www.nature.com/scientificreports

scientific reports

W) Check for updates

Impact of systemic
dexamethasone administration
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by anthracycline-containing
regimens in breast cancer
treatment
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Oral mucositis (OM) is one of the most common complications associated with chemotherapy. Here,
we evaluated whether systemic dexamethasone (DEX) dosage in prophylactic antiemetics affected
the incidence of OM in anthracycline-containing regimens. Patients receiving anthracycline-containing
regimens for breast cancer were divided into high- and low-DEX dose groups and retrospectively
evaluated. The incidence of all-grade OM in the first cycle in the high- and low-dose groups was 27.3%
and 53.5%, respectively, and was significantly lowered by increasing the DEX dose (P <0.01); thus,
the study met its primary endpoint. The result in all treatment cycles was also significant (P=0.02).

In contrast, the incidence of dysgeusia was similar between the high- and low-dose groups in the

first and all cycles (13.6% and 16.3% in the first cycle [P=0.79] and 27.3% and 34.9% in all cycles
[P=0.42], respectively). Multivariate analysis revealed that low DEX dosage was an independent risk
factor for all-grade OM development. In conclusion, our study suggests that DEX attenuates OM in
anthracycline-containing regimens for breast cancer treatment in a dose-dependent manner. Further
evaluation of OM prophylaxis, including DEX administration, is required for better control.

Oral mucositis (OM) is one of the most common complications of chemotherapy, radiotherapy, chemoradio-
therapy, and hematopoietic stem cell transplantation'. It is a painful inflammatory, often ulcerative condition, and
is associated with reduced food and water intake, need for parenteral nutrition, and systemic analgesic admin-
istration in some cases, leading to a decrease in quality of life (QOL) and treatment dosage. Severe symptoms
also increase the risk of systemic infections, inpatient hospitalization duration, and 100-day mortality owing to
the disrupted oral mucosal barrier>™.

Anthracyclines are key agents used in conjunction with cyclophosphamide for breast cancer treatment.
Epirubicin (90 mg/m?) + cyclophosphamide (600 mg/m?) (EC), every 3 weeks; epirubicin (100 mg/m?) + cyclo-
phosphamide (500 mg/m?) + 5-fluorouracil (500 mg/m?) (FEC), every 3 weeks; and dose-dense doxorubicin
(60 mg/m?) + cyclophosphamide (600 mg/m?) (AC), every 2 weeks, are frequently used in perioperative breast
cancer treatment, and approximately 40-50% of patients experience OM>.

The current understanding of chemotherapy-induced OM pathophysiology is (1) initiation of oral mucosal
damage, (2) primary damage from reactive oxygen species generation, (3) damage amplification due to the
host inflammation response, and (4) mucosal ulceration as a result of epithelial apoptosis and necrosis, and
ultimately followed by (5) healing’!!. Inflammation is considered as an important tissue reaction in chemo-
therapy- and radiotherapy-induced OM'>**. Proinflammatory cytokines such as tumor necrosis factor a and
interleukin 1p play pivotal roles in the pathogenesis of OM'*"'6. In addition, the levels of nuclear factor kappa-B
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Figure 1. Design of this study. NSAIDs non-steroidal anti-inflammatory drugs.

and cyclooxygenase-2 in the oral mucosa significantly increase following cytotoxic chemotherapy'’. In contrast,
benzydamine mouthwash is a singular recommended preventive anti-inflammatory OM medication in specific
patient populations'. Dexamethasone (DEX) is a long-acting corticosteroid recommended for chemotherapy-
induced nausea and vomiting (CINV) prevention'®. At Hokkaido University Hospital, antiemetic regimens for
anthracycline-containing treatment include DEX, palonosetron (a serotonin receptor antagonist), and aprepitant
(a neurokinin-1 receptor antagonist). However, the DEX dosage used was as follows: 6.6 mg infusion on day 1
and 4 mg orally on days 2-4. This DEX dosage was altered to 9.9 mg infusion on day 1 and 8 mg orally on days
2-4, in accordance with the national guidelines'. In this study, we evaluated whether DEX dosage alteration
affected OM incidence and severity in anthracycline-containing regimens in a real-world setting.

