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Background: Traditional treatment of malignancies with chemotherapeutic agents is
often affected by the damage inflicted on non-cancerous cells. Toxicities of the oral
cavity, such as mucositis and stomatitis, are some of the most significant and unavoid-
able toxicities associated with anti-cancer therapies. For such reason, in the last dec-
ades, newer targeted agents have been developed aiming to decrease the rates of side
effects on healthy cells. Unfortunately, targeted anti-cancer therapies also showed
significant rate of toxicity on healthy tissues. mTOR inhibitors showed some adverse
events, such as hyperglycemia, hyperlipidemia, hypophosphatemia, hematologic tox-
icities, and mucocutaneous eruption, but the most important are still stomatitis and
skin rash, often reported as dose-limiting side effects.

Patients and Methods: A search of the literature was performed by authors on the
PubMed online database using the following key words: “sirolimus” OR “everolimus”
OR “temsirolimus” OR “deforolimus” OR “ridaforolimus” combined with the Boolean
operator AND with the terms: “stomatitis” OR “mucositis” OR “oral pain.” Titles and
abstracts of 382 potentially relevant studies were screened; of these, 114 studies
were excluded because they did not report the inclusion criteria. In the second round,
268 studies were read full-text, but only 135 reported the inclusion criteria and were
included for data extraction. Of the included studies, 95 referred to everolimus use, 16
to ridaforolimus, and 26 to temsirolimus (two studies referred to both everolimus and
temsirolimus).

Results: The incidence rate of stomatitis according to the agent used was 25.07%
(3,959/15,787) for everolimus, 27.02% (724/2,679) for temsirolimus, and 54.76%
(598/1,092) for ridaforolimus. All the three agents analyzed showed high rates of low-
grade stomatitis (G1-G2), while the onset of severe stomatitis (G3-G4) was rare.
Conclusions: Analysis of the reports with patients treated with everolimus, temsiroli-
mus, and ridaforolimus showed a clear prevalence of stomatitis grade 1 or 2. These
data differ from that of patients treated with conventional chemotherapy in which

mucositis is predominantly of grade 3 or 4.
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1 | INTRODUCTION

Traditional treatment of malignancies with chemotherapeutic agents is
often affected by the damage inflicted on normal, healthy cells (Keefe
& Bateman, 2012). Toxicities of the oral cavity, such as mucositis and
stomatitis, are some of the most significant and unavoidable toxici-
ties associated with cancer treatment (Epstein et al., 2012). Oral tox-
icities have a tremendous impact on the patient with cancer and are
a common cause of dose delays and interruptions of cancer therapy
(Bensinger et al., 2008).

The terms oral mucositis and stomatitis are often used inter-
changeably to indicate oral complications of anti-cancer therapy, but
they do not refer to the same process (Parkhill, 2013). Oral mucositis
is a Medical Subject Headings term that describes inflammation of
oral mucosa due to chemotherapeutic agents or ionizing radiation.
Stomatitis is a less specific term used to describe any inflammatory
condition of oral tissue.

The difference between lesions was underlined in a seminal paper
by Sonis, Treister, Chawla, Demetri, and Haluska (2010) that pro-
posed the term mIAS (mTOR inhibitor-associated stomatitis) in order
to provide a clear distinction from oral mucositis due to conventional
chemotherapy.

The reported incidence of mucositis is striking; it is in fact evident
the real incidence of mucositis in clinical practice is high. Currently
available knowledge on oral mucositis is derived from clinical trials.
Unfortunately, relatively few clinical trials focused on mucositis as a
specific outcome and clinical trials often do not include the full range
of patients (e.g. elderly patients, patients with comorbidities, non-
adherent patients) (Bensinger et al., 2008). Additionally, mucositis
often emerges between treatment cycles when clinical monitoring is
sporadic (Elting et al., 2013).

For these reasons, everyone hoped that the newer targeted
agents would have minor effects on normal, healthy cells. The use
of targeted agents in the treatment of cancer has recently exploded
with a significant positive impact on patient quality of life and sur-
vival rates (Keefe & Bateman, 2012). Since 2012, 14 agents have
been approved by the US Food and Drug Administration (Parkhill,
2013). These agents influence or inhibit the signaling of many cel-
lular targets including mTOR, EGFR, VEGF, and several tyrosine
kinases (Parkhill, 2013). Unfortunately, targeted anti-cancer thera-
pies can still cause significant toxicity to non-cancer cells (Parkhill,
2013).

