limiting toxicity of cancer
therapy, including chemotherapy (CT), radiotherapy (RT), radio-
chemotherapy (RT-CT), and HSCT. In addition to impairment of
oral functions, severe OM can cause treatment interruptions and
significant complications necessitating hospitalization, the use of
narcotic analgesics, or additional nutritional support. These in
turn may adversely affect overall cancer therapy outcomes and
patients’ quality of life. In addition, OM substantially increases
the cost associated with cancer therapy [19].

Various agents have been investigated with respect to ef-
fectiveness in prevention or treatment of OM. As part of the
continuous work of the Mucositis Study Group (MSG) of the
Multinational Association of Supportive Care in Cancer/
International Society of Oral Oncology (MASCC/ISOO),
clinical trials of therapeutic interventions are periodically
reviewed to identify new agents and provide new evidence
into the published clinical practice guidelines for the manage-
ment of mucositis [45].

Growth factors (GF) are proteins that stimulate cell growth,
proliferation, and differentiation, while cytokines are proteins
or glycoproteins that modulate inflammatory and immune re-
sponses. Evidence supports an important role played by pro-
inflammatory cytokines in the pathogenesis of OM [49]. The
2013 MASCC/ISOO clinical practice guidelines for mucositis
management recommended the use of palifermin, a human
recombinant keratinocyte growth factor (KGF-1) to prevent
OM in patients receiving high dose CT or total body irradia-
tion (TBI) followed by autologous HSCT for hematological
malignancies and a suggestion was made against the use of
granulocyte macrophage colony-stimulating factor (GM-
CSF) mouthwash for the prevention of OM in the setting of
high-dose chemotherapy followed by autologous or allogene-
ic HSCT [66]. No guideline was possible for any other GF or
cytokine due to inconclusive evidence [66]. This paper de-
scribes the findings of the most recent systematic review con-
ducted by MSG regarding GF and cytokines for the manage-
ment of OM in cancer patients and the update of the MASCC/
ISOO clinical practice guidelines on this topic.

Methods

The methods are described in detail in Ranna et al. [67].
Briefly, a search for relevant papers indexed in the literature
from January 1, 2011 to June 30, 2016 was conducted using
Pubmed/Web of Science/EMBASE, with papers selected for
review based on defined inclusion and exclusion criteria.
Publications were reviewed by two independent reviewers,
and data were extracted using a standard electronic form.
Studies were scored for their level of evidence (LoE) based
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on Somerfield criteria [80], and flaws were listed according to
Hadorn criteria [26]. A well-designed study was defined as a
study with no major flaws per the Hadorn criteria.

Findings from reviewed studies were merged with the ev-
idence from the previous MASCC/ISOO guideline update.
Findings from the reviewed studies were integrated into
guidelines based on the overall LoE for each intervention.
Guidelines were classified into three types: recommendation,
suggestion, and no guideline possible.

Guidelines were specified based on the following vari-
ables: (1) aim of the intervention (prevention or treatment of
OM), (2) treatment modality (RT, CT, RT-CT, or high dose
conditioning therapy for HSCT), and (3) route of administra-
tion of the intervention.

The list of intervention keywords used for the literature
search of the growth factors and cytokines section is presented
in the Methods paper [67].

Results

A total of 1091 papers were identified in the literature search:
684 from PubMed and 407 from Web of Science. After as-
sessment of the abstracts, 1065 articles were excluded due to
repetition across databases, non-clinical studies, meta-analy-
ses, and reviews. One paper was transferred from another
section of the guidelines update. Twenty-seven papers were
retrieved for final review. After review of these full papers,
five were transferred to other relevant sections in MSG ac-
cording to the type of intervention (see list of sections in the
Methods paper [67]). In addition, five papers were excluded as
they did not satisfy the inclusion criteria (i.e. not related to
mucositis). Ultimately, fifteen papers are included in this re-
port and merged with fifty-one papers from the previous
guidelines update. Additionally, thirteen papers that were
reviewed in the previous guidelines update about interven-
tions for which there is no new evidence are listed in this
current guidene update.