Results

Patient characteristics. One hundred and thirty-one patients were enrolled according to the eligibility
criteria for this study (Fig. 1). Baseline patient characteristics are shown in Table 1. There were no significant
differences between the two groups in the Eastern Cooperative Oncology Group performance status (ECOG
PS), staging, presence of lymph node metastases, hormonal receptor expression, prior treatment existence,
menopause, body surface area (BSA), liver dysfunction (grade 1 or higher aspartate aminotransferase, alanine
aminotransferase, and total bilirubin level elevation), renal dysfunction (grade 1 or higher serum creatinine
level elevation), serum albumin level, regular alcohol intake (=5 days per week), smoking history, and regular
administration of antacids. Regular oral care by dentists was conducted in 70% of the patients, and its imple-
mentation rate did not differ between the groups. Baseline oral condition was also not different, although 31.8%
of the high-dose and 25.6% of the low-dose patients were not evaluated. In contrast, patients in the high-dose
group were significantly older, received more EC or dose-dense AC than FEC and more pegfilgrastim adminis-
tration, and showed lower human epidermal growth factor receptor 2 (HER2) overexpression than those in the
low-dose group.

Comparison of the OM and dysgeusia incidence. Figure 2 shows a comparison of OM and dysgeusia
incidence between the two groups. The difference in the rate of all-grade OM incidence in the first cycle between
the two groups was defined as the primary endpoint of this study: the rate was 27.3% in the high-dose group
and 53.5% in the low-dose group and was significantly lowered by DEX dose increase (P<0.01); the rate in all
treatment cycles was 39.8% in the high-dose group and 62.8% in the low-dose group, showing significant dif-
ference (P=0.02, Fig. 2A). The incidence of grade 2 OM was not statistically different between the high- and
low-dose groups in the first and all cycles (2.3% and 9.3% in the first cycle [P=0.09] and 5.7% and 9.3% in all
cycles [P=0.47], respectively). None of the patients experienced any grade 3/4 symptoms. In contrast, dysgeusia
similarly appeared between the high- and low-dose groups in the first and all cycles (13.6% and 16.3% in the first
cycle [P=0.79] and 27.3% and 34.9% in all cycles [P=0.42], respectively) (Fig. 2B).

Assessment of the risk factors for OM incidence. Multivariate analysis was performed to iden-
tify independent risk factors for all-grade OM incidence in the first cycle of treatment according to previous
reports?*-2%, As a result, a lower DEX dosage was revealed to be an independent risk factor for OM development
(Table 2).

Discussion

OM is a problematic chemotherapy-induced adverse effect. Its incidence is associated with pain, difficulty in
eating and swallowing, and bacteremia, resulting in treatment interference, which can lead to a reduction in the
chemotherapeutic dosage and QOL of patients’. There have been no reports evaluating the preventive efficacy
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High-dose group (n=88) | Low-dose group (n=43) | Pvalue

Age (median, range) 55 (26-73) 50 (32-66) 0.01*
Performance status

0-1 88 03 1.00
Staging

I-1I1 83 40

IV/Recurrence 5 3 0.72
Presence of Lymph node metastases 45 19 0.46
Hormonal receptors

ER, PR-positive or both 47 17 0.14
HER?2 overexpression 20 19 0.02*
Prior treatment existence 10 3 0.54
Menopause 55 22 0.26
BSA (m?) (median, range) 1.56 (1.33-2.02) 1.55(1.34-1.92) 0.71
Liver dysfunction 31 16 0.85
Renal dysfunction 11 2 0.22
Serum albumin (g/dL) (median, range) 4.2 (3.5-4.8) 4.2 (3.8-4.9) 0.08
Alcohol intake (=5 days in a week) 17 9 0.82
Smoking history (former or current) 47 21 0.71
Current smoker 13 3 0.26
Implementation of dental oral care 60 32 0.54

Oral condition assessment by dentist

No problem 31 19

Need for any dental treatment 29 13 0.52
Regular antacid administration 5 0 0.17
Pegfilgrastim administration 38 2 <0.01**