The PI3K/Akt/mTOR signaling pathway has a pivotal role in can-
cer cell functions such as growth, proliferation, survival, and mortality.
mTOR was identified in 1994 by several groups of investigators as the
kinase targeted by rapamycin linked to the cellular protein FKBP12
(Vignot, Faivre, Aguirre, & Raymond, 2005).

Rapamycin and its analogues are the first generation of mTOR
inhibitors. The target of rapamycin (mTor in mammalian cells) is a
289-kDa serine/threonine protein kinase belonging to a bigger fam-
ily of phosphatidyl-inositol 3-kinase (PI3K)-related kinase (PIKK). The
mechanism of action of rapamycin and its analogues is based on the
inhibition of the activity of mTORC1 through the binding to FKBP-12
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and the formation of a ternary complex with mTOR (Meng & Zheng,
2015).

The spectrum of adverse events related to this new class of on-
cology drugs is unique as compared with conventional anti-cancer
chemotherapy. The most common adverse events are hyperglycemia,
hyperlipidemia, hypophosphatemia, hematologic toxicities and muco-
cutaneous eruption, and stomatitis and skin rash are often reported
as dose-limiting side effects (Li & Trovato, 2012; Watters, Epstein, &
Agulnik, 2011).

Prior to the introduction of mTOR inhibitors in cancer therapy,
aphthous ulcers have been observed in several studies with siroli-
mus in immunosuppressive regimens. These appear to be different
when compared to mTOR inhibitor-associated stomatitis (mIAS) in
patients with cancer. This difference is probably due to the concur-
rent administration of immunosuppressive therapy, which probably
attenuates the toxicity in the organ transplant population (de Oliveira
et al., 2011). Organ transplant patients treated with sirolimus often re-
ceived concomitant calcineurin inhibitors (cyclosporine or tacrolimus)
and a corticosteroid (typically prednisone), which are effective in the
management of severe cases of aphthous stomatitis.

Mouth lesions present as singular or multiple discrete, ovoid, su-
perficial, well-demarcated ulcers with a grayish white pseudomem-
brane. They are often <0.5 cm in diameter in size. Lesions typically
affect the non-keratinized movable mucosa, such as the inner aspect
of the lips, the ventral and lateral surfaces of the tongue and the soft
palate. The ulcers develop acutely, usually within 5 days, and generally
resolve spontaneously in 1 week, most frequently in the first cycle of
mTOR inhibitor therapy.

2 | MATERIALS AND METHODS

The following review was performed to answer this following ques-
tion: “What is the rate of incidence of oral stomatitis in patients
treated with mTOR inhibitors?” A systematic search was performed
on the PubMed online database using a combination of MESH terms
and free text words: “sirolimus” (MESH) OR “everolimus” (MESH) OR
“temsirolimus” (MESH) OR “deferolimus” (free text) OR “ridaforolimus”
(MESH) combined through the use of Boolean operator AND with the
key words: “stomatitis” (MESH) OR “mucositis” (MESH) OR “oral pain”
(free text). Only studies fulfilling the following inclusion criteria were
considered eligible for inclusion in this study: (i) performed on human
subjects, (ii) reporting about the use of an mTOR inhibitor, (iii) writ-
ten in the English language, and (iv) reporting about the incidence of
stomatitis or oral mucositis. Case reports and studies on animal model
were excluded from this study. No restrictions were applied to the
year of publication.

For each study, the following records were extracted: name of
the first author, year of publication, number of patients enrolled,
type of disease treated, number of events recorded, and grade of the
events reported. To simplify the process of data extraction, an ad hoc
extraction sheet was used. In addition, data were independently ex-
tracted by two authors (LLM and CA) and checked in a joint session.
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RESULTS
3.1 | Bibliographic research

Titles and abstracts of 382 potentially relevant studies were screened;
of these, 114 studies were excluded because they did not report the
inclusion criteria. In the second round, 268 studies were read full-text,
but only 135 reported the inclusion criteria and were included for data
extraction. Of the included studies: 95 referred to everolimus use, 16
to ridaforolimus, and 26 to temsirolimus (two studies referred to both

everolimus and temsirolimus) (Figure 1).