KGF

Keratinocyte growth factors (KGF) are members of the fibro-
blast growth factor (FGF) superfamily [49]. Palifermin has
pleiotropic activity [20]. It is believed to support the mucosal
barrier integrity through its mitogenic activity on epithelial
and endothelial cells, fibroblasts, and keratinocytes. KGF-1,
also known as FGF-7, is involved in a number of cell survival
activities [81]. This includes the suppression of apoptosis and
activation of a redox-sensitive transcription factor, nerve
growth factor-2 (Nrf2) that coordinates the expression of
cytoprotective genes in keratinocytes, fibroblasts, and endo-
thelial cells. Palifermin also upregulates interleukin-13 which
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attenuates the effects of tumor necrosis factor (TNF) [81].
KGF may also downregulate other pro-inflammatory cyto-
kines that are involved in the pathobiology of mucositis
[49]. Two other members of the KGF family included in this
review, FGF-20 (velafermin) and human recombinant KGF-2
(repifermin), have overlapping activity with KGF-1 as well as
other actions that impact their effectiveness; these GF are de-
scribed separately [21, 79].

As summarized in Table 1, five additional RCT and ten non-
RCT studies were added to the previous review. For each given
clinical situation, we concluded the following guidelines:

KGF intravenous (IV): Hematologic cancer — CT —
prevention
Guideline: No guideline possible

The evidence available for the use of hKGF-1 intravenously in
hematologic patients treated with CT is limited (LoE III). One
RCT showed effectiveness in reducing severity of OM [7]. It
was supported by another before-and-after study [77]. This
study enrolled patients with OM in the first cycle of CT, and
showed less severe and shorter OM following intravenous
hKGF-1 in second cycle of CT [77]. Due to the limited evi-
dence, no guideline is possible.

KGF (IV): Hematologic cancer — HSCT — prevention
Guideline: Recommendation (LoE 1)

The use of KGF-1 intravenously is recommended for preven-
tion of OM in patients with hematological cancer undergoing
autologous HSCT with a conditioning regimen that includes
high dose chemotherapy and TBIL

The current systematic review supports the previous guide-
line in this clinical setting. KGF-1 is recommended for the
prevention of OM in patients with hematological malignan-
cies receiving high dose CT and TBI followed by autologous
HSCT. Our recommendation is based on five RCTs; four of
them had no major flaws in the study design [4, 50, 51, 82,
84]. Two of these RCTs described the same patient population
and are considered as a single study for the purpose of this
analysis [82, 84]. Two new RCTs showing KGF-1 was effec-
tive in preventing OM were conducted in pediatric patients
[50, 51]. Another RCT reported that KGF-1 was not effective
in preventing OM in patients undergoing autologous HSCT
without TBI conditioning [5]; therefore, the guideline is lim-
ited only to HSCT conditioned with TBI

KGF (IV): Head and neck (H&N) cancers — RT-CT —
prevention Guideline: No guideline possible

There were three RCTs in this category [8, 29, 48]. Although
all available studies showed some effectiveness of KGF-1 for

prevention of OM in H&N cancer patients undergoing RT-CT
[8, 29, 48], analyses of reported results were inconclusive of
the effectiveness. Two RCTs showed statistically significant
reduction of severe OM incidence but the authors concluded
that the clinical relevance of this finding is unclear considering
lack of difference between the study and placebo group in
regards to patient reported outcomes or treatment breaks [29,
48]. A previous study suggested that in a post hoc analysis
KGF-1 was only marginally effective to reduce OM in
hyperfractionated RT in H&N cancer patients [8].

KGF (IV): Solid cancers — CT — prevention
Guideline: No guideline possible

Two reports for the use of KGF-1 as preventive measure of OM
in cancer patients receiving CT showed effectiveness (Table 1)
[68, 90]. These studies were conducted in two different patient
populations (colorectal cancer vs sarcoma) treated in different
chemotherapy protocols (5-fluorouracil vs doxorubicin and
ifosfamide). Another RCT in colorectal cancer patients treated
with 5-fluorouracil compared 6 doses of KGF-1 to placebo and
reached marginal significance (p = 0.06) [57]. No additional
studies were found since the last guidelines update; therefore,
there is no change to the guideline.

CSF

CSF are specific hematopoietic growth factors required for bone
marrow progenitor cells to form mature blood cells. Data from
basic science research suggest the mechanism of action of G-
CSF in wound healing: Granulocyte colony-stimulating factor
(G-CSF) stimulates development of neutrophils, eosinophils,
and basophils, whereas granulocyte—macrophage colony-
stimulating factor (GM-CSF) stimulates generation of cells be-
longing to the monocyte/macrophage lineage [37]. G-CSF and
GM-CSF enhance the function of tissue neutrophils such as
those present in the mucosa. Animal studies showed that GM-
CSF promotes proliferation of keratinocytes and enhances
wound healing including mucosal barrier injuries [3, 37].

