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Abstract
Purpose Toupdate the2013MultinationalAssociationofSupportiveCare inCancer/International SocietyofOralOncology (MASCC/
ISOO) clinical practice guidelines on oral cryotherapy for themanagement of oral mucositis (OM) caused by cancer therapies.
Methods A systematic review was conducted by the Mucositis Study Group of MASCC/ISOO. The evidence for each inter-
vention for specific cancer treatment modalities was assigned a level of evidence (LoE). The findings were added to the database
used to develop the 2013 MASCC/ISOO clinical practice guidelines. Based on the LoE, the guidelines were set as: recommen-
dation, suggestion, or no guideline possible.
Results A total of 114 papers were identified: 44 from PubMed and 70 from Web of Science. After abstract triage and merging
with the 2013 database, 36 papers were reviewed. The LoE for prevention of OM with oral cryotherapy in patients undergoing
autologous hematopoietic stem cell transplant using high-dose melphalan conditioning protocols was upgraded, and the guide-
line changed to recommendation. Additionally, the recommendation for prevention of OM with oral cryotherapy in patients
receiving bolus 5-fluorouracil for the treatment of solid tumors was confirmed. No guidelines were possible for other clinical
settings.
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Conclusions The evidence supports recommendations for the use of oral cryotherapy for the prevention of OM for either (i)
patients undergoing autologous hematopoietic stem cell transplant with high-dose melphalan conditioning protocols or (ii)
patients receiving bolus 5-fluorouracil chemotherapy.
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Introduction

Oral mucositis (OM) is a significant toxicity of systemic
chemotherapy (CT) and/or radiotherapy (RT) to the head
and neck region. It occurs in 20–40% of patients receiv-
ing conventional CT, 80% of patients receiving high-
dose CT as conditioning for hematopoietic stem cell
transplantation (HSCT), and nearly all patients receiving
head and neck RT [1]. OM increases morbidity and has a
devastating impact on quality of life [2]. Clinically, le-
sions of OM are atrophic, erythematous, and/or ulcera-
tive. Ulcerative lesions are associated with severe pain,
increased risk of severe infections, oral bleeding, com-
promised oral function and risk of hospitalization [3].
Numerous therapies have been reported for the manage-
ment of OM [4, 5], including oral cryotherapy.
Application of ice or cold water in the oral cavity is
the conventional method of administrating cryotherapy,
and new technologies generating a cool environment in
the mouth have also been reported [6]. It is hypothesized
that the vasoconstriction caused by the ice restricts the
delivery of cytotoxic drugs to the oral tissues and there-
by reduces secondary complications [7, 8]. In addition, it
was suggested that reduced tissue temperature lowered
the metabolic activity in the basal layer, rendering the
epithelium less susceptible to cytotoxic agents [9, 10].

In 2004, the Mucositis Study Group of the Multinational
Association of Supportive Care in Cancer and International
Society of Oral Oncology (MASCC/ISOO) published the first
guidelines addressing the use of oral cryotherapy for the man-
agement of OM [11], which remained unchanged in the 2007
and in 2013 updates [4, 12, 13]. Considering the findings
published since the last update, MASCC/ISOO initiated a
3rd guideline update to systematically evaluate the peer-
reviewed literature published after 2011 and update the
MASCC/ISOO clinical practice guidelines for the manage-
ment of OM with oral cryotherapy.

Methods

Themethods are described in detail byRanna et al. [14].Briefly, a
search for relevant papers indexed in the literature from 1 January
2011 to 30 June 2016 was conducted using PubMed/Web of
Science, with papers selected for reviews based on specific inclu-
sion and exclusion criteria [14]. Literature that was published

following the end date of the literature search is covered in the
“Discussion” as “Late breaking news”.

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
on criteria from Somerfield et al. [15], and flaws were listed
according to the Hadorn criteria [16]. A well-designed study
was defined as a study with no major flaws according to the
Hadorn criteria.

Findings from the studies reviewed were merged with
the evidence in the previous MASCC/ISOO guideline up-
date and then integrated into the new guidelines based on
the overall LoE for each intervention. Guidelines were
classified as Recommendation, Suggestion, and No
Guideline Possible.

Guidelines were organized according to: (1) the aim of the
intervention (prevention or treatment of OM), (2) the treat-
ment modality (RT, CT, RT–CT, or high-dose conditioning
therapy for HSCT), and (3) the route of administration of the
intervention.

The list of keywords used for the literature search for the
cryotherapy section is in the published paper with the meth-
odology paper [14].

Results

A total of 114 papers were identified in the literature search:
44 from PubMed and 70 from Web of Science. After abstract
triage, 15 new papers were included in this review. These
papers were merged with the 21 papers reviewed for the pre-
vious MASCC/ISOO guidelines update and analyzed collec-
tively [13].

