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Abstract

Background: This study retrospectively analyzed the risk factors for transchemotherapy oral mucositis (OM).
Material and Methods: Before each chemotherapy cycle, patients were routinely evaluated for the presence/severi-
ty of OM based on the Common Terminology Criteria for Adverse Events (CTCAE) v5.0 scale for adverse effects
and graded as follows: However, specific conditions such as mucositis are graded on a five-point scale: 0, absence
of mucositis, grade 1 (Asymptomatic or mild), 2 (Presence of pain and moderate ulceration, without interference
with food intake), 3 (severe pain with interference with food intake) or 4 (Life-threatening with the need for urgent
intervention). Information from 2 years of evaluations was collected and patient medical records were reviewed to
obtain data on chemotherapy cycle, sex, age, body mass index, body surface area, primary tumor, chemotherapy
protocol, and history of head and neck radiotherapy. The X? test and multinomial logistic regression were used for
statistical analysis (SPSS 20.0, p<0.05).

Results: Among 19,000 total evaluations of 3,529 patients during 5.32+4.7 chemotherapy cycles (CT) the prev-
alence of OM was 6.3% (n=1,195). Chemotherapy duration (p<0.001), female sex (p=0.001), adjuvant intention
(p=0.008) and the use of carboplatin (p=0.001), cisplatin (p=0.029), docetaxel (p<0.001) and bevacizumab
(p=0.026) independently increased the risk of mucositis. In head and neck tumors, 2018 year (p=0.017), chemo-
therapy duration (p=0.018), BMI>30 (p=0.008), radiotherapy (p=0.037) and use of carboplatin (»p=0.046) and
cyclophosphamide (p=0.010) increased this prevalence.

Conclusions: Cycles of chemotherapy, sex, cytotoxicity drugs, bevacizumab and head and neck radiotherapy in-
crease the risk of OM in solid tumors.

Key words: Mucositis, stomatitis, antineoplastic agentes, neoplasms, antineoplastic combined chemotherapy protocols.
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Introduction

The increasing effectiveness of chemotherapy proto-
cols for cancer treatment has been increasing the use
of drug combinations with surgery and radiotherapy to
treat solid tumors (1). Chemotherapy for solid tumors is
usually associated with combining one or more antineo-
plastic drugs that have different pathways to interfere
in the division of malignant cells (2-4). The efficacy of
treatments increases with different dosages and with
different combinations of chemotherapeutics. However,
along with the increased clinical benefit in controlling
tumor growth, these combinations increase the inci-
dence of several adverse effects (5).

The adverse effects of chemotherapy are systemic but
transient. They are associated with organs and tissues
with a high capacity of cell replication and, depending
on the severity, may require the interruption of treat-
ment (6). The emergence of oral lesions is common in
antineoplastic treatment because the tissues of the oral
cavity have a high metabolic capacity, becoming sen-
sitive to cytotoxic damage from treatment (7), among
them oral mucositis is the main dose- and treatment-
limiting effect in the oral cavity (8).
Chemotherapy-induced oral mucositis is an adverse ef-
fect of chemotherapy, radiotherapy (head and neck), or
a combination of both, which can affect 20% to 40%
of patients receiving chemotherapy for solid tumors
and up to 80% of patients being treated for myelopro-
liferative disorders. Its incidence significantly increases
when there is a combination with the head and neck
radiotherapy (5,9), and its pathogenesis occurs both by
direct tissue damage of the antineoplastic in oral cavity
epithelia and by the formation of reactive oxygen spe-
cies arising from this damage (10).

Clinically, oral mucositis presents as ulcerative lesions
of erythematous nature, and its severity can vary from
grade 1 (Asymptomatic or mild) to Grade 4 (Life-
threatening with the need for urgent intervention) (CT-
CAE v5.0) (11). Severe oral mucositis requires immedi-
ate treatment, requiring dose reduction, or interruption
of chemotherapy, affecting the patient's prognosis and
quality of life and generating a strong economic impact
associated with hospitalization support (6).

Some risk factors for oral mucositis have been de-
scribed, such as age and gender (12), time of diagnosis,
previous history of (13), and some specific drugs are
more strongly associated with oral mucositis than oth-
ers (14). Additionally, numerous ways to decrease the
incidence of oral mucositis (15), such as low-intensity
laser therapy (16), have been tested. However, all pro-
posed therapies present a cost or require specialized
human resources for their realization (15), making risk
factor recognition strategies indispensable for direct-
ing targeted and individualized therapeutic/prophylac-
tic conduct.
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Thus, given the increase in the use of chemotherapy
for the treatment of solid tumors and the importance
that the recognition of risk factors for oral mucositis
has for the implementation of prophylactic measures,
this study aims to evaluate the incidence of oral muco-
sitis during chemotherapy for solid tumors and inves-
tigate its risk factors.

Material and Methods

- Study design and scenario

This observational, retrospective, cross-sectional, and
quantitative study was guided by the STROBE initia-
tive, an international guideline for reporting observa-
tional studies (17). This study was performed using
data on adverse effects in the oral cavity and mucosi-
tis during chemotherapy treatment that was collected
from the electronic patient record system at Haroldo
Juagaba Hospital/Ceara Cancer Institute (HHJ/ICC)
over two years (January 1, 2018, to March 12, 2019).

- Inclusion and exclusion criteria

The inclusion criteria were patients evaluated by a
multi-professional team of the HHJ/ICC for side ef-
fects during chemotherapy performed between Janu-
ary 1, 2017, and December 31, 2018. The members
of the multi-professional team of the HHJ/ICC che-
motherapy outpatient clinic routinely evaluated mu-
cositis in patients before each chemotherapy session,
recorded the severity scores using the toxicity scales
tool, and classified them based on their degree of se-
verity.