3.2 | Analysis of data

For everolimus, 95 manuscripts were analyzed (Table 1). A total of
17,144 patients were treated with everolimus in solid tumors and
tuberous sclerosis complex. Studies reported data about grade of
stomatitis for 15,787 patients. The overall incidence of stomatitis of
any grade with everolimus treatment was 25.07% (3,959 patients),
and 2,981 cases were grade 1/2 (18.88%) and 978 were grade 3/4
(6.19%).

A total of 2,679 patients were treated with temsirolimus in ad-
vanced solid tumors (Table 2). Although the overall incidence of sto-
matitis of any grade in the temsirolimus treatment was 27.02% (724
patients), most stomatitis events were grade 1 or 2, 623 cases (23.25%
of the patients), with grade 3/4 events reported in 101 cases (3.77 of
the patients). However, four authors (Armstrong et al., 2013; Gandhi
et al., 2014; Mita et al., 2017; Pandya et al., 2007) reported the inci-
dence rates limited to grades 3 and 4 treatment-related toxicities, for
this reason, data about cases of stomatitis and stomatitis grades 1 and

2 are underestimated.

Records identified through
database (PubMed)
searching
N =382

Records screened
N =268

Full text assessed
for eligbility
N=135

Everolimus studies
N =95*

Ridaforolimus
studies
N =16

Records excluded for

N=114

}‘

- @@

Temsirolimus studies
N =26*

For ridaforolimus, 16 papers were analyzed. A total of 1,092 pa-
tients were treated with ridaforolimus for solid tumors (Table 3).
Although the overall incidence of stomatitis of any grade in the
ridaforolimus treatment was 54.76% (598 patients), most stomatitis
events were grade 1 or 2, 534 cases (48.90% of the patients), with
grade 3/4 events reported only in 64 cases (5.86 of the patients).

4 | DISCUSSION

Targeted therapy is a term used to describe methods designed to
selectively inhibit a molecular target that is abnormally expressed in
malignant-versus-normal tissues. It is employed to achieve a pref-
erential localization of a drug in the region of disease and subse-
quently an increase in local concentration. mTOR inhibitors work
as “signal transduction inhibitors.” These drugs work in those ma-
lignancies where cells are stimulated to divide continuously with-
out any external influence. The first mTOR inhibitor approved in
1980s by the US Food and Drug Administration was rapamycin,
also named sirolimus, an anti-fungal agent with immunosuppres-
sive properties produced by S.hygroscopicus (Sehgal, Baker, &
Vezina, 1975). Due to the poor pharmacokinetic characteristics of
rapamycin, research focused on the synthesis of analogues of rapa-
mycin more suitable to therapy, such as everolimus, temsirolimus,
and ridaforolimus. These molecules share a similar structure to the
prototype rapamycin consisting of a 31-membered macrocyclic lac-
tone backbone. The difference is in their C-40-O positions, which
results in disparate pharmacokinetic/pharmacodynamics profiles
(Liu, Thoreen, Wang, Sabatini, & Gray, 2009). Sirolimus and its ana-
logues, everolimus, temsirolimus, and ridaforolimus, are the first

generation of mTOR inhibitors. The mechanism of action of these

no data on side
effects/other
languages

Records excluded for no
data on mucositis type
N =133

FIGURE 1 Flowchart showing the
process of papers selection used in this
review *2 Studies involved everolimus and
temsirolimus
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TABLE 2 Reports of all papers evaluating temsirolimus and cases of stomatitis

References Year

1. Hudes et al.
(2007)

2007

2. Pandya et al. 2007

(2007)°

3. Motzer et al.
(2007)

2007

4., Farag et al. 2009

(2009)

5. Gerullis,
Bergmann,
Maute, Eimer,
and Otto (2009)

2009

6. Patel, Senico, 2009
Curiel, and

Motzer (2009)

7. Fujisaka, Yamada, 2010
Yamamoto,
Horiike, and

Tamura (2010)