For G-CSF, one additional RCT and two cohort studies
were added to the previous review (Table 2). Based on the
new evidence, a clinical category for G-CSF was added com-
pared to the 2013 Guideline Update.

There was only one additional RCT regarding GM-CSF,
and it was added to the previous guidelines (Table 3). The
guideline for the use of GM-CSF (systemic or topical) remains
the same as previous guideline.

G-CSF subcutaneous (SC): H&N cancers — CT — prevention
Guideline: No guideline possible

The RCTs regarding the effectiveness of G-CSF for the pre-
vention of OM in H&N cancer patients are conflicting. A

@ Springer



Support Care Cancer (2020) 28:2485-2498

2488

sjuaned oLnRIPS
[LS] ssoudATIO0)J0 PIeMO) puol) JUEdHIUSIS A[[eonsne)s J0u sem 0qadeld o) [-JD3 Jo uosteduos Apms Sursop e Arewnid |

[8] s1owmny N29H 10J 1Y pareuonoetodAy Ut snIsoonwu [2I0 Jo UoneImp 9y 99npal 0} 9ANIJFA A[[eurdrew sem urwiidjifed ey payso33ns sisA[eue 00y 1504,

SNOUABIIUL A/ ‘9[qISE3J J0U SI A0BO1JJO In0qe uoisnjouod ‘d[qedrjdde jou yA QAnodpjour ‘ou A/

QA0 ‘2K [ ‘monuaadld 4 ‘so 1od 4 ‘120ued ‘w0 ‘Tesrdojorewiay joipuway ‘Aderaqrowayod, 1) ‘Aderoyqiorper 7y <odu pue peay NP uedsuen [[20 wa)s onarodojeway 7H S ‘Oqrssod auropms ou goN

uonenp ured—yp ‘AJI9AdS ured—¢ ‘uoneINp SHISOINUW—7C ‘AJIIAS SHISOONW—] :AdY SSOUSANIPH

uorurdo 1adxo—( ] “Modor 9seo—¢ ‘soLIOS 9SBO—§ [BUOIIOIS-SSOII—/, ‘SAIPNIS [OIIU0I—-0SBI—9 ‘19 PUB dI0JOG—FG “MOY0I— ‘1D Y-UOU—¢ A3 SOIpNIs [ ) Y-UON

(D) $—{86] 9107 stoy
‘(&) L—19L] s10T 1reqexes
() +—119] S10T ueAn3N
‘(ND 9—1[s6] v10T arena
‘(A) 9—I¥1] v10T DIsmozAz)
‘(R) 9—ILv] v10T oueymeT
‘(A) €—10T ©JooN

‘(R ¢l €10z “Sregpon
(VN) 8—¢€102 P19y

(X)) 9—It¥] 0107 299031
‘(N) €—T9¢] 600z uossueyor
“(A) ¢—1{9¥] 800T TougueT
‘(N €—1L€6] 800T uoSeyron
(N) +—1{£8] 800¢ snoSLusy,

daL
pue 1D 9sop Y31y sopnjout
Tey) USWISAI SUIUONIPUOD YIM
1OSH sno3ojoine Suro3iopun
I00UED [edIS0[0Jeay M

M A [06] 010T fey-ueypep
M A [89] 900¢ uesoy
dON I N q [Ls] €00t 10dossy d 1D e pos (AD onuasAg
(DA [8¥] 1T0T o1
TDA [62] 1107 o3usH
dON II N [8] 800T 19z11g d 1004 N®H (AD orwdsks

(D A J(TT/pe =u) [15] 99107 9sayoong
(D A (Lz/LT =u) [0S] ©910T 9soyoon]

N [6] €10T suandyliig
(I9.L %01 >)
(@DA  [6S] L00T BYswepy-eysmoiseN

‘(D) +—L£L] L00z Moadozy  sywomed ur O jo uonuoaaxd M A [¥] 900€ reze1d
‘(&) t—lzg] L00T AjosioH 10J POPUSTIIIOAT ST @D A [+8] 900T 1S
(VN) 8—{1+] 2900T 2jo3 A[snoudsenur [-JD3] JO oS0 AL, UOREPUIIUIOTY I @DA [¢8] 00z 19810qpo1dg d  1DOSH [0/wWoH (AD QMWASAS ynupopeq
(R s—I{LL] 8007 Ipruyos dON m (A [9] ¥10T So0oIsperg d 1D [olewdH (AD dmwdsAS  [-4DMY
OOEQUTVD
K1039)80  JO [9A9] Ayrepouwr uonensIuIupe juogde