The exclusion criteria were patients undergoing treat-
ment for myeloproliferative disorders, occult or meta-
static disease with an unknown primary site, as well
as those with medical records lacking clinical infor-
mation required for the assessment of risk factors. Re-
peated patients (>1 evaluation) were also excluded.

- Collection of socio-demographic and clinical data
With the number of services provided by the Tasy sys-
tem's toxicity scale tool, a manual search of each ser-
vice's records was performed to retrieve the clinical
and pathological data of interest. Patients appearing
more than once were ordered by their date of care to
identify the number of chemotherapy cycles.

During the manual collection of information based on
the number of care visits, the patients’ medical records
were collected, as well as age, sex, weight on the day
of care, height, chemotherapy purpose (ncoadjuvant,
adjuvant, or palliative), clinical stage, chemotherapy
protocol, and primary tumor location. Additionally,
the tumor-node-metastasis (TNM)-2016 grading sys-
tem (18) was used to classify the stage of the solid tu-
mors. Information on previous/concomitant head and
neck radiotherapy was obtained from patients with
head and neck tumors. All data were recorded using a
Microsoft Excel spreadsheet.
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- Adverse effects analysis tool

The toxicity scale tool used was the Common Termi-
nology Criteria for Adverse Events (CTCAE). Formerly
called the Common Toxicity Criteria (CTC or NCI (Na-
tional Cancer Institute)-CTC), this tool contains a set
of criteria for the standardized classification of adverse
effects of drugs used in cancer therapy. The CTCAE
system is a product of the US National Cancer Institute
(NCI) and has been widely used in many clinical trials,
extending beyond oncology and encoding their obser-
vations based on the CTCAE system (11).

The CTCAE system toxicity scale includes the follow-
ing adverse effects: mucositis, vomiting index, diarrhea,
nausea, constipation, anorexia, dysgeusia, alopecia,
hand and foot syndrome, fatigue, insomnia, and dys-
uria. All patients were classified according to toxicity
scores suggested by the Common Terminology Criteria
for Adverse Events (CTCAE) v5.0 scale for adverse ef-
fects. It uses a range of grades from 1 to 5. However,
specific conditions such as mucositis are graded on a
five-point scale: 0, absence of mucositis, grade 1 (As-
ymptomatic or mild), 2 (Presence of pain and moderate
ulceration, without interference with food intake), 3 (se-
vere pain with interference with food intake) or 4 (Life-
threatening with the need for urgent intervention) (11).
After each medical consultation performed immedi-
ately before chemotherapy, the multi-professional team
assigned the following toxicity grades for mucositis,
which were registered in the toxicity scale tool and ex-
ported to a standard Microsoft Excel spreadsheet con-
taining the number and date of attendance and the de-
gree of severity of the adverse effect. Patients with >1
evaluation were excluded.

- Statistical approach

The data were exported to IBM SPSS Statistics for Win-
dows, Version 20.0, to perform the statistical analyses
and obtain 95% confidence intervals.

The prevalence of oral mucositis grades was expressed
as an absolute frequency and percentage compared to
the risk factors using Fisher's exact or Pearson's chi-
square tests. Variables with p<0.200 were then included
in a multinomial logistic regression model (multivariate
analysis).

Results

- Clinical characteristics and clinical risk factors for
oral mucositis during chemotherapy treatment of pa-
tients with solid tumors

A total of 19,839 mucositis evaluations were surveyed
in this study, of which 395 were excluded because they
were tumors of unknown primary origin, 319 because
they were evaluations of patients undergoing treatment
for leukemia/lymphomas, and 125 were on treatment
with hormone inhibitors. Thus, 19,000 patient evalua-
tions were included from 3,529 patients.
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Patients underwent a mean of 5.32+4.77 cycles of che-
motherapy, with a median of 4 cycles, ranging from 1
to 41 cycles of chemotherapy. The prevalence of mu-
cositis was 6.3% (n=1,195), of which 975 assessments
had grade 1 mucositis, 109 had grade 2 mucositis,
and 109 patients had grade 3 mucositis. One patient
reached two assessment times with grade 4 mucositis;
a woman with breast cancer who had undergone five
cycles of chemotherapy with trastuzumab, in which
she scored 0, and four cycles with docetaxel plus
trastuzumab, in which she scored 1 in the sixth cycle,
score 3 in the seventh cycle, and score 4 in the eighth
and ninth cycles.

Most patients were included in 2019 (56.7%) and ini-
tially seen in the morning shift (89.7%). Most patients
had between 6 and 10 cycles of chemotherapy (21.7%),
were female (74.1%), aged 56-65 years (27.7%), and
BMI between 18.2 and 25.0 (40.0%). From the year
2018 to 2019, there was a significant decrease in the in-
cidence of oral mucositis (p<0.001), patients seen in the
afternoon shift had a higher incidence of this outcome
(p<0.001), and the number of cycles of chemotherapy
was directly associated with increased incidence of mu-
cositis (p<0.001) (Table 1).

Women (p<0.001), patients between 45-55 years
(p=0.005), and high BMI (p=0.033) were at higher risk
for mucositis. In multivariate analysis, the number of cy-
cles of chemotherapy was the factor that most increased
the incidence of mucositis, with patients with more than
ten cycles of chemotherapy having an increased risk by
103.40 (C195% = 38.18-280.08) times independent of the
other variables. The year 2018, female gender, and age
between 45-55 years (Table 1).