Treatment regimen
ACor EC 74 6
FEC 14 37 <0.01**

Table 1. Patient characteristics. Liver dysfunction: grade 1 or higher aspartate aminotransferase, alanine
aminotransferase, and total bilirubin levels. Renal dysfunction: grade 1 or higher serum creatinine elevation.
Antacids include proton pump inhibitors and histamine type 2 receptor antagonists. ER estrogen receptor,
PR progesterone receptor, HER2 human epidermal growth factor receptor 2, BSA body surface area, AC
doxorubicin (60 mg/m?) + cyclophosphamide (600 mg/m?), EC epirubicin (90 mg/m?) + cyclophosphamide
(600 mg/m?), FEC epirubicin (100 mg/m?) + cyclophosphamide (500 mg/m?) + 5-fluorouracil (500 mg/m?).
*P<0.05.**P<0.01.

of systemic corticosteroids against OM, and evidence of OM prophylaxis is limited. Consequently, we aimed to
assess the OM preventive effect of systemic DEX in a real-world setting.

As aresult, DEX administration based on the HEC preventive strategy significantly reduced the incidence of
all-grade OM compared to a lower DEX dosage. Moreover, its administration tended to decrease > grade 2 symp-
tom development, but without statistical significance. We have previously reported that prolonged DEX adminis-
tration attenuates taxane-associated acute pain syndrome, the main cause of which is inflammation, owing to the
strong anti-inflammatory effect of DEX*>%. Therefore, we consider that DEX prevents OM incidence in a dose-
dependent manner by reducing chemotherapy-induced inflammation in the oral mucosa. Anti-inflammatory
agents can be an OM preventive strategy considering their mechanism; however, benzydamine mouthwash is a
singular OM preventive anti-inflammatory medication recommended by the Multinational Association of Sup-
portive Care in Cancer and International Society for Oral Oncology (MASCC/ISOO) guidelines'. The results
of this study showed new findings regarding chemotherapy-induced OM prevention using anti-inflammatory
agents. Steroid sparing is one of the most considerable attentions in CINV management” >’ as corticosteroid
administration induces increased susceptibility to infection, especially to pneumocystis pneumonia (PCP),
insomnia, reduced bone mineral densities, and blood sugar level elevation®-*2. However, it is unknown whether
this strategy affects other adverse effects that have not been mentioned in previous studies?”~%. If a patient expe-
riences OM with an increase in the burden of anthracycline-containing treatment with steroid sparing, DEX
administration according to the HEC guidelines can be used as a management strategy, particularly in perio-
perative breast cancer chemotherapy, as dose intensity reduction increases the annual odds of recurrence®-*>.
However, further evaluation of the most suitable DEX dosage and duration for OM prophylaxis is required.

Treatment and patient factors affect OM risk®. Treatment factors include the type, dose, and schedule of
systemic chemotherapeutic drugs; radiation dose and field; and concomitant use of chemotherapy and radiation.
In addition, the risk of OM increases as the intensity of therapy increases®. Patient-related risk factors are com-
plicated and poorly defined®. Age, malnutrition, male sex, pre-existing medical conditions, alterations in salivary
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Figure 2. Comparison of all-grade (A) OM and (B) dysgeusia incidence between high- and low-DEX-dose
groups in the first cycle and all treatment cycles.
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Univariate analysis Multivariate analysis
Odds ratio (95% CI) ‘ Pvalue | Odds ratio (95% CI) ‘ P value

Age (years)

<55/255 ‘ 0.84 (0.33-2.13) ‘ 0.72 ‘ Excluded ‘ -
BSA (m?)

>15/<15 ‘ 0.98 (0.47-2.06) ‘ 0.96 ‘ Excluded ‘ -
Staging

[-I1I/IV or recurrence ‘ 031 (0.07-1.37) ‘ 0.12 ‘ 034 (0.07-1.59) ‘ 0.17
Prior treatment

Yes/no ‘ 1.13 (0.35-3.68) ‘ 0.84 ‘ Excluded ‘ -
Hormonal receptors

ER-, PR-positive or both/Negative | 0.67 (0.33-138) (028 [ Excluded E
HER?2 overexpression

Positive/negative ‘ 1.86 (0.86-4.01) ‘ 0.11 ‘ 1.62 (0.71-3.69) ‘ 0.25
Alcohol intake (>5 days in a week)