SAIpMIS [ )¥-UON

UOBUITLLIDIOP dUI[OPIND

QuIPpIND  [[BIOAQ QAN IedA ‘IOYINY UONEJIPU] JUSUNEII], IdoUB)) Joamoy Jjo ouwreN

UONBUIULIOIOP QUI[OPING PuB 30USPIAS JO [9AJ] [[e10A0 ‘(uruejijed) [- 1Oy 1oy pouodar saipmis | 3jqel

pringer

Qs



Support Care Cancer (2020) 28:2485-2498 2489

© § ;Z: small RCT reported preliminary results suggesting G-CSF
& = & was not effective [78]. Another small RCT reported non-
— . [5) . .
2 § g significant trend for a beneficial effect of G-CSF, and signif-
] 2] fro . .
> s g Z icant result for survival, but the study was closed prematurely
= E’ § due to low accrual [86]. The guideline remains no guideline
T ?f Tv :§ possible.
72} = 2}
Q = j— — a2
= = =~
Lol o~ =~ N Q.
2 e RE < %
3 3 T27 = = G-CSF SC: Solid cancers — CT — prevention
= S '
~ EY 8% o g S Guideline: No guideline possible
g P
£ g2 F 0 g g N
g g
z Mo< = & o
‘é g A single new cohort study about G-CSF was published since
2 & < the previous Guidelines Update [65]. This did not report data
S g 4; = about OM rather about its tolerability. Overall, the evidence
= & B A& = g . . . o
EE|8 2 g g8 é E for this agent was insufficient to reach a guideline.
5] Q
= s
- 2 =)
] < Q
I T fQ G-CSF (topical or systemic): Hematological cancers — CT —
2|23 % 3 revention
gl =8 3 g p
é g 5 2 S Guideline: No guideline possible
8168 |2 E HE B o g
5] b5 .
o E Q ‘8 % The panel concluded that no guideline could be provided for
9 = " . . .
'TE) & i/ - g - o £ the use of G-CSF for prevention of OM in hematological
—U = . . . . . .
G = . i — g E cancer patients due to limited information about the effective-
2| s 2 & & & 3 © ness for either topical or systemic application [39, 64]. ARCT
El S — — 2 2 ~ 7 > P X
38 > g 5 &z 8 2 g and a cohort study about this agent have been published since
o0 —_ 2 — < 15} . ..
é £ E o E S § :F; 3, E ‘f £ £ the last update investigating the use of G-CSF under the same
E 2 S & & £ = § 'g clinical situation; these were excluded because they were not
<1 & £k directly investigating OM [16, 85].
5| 8 ER-I
-3 2 3
= = -9 9 - 2 QL =
% é é‘ § = G-CSF (topical): Solid cancers — CT — treatment
g S 2 § g E Guideline: No guideline possible
Q| E=Z I = =
: s X2 .
% g é 5 E 5 BE o c|“ < 8 One cohort study involved the use of topical G-CSF to treat
L b= . . . .
2 < S B g 8 OM in 14 patients [97]. Due to the limited evidence, no guide-
£l 5 S - v § &4 pars L
of g 2 3 E E = = % g2 line was possible in this category.
= s 2 2 E 0
= @] w2 I: I: E wn 8 5 g
= g 2 B8
£ 2223
= ~ o~ ~ ~ Z 38 ;
2 Elg 2 $ B A g 2 B GM-CSF (SC): H&N cancers — RT or RT-CT — prevention
Slessle ¢ g g £ ? £3 Guideline: No guideline possible
s| o2 | € g T E S 5 2 H
21 2E| 2 ¢ e 7B RN .
gl &2 |l & e ae I z s g The additional RCT reviewed in this update showed no effec-
] ~ O N . .
§ 5 3 E g tiveness for systemic GM-CSF in prevention of OM for pa-
& °é 2 32 tients undergoing RT to the H&N. Therefore, the guideline
“‘.3 B ‘g g ﬁ g remains the same. All studies in this clinical setting enrolled
= =5 = . .
£ & o E 2 § H&N patients treated with RT only [30, 55, 56]. The only
) e § ~| g § exception was a single RCT which included a mix of H&N
;’g E ~§ ;g g ) cancer patients treated with RT or RT-CT [72].
2 §D 5 g Z 8 .'q'g ;3 There was a comparator study in this clinical setting com-
wg & = 58 239 paring GM-CSF to sucralfate [52]. The study concluded that
) = = . .
2 g % Tg °é ] g g there was no difference between the study groups in regard to
|z & 2 & = = OM grade, pain, and the use of analgesics.