- Tumor profile and tumor staging as a clinical risk fac-
tor for oral mucositis during chemotherapy treatment of
patients with solid tumors

Regarding the clinical characteristics of the tumor, tu-
mors of the head and neck (p<0.001), breast (p<0.001),
sarcomas (p=0.014), liver (p<0.001) were directly as-
sociated with oral mucositis, while colorectal tumors
(p<0.001), in the stomach (p=0.018), cervix (p<0.001),
esophagus (p=0.014), ovary (p<0.001) and pancreas
(p=0.018) were inversely associated with the presence
of oral mucositis. However, the primary tumor location
did not influence the risk of oral mucositis in the multi-
variate analysis (Table 1).

Stage 4 (50.2%), T3 (35.1%), N1 (40.8%) and MO (70.8%)
tumors had the highest prevalence in this sample. The
risk of mucositis was significantly increased in stage 1
tumors (p<0.001), with T4 size (»p=0.006) and absence
of distant metastasis (p<0.001). In multivariate analysis
stage 4 tumors had a 2.83 (CI95% = 1.08-7.45) times
higher risk of developing oral mucositis and T4 and M0
tumors a 0.21 (C195% = 0.08-0.63) and 0.38 (CI95% =
0.16-0.88) times lower risk (Table 1).
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Table 1: Influence of clinical profile and number of chemotherapy cycles on the prevalence of oral mucositis in patients undergoing chemo-

therapy treatment for solid tumors.

Risk factors for oral mucositis during chemotherapy treatment for solid tumors

Mucositis Non-adjusted OR
Total No Yoo p-Value ( Clj9 5%)
Year 2019 10810 (56.9%) | 10248 (57.6%)* | 562 (47.0%) <0.001 RC
2018 8190 (43.1%) 7557 (42.4%) 633 (53.0%)* 1.53 (1.36 to 1.72)
Shift Morning 17040 (89.7%) | 16010 (89.9%)* | 1030 (86.2%) <0.001 RC
Afternoon 1960 (10.3%) 1795 (10.1%) 165 (13.8%)* 1.43 (1.20 to 1.70)
1 3529 (18.6%) 3463 (19.4%)* 66 (5.5%) RC
2 2963 (15.6%) 2859 (16.1%)* 104 (8.7%) 1.91 (1.40-2.61)
3 2437 (12.8%) 2307 (13.0%)* 130 (10.9%) 2.96 (2.19-3.99)
QT Cycle 45 3467 (182%) | 3262 (18.3%) | 205 (7.2 | 0001 3.30 (2.49-4.37)
6-10 4129 (21.7%) 3809 (21.4%) 320 (26.8%)* 4.41 (3.37-5.78)
>10 2475 (13.0%) 2105 (11.8%) 370 (31.0%)* 9.22 (7.05-12.05)
Sex Male 4912 (25.9%) 4672 (26.2%)* 240 (20.1%) <0.001 RC
Female 14084 (74.1%) 13129 (73.8%) | 955 (79.9%)* 1.42 (1.22-1.63)
Age <45 4565 (24.0%) 4264 (23.9%)* 301 (25.2%) RC
45-55 4915 (25.9%) 4577 (25.7%) 338 (28.3%)* 0.005 1.05 (0.89 to 1.23)
56-65 5271 (27.7%) 4992 (28.0%)* 279 (23.3%) 0.79 (0.67 to 0.93)
>65 4249 (22.4%) 3972 (22.3%) | 277 (23.2%) 0.99 (0.83 to 1.17)
<18.5 1509 (8.1%) 1431 (8.2%)* 78 (6.6%) RC
BMI 18.5-25.00 7419 (40.0%) 6973 (40.1%)* 446 (38.0%) 0.033 1.17 (0.91 to 1.503
25.01-30.00 5785 (31.2%) 5408 (31.1%) 377 (32.1%) 1.28 (0.99 to 1.64)
>30.00 3838 (20.7%) 3566 (20.5%) | 272 (23.2%)* 1.40 (1.08 to 1.81)
CCR 3065 (16.1%) 2981 (16.7%) 84 (7.0%) <0.001 0.38 (0.30 to 0.47)
CCP 1262 (6.6%) 1084 (6.1%) 178 (14.9%) <0.001 2.70 (2.28 to 3.20)
Stomach 959 (5.0%) 916 (5.1%) 43 (3.6%) 0.018 0.69 (0.50 to 0.94)
Endometrium 207 (1.1%) 197 (1.1%) 10 (0.8%) 0.385 0.75 (0.40 to 1.43)
Cervix 2068 (10.9%) 1997 (11.2%) 71 (5.9%) <0.001 0.50 (0.39 to 0.64)
Breast 7331 (38.6%) 6737 (37.8%) 594 (49.7%) <0.001 1.62 (1.44 t0 1.83)
Lung 1321 (7.0%) 1231 (6.9%) 90 (7.5%) 0.416 1.10 (0.89 to 1.37)
Prostate 340 (1.8%) 326 (1.8%) 14 (1.2%) 0.096 0.64 (0.371 to 1.09)
Primary Esophagus 670 (3.5%) 643 (3.6%) 27 (2.3%) 0.014 0.62 (0.41 to 0.91)
tumor Ovary 805 (4.2%) 783 (4.4%) 22 (1.8%) <0.001 0.41 (0.26 t0 0.62)
Sarcoma 336 (1.8%) 304 (1.7%) 32 (2.7%) 0.014 1.58 (1.09 to 2.29)
Liver 23 (0.1%) 12 (0.1%) 11 (0.9%) <0.001 13.78 (6.06 to 31.29)
Gallbladder 46 (0.2%) 45 (0.3%) 1 (0.1%) 0.250 0.33 (0.04 to 2.40)
Bladder 151 (0.8%) 142 (0.8%) 9 (0.8%) 0.867 0.94 (0.48 to 1.86)
Melanoma 103 (0.5%) 101 (0.6%) 2 (0.2%) 0.068 0.29 (0.07 to 1.19)
Renal 82 (0.4%) 79 (0.4%) 3(0.3%) 0.325 0.56 (0.18 to 1.79)
Penis/vagina 84 (0.4%) 83 (0.5%) 1 (0.1%) 0.054 0.18 (0.02 to 1.29)
Pancreas 164 (0.9%) 161 (0.9%) 3 (0.3%) 0.018 0.28 (0.08 to 0.86)
1 307 (3.2%) 284 (3.1%) 23 (4.4%) RC
Stage 2 1436 (14.8%) | 1378 (15.0%)* S8ALI%) | g0 [ 0-52(0.31 10 0.8566)
3 3091 (31.8%) 2958 (32.2%)* 133 (25.5%) 0.56 (0.35 to 0.8787)
4 4874 (50.2%) 4566 (49.7%) 308 (59.0%)* 0.83 (0.53 to 1.294)
1 1083 (10.1%) 990 (9.9%) 93 (12.0%)* RC
T 2 3141 (29.3%) 2884 (29.0%) 257 (33.1%)* 0.006 0.95 (0.74 to 1.22)
3 3768 (35.1%) 3512 (35.3%)* 256 (32.9%) ) 0.78 (0.61 to 0.99)
4 2742 (25.5%) 2571 (25.8%)* 171 (22.0%) 0.71 (0.54 to 0.92)
0 2650 (26.1%) 2450 (26.1%) 200 (26.3%) RC
N 1 4146 (40.8%) 3844 (40.9%) 302 (39.7%) 0.404 0.96 (0.80 to 1.16)
2 2546 (25.1%) 2360 (25.1%) 186 (24.4%) ' 0.97 (0.78 to 1.19)
3 815 (8.0%) 742 (7.9%) 73 (9.6%) 1.21 (0.91 to 1.59)
M 0 6642 (70.8%) 6071 (69.9%) 571 (81.2%) <0.001 RC
1 2741 (29.2%) 2609 (30.1%) 132 (18.8%) ) 0.54 (0.44 to0 0.65)
Neoadjuvant 8680 (46.0%) 8148 (46.1%)* 532 (44.9%) RC
Intention Adjuvant 8598 (45.6%) 8020 (45.4%) 578 (48.8%)* 0.007 1.10 (1.01 to 1.25)
Palliative 1578 (8.4%) 1504 (8.5%) 74 (6.3%) 0.75 (0.59 to 0.97)