Yes/no ‘ 1.15 (0.47-2.79) ‘ 0.76 ‘ Excluded ‘ -
Smoking history

Current/former or never ‘ 1.46 (0.50-4.21) ‘ 0.49 ‘ Excluded ‘ -
Menopause

Yes/no ‘ 0.70 (0.34-1.44) ‘ 033 ‘ Excluded ‘ -
Hypoalbuminemia

Present/absent ‘ 0.80 (0.36-1.78) ‘ 0.58 ‘ Excluded ‘ -
Liver dysfunction

Present/absent ‘ 1.02 (0.48-2.15) ‘ 0.96 ‘ Excluded ‘ -
Renal dysfunction

Present/absent ‘ 0.78 (0.23-2.67) ‘ 0.69 ‘ Excluded ‘ -
Implementation of dental oral care

Yes/no ‘ 1.17 (0.53-2.58) ‘ 0.69 ‘ Excluded ‘ -
Regular administration of antacids

Yes/no ‘ 0.43 (0.05-4.01) ‘ 0.46 ‘ Excluded ‘ -
Administration of pegfilgrastim

Yes/no ‘ 0.40 (0.17-0.95) ‘ 0.04* ‘ 0.63 (0.24-1.63) ‘ 034
Dexamethasone dosage

Low/high ‘ 3.07 (1.43-6.56) ‘ 0.004** ‘ 2.38 (1.01-5.60) ‘ 0.048

Table 2. Univariate and multivariate analyses of the risk factors associated with the incidence of all-grade
oral mucositis in the first cycle. Liver dysfunction: grade 1 or higher aspartate aminotransferase, alanine
aminotransferase, and total bilirubin levels. Renal dysfunction: grade 1 or higher serum creatinine level
elevation. Antacids include proton pump inhibitors and histamine type 2 receptor antagonists. Cutoft of the
serum albumin levels is 4.1 g/dL at our facility. CI confidence interval, BSA body surface area, ER estrogen
receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2. *P<0.05. **P<0.01.

production and composition, poor oral health, tobacco smoking, low dental checkup frequency, and mucosal
trauma have been reported to influence the risk?*-*>?%. In this study, we evaluated the risk factors based on these
reports and found that lower DEX administration is the only independent risk factor for all-grade OM incidence.

In the MASCC/ISOO systematic review, the panel is of the opinion that dental evaluation and treatment
prior to cancer therapy is desirable to reduce the risk of local and systemic infections from odontogenic sources,
although there is insufficient evidence to support®. In this study, dental professional oral care was not associ-
ated with OM incidence in the first cycle. However, approximately 30% of the patients in each group did not
receive professional oral care, and oral treatment timing was different for each patient. Even though the patients
received baseline assessment, our evaluation might have been insufficient. Therefore, further evaluation using
an integrated intervention protocol is required.

This study had some limitations regarding the evaluation of the impact of DEX dosage on the incidence of
OM in anthracycline-containing treatments. First, this study was retrospective and included a relatively small
patient population from a single institution. Second, we evaluated the OM incidence between different DEX
doses; therefore, it is necessary to compare patients with and without DEX administration, particularly on days
2-4. Third, we did not fully circumstantially assess the implementation of oral rinse, although almost all patients
performed correctly, and its efficacy remains unclear. Finally, patients in the high-dose group were significantly
older than those in the low-dose group, and older age has previously been reported as an independent OM
risk factor; however, our study did not confirm this finding. In addition, pegfilgrastim was administered more
frequently in the high-dose group than in the low-dose group. A previous report suggested that granulocyte
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colony-stimulating factor can effectively treat and prevent doxorubicin-induced OM?*, although this study’s
co-administration was not associated with OM incidence. Furthermore, treatment regimens were significantly
different between the groups, although the impact on the results was likely low, as the reported OM incidences
in AC/EC and FEC treatments were not different®~%; however, it might have affected the results. Consequently,
evaluation of well-balanced patients will enable the derivation of better outcomes.

In conclusion, our study suggests that DEX reduces the incidence of OM in anthracycline-containing regi-
mens for breast cancer treatment in a dose-dependent manner. Further evaluation of OM prophylaxis consisting
of medication and other methods such as dental care or cryotherapy and the DEX administration method will
provide good OM-controlling treatment, leading to less onerous and effective chemotherapy.