8. Smith et al.
(2010)

2010

Neoplasia

Advanced renal cell carcinoma

A: Temsirolimus

No. of cases

A: 208

B: Temsirolimus + interferone B: 208

C: Interferone

C: 200

Total: 416

Extensive-stage small-cell lung cancer

A: Temsirolimus 25 mg

B: Temsirolimus 250 mg

Advanced renal cell carcinoma

A: Temsirolimus
5 mg + IFN-a &MU

B: Temsirolimus
10 mg + IFN-a 6MU

C: Temsirolimus
15 mg + IFN-a 6MU

D: Temsirolimus
20 mg + IFN-a 6MU

E: Temsirolimus
25 mg + IFN-a 6MU

F: Temsirolimus
15 mg + IFN-a 9MU

Relapsed or refractory multiple myeloma

A: Temsirolimus 25 mg
weekly

Advanced renal cell carcinoma

A: Temsirolimus 25 mg/
weekly

Advanced renal cell carcinoma

A: Temsirolimus 15 mg
daily + sunitinib orally
25 mg once daily

Advanced solid tumors

A: Temsirolimus 15 mg/m?

B: Temsirolimus 45 mg/m?

Non-mantle cell non-Hodgkin lymphoma

A: Temsirolimus 25 mg/
weekly

A: 44

B:41

A7

B: 6

C: 39

D: 6

E:7

F: 6

Total: 71

A: 16

A: 32

A: 3

A7
B:3
Total: 10

A: 89

drugs is based on the inhibition of the activity of mTORC1 through
the binding to FKBP-12 and the formation of a ternary complex

with mTOR (Meng & Zheng, 2015). This can restore proper con-
trol of the activated PI3K/AKT/mTOR signaling pathway. This class

of drugs is typically used for the treatment of solid tumors such

Stomatitis %

A: 42 (20%)
B: 44 (21%)
C: (4%)

Total: 86
(20.65%)

A:1(2.72%)°

B: 3 (7.31%)°

A: 3 (43%)
B: 4 (67%)
C: 27 (69%)
D: 6 (100%)
E: 5(71%)
F: 6 (100%)

Total: 51 (72%)

A: 7 (43.75%)

A: 10 (31.3%)

A: 1(33.33%)

A:5(71.4%)
B: 2 (66.6%)
Total: 7 (70%)

A: 30 (33.7%)

Leadin in e, Wanitotacil, Hesd & Neck Medicine

Stomatitis Stomatitis
grade 1% grade 2%

A: 40 (19%)

B: 34 (16%)

C: 4%

Total: 74 (17.78%)

Not Not
reported reported

A: 3 (43%)

B: 4 (67%)

C: 24 (61%)

D: 6 (100%

E: 4 (57%)

F: 5(83%)

Total: 46 (65%)

A:4(25%) A:2
(12.5%)
A:0 A: 10
(31.3%)
Al

A:5(71.4%)
B: 1(33.3%)

A: 26 (29.2%)

CWILEY-¥

Stomatitis  Stomatitis
grade 3% grade 4%
A: 2 (1%)

B: 10 (5%)

C:0

Total: 12 (2.87%)

Al
(2.72%)

B: 3
(7.31%)

A: 0

B: 0

A: 0

B: 0

C: 3(8%)

D:0

E: 1(14%)

F:1(17%)

Total: 5 (7%)

Al
(6.25%)

A: 0

A:0 A:0

A:0
B: 1(33.3%)
Total: 1 (10%)

A: 4 (4.5%)

(Continues)

as renal cell carcinoma, breast cancer, and pancreatic neuroendo-

crine tumors and for the treatment of tuberous sclerosis complex
(Awada et al., 2008; Boers-Sonderen et al., 2014; Hudes et al.,
2009; Krueger et al., 2010; Mita et al., 2013; Motzer et al., 2008;

Yao et al,, 2011).
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TABLE 2 (Continued)