[
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Table 1 cont.: Influence of clinical profile and number of chemotherapy cycles on the prevalence of oral mucositis in patients undergoing che-

motherapy treatment for solid tumors.

1 8814 (46.4%) | 8270 (46.4%)* | 540 (45.2%) RC
Total drugs | 2 6637 (352%) | 6288 (35.3%) | 403 (33.7%) | 0.047 0.96 (0.84 to 1.10)
3+ 3499 (18.4%) 3247 (18.2%) | 252 (21.1%)* 1.18 (1.01 to 1.36)
Fluoruracil 3485 (18.3%) | 3373 (18.9%)* 112 (9.4%) | <0.001 | 0.44 (0.36 10 0.53)
Leucovorin 736 (3.9%) 703 (3.9%)* 33 (2.8%) 0.040 0.69 (0.48 to 0.98)
Oxiliplatin 1441 (7.6%) 1375 (7.7%)* 66 (5.5%) 0.005 0.70 (0.54 t0 0.90)
Zoledronic acid | 323 (1.7%) 302 (1.7%) 21 (1.8%) 0.874 1.04 (0.66 to 1.62)
Carboplatin 2994 (15.8%) | 2849 (16.0%) | 145(12.1%) | <0.001 | 0.72 (0.60 to 0.86)
Cyclofosfamide | 3399 (17.9%) 3095 (17.4%) | 304 (25.4%) | <0.001 1.62 (1.42 to 1.85)
Cisplatin 4122 (21.7%) 3857 (21.7%) | 265 (22.2%) | 0.677 1.03 (0.90 to 1.19)
Docetaxel 2109 (11.1%) 1885 (10.6%) | 224 (187%) | <0.001 1.98 (1.67 t0 2.27)
Doxorubicin 3348 (17.6%) 3052 (171%) | 296 (24.8%) | <0.001 1.59 (1.39 to 1.82)
Paclitaxel 5340 (28.1%) | 5056 (28.4%) | 284 (23.8%) | 0.001 0.79 (0.68 to 0.90)
Trastuzumab 1750 (9.2%) 1617 (9.1%) 133 (11.1%) | 0.018 1.25 (1.04 to 1.51)
Tfosfamide 210 (1.1%) 198 (1.1%) 12 (1.0%) 0.730 0.90 (0.50 to 1.62)
Darcazabine 148 (0.8%) 143 (0.8%) 5 (0.4%) 0.143 0.52 (0.21 to 1.27)
Epirubicin 251 (1.3%) 243 (1.4%) 8 (0.7%) 0.042 0.49 (0.24 t0 0.99)
Etoposide 210 (1.1%) 196 (1.1%) 14 (1.2%) 0.821 1.07 (0.6 to 1.83)
Gencitabine 1564 (8.2%) 1420 (3.0%) 144 (121%) | <0.001 | 1.58 (1.32 to 1.90)
Bevacizumab 85 (0.4%) 81 (0.5%) 4(0.3%) 0.547 0.73 (0.27 to 2.01)
Topotecan 27 (0.1%) 26 (0.1%) 1(0.1%) 0.608 0.60 (0.08 to 4.40)
Chemo- Vinorelbine 439 (2.3%) 392 (2.2%) 47(39%) | <0.001 | 1.82(1.34 10 2.48)
therapy Methotrexate 144 (0.8%) 128 (0.7%) 16 (1.3%) 0.017 1.87 (1.11 to 3.16)
Irinotecan 769 (4.0%) 732 (4.1%) 37 (3.1%) 0.085 0.75 (0.53 to 1.04)
Vincristine 94 (0.5%) 78 (0.4%) 16 (1.3%) | <0.001 | 3.08 (1.79 to 5.30)
Rituximab 23 (0.1%) 21 (0.1%) 2 (0.2%) 0.634 1.42 (0.33 t0 6.0)
Panitumumab 17 (0.1%) 17 (0.1%) 0 (0.0%) 0.285 0.43 (0.02 to 7.08)
Gefitinib 8 (0.0%) 8 (0.0%) 0 (0.0%) 0.464 0.88 (0.05 to 15.19)
Bleomycin 7 (0.0%) 7 (0.0%) 0 (0.0%) 0.493 0.99 (0.05 to 17.40)
Nivolumab 2 (0.0%) 2 (0.0%) 0 (0.0%) 0.714 2.98 (0.14 to 62.12)
Navelbine 19 (0.1%) 19 (0.1%) 0 (0.0%) 0.259 0.38 (0.02 t0 6.33)
Prembozilumab | 27 (0.1%) 26 (0.1%) 1(0.1%) 0.580 0.57 (0.08 to 4.23)
Vinblastine 12 (0.1%) 11 (0.1%) 1(0.1%) 0.770 1.36 (0.17 to 10.51)
Perjeta 1(0.0%) 1(0.0%) 0 (0.0%) 0.796 | 4.96(0.20 to 122.00)
Abiraterone 1 (0.0%) 1(0.0%) 0 (0.0%) 0.796 | 4.96(0.20 to 122.00)
Pemetrexede 4 (0.0%) 4(0.0%) 0 (0.0%) 0.604 1.65 (0.09 to 30.77)
Osimertinib 1 (0.0%) 1(0.0%) 0 (0.0%) 0.796 | 4.96 (0.20 to 122.00)
Sorafenib 1 (0.0%) 1(0.0%) 0 (0.0%) 0.796 | 4.96(0.20 to 122.00)
Exemestane 1 (0.0%) 1(0.0%) 0 (0.0%) 0.796 | 4.96(0.20 to 122.00)
Sunitinib 1 (0.0%) 1(0.0%) 0 (0.0%) 0.796 | 4.96(0.20 to 122.00)
Atezolizumab 1 (0.0%) 0 (0.0%) 1(0.1%) <0.001 | 44.72 (1.82 to 1099.00)