Methods

Patients. Female patients with breast cancer who received anthracycline-containing regimens were retro-
spectively evaluated. The administered regimens were EC, FEC, and dose-dense AC. All patients met the follow-
ing baseline criteria: (1) age > 20 years, (2) 0-2 ECOG-PS, and (3) sufficient renal and liver function for chemo-
therapy induction. Patients who were previously administered anthracyclines, regularly dosed corticosteroids,
non-steroidal anti-inflammatory drugs, narcotics, or reduced chemotherapy from initiation; diagnosed with
OM at baseline; transferred to another hospital during the chemotherapy; and without sufficient information
were excluded. The patients were divided into two groups: the high-dose group, which included patients admin-
istered 9.9 mg DEX infusion on day 1 and 8 mg orally on days 2-4 between April 2017 and September 2021, and
the low-dose group, which included patients administered DEX 6.6 mg infusion on day 1 and 4 mg orally on
days 2-4 between February 2016 and January 2018.

The present study was approved by the Ethical Review Board for Life Science and Medical Research of the
Hokkaido University Hospital (approval number: 021-0179) and was performed in accordance with the Declara-
tion of Helsinki. Owing to the retrospective nature of the study, informed consent from the subjects was waived
by the committee.

Treatment methods. The treatment schedule for EC, FEC, and dose-dense AC has been previously
described. Antiemetic therapy consisting of palonosetron 0.75 mg on day 1 and aprepitant (125 mg on day 1 and
80 mg on days 2 and 3) was administered to all the participants. DEX was administered as previously described.
All patients were prescribed a sodium gualenate hydrate gargle and strongly recommended rinsing three times a
day. Steroid oral ointment and gargle, lidocaine gargle, and systemic analgesics were administered for OM treat-
ment at the physician’s discretion.

Evaluation of OM and dysgeusia. All the required information was obtained from the patients’ medical
records. We recommend that all patients maintain their daily diaries. We assessed oral adverse effects by refer-
ring to the diary and patient complaints in accordance with the Common Terminology Criteria for Adverse
Events, version 5.0, provided by physicians or pharmacists. In this study, the primary endpoint was the compari-
son of all-grade OM incidence in the first cycle between the groups. Secondary endpoints included the evalua-
tion of OM incidence in all cycles and dysgeusia incidence, and risk factor analysis for all-grade OM incidence
in the first cycle.

Statistical analysis. We hypothesized that the all-grade OM incidence would be 25-30% in the high-dose
group and 55% in the low-dose group, with a patient ratio of 2:1 based on previous reports and our clinical
experiences®®. To achieve 80% power with an alpha error of 5%, the required sample size was 70-102 partici-
pants in the high-dose group and 35-51 participants in the low-dose group. We included 88 and 43 patients in
the high- and low-dose groups, respectively.

The differences in baseline patient clinical characteristics between the high- and low-dose groups were
assessed using Fisher’s exact probability test for categorical outcome variables and Mann-Whitney U test for
continuous parameters. The incidences of OM and dysgeusia were compared using Fisher’s exact probability test.
Logistic analyses were performed to identify independent all-grade OM risk factor(s) in the first cycle of treat-
ment. Potential baseline risk factors included age, BSA, staging, prior treatment, hormonal receptor expression,
HER2 overexpression, regular alcohol intake, smoking history, menopause, hypoalbuminemia, liver dysfunction,
renal dysfunction, dental oral care implementation, regular administration of antacids such as proton pump
inhibitors or histamine type 2 receptor antagonists, pegfilgrastim co-administration, and DEX dosage, according
to previous reports?*~**, Variables that had potential associations with OM incidence in the first cycle, as suggested
by the univariate logistic regression analysis (P < 0.20), were considered when building the multivariable model.
All analyses were performed using JMP statistical software (version 14.0; SAS Institute Japan, Tokyo, Japan).
Differences were considered statistically significant when the P value was less than 0.05.