@ Springer



Support Care Cancer (2020) 28:2485-2498

2490

[¢6] sdnoig asays Jo Aue 10§ [onuod 0gae[d ou ‘dnoid  sanemo,, & 0y dnoid  sanusaaaid,, e paredwoo Apms oy,

[s€] 1 mogqe

uoneuLiojul pajiw] 194 sapiaod pue jurodpue Arepuodass e se snisoonur passasse Aprus oy, [09] 31 1noqe uoneuuoyur oy £1eA sapiaoid pue jutodpus A1epuodes e se siIsoont passasse Apms Ay, o

O
SnodUEINOANS H§ ‘Yseminows

M ‘uonuaaald g ‘so 1od Og ‘1e0ued po ‘[edr3ojorewdy jorpupy ‘Aderdypowoyd ;) ‘Aderoyiorper fy yoou pue peay NP Jueidsuen (90 wals ondtodojeway 7HSH Oqrssod aurepms ou JHON

uonemnp ured—y, ‘A110A9S Ured—¢ ‘uoneINp SHISOONW—7 ‘AIIDAIS SHISOONW—] A SSAUIANIPH

uorurdo yadxo—(| ‘Modor 9sed—¢ ‘SOLIOS 9SBO— ‘[BUONIIS-SSOI0—/, ‘SAIPNIS [0NU0O—ISBO—9 ‘IO PUB AI0JOG—G UOYOI—4 ‘[ )Y-UOU—¢ A SAIPMIS D Y-UON

(8]
(X) e—Ivel Lo61 wiyelq dON m (@A 100geuly L 1D 'eopros (MIA) eardog,
(1]
dON 11 N S661 2ue) d LD edjsearg (MIA) [eordog,
[16] 200T
(D) ezl 6661 zog dON 111 N [901BO[BA L IOSH  [orewdHq (MIA) [eardog,
[s1]
"LOSH Surodropun syuoned N  €00C 1zzeq [oreway (198
ur O Jo uonuaaaxd ay) 10§ ISD-ND Jsurege [z6] 100T /80 [BIO/MIA)
[eo1do) o asn o jsuree uonse3Ing  uonse3Ing 1 N 9197 Iop uep d 10OSH p1os Teordog,
AFokiR|
»£—1€s] €00¢ ueAojUR d 101D NPH (MIAD [eardog,
(D) —TI1L] 8661 esonaoy (€8]
‘(A) 8—I79] 8661 noyejodIN dON I N 100¢ [zuudg d I NoPH (MIAD [edrdo,
alS€l
(DA 6661 Uey]
[09] s661
(X)) €[Sl 7661 uopion dON m (DA  shreunwon d  IOSH [orewsy (DS)onwueiskg
(R) +—{69] €007 15509 dON Al L 10 N®H (OS) orueisks
dON m @A [e1lse61 WO d 1D N29H (DS) oruajshg
[s¢]
m ()X S00T onsey L AR NH (DS) oruoisAg
[og] (10300]
N 10T ueWjjoq Sunenumns-Auojoo
(X 9—196] 6661 10uTEM N [cL] L00T &y oFeydoroew
‘(A €—1oL] Le61 ossoy [9s] 9002 1014 -—a)4o0[nueis)
(A) 8—18¢] L661 ueuuesy dON m ((MX 23822V d 101y N@H (DS) omualsks ASO-ND
QJUSPIAD
A1030)8d  JO [0A9] Ayepowr uonensuIupe
SAIPNYS D Y-UON UONRUIULIDIOP QUI[OPIND  AUIOPIND  [[BIOAQ QANDAYH  JedA Joyny UONEOdIpU] JUSUWNBAI], Roue) Jo amnoy 1ud3e Jo sweN

UOTBUIULLIOIOP JUI[OPING PUE dOUSPIAD JO [9AJ] [[BIIA0 ‘(ISD-IND) 10308} Sunenumns-Auojod d3eydoroew—aAoo[nuers 10y popodar saipms € ajqe]

pringer

Qs



Support Care Cancer (2020) 28:2485-2498

2491

GM-CSF (SC): H&N cancers — RT — treatment

GM-CSF (SC): H&N cancers — CT — prevention

GM-CSF (SC): H&N cancers — CT — treatment
GM-CSF(SC):Hematological cancers — HSCT — prevention
GM-CSF(topical): H&N cancers — RT — prevention
GM-CSF(topical): H&N cancers — CT or RT-CT — prevention
GM-CSF(topical): Hematological cancers — HSCT —
treatment

GM-CSF (topical): Breast cancer — CT — prevention
GM-CSF (topical): Solid cancer — CT — treatment
Guideline: No guideline possible

For these categories, there was limited evidence and no new
data since the previous guidelines update (Table 3), therefore
no guideline possible.