Stomatitis Stomatitis Stomatitis  Stomatitis

References Year Neoplasia No. of cases  Stomatitis % grade 1% grade 2%  grade 3% grade 4%
9. Kwitkowski etal. 2010  Advanced renal cell carcinoma
(2010) A: Temsirolimus 25 mg A: 208 A:86(41%) A 80 (38%) A: 6 (3%)
B: IFN-ALFA B: 200 B: 19 (19%) B: 19 (19%) B:0
including
aphthous
ulcers and
mouth
ulceration and
mucositis
10. Okuno et al. 2011  Soft-tissue sarcomas
(2011) A: Temsirolimus 25 mg A 40 A:27(67.5%) A:19 A:5(13%) A:3(8%)  A0(0)
(48%)
11. Sunetal.(2012) 2012 Advanced renal cell carcinoma
A: Temsirolimus 20 mg/m2 A: 6 A: 5(83%) A: 5 (83%) A:0
weekly
B: Temsirolimus 25 mg flat B: 76 B: 42 (55%) B: 38 (50%) B: 4 (5%)
weekly
Total: 47 (57%) Total: 43 (52%) Total: 4 (5%)
12.  Wolff et al. 2013  Estrogen receptor-positive advanced breast cancer
(2013) A: Letrozole + temsirolimus ~ A: 550 A 65(12%)  A:59 (11%) A:6(1%)
B: Letrozole + placebo B: 553 B: 13 (2%) B: 12 (1.5%) B: 1 (<0.5%)
13. Armstrongetal. 2013  Metastatic prostate cancer
(2013)° A: Temsirolimus 25 mg A 11 A:2b Not reported A2 B:0
14. (Diaz-Padillaetal. 2013  Advanced solid tumors
(2013) A: RO4929097 A:8 A:5(625%) A4 (50%) A:1(12.5%)
10 mg + temsirolimus
25 mg
B: RO4929097 B: 3 B: 2 (66.6%) B: 2 (66.6%) B:0
20 mg + temsirolimus
25 mg
C: RO4929097 C:6 C: 5(83.3%) C:5(83.3%) C:0
20 mg + temsirolimus
37.5mg
Total: 17 Total: 12 (71%) Total: 11 (55%) Total: 1 (6%)
15.  Goodwin et al. 2013  Recurrent or metastatic endometrial cancer
(2013) A: Temsirolimus A: 49 A:23(46.9%) A 14 A8 A:1(2.04%)
(28.57%)  (16.32%)
16. Kumano et al. 2013  Metastatic renal cell carcinoma
(2013) A: Everolimus A: 57 A:17(29.8%)  A: 14 (24.5%) A: 3 (5.3%)
B: Temsirolimus B: 26 B: 8 (30.8%) B: 8 (30.8%) B:0
Total: 83 Total: 25 Total: 22 (26.5%) Total: 3(3.6%)
(30.1%)
17. Rinietal. (2014) 2014 Metastatic renal cell carcinoma
A: Temsirolimus + bevacizumab A: 393 A: 102 (26%) A: 75 (19%) A: 27 (7%)
B: Interferone B: 391 B: 38 (10%) B: 32 (8%) B: 6 (2%)

alfa + bevacizumab

(Continues)
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TABLE 2 (Continued)

References Year

18. Boers-Sonderen 2014
et al. (2014)

19. Gandhi et al. 2014
(2014

20. Miyake, Harada, 2014
Kumano, and
Fujisawa (2014)

21. Hutson et al. 2014
(2014)

Neoplasia

Breast endometrial and ovarian cancer

A: Temsirolimus 10 mg + A:5
pegylated liposomal
doxorubicin 30 mg/m?

B: Temsirolimus B: 3
10 mg + PLD 40 mg/m?

C: Temsirolimus C:3
15 mg + PLD 40 mg/m?

D: Temsirolimus D: 9

20 mg + PLD 40 mg/m?

E: Temsirolimus E:0
25 mg + PLD 40 mg/m?

F: Temsirolimus F:0
25 mg + PLD 50 mg/m?

Total: 20

No. of cases

Stomatitis %

A: 3 (60%)

B: 3 (100%)

C: 3 (100%)

D: 6 (66.6%)

Total: 15

Hegf-2 receptor-dependent and other solid tumors

A: Neratinib 120 + temsiroli- A: 3
mus 15

B: Neratinib 120 + temsiroli- B: 5
mus 25

C: Neratinib 120 + temsiroli- C: 5
mus 50

D: Neratinib 120 + temsiroli- D: 4

mus 75

E: Neratinib 160 + temsiroli- E: 4
mus 15

F: Neratinib 160 + temsiroli- F: 4
mus 25

G: Neratinib 160 + temsiroli- G:7
mus 50

H: Neratinib 160 + temsiroli- H: 6

mus 75

I: Neratinib 200 + temsiroli- 1: 5
mus 15

L: Neratinib 200 + temsiroli- L:8
mus 25

M: Neratinib 200 + tem- M: 5

sirolimus 50

N: Neratinib 240 + temsiroli- N: 4

mus 15

Total: 60

Metastatic renal cell carcinoma

A: Temsirolimus 25 mg/ A: 55

weekly

Metastatic renal cell carcinoma

A: Temsirolimus 25 mg IV A: 249
once per week
B: Sorafenib 400 mg orally B: 252

twice per day

A: Q°
B:0°
c:o
D: O°
E: O°
F:0°

G: 0°

L: 1 (13%)°
M: 0P
N: oP

Total: 1
(1.66%)°

A: 13 (23.6%)