Ethics approval and consent to participate. All procedures performed in this study were carried out
in accordance with the ethical standards of the institutional and/or national research committee and the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The study was approved by the
Ethical Review Board for Life Science and Medical Research of Hokkaido University Hospital (approval number:
021-0179). The requirement for formal consent for this type of study was waived by the committee.

Data availability
The datasets used and/or analyzed in the current study are available from the corresponding author upon rea-
sonable request.

Scientific Reports |

(2022) 12:12587 | https://doi.org/10.1038/s41598-022-16935-4 nature portfolio



www.nature.com/scientificreports/

Received: 2 April 2022; Accepted: 18 July 2022
Published online: 22 July 2022

References

1.
2.

3.

10.

11.
. Ariyawardana, A. et al. Systematic review of anti-inflammatory agents for the management of oral mucositis in cancer patients

13.

14.

15.
16.

17.

18.

19.

20.
21.
22.
23.
24.
25.
26.

27.

28.

29.

30.

31.

32.

Elad, S. et al. MASCC/ISOO clinical practice guidelines for the management of mucositis secondary to cancer therapy. Cancer
126(19), 4423-4431. https://doi.org/10.1002/cncr.33100,Pubmed:32786044 (2020).

Sonis, S. T. et al. Oral mucositis and the clinical and economic outcomes of hematopoietic stem-cell transplantation. J. Clin. Oncol.
19(8), 2201-2205. https://doi.org/10.1200/JC0.2001.19.8.2201,Pubmed:11304772 (2001).

Vera-Llonch, M., Oster, G., Ford, C. M., Lu, J. & Sonis, S. Oral mucositis and outcomes of allogeneic hematopoietic stem-cell
transplantation in patients with hematologic malignancies. Support. Care Cancer 15(5), 491-496. https://doi.org/10.1007/s00520-
006-0176-9,Pubmed:17139495 (2007).

. Elting, L. S. et al. The burdens of cancer therapy. Clinical and economic outcomes of chemotherapy-induced mucositis. Cancer

98(7), 1531-1539. https://doi.org/10.1002/cncr.11671 (2003).

. Del Mastro, L. et al. Fluorouracil and dose-dense chemotherapy in adjuvant treatment of patients with early-stage breast cancer:

An open-label, 2 x 2 factorial, randomised phase 3 trial. Lancet 385(9980), 1863-1872. https://doi.org/10.1016/S0140-6736(14)
62048-1 (2015).

. Moebus, V. et al. Intense dose-dense sequential chemotherapy with epirubicin, paclitaxel, and cyclophosphamide compared with

conventionally scheduled chemotherapy in high-risk primary breast cancer: Mature results of an AGO phase III study. J. Clin.
Oncol. 28(17), 2874-2880. https://doi.org/10.1200/JC0O.2009.24.7643 (2010).

. Delbaldo, C. et al. A phase III adjuvant randomised trial of 6 cycles of 5-fluorouracil-epirubicine-cyclophosphamide (FEC100)

versus 4 FEC 100 followed by 4 Taxol (FEC-T) in node positive breast cancer patients (Trial B2000). Eur. J. Cancer 50(1), 23-30.
https://doi.org/10.1016/j.ejca.2013.09.023 (2014).

. Jones, S. E. et al. Phase III trial comparing doxorubicin plus cyclophosphamide with docetaxel plus cyclophosphamide as adjuvant

therapy for operable breast cancer. J. Clin. Oncol. 24(34), 5381-5387. https://doi.org/10.1200/JC0O.2006.06.5391 (2006).

. Hong, C. H. L. et al. Systematic review of basic oral care for the management of oral mucositis in cancer patients and clinical

practice guidelines. Support. Care Cancer 27(10), 3949-3967. https://doi.org/10.1007/s00520-019-04848-4 (2019).

Al-Dasooqj, N. et al. Emerging evidence on the pathobiology of mucositis. Support. Care Cancer 21(7), 2075-2083. https://doi.
0rg/10.1007/500520-013-1810-y (2013).

Sonis, S. T. Pathobiology of mucositis. Semin. Oncol. Nurs. 20(1), 11-15. https://doi.org/10.1053/j.soncn.2003.10.003 (2004).

and clinical practice guidelines. Support. Care Cancer 27(10), 3985-3995. https://doi.org/10.1007/s00520-019-04888-w (2019).
Kwon, Y. Mechanism-based management for mucositis: Option for treating side effects without compromising the efficacy of
cancer therapy. Onco Targets Ther. 9, 2007-2016. https://doi.org/10.2147/OTT.S96899 (2016).