*p<0,05, unadjusted analysis = chi-square or Fisher’s exact test; OR = odds ratio; C195% = 95% confidence interval of OR.

- Characteristics of chemotherapy for solid tumors that
influence the prevalence of oral mucositis

Among the chemotherapy regimens, neoadjuvant
(46.0%) followed by adjuvant (45.6%) were the most
prevalent intentions. Only 8.4% of patients had pallia-
tive treatment. Most patients took monotherapy (46.4%)
or combination therapy with two (35.2%), three (16.8%),
or four (1.2%) drugs. Only 48 patients did a five-drug
combination, 16 patients did a six-drug combination,
and nine did seven-drug regimens. The most commonly
used drug was paclitaxel (28.1%), followed by cisplatin
(21.7%) (Table 1).
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Adjuvant treatments had a higher prevalence of oral
mucositis (0.007), as did patients who had three or
more drugs in their chemotherapy regimen. Cyclophos-
phamide (p<0.001 docetaxel (p<0.001)< doxorubicin
(p<0.001), trastuzumab (p=0.018) and Atezolizum-
ab (p<0.001) increased the prevalence of mucositis,
whereas fluoruracil (p<0.001), leucovorin (p=0.040),
oxaliplatin (p=0.005), carboplatin (p<0.001), paclitaxel
(p=0.001), epirubicin (p=0.042) were inversely associ-
ated with this adverse effect (Table 1).

In multivariate analysis, more than six cycles of chemo-
therapy and gender were the clinical variables that in-
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creased the prevalence of oral mucositis by 9.14 (95% CI
=5.69-14.69) and 3.40 (95% CI = 1.53-7.58) times (Table
2).The presence of distant metastases reduced this prev-
alence by 0.46 (C195% = 0.24-0.87) times and adjuvant
treatments had an increased prevalence by 1.80 (C195%
=1.16-2.77) times. Leucovorin was inversely associated
with oral mucositis (OR = 0.01, CI95% = 0.00-0.08)
and carboplatin (OR = 11.06, C195% = 2.79-43.87), cis-
platin (OR = 2.81, C195% = 1.11-7.12), docetaxel (OR =
4.21, CI95% = 2.23-7.94) and bevacizumab (OR = 8.25,
CI95% = 1.28-53.05) significantly increased the preva-
lence of mucositis (Table 2).

- Risk factors for oral mucositis in patients with solid
head and neck tumors

Among the 1,262 patients with head and neck tumors,
the majority were seen in the year 2018 (62.4%), in the
morning shifts (91.1%), received one or two cycles of

Risk factors for oral mucositis during chemotherapy treatment for solid tumors

chemotherapy (44.1%), were male (72.2%), aged 56-65
years (33.5%) and normal-weight (56.6%). The most
prevalent stage was stage IV (78.1%), T4 (45.5%), N2
(36.2%), MO (80.0%). Neoadjuvant treatment intention
was more prevalent (45.5%) than the others, and most
patients had chemotherapy with only one drug (57.0%).
Head and neck RT was used in most patients (92.9%),
and cisplatin (50.4%), followed by carboplatin (36.1%)
and paclitaxel (32.3%), were the most commonly used
chemotherapy drugs (Table 3).