In total, 93% of the oral cryotherapy studies reviewed were
directed at prevention and a single study used oral cryotherapy
for OM treatment in patients with solid cancer [17]. The re-
sults of the review are presented according to patient popula-
tion categories.

Hematopoietic stem cell transplantation (HSCT)
for hematological cancer; for OM prevention

2013 Guideline: Suggestion (LoE III)
2018 Guideline: Recommendation (LoE II)
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The panel recommends using oral cryotherapy to prevent
oral mucositis in patients undergoing autologous HSCTwhen
the conditioning includes high-dose melphalan (LoE II)

The recommendation is based on two new randomized
controlled trials (RCTs) [18, 19]. One RCT demonstrated the
efficacy of oral cryotherapy in the prevention of OM and
mucositis-associated pain in patients undergoing high-dose
melphalan protocols for autologous HSCT [19]. This study
compared oral cryotherapy and basic oral care with a control
group that only received basic oral care. An additional RCT
assessing patients undergoing autologous HSCT with high-
dosemelphalan-based conditioning regimens showed that oral
cryotherapy reduces OM severity compared with a saline
mouthwash [18].

These results were added to the results from four RCTs
reviewed in the previous guidelines update [13]. The first out
of these four papers was a RCT on autologous HSCT patients
treated with high-dose melphalan, which reported reduced OM
severity [10]. Two studies on autologous and allogeneic HSCT
patients, some of which were treated with high-dosemelphalan,
reported the benefit of oral cryotherapy on the prevention of
OM [20, 21]. Since these studies utilized the same patient pop-
ulation, they are considered as a single study for the purpose of
this analysis. These results are in conflict with a fourth large
RCT in allogeneic HSCT patients [22], which reported no ben-
efit from oral cryotherapy in OM prevention. All patients in the
Gori et al. study received methotrexate (for graft versus host
disease [GVHD] prophylaxis), and some were also treated with
melphalan (for conditioning regimen) [22]. The current guide-
lines therefore only refer to patients undergoing autologous
HSCT conditioned with high-dose melphalan.

Non-RCT studies showed similar results about the useful-
ness of oral cryotherapy in autologous HSCT with high-dose
melphalan protocols [23–32].

An additional RCTapplied oral cryotherapy for the preven-
tion of OM in HSCT patients; however, in this study oral
cryotherapy was referred to as a standard of care in a protocol
mixing oral cryotherapy and supersaturated calcium phos-
phate rinses [33]. This RCT showed no differences in the
prevention of OM when oral cryotherapy with supersaturated
calcium phosphate rinses was compared with oral cryotherapy
alone in patients undergoing to allogeneic HSCT with differ-
ent regimens for hematological cancer [33]. Another before-
and-after study applied oral cryotherapy as standard of care
while assessing the effect of laser therapy on the prevention of
OM in HSCT patients [34]. The experimental group had sig-
nificantly less severe mucositis.

Chemotherapy with bolus 5-FU; for solid tumors;
for OM prevention

2013 guideline: Recommendation (LoE II)
2018 guideline: Recommendation (LoE II)

The panel recommends that patients receiving bolus 5-FU
chemotherapy undergo 30 min of oral cryotherapy to prevent
oral mucositis.

One new RCT was identified in the literature supporting
previous RCTs in this category [35]. This RCT included pa-
tients with various types of solid cancer and showed that oral
cryotherapy significantly reduced OM severity, especially on
days 7 and 14 following bolus 5-FU [35]. This RCT concurs
with the results of RCTs reviewed in the previous guidelines
update [8, 36–40].

The optimal duration of oral cryotherapy as a preventive
measure for OM in patients with various solid cancers using
bolus 5-FU-based protocols has been evaluated, and 60 min
was not found to be superior to 30 min [41].

Chemotherapy with short-term infusion and short
half-life agents; solid cancer; for OM prevention

2013 Guideline: No guideline possible (LoE III)
2018 Guideline: No guideline possible (LoE III)
The efficacy of oral cryotherapy for OM prevention in pa-

tients undergoing protocols using drugs over a short-term or
with a short half-life, other than 5-FU, has been established.

A RCTstudy demonstrated the efficacy of oral cryotherapy
in cancer patients treated with various agents, such as
etoposide, platinum, mitomycin C, and vinblastine [7]. The
same beneficial preventive effect was noted in a cohort that
included patients treated with edatrexate plus carboplatin [42,
43]. However, in a different cohort study, the preventive effect
was not confirmed in patients treated with edatrexate [44].

Therefore, given that the evidence the 2013 publication
stated “no guideline possible,” this remains unchanged in the
current update as no new studies were identified.