A: 54 (22%)

B: 18 (7%)

Leadin in e, Wanitotacil, Hesd & Neck Medicine

Stomatitis Stomatitis
grade 1% grade 2%

A: 3 (60%)

B: 1(33.4%)

C: 2 (66.4%)

D: 5 (55.5%)

Total: 11

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

A: 10 (18.1%)

A: 49 (20%)

B: 18 (6%)

CWILEY-

Stomatitis  Stomatitis
grade 3% grade 4%
A:0

B: 2 (66.6%)

C: 1(33.3%)

D:1(11.1%)

Total: 4

B: 0

C:0

E: 0

F:0

G:0

H: 0

I:0

L:1(13%)

M: 0

N: 0

Total: 1 (1.66%)

A: 3 (5.5%)

A: 5(2%)

B: 0 (<1%)

(Continues)
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TABLE 2 (Continued)
Stomatitis Stomatitis Stomatitis  Stomatitis
References Year Neoplasia No. of cases Stomatitis % grade 1% grade 2%  grade 3% grade 4%
22. Rangwala et al. 2014  Advanced solid tumors and melanoma
(2014) A: Hydroxychloroquine A:11 A: 4 (36%) A: 4 (36%) A:0
200 mg + temsirolimus
B: Hydroxychloroquine B:3 B: 1 (33%) B: 1(33%) B:0
400 mg + temsirolimus
C: Hydroxychloroquine C:9 C: 4 (44%) C: 4 (44%) C:0
800 mg + temsirolimus
D: Hydroxychloroquine D: 16 D: 7 (44%) D: 7 (44%) D:0
1,200 mg + temsirolimus
Total: 39 Total: 16 (41%) Total: 16 (41%) Total: 0
23.  Wang-Gillam 2014  Refractory solid malignancies
etal. (2014) A: Pegylated liposomal A5 A: 3 (60%) A0 A:3(60%) A:O A0
doxorubicin (30 mg/mz)
every 4 weeks + temsiroli-
mus 20 mg weekly
B: Pegylated liposomal B: 6 B: 3 (49.9%) B:1 B:2 B:0 B:0
doxorubicin (25 mg/m?) (16.6%) (33.3%)
every 4 weeks + temsiroli-
mus 20 mg weekly
C: Pegylated liposomal C:12 C:10(83.3%) C:7 C:3(25%) C:0 c:0
doxorubicin (25 mg/m?) (58.3%)
every 4 weeks + temsiroli-
mus 25 mg weekly
24. Nozawa et al. 2015  Advanced renal cell carcinoma
(2015) A: Everolimus A: 123 A 69 (56.1%)  A: 65 (52.8%) A: 4 (3.3%)
B: Temsirolimus B: 73 B:22(30.1%) B:20(27.4) B: 2 (2.7%)
25. Kyriakopoulos 2016  Advanced solid tumors
etal. (2016) A: Tivatinib 120-360mg ~ A: 29 A:11(37.8%) A5 A5 A:1(34%) A0
twice daily + temsirolimus (17.2%) (17.2%)
20 mg IV daily
26. Mitaetal. (2017)® 2017  Advanced solid tumors
A: Pimasertib 45 mg + tem-  A: 4 A: 0° Not reported A: 0

sirolimus 12.5 mg

B: Pimasertib 45 mg + tem-  B: 23

sirolimus 25 mg

C: Pimasertib 75 mg + tem- C: 6
sirolimus 25 mg

Total: 33

Total 2,679

B: 6(26.1%)>  Not reported B: 6 (26.1%)

C: 2 (33.3%)° Not reported C: 2(33.3%)

Total: 8 Total: 8 (24.2%)
(24.2%)°
7242 (27.02%) 623%(23.25%) 101 (3.77%)

2Pandya et al. (2007), Armstrong et al. (2013), Gandhi et al. (2014), Mita et al. (2017) reported the incidence rates limited to grades 3 and 4 treatment-
related toxicities; for this reason, data about cases of stomatitis and stomatitis grades 1 and 2 are lower than real.