A RCT comparing GM-CSF mouthwash to sucralfate for
the prevention of OM in H&N cancer patients treated with RT
was reported [74]. The study concluded that GM-CSF mouth-
wash may be moderately more effective than sucralfate.

GM-CSF (topical): Solid/hematological cancer — HSCT —
prevention
Guideline: Suggestion against topical use in HSCT (LoE II)

The evidence suggests that topical GM-CSF should not be
used for the prevention of OM in patients undergoing
HSCT.

Two RCTs [15, 92] showed no effectiveness of GM-
CSF in the prevention of OM in this clinical setting.
Accordingly, a guideline against the use of GM-CSF
mouthwash for prevention of OM in patients undergoing
autologous or allogeneic HSCT was made. Of note, the
evidence for this guideline included a flawless large RCT
study showing no effectiveness in regard to improving
frequency of OM, mean duration of OM, OM-associated
pain, and opioid use [15]. These studies were conducted
when the conditioning regimen included TBI [92] and
without TBI [15]. No new studies were found in this cat-
egory; therefore, the guideline is unchanged.

EGF

Epidermal growth factor (EGF) is a polypeptide that plays an
important role maintaining tissue homeostasis by regulating
epithelial cell proliferation, growth, and migration [63]. EGF
enhances mucosal wound healing and tissue generation,
which was the basis for clinical studies in the treatment of
OM.

There was one additional RCT using recombinant human
epidermal growth factor (thEGF) that was added to the previ-
ous guideline (Table 4).

rhEGF (topical): Hematological cancers — HSCT —
prevention
Guideline: No guideline possible

A new RCT was identified in this clinical setting for this
systematic review [43]. The RCT showed that thEGF was
effective in reducing duration of OM but not in reducing se-
verity of OM. Considering the limited data, no guideline is
possible.

rhEGF (topical): H&N cancers — RT-CT — prevention
Guideline: No guideline possible

A single RCT in this clinical category compared various doses
of thEGF to placebo for prevention of OM [98].
Approximately half of the patients received concurrent CT.
The study concluded that thEGF was effective. Considering
the limited data in this category and the need of safety data on
larger samples and longer follow up, no guideline is possible

rhEGF (topical): Solid cancer — CT — prevention
Guideline: No guideline possible

EPO

Erythropoietin (EPO) is a hematopoietic factor, produced
mainly in the kidney via an oxygen-sensing mechanism. It
stimulates the proliferation of erythroid progenitors in the
bone marrow, leading to red blood cell production [10].
Recombinant human EPO is used to treat anemia. EPO also
has anti-inflammatory effects by inhibiting NF-kB-dependent
formation of a number of pro-inflammatory cytokines and
carries antioxidant properties [9]. In one animal wound-
healing model, the topical use of EPO-containing creams in
wounds of diabetic rats showed a decrease in amount of apo-
ptosis in a dose-dependent manner [27]. There are limited
clinical studies of EPO efficacy in OM.

EPO (topical): Hematological cancers — HSCT — prevention
Guideline: No guideline possible

There was a single well-designed RCT reviewed in this sys-
tematic review about EPO for prevention of OM in patients
undergoing autologous HSCT [33]. It demonstrated effective-
ness of EPO mouthwash as a preventive measure reducing
incidence and duration of OM (Table 4). This RCT is the first
of'its kind using EPO for OM. Due to the limited evidence, no
guideline is possible.

Other interventions for which the evidence and guideline
remains unchanged

@ Springer



2492

Support Care Cancer (2020) 28:2485-2498

Table 4  Studies reported for recombinant human epidermal growth factor (thEGF) and erythropoietin, overall level of evidence and guideline

determination

Name of agent Route of Cancer Treatment Indication Author, year Effective Overall level Guideline Non-RCT
administration modality of evidence category  studies
rhEGF (recombinant human Topical (oral Hematol HSCT P Kim 2013 Y (2) 111 NGP
epidermal growth factor) spray) [43]
Topical® H&N RT-CT P Wu 2009 Y (1) 11 NGP Hong 2009
[98] B1}—#
Y
Topical MW) Small cell CT P N 111 NGP Girdler 1995
lung [23}—-(3)
cancer N
Erythropoietin Topical (MW) Hematol HSCT P Hosseinjani Y (1,2) I NGP
2015 [33]