Sultani, M., Stringer, A. M., Bowen, J. M. & Gibson, R. J. Anti-inflammatory cytokines: Important immunoregulatory factors
contributing to chemotherapy-induced gastrointestinal mucositis. Chemother. Res. Pract. 2012, 490804. https://doi.org/10.1155/
2012/490804 (2012).

Ong, Z.Y. et al. Pro-inflammatory cytokines play a key role in the development of radiotherapy-induced gastrointestinal mucositis.
Radiat. Oncol. 5, 22. https://doi.org/10.1186/1748-717X-5-22 (2010).

Pusztai, L. et al. Changes in plasma levels of inflammatory cytokines in response to paclitaxel chemotherapy. Cytokine 25(3),
94-102. https://doi.org/10.1016/j.cyt0.2003.10.004 (2004).

Logan, R. M., Gibson, R. ], Sonis, S. T. & Keefe, D. M. Nuclear factor-kappaB (NF-kappaB) and cyclooxygenase-2 (COX-2) expres-
sion in the oral mucosa following cancer chemotherapy. Oral Oncol. 43(4), 395-401. https://doi.org/10.1016/j.oraloncology.2006.
04.011 (2007).

Hesketh, P. J. et al. Antiemetics: American Society of Clinical Oncology clinical practice guideline update. J. Clin. Oncol. 35(28),
3240-3261. https://doi.org/10.1200/JC0O.2017.74.4789 (2017).

Aogi, K. et al. Optimizing antiemetic treatment for chemotherapy-induced nausea and vomiting in Japan: Update summary of
the 2015 Japan Society of Clinical Oncology Clinical Practice Guidelines for antiemesis. Int. J. Clin. Oncol. 26(1), 1-17. https://
doi.org/10.1007/s10147-020-01818-3 (2021).

Wuketich, S., Hienz, S. A. & Marosi, C. Prevalence of clinically relevant oral mucositis in outpatients receiving myelosuppressive
chemotherapy for solid tumors. Support. Care Cancer 20(1), 175-183. https://doi.org/10.1007/s00520-011-1107-y (2012).

Dodd, M. J. et al. Risk factors for chemotherapy-induced oral mucositis: Dental appliances, oral hygiene, previous oral lesions,
and history of smoking. Cancer Invest. 17(4), 278-284. https://doi.org/10.3109/07357909909040598 (1999).

Shankar, A. et al. Current trends in management of oral mucositis in cancer treatment. Asian Pac. J. Cancer Prev. 18(8), 2019-2026.
https://doi.org/10.22034/APJCP.2017.18.8.2019 (2017).

Al-Ansari, S. et al. Oral mucositis induced by anticancer therapies. Curr. Oral Health Rep. 2(4), 202-211. https://doi.org/10.1007/
540496-015-0069-4 (2015).

Raber-Durlacher, J. E., Elad, S. & Barasch, A. Oral mucositis. Oral Oncol. 46(6), 452-456. https://doi.org/10.1016/j.oraloncology.
2010.03.012 (2010).

Saito, Y. et al. Efficacy of additional dexamethasone administration for the attenuation of paclitaxel-associated acute pain syndrome.
Support. Care Cancer 28(1), 221-227. https://doi.org/10.1007/s00520-019-04808-y (2020).

Saito, Y. et al. Risk factor analysis for taxane-associated acute pain syndrome under the dexamethasone prophylaxis. Support. Care
Cancer 29(12), 8059-8067. https://doi.org/10.1007/s00520-021-06342-2 (2021).

Ito, Y. et al. Placebo-controlled, double-blinded Phase III study comparing dexamethasone on Day 1 With dexamethasone on
Days 1 to 3 With combined Neurokinin-1 receptor antagonist and palonosetron in high-emetogenic chemotherapy. J. Clin. Oncol.
36(10), 1000-1006. https://doi.org/10.1200/JCO.2017.74.4375 (2018).