PData are concerning only grade 3 and grade 4.

Results of this analysis of the literature revealed that the rate of in-
cidence of overall stomatitis is higher in patients treated with ridaforoli-
mus (54.76%) compared both to everolimus (25.07%) and temsirolimus
(27.02%). Although it was not possible to carry out an accurate analysis
of stomatitis by grade, it can be noted that most of the studies included

in the review showed an high rate of minor stomatitis (G1-G2) while

the onset of severe stomatitis (G3-G4) was relatively rare. Indeed, in
patients treated with temsirolimus the rate of incidence of low-grade
stomatitis was 23.25% while the rate of incidence of higher grade
stomatitis is 3.77%. In patients treated with ridaforolimus, the rate of
low-grade stomatitis was 48.90% against a rate of incidence of 5.86%

for high-grade stomatitis. These results differ from those reported in
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(Continued)

TABLE 3

Stomatitis

Stomatitis

Stomatitis grade

2%

Stomatitis

grade 4%

grade 3%

grade 1%

Stomatitis %

No. of cases

Neoplasia

Year

References

2016 Pediatric solid tumors

Frappaz et al. (2016)

15.

A:0

A:1(9.1%)

B:0
Cc.0

A:1(9.1%)

A: 11
B:3

C. 6

A: Dalotuzumab 900 mg/m?

B:0
Cc.0

B: 0
c.0

B: Dalotuzumab 1,200 mg/m2
C: Dalotuzumab 1,500 mg/m?

D:0

D: 4 (100%)

D: 4 (100%)

D:4

D: Dalotuzumab 900 mg/m? + rida-

forolimus 28 mg/m?

Total: 5 (20%-83%)

Total: 5

Total: 24

(20%-83%)

Advanced solid tumors in pediatric patients

2016

Pearson et al. (2016)

16.

A:0

A: 2 (50%)
B: 3 (100%)
C: 10 (77%)

A: 2 (50%)

A: 4

A: Ridaforolimus 22 mg/m?

B:0
C.0

B: 3 (100%)
C: 10 (77%)

B:3
C: 13

B: Ridaforolimus 28 mg/m?

C: Ridaforolimus 33 mg/m?

Total: 15 (75%)
534 (48.90%)

Total: 15 (75%)

Total: 20

64 (5.86%)

598 (54.76%)

1,092 (100%)

Total

CWILEY-%
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literature about mucositis caused by conventional chemotherapy in
which mucositis is often severe and the most debilitating effect for
patients (Borbasi et al., 2002). Despite results show that stomatitis
caused by mTOR inhibitors are often mild and self-limiting, different
attempts to manage mIAS have been reported in the literature. The
treatments more frequently used are Magic Mouthwash composed of
lidocaine gel 2% x 30 g, doxycycline suspension 50 mg/5ml x 60 ml,
and sucralfate oral suspension 1,000 mg/5 ml dissolved in sodium
chloride 0.9% x 2,000 ml used for 3-15 days (Kalogirou, Tosios, Piperi,
& Sklavounou, 2015), a sodium bicarbonate-based mouthwash com-
bined with oral fluconazole (Ferte et al., 2011) or a combination of
dexamethasone solution 0.5 mg/ml and miconazole 2% gel (Nicolatou-
Galitis, Nikolaidi, Athanassiadis, Papadopoulou, & Sonis, 2013). An
alternative treatment is that based on a combination of topical anes-
thetics, a Magic Mouthwash (composed of lidocaine, aluminum hydrox-
ide, magnesium hydroxide, dimethicone suspension, diphenhydramine,
equal parts) clobetasol gel 0.05%, dexamethasone 0.1 mg/ml, triamcin-
olone paste, intralesional triamcinolone, systemic prednisone (1 mg/
kg for 7 days) (de Oliveira et al., 2011). However, literature on treat-
ment of mIAS is poor, and management of mlIAS is still largely based
on assessment and education of patients on oral hygiene measures,
diet modifications, and pain management (Boers-Doets et al., 2013; Ji,
Aboalela, & Villa, 2016). Until today, it cannot be determined which
lesions will be self-limiting and which can determine a poor quality of
life, leading to complications such as malnutrition and dose reduction
in medically necessary treatment. Therefore, it would be useful to in-
crease research about this kind of oral toxicity that still represents a
dose-limiting effect of this kind of cancer therapy.
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