Non-RCT studies key: 3—non-RCT, 4—cohort, 5—before and after, 6—case—control studies, 7—cross-sectional, 8—case series, 9—case report, 10—

expert opinion

Effectiveness key: 1—mucositis severity, 2—mucositis duration, 3—pain severity, 4—pain duration

NGP no guideline possible, HSCT hematopoietic stem cell transplant, H&N head and neck, RT radiotherapy, C7 chemotherapy, hematol hematological,

ca. cancer, PO per os, P prevention, MW mouthwash

Oral spray then swallow

The current update did not yield any new studies for agents
listed in Table 5. The guidelines remain the same as previously
determined; no guideline is possible.

Discussion

This systematic review provides updated clinical guidelines for
the use of cytokines and GF agents in the management of OM.
New evidence was reported since the previous guidelines up-
date [66] about KGF-1, G-CSF, GM-CSF, EGF, and EPO.

In support of previously determined guidelines, the current
evidentiary update continues recommending the use of KGF-1
(IV) for the prevention of OM in patients with hematological

cancer undergoing autologous HSCT when the conditioning
regimen includes TBI. The LoE for this recommendation was
upgraded from LoE II to LoE 1.

Interestingly, this guideline is based on evidence in adult
patients; however, there is new promising evidence indicating
that this guideline may also be applicable for pediatric patients
[50, 51]. This guideline is limited to HSCT where its condi-
tioning includes TBI because the evidence about efficacy was
available exclusively when TBI was delivered [4, 50, 51, 82].
This was reported also in a large retrospective comparative
study demonstrating that palifermin decreased total parenteral
nutrition, patient controlled analgesia, and length of stay at the
hospital following TBI-based but not chemotherapy only—
based -HSCT [24] allogeneic.

Table 5 Interventions for which the evidence and guideline are unchanged, based on existing literature (adapted from Raber-Durlacher [66])
Aim Agent Route of administration Patient population ~ Treatment Guideline
modality
P Velafermin (FGF-20) Systemic (IV) Hematol Auto HSCT NGP
P Repifermin (KGF-2) Systemic (IV) Hematol Auto HSCT NGP
P Milk-derived protein extract Topical (MW) Hematol Auto HSCT NGP
T Recombinant human intestinal trefoil factor Topical (oral spray) Colorectal ca. CT NGP
(thITF)
P Recombinant human interleukin-11 (IL-11) Systemic (SC) Hematol Allo HSCT NGP
P ATL-104 Topical (MW) Hematol Auto HSCT NGP
P Transforming growth factor-B (TGF-B) Topical (MW) Solid CT NGP
cancer/hematol
P Transforming growth factor-B (TGF-B) Topical (MW or TGF-f32-enriched Hematol/bone CT NGP
feeding) tumor®

? Pediatric patients

NGP no guideline possible, HSCT hematopoietic stem cell transplant, H&N head and neck, RT radiotherapy, CT chemotherapy, hematol hematological,
ca. cancer, PO per os, P prevention, /V intravenous, MW mouthwash, SC subcutaneous Auto autologous, Allo allogeneic
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While the 2013 guideline was limited to autologous HSCT,
there is increasing evidence that this may be applicable for
allogeneic HSCT [4, 51, 59]. However, the evidence in allo-
geneic HSCT was in variable patient populations in regard to
the patient’s age and inclusion of TBI in the conditioning
regimen. Therefore, the scope of the current guideline
remained for autologous HSCT only.

It should be highlighted however that there is regional var-
iation in the ability to use KGF-1 (Palifermin, Kepivance).
Since the previous MASCC/ISOO guideline update was pub-
lished, the approval for the use of this drug was withdrawn
within the European Union by the European Medicines
Agency (EMA) [17]. Per the information on the EMA website,
the withdrawal was at the request of the marketing authoriza-
tion holder, which notified the European Commission of its
decision to permanently discontinue the marketing of the
product for commercial reasons [18]. Conversely, the drug is
still approved for use in the USA by the FDA [88]. This was
reconfirmed on the US National Cancer Institute (NCI)
webpage on March 2018 [89].

In the 2013 guideline update, a suggestion against the use
of topical GM-CSF for the prevention of OM in patients un-
dergoing HSCT was made. No new evidence has been

Articles identified through electronic search
(n=1,091)
(PubMed=684, Web of Science =407)

reported for this agent in the clinical setting since 2013.
Therefore, this guideline remains valid.