Radiotherapy; head and neck cancer; for OM
prevention

2018 Guideline: no guideline possible (LoE III)
A single RCT showed no significant changes in OM sever-

ity in patients treated with RT to the head and neck when oral
cryotherapy was delivered before and after each RT session.
The average RT dose delivered in this study was 53.9 Gy.
Importantly, patient perception of mucositis and pain severity
were worse in the treatment group [45]. There is insufficient
evidence to formulate a guideline.

Chemotherapy; solid cancer; for OM treatment

2018 Guideline: no guideline possible (LoE III)
The efficacy of oral cryotherapy versus “routine care” or

chlorhexidine was compared in a RCT that focused on
regaining the ability to eat, in patients that could not do so
due to OM, termed “oral nutrition transition time.” The study

2452 Support Care Cancer (2020) 28:2449–2456



included patients with grade 3–4 OM due to CT, which was
not specified [17]. The study did not report the response in
terms of mucositis grade or associated pain. The study con-
cluded that oral cryotherapy was not superior to “regular care”
or chlorhexidine. Since the type of CT is critical to developing
a guideline regarding use of oral cryotherapy, this evidence is
insufficient to determine a guideline.

Chemotherapy with 5-FU (continuous); solid cancer;
for OM prevention

2013 Guideline: no guideline possible (LoE III)
2018 Guideline: no guideline possible (LoE III)
There is no new published evidence regarding oral cryo-

therapy for prevention of OM due to continuous infusion of 5-
FU following publication of the 2013 MASCC/ISOO guide-
lines, understanding that it would not be predicted to work in
this situation.

Discussion

This paper reports results of a systematic review of evidence
about oral cryotherapy for OM in cancer patients, and there-
fore updates the MASCC/ISOO clinical practice guidelines
for the management of OM [13] as needed. Evidence
supporting clinical practice guidelines was identified for two
indications:

(i)Oral cryotherapy is recommended for the prevention of
OM in patients undergoing autologous HSCTwith condition-
ing regimen protocols, including high-dose melphalan. The
current systematic review added two RCTs that enhanced
the LoE from III to II, which strengthens the 2013 guidelines
from a suggestion to a recommendation [18, 19].

(ii)Oral cryotherapy is recommended for the prevention of
OM in patients receiving bolus 5-FU for solid tumors when
used during the 30-min CT infusion. A new RCT supported
this [35].

Oral cryotherapy for the prevention of RT-associated OM
was first reported in 2013 [45]. In this study, oral cryotherapy
was delivered 5 min before and after each RT session. The
patients experienced significantly less OM pain and symp-
toms [45]. Due to the limited data, no guideline is possible
in this category.

two categories from the 2013 guideline update combined in
this review because they described OM associated with CT
delivered over a short time, excluding 5-FU, specifically “CT
(edatrexate i.v.) (Investigational drug)” and “CT (etoposide,
mitomycin C, vinblastine i.v.)” and are referred to in this 2019
update as “CT infused over a short time or drugs with short-
half life, other than 5-FU”. The rationale for merging the two
categories was that the critical parameter for the effect of oral

cryotherapy was the short duration of the infusion rather than
cytotoxic agent itself.

As cited in the 2013 guidelines, edatrexate has not
progressed from an investigational drug to a registered drug.
No new studies were published in this category; therefore,
guideline remains unchanged—no guideline possible.
Having said this, the rationale for oral cryotherapy working
in this situation is similar to the rationale as to why it might
work for bolus 5-FU therapy. In addition, the studies did sup-
port the concept that it was helpful in this situation. Thus,
while it does not make the mark to be guideline-endorsed,
use of this approach does make rational clinical sense.

Two meta-analyses addressing oral cryotherapy for OM
had similar conclusions to the current guidelines. One ad-
dressed the efficacy of oral cryotherapy in OM prevention in
patients with hematological malignancies undergoing HSCT
[46] based on seven RCTs, with two published as abstracts
only. This meta-analysis concluded that oral cryotherapy sig-
nificantly decreased OM severity and reduced the duration of
total parenteral nutrition and the length of hospitalization.
Their results regarding OM duration and analgesic use were
non-significant with a trend toward a reduction in the length of
analgesic use [46]. A Cochrane meta-analysis supported these
findings, which included 14 RCTs on oral cryotherapy in can-
cer patients [47]. The Cochrane meta-analysis concluded that
oral cryotherapy was effective in two conditions: (1) after
receiving 5-FU-based treatment for solid tumors and (2) after
receiving high-dose melphalan-based cancer treatment prior
to HSCT. For the latter indication, there was uncertainty re-
garding the extent of OM reduction because of the large con-
fidence interval (2–111) for the parameter of number of pa-
tients needed to be treated (3). The Cochrane review also
evaluated some secondary outcome measures, interruption to
cancer treatment, oral pain, quality of life, normalcy of diet
(e.g., percutaneous endoscopic gastrostomy feeding tubes or
total parenteral nutrition), adverse events, number of days in
hospital, number of days of treatment with opioid analgesics,
and number of days unable to take medicine orally. However,
data were limited, or the assessments of these outcomes were
not performed.