In patients with head and neck tumors the year 2018
(p=0.019), >3 cycles of chemotherapy (p<0.001), fe-
male gender (p<0.001), age (»<0.001), and high BMI
(p=0.021) were directly associated with oral mucositis.
T3/T4 (p=0.028), N3 (p=0.001) tumors also showed an
increased prevalence of oral mucositis, and the pres-
ence of distant metastases (p=0.001) and palliative

Table 2: Multivariate analysis of risk factors for oral mucositis in patients undergoing chemotherapy treatment for solid tumors.

Non-adjusted OR Non-adjusted OR
p-Value (C195%) p-Value (C195%)
Mucositis Mucositis

Year (2019) 0.058 - Carboplatin 0.001 11.06 (2.79-43.87)
Shift (Morning) 0.392 - Cyclofosfamide 0.731 -
Cycle (>6) <0.001 9.14 (5.69-14.69) Cisplatin 0.029 2.81(1.11-7.12)
Sex (Female) 0.003 3.40 (1.53-7.58) Docetaxel <0.001 4.21 (2.23-7.94)
Age (>55) 0.971 - Doxorubicin 0.133 -
BMI (>30) 0.462 - Paclitaxel 0.162 -
CCR 0.983 - Trastuzumab 0.170 -
CCP 0.972 - Ifosfamide 1.000 -
Stomach 0.977 - Darcazabin 0.998 -
Endometrium 0.977 - Epirubicin 0.974 -
Cervix 0.977 - Etoposide 0.980 -
Breast 0.979 - Gemcitabine 0.216 -
Lung 0.975 - Bevacizumab 0.026 8.25 (1.28-53.05)
Prostate 0.979 - Topotecano?2 1.000 -
Esophagus 0.995 - Vinorelbine 0.109 -
Ovary 0.999 - Methotrexate 0.976 -
Sarcoma 0.999 - Irinotecan 0.740 -
Liver 1.000 - Vincristine 1.000 -
Gallbladder 1.000 - Rituximab 1.000 -
Bladder 0.998 - Panitumumab 0.979 -
Melanoma 0.995 - Gefitinib 0.987 -
Renal 0.999 - Bleomycin 1.000 -
Penis / Vagina 1.000 - Nivolumab 1.000 -
Pancreas 1.000 - Navelbine 1.000 -
Stage 0.391 - Prembozilumabe 0.974 -
T (T3/T4) 0.097 - Vinblastine 1.000 -
N (N+) 0.117 - Perjeta 1.000 -
M (M1) 0.017 0.46 (0.24-0.87) Abiraterone 1.000 -
Intention (Adjuvant) 0.008 1.80 (1.16-2.77) Pemetrexed 0.988 -
Total drugs (3+) 0.385 - Osimertinib 1.000 -
Fluorouracil 0.827 - Sorafenib 1.000 -
Leucovorin <0.001 0.01 (0.00-0.08) Exemestane 1.000 -
Oxiliplatine 0.281 - Sunitinib 1.000 -
Zoledronic acid 0.854 - Atezolizumab 1.000 -

*p<0.05, multinomial logistic regression; OR = Odds ratio; 95% CI = 95% Confidence Interval of Adjusted OR.
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treatment (p<0.001) reduced this prevalence. Mono-
therapies showed a higher prevalence of mucositis
than therapies involving two or more chemotherapies
(p=0.007), head and neck RT increased the prevalence
of oral mucositis (p=0.037) and oxaliplatin (p=0.006),
docetaxel (p<0.001), gemcitabine (p<0.001), irinotecan
(p<0.001) were the chemotherapeutics directly associ-
ated with oral mucositis, whereas the use of paclitaxel
(p<0.001), vinorelbine (p=0.030) were inversely asso-
ciated with this adverse effect (Table 3).

Risk factors for oral mucositis during chemotherapy treatment for solid tumors

In multivariate analysis, 2019 showed a 0.02-fold (0.00-
0.52) reduction in the prevalence of oral mucositis and
number of cycles of chemotherapy (OR =303.93, C195%
=2.69-34385.65), BMI>30 (OR = 481.95, C195% = 4.88-
47599.59) and head and neck RT (OR = 52.25, C195%
= 1.17-4,066.70) significantly increased this prevalence.
Carboplatin (OR = 227.33, CI95% = 1.10-47071.54)
and Cyclophosphamide (OR = 531.77, CI95% = 4.52-
62575.31) were the drugs most strongly associated with
this adverse effect (Table 4).

Table 3: Influence of clinical profile and number of chemotherapy cycles on the prevalence of oral mucositis in patients undergoing chemo-

therapy treatment for head and neck tumors.