New evidence was published that introduced certain agents
in a new clinical setting. These included G-CSF in patients
with solid cancers treated with CT and rthEGF and EPO in
patients undergoing HSCT. However, the evidence in these
new categories did not reach the threshold for a guideline.

It was reported that when the intervals between doses of
palifermin were shorter, as happened in the high-dose melpha-
lan conditioning regimen, without TBI, prior to autologous
HSCT, there were more adverse effects including skin prob-
lems, orofacial swelling, mucosal ulceration, and taste alter-
ations [93]. Importantly, palifermin did not affect graft-versus-
host disease (GVHD), graft failure, or relapse [24]. These
findings were supported by a study from the Center for
International Blood and Marrow Transplant Research
(CIBMTR) database which reported that in univariate analy-
ses, two-year survival and disease-free survival rates after al-
logeneic HSCT and after autologous HSCT were similar be-
tween palifermin-treated patients and matched controls [75].
Additionally, in multivariate analysis, palifermin did not sig-
nificantly increase the risk of mortality or relapse compared
with matched controls. No significant differences in rates of

Papers excluded after reading title and
abstracts

(1=1,065)

Paper was transferred from another section

v

Papers retrieved for detailed analysis

©=27)

@=1)

Papers excluded after reading full texts
against eligibility criteria

Papers included for qualitative evidence synthesis
(©=15)

(=12)

Papers merged from previous 2013
Guideline review

y

Papers included for qualitative evidence synthesis

(2=66)

Fig. 1 Article flow chart throughtout the systematic review

(n=51)
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acute or chronic GVHD were observed between palifermin-
treated patients and matched controls [75]. Nevertheless, these
long-term safety data were obtained at 31 months following
administration of palifermin. To our best knowledge, there are
no data regarding the 5-year relapse and overall survival post-
administration of palifermin for prevention of OM.

A Cochrane review about GF and cytokines for the preven-
tion of OM concluded that in regard to adult patients under-
going HSCT, the group was less confident about a benefit for
KGF-1 because of multiple factors involved in that popula-
tion, such as whether or not they received TBI, and whether
the transplant was autologous or allogeneic. Likewise, the
Cochrane group concluded that KGF-1 was beneficial in the
prevention of OM in adults who are receiving: (a) RT to the
H&N with cisplatin or fluorouracil or (b) CT alone for mixed
solid and hematological cancers. Noticeably, there was differ-
ence between the MASCC/ISOO methodology and the
Cochrane group methodology in regards to inclusion of
RCTs that calculated the efficacy based on area under the
curve, in the clinical interpretation of the evidence in H&N
cancer patients [8, 29, 48], and in the separation of evidence
based on the cancer type [6, 57, 68, 90].

KGF-1 (palifermin) is administered systemically in all the
RCTs that reported its use. Therefore, the question of safety is
of greater importance relative to topical agents. Of relevance
to the studies about prevention of OM with KGF-1 in patients
with H&N cancer, KGF can induce proliferation of epithelial
cell lines. Until long-term safety data about KGF in patients
with H&N cancer are available, the interpretation of the data
about the clinical efficacy needs to be considered carefully.

The fact that various growth factors (KGF, G-CSF, GM-
CSF, EGF, and EPO), each effecting a different cell line
(keratinocytes, granulocytes, macrophages, fibroblasts, eryth-
rocytes, respectively), were suggested as interventions for OM
reflects the complexity of the healing process of OM and the
delicate balance needed between all these components to
maintain the oral mucosal integrity.

Since the cutoff date for the literature review, a RCT was
published testing the efficacy of topical thEGF as an oral spray
for the prevention OM in patients undergoing HSCT [42]. This
report was an extension of a previous publication [43] conclud-
ing that thEGF was effective for the prevention of OM.
However, the later and larger report concluded that thEGF
was ineffective for the prevention of OM. Another RCT, de-
signed as a comparator study, used thEGF as a control while
testing a Chinese medicine for the prevention of RT-associated
OM [97]. A RCT comparing IV KGF versus chlorhexidine in
pediatric patients with hematological cancers treated with CT
reported that KGF reduced the severity of OM [22].

In summary, for the interventions reviewed in this paper,
the available evidence supported a recommendation for KGF-
1 (palifermin) for the prevention of OM in a well-defined
clinical setting. Likewise, based on the previously reported

@ Springer

evidence, the suggestion against topical GM-CSF for the pre-
vention of mucositis is validated. Considering the growing
body of evidence, the guidelines about the agents covered in
this section will require updating in the future (Fig. 1).
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