Oral cryotherapy is an easily applied affordable treatment
modality for OM management. While no serious adverse ef-
fects have been reported for oral cryotherapy [47], when fla-
vored popsicles have been used, more adverse effects were
reported, including nausea, oral sensitivity, and headaches
[38].

There is some variability between duration of oral cryother-
apy in the RCTs reported in HSCT patients conditioned with
melphalan. A recent RCT compared two groups of HSCT
patients conditioned with melphalan treated with oral cryo-
therapy for either 2 h or 6 h [48]. The shorter oral cryotherapy
regimen was at least as efficacious as the 6-h protocol [10]. A
similar study design was conducted by another group

Support Care Cancer (2020) 28:2449–2456 2453



comparing 2-h oral cryotherapy with 7-h oral cryotherapy
patients undergoing autologous HSCT [49]. This study found
no difference between the arms and therefore concluded that
the 2-h oral cryotherapy is as effective as 7-h oral cryotherapy
in preventing OM in this clinical setting. Another RCT in
patients undergoing HSCT with melphalan-based condition-
ing used a protocol starting 5 min before cytotoxic condition-
ing and ending 5 min after cytotoxic conditioning with a break
in the oral cryotherapy up to 20 min during this time [18]. An
earlier RCT in patients undergoing HSCT reported that oral
cryotherapy was applied for a total of 60 min starting before
cytotoxic conditioning and ending after cytotoxic condition-
ing completion [19]. Of note, in non-RCT studies in patients
undergoing HSCT, shorter oral cryotherapy protocols were
reported [24, 29, 32], or longer protocols [23, 27].

As a general statement, the lack of sham treatment and
patient blindness to the treatment may affect the results of oral
cryotherapy trials. However, this is a justifiable study design
flaw, as it is not feasible to blind patients to the temperature of
the treatment.

The Pediatric Oncology Group of Ontario published guide-
lines for OM prevention in pediatric cancer patients [50]. The
use of oral cryotherapy was recommended for cooperative
children receiving CT or HSCT conditioning regimens with
short infusion or short half-life times; however, no clinical
study in pediatric patients was available. Considering that oral
cryotherapy can be delivered using flavored ice popsicles and
ice slushy drinks—“freezies” or “smoothies”—compliance in
children is expected to be good.

As “late breaking news”, two RCTs were published after
the cut-off date of the literature search addressing oral cryo-
therapy for prevention of OM. One concurred with the find-
ings of these current guidelines, showing that oral cryotherapy
is effective in patients receiving high-dose melphalan condi-
tioning regimen for autologous HSCT [51]. The other con-
firmed our guidelines in cancer patients treated with bolus 5-
FU showing that oral cryotherapy was effective in reducing
mucositis severity and associated pain [52].

Interestingly, a new patient population treated with oral
cryotherapy was reported in the Chinese literature: osteosar-
coma patients treated with high-dose methotrexate [53].
Although this studywas not within the scope of our systematic
review, it might open the door for additional research in this
patient population. Of relevance, low-dose methotrexate-asso-
ciated OM was studied in a RCT [22] and in a comparative
study [32] and was included in our systematic review.

Based upon the literature, it appears that oral cryotherapy
has become standard of care in certain clinical settings and
that it is practiced across many oncology programs at the
international level. It is encouraging that a relatively simple
intervention became a consensus for the prevention of OM
and is applied in numerous institutes. Actually, certain studies
testing new interventions for OM had to apply it in

combination with oral cryotherapy in order not to deviate from
the standard of care [54, 55]. This approach may add new
challenges, as it is unclear if the additive effect of new inter-
vention is maintained in a cold environment.

On a related matter, oral cryotherapy was suggested to be
an independent suppressive factor for dysgeusia in patients
undergoing autologous HSCT [56]. CT-induced dysgeusia is
one of the reasons for reduced oral intake in cancer patients.
These results mean that oral cryotherapy may maintain the
oral intake not just by preventing OM but also by preventing
dysgeusia. This indication for oral cryotherapy warrants addi-
tional research.

In summary, the MASCC/ISOO guideline update recom-
mends oral cryotherapy for the prevention of OM for patients
undergoing autologous HSCTwith high-dose melphalan con-
ditioning protocols and for patients receiving treatment for
solid cancer with 5-FU.
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