Mucositis
No Yes p-Value
2018 475 (37.6%) 394 (36.3%) 81 (45.5%)"
Year 2019 787 (62.4%) 690 (63.7%)* 97 (54.5%) 0.019
Snit Morning 1150 (91.1%) 987 (91.1%) 163 (91.6%) 0801
‘Afternoon 112 (8.9%) 97 (8.9%) 15 (8.4%)
1 304 (24.1%) 291 (26.8%)* 13 (7.3%)
2 252 (20.0%) 235 (21.7%)* 17 (9.6%)
3 187 (14.8%) 164 (15.1%)* 23 (12.9%)
QT Cycle 45 228 (18.1%) 185 (17.1%) 43 (24.2%)* <0.001
6-10 183 (14.5%) 135 (12.5%) 48 (27.0%)*
=10 108 (8.6%) 74 (6.8%) 34 (19.1%)*
Sex Female 351 (27.8%) 275 (25.4%) 76 (42.7%)* 0001
Male 911 (72.2%) 809 (74.6%)* 102 (72.2%)
<45 142 (11.3%) 125 (11.5%)* 17 (9.6%)
Age 4555 353 (28.0%) 285 (26.3%) 68 (38.2%)* 0,001
56-65 423 (33.5%) 388 (35.8%)* 35 (19.7%)
=65 344 (27.3%) 286 (26.4%) 58 (32.6%)*
<18.5 301 (24.1%) 256 (23.9%) 45 (25.3%)
BMI 18.5-25.00 706 (56.6%) 616 (57.6%)* 90 (50.6%) 0021
25.01-30.00 167 (13.4%) 143 (13.4%)* 24 (13.5%)
>30.00 73 (5.9%) 54 (5.1%) 19 (10.7%)*
1 7 (2.7%) 5 (2.4%) 2 (3.9%)
2 21 (82%) 17 (8.3%) 4 (7.8%)
Stage 3 28 (10.9%) 26 (12.7%) 2 (3.9%) 0.319
4 200 (78.1%) 157 (76.6%) 43 (84.3%)
1 26 (3.0%) 26 (3.4%)* 0(0.0%)
T 2 119 (13.7%) 111 (14.6%)* 8 (7.2%) 0028
3 329 (37.9%) 282 (37.2%) 47 (42.3%)*
4 395 (45.5%) 339 (44.7%) 56 (50.5%)*
0 221 (26.8%) 205 (28.8%)* 16 (14.3%)
N 1 166 (20.1%) 134 (13.8%) 32 (28.6%) 0001
2 298 (36.2%) 261 (36.7%) 37 (33.0%)
3 139 (16.9%) 112 (15.7%) 27 (24.1%)*
M 0 591 (30.0%) 500 (78.1%) 91 (91.9%)* 0001
1 148 (20.0%) 140 (21.9%)* 8 (8.1%)
Neoadjuvant 559 (45.5%) 469 (44.2%) 90 (53.6%)*
Intention Adjuvant 541 (44.0%) 466 (43.9%) 75 (44.6%)" <0.001
Palliative 129 (10.5%) 126 (11.9%)* 3 (1.8%)
1 719 (57.0%) 599 (55.3%) 120 (67.4%)*
Total drugs 2 421 (33.4%) 379 (35.0%)* 42 (23.6%) 0.007
3t 122 (9.7%) 106 (9.8%)* 16 (9.0%)
CCP Radiotheraphy 1172 (92.9%) 1001 (92.3%) 171 (96.1%)* 0.037
Chemotherapy [ Oxiliplatine 28 (2.2%) 19 (1.8%) 9 (5.1%)" 0.006
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Table 3 cont.: Influence of clinical profile and number of chemotherapy cycles on the prevalence of oral mucositis in patients undergoing che-
motherapy treatment for head and neck tumors.

Zoledronic acid 12 (1.0%) 12 (1.1%) 0 (0.0%) 0.158
Carboplatine 456 (36.1%) 405 (37.4%) 51 (28.7%) 0.052
Ciclophosfamide 38 (3.0%) 32 (3.0%) 6 (3.4%) 0.762
Cisplatine 636 (50.4%) 538 (49.6%) 98 (55.1%) 0.180
Docetaxel 20 (1.6%) 10 (0.9%) 10 (5.6%)* <0.001
Doxorubicin 28 (2.2%) 24 (2.2%) 4 (2.2%) 0.978
Paclitaxel 408 (32.3%) 376 (34.7%)* 32 (18.0%) <0.001
Trastuzumab 20 (1.6%) 19 (1.8%) 1 (0.6%) 0.238
Chemotherapy Ifosfamide 11 (0.9%) 11 (1.0%) 0 (0.0%) 0.177
Darcazabine 2 (0.2%) 2 (0.2%) 0 (0.0%) 0.566
Etoposide 21 (1.7%) 21 (1.9%) 0 (0.0%) 0.061
Gencitabine 80 (6.3%) 38 (3.5%) 42 (23.6%)* <0.001
Vinorelbine 28 (2.2%) 28 (2.6%)* 0 (0.0%) 0.030
Methotrexate 141 (11.2%) 125 (11.5%) 16 (9.0%) 0.318
Irinotecan 16 (1.3%) 7 (0.6%) 9 (5.1%)* <0.001
Vincristine 15 (1.2%) 13 (1.2%) 2 (1.1%) 0.931
Rituximab 10 (0.8%) 8 (0.7%) 2 (1.1%) 0.591

*p<0,05, unadjusted analysis = chi-square or Fisher’s exact test; OR = odds ratio; C195% = 95% confidence interval of OR. No patients with
CCP used Leucovorin, Bevacizumab, Topotecan, Epirubicin, Pamitumummab, Gefitinib, Bleomycin, Nivolumab, Navelbine, Prembozilumab,
Vinblastine, Perjeta, Abiraterone, Pemetrexed, Osimertinib, Sorafenib, Exemestane, Sunitinib, Atezolizumab.

Table 4 Multivariate analysis of risk factors for oral mucositis in patients undergoing chemotherapy treatment
for head and neck tumors.

p-Value Adjusted OR (C195%)
Mucositis

Year (2019) *0.017 0.02 (0.00-0.52)
Shift (Mornign) 0.792 -
Cycle (>6) *0.018 303.93 (2.69-34385.65)
Sex (Female) 0.240 -
Age (>55) 0.532 -
BMI (>30) *0.008 481.95 (4.88-47599.59)
T (T3/T4) 1.000 -
N (N+) 1.000 -
M (M1) 1.000 -
Stage (IT1I/TV) 0.892 -
Intention (Adjuvant) 0.382 -
Total drugs (3+) 0.348 -
Head and neck Radiothepary *0.037 52.25 (1.17-4,066.70)
Zoledronic acid 1.000 -
Ifosfamide 1.000 -
Darcazabine 1.000 -
Vincristine 1.000 -
Rituximab 1.000 -
Oxaliplatin 0.995 -
Carboplatin *0.046 227.33 (1.10-47071.54)
Cyclophosphamide *0.010 531.77 (4.52-62575.31)
Cisplatin 0.058 -
Docetaxel 0.381 -
Doxorubicin 0.352 -
Paclitaxel 0.165 -
Trastuzumab 1.000 -
Etoposide 1.000 -
Gemcitabine 0.989 -
Vinorelbine 0.994 -
Methotrexate 0.994 -
Irinotecan 1.000 -

*p<0.05, multinomial logistic regression; OR = Odds ratio; 95% CI = 95% Confidence Interval of Adjusted OR.
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Discussion

Few studies comprehensively evaluate chemotherapy
treatments for solid tumors and their relation with
OM incidence, and its development is underestimated.
Thus, this is one of the few studies that comprehen-
sively assess the incidence of oral mucositis and the
risk factors for its development during chemotherapy
of solid tumors.

Based on 19,000 assessments surveyed, 6.3% (n=1,195)
showed OM. This diverges from previous studies,
which had an incidence of OM of 40 -81%. (13,19,20).
These differences can be justified by changes in che-
motherapy protocols over the years, by the method
of evaluating the incidence of OM in previous stud-
ies being raised per patient and not by evaluations as
was done in this work and by way of treating and pre-
venting these lesions nowadays, observing a reduction
over time (13,19).

It is possible to note this change in the incidence of
OM in our study, which shows a decrease in the preva-
lence of OM from the year 2018 to 2019. Furthermore,
most published studies evaluating the incidence of MO
have a study population under inpatient care, unlike
our study, which evaluates patients under outpatient
care (13,19-21).

Contrary to previous studies, such as that of Cakmak
et al. (13), being female, having age between 45-55
years, and undergoing more than ten cycles of QT in-
creased the risk of developing OM. However, in mul-
tivariate analysis, the independent risk factor for this
development was the number of cycles, showing a very
high risk in patients undergoing more than ten cycles
of chemotherapy. These divergent findings are justi-
fied by the fact that the researchers performed the as-
sessments of the patients when they were on at least
their second round of chemotherapy. Other studies,
such as that of Raber-Durlac et al. (19), showed in a
multivariate analysis that chemotherapy cycles are not
only involved with the risk of developing OM but also
with the degree of severity.

In our study, head and neck, breast, sarcoma, and liver
tumors were directly associated with OM. However, in
multivariate analysis, the primary tumor location did
not influence the risk of OM incidence, thus suggesting
it is strongly associated with the treatment protocols.
Unlike another study that suggests that the distribution
of the primary tumor may influence the incidence of
OM, this may be explained by the small size of their
sample and by not evaluating the overall solid tumor
landscape by including only colon and breast tumors in
the study (19). However, further studies with a larger
and more homogeneous sample that broadly explore
solid tumors and their relationship with primary tumor
distribution and chemotherapy under the development
of OM are needed.

e9
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In multivariate analysis, M1 tumors had a 0.21- and
0.38-times lower risk of developing BM. Patients who
have distant metastases and were undergoing palliative
treatment usually encompass reduced doses of chemo-
therapy drugs to maintain quality of life, which may re-
duce the incidence of OM (22,23).

The chemotherapeutic agents that influenced the
prevalence of oral mucositis were cyclophosphamide,
docetaxel, doxorubicin, trastuzumab, and atezolizumab
and in the multivariate analysis, only carboplatin, cis-
platin, docetaxel, and bevacizumab significantly in-
creased the prevalence of mucositis. A study conducted
in 2010 in Austria also assessed similarly to this study
the relationship of the incidence of OM in solid tumors,
and it was observed that the main chemotherapeutic
agents involved in the development of OM were taxanes
cisplatin and irinotecan (24).

About 92% of the 1,262 patients with head and neck
tumors had RT and used cisplatin-based chemotherapy
(50.4%), followed by carboplatin (36.1%) and paclitaxel
(32.3%). Most patients treated for head and neck can-
cer are commonly submitted to RT, which may be con-
ventional or hyperfractionated (25). Studies show that
the association of RT and chemotherapy increases the
incidence, severity, and duration of oral mucositis, es-
pecially when combinations of different drugs and hy-
perfractionation schemes are used (25, 26).

In this study, the findings are similar; patients who
performed head and neck RT obtained a significantly
higher prevalence of OM. This is also compatible with
the data obtained in a systematic review, where it was
observed that patients who underwent fractionated RT
had an impact of severity and incidence of oral muco-
sitis of 34%, whereas those who received CRT had this
impact of 43% (27).

The use of CRT is common in tumors in advanced stag-
es and with the presence of positive lymph nodes, which
corroborates the findings of higher prevalence of BM
in these cases (27). Moreover, patients who performed
more than three cycles and had high age and BMI had a
higher prevalence of BM, which is common for patients
who perform more cycles of QT and have higher age
to have greater toxicity, mainly due to changes in renal
function and difficulty in excreting the drug (23).
Monotherapies showed a higher prevalence of mucositis
than therapies involving two or more chemotherapies,
noting different results from previous studies that point
out that combination chemotherapies in conjunction with
RT increase the incidence and severity of OM (25, 26).
Despite the limitation of being a retrospective study and
the difficulty in obtaining some information, especially
if follow up, this study synthesizes essential informa-
tion about risk factors for the treatment of solid tumors
only, a population that has been little explored in studies
of oral adverse effects.
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Thus, we conclude that patients with solid tumors who
undergo treatment with QT have a low prevalence of
OM, but women, middle-aged patients (45-55 years),
with high BMI, who undergo more than six cycles of
chemotherapy and are treated with carboplatin, cis-
platin, docetaxel, and bevacizumab are important risk
groups. Additionally, in the head and neck region, RT,
especially in combination with carboplatin, is the most
critical risk factor for OM.
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