Roila, E, Ruggeri, B., Ballatori, E., Del Favero, A. & Tonato, M. Aprepitant versus dexamethasone for preventing chemotherapy-
induced delayed emesis in patients with breast cancer: A randomized double-blind study. J. Clin. Oncol. 32(2), 101-106. https://
doi.org/10.1200/JCO.2013.51.4547 (2014).

Saito, Y., Takekuma, Y., Takeshita, T. & Sugawara, M. Impact of reducing day 1 dexamethasone dose in anthracycline-containing
regimens on acute gastrointestinal symptoms associated with breast cancer treatment. Sci. Rep. 11(1), 23298. https://doi.org/10.
1038/s41598-021-02765-3 (2021).

Waks, A. G. et al. Pneumocystis jiroveci pneumonia (PCP) in patients receiving neoadjuvant and adjuvant anthracycline-based
chemotherapy for breast cancer: Incidence and risk factors. Breast Cancer Res. Treat. 154(2), 359-367. https://doi.org/10.1007/
510549-015-3573-2 (2015).

Matsumoto, K. et al. Relation between dexamethasone (DEX) usage, preventive trimetprim/sulfametoxazole (ST), and pneumo-
cystis pneumonia (PCP) for patients with breast cancer receiving dose-dense AC followed by dose-dense paclitaxel (ddAC-ddP):
Preplanned analysis of WJOG9016B. J. Clin. Oncol. 37(15_suppl), €12022. https://doi.org/10.1200/JC0O.2019.37.15_suppl.e12022
(2019).

Nakamura, M. et al. A prospective observational study on effect of short-term periodic steroid premedication on bone metabolism
in gastrointestinal cancer (ESPRESSO-01). Oncologist 22(5), 592-600. https://doi.org/10.1634/theoncologist.2016-0308 (2017).

Scientific Reports |

(2022) 12:12587 | https://doi.org/10.1038/s41598-022-16935-4 nature portfolio


https://doi.org/10.1002/cncr.33100,Pubmed:32786044
https://doi.org/10.1200/JCO.2001.19.8.2201,Pubmed:11304772
https://doi.org/10.1007/s00520-006-0176-9,Pubmed:17139495
https://doi.org/10.1007/s00520-006-0176-9,Pubmed:17139495
https://doi.org/10.1002/cncr.11671
https://doi.org/10.1016/S0140-6736(14)62048-1
https://doi.org/10.1016/S0140-6736(14)62048-1
https://doi.org/10.1200/JCO.2009.24.7643
https://doi.org/10.1016/j.ejca.2013.09.023
https://doi.org/10.1200/JCO.2006.06.5391
https://doi.org/10.1007/s00520-019-04848-4
https://doi.org/10.1007/s00520-013-1810-y
https://doi.org/10.1007/s00520-013-1810-y
https://doi.org/10.1053/j.soncn.2003.10.003
https://doi.org/10.1007/s00520-019-04888-w
https://doi.org/10.2147/OTT.S96899
https://doi.org/10.1155/2012/490804
https://doi.org/10.1155/2012/490804
https://doi.org/10.1186/1748-717X-5-22
https://doi.org/10.1016/j.cyto.2003.10.004
https://doi.org/10.1016/j.oraloncology.2006.04.011
https://doi.org/10.1016/j.oraloncology.2006.04.011
https://doi.org/10.1200/JCO.2017.74.4789
https://doi.org/10.1007/s10147-020-01818-3
https://doi.org/10.1007/s10147-020-01818-3
https://doi.org/10.1007/s00520-011-1107-y
https://doi.org/10.3109/07357909909040598
https://doi.org/10.22034/APJCP.2017.18.8.2019
https://doi.org/10.1007/s40496-015-0069-4
https://doi.org/10.1007/s40496-015-0069-4
https://doi.org/10.1016/j.oraloncology.2010.03.012
https://doi.org/10.1016/j.oraloncology.2010.03.012
https://doi.org/10.1007/s00520-019-04808-y
https://doi.org/10.1007/s00520-021-06342-2
https://doi.org/10.1200/JCO.2017.74.4375
https://doi.org/10.1200/JCO.2013.51.4547
https://doi.org/10.1200/JCO.2013.51.4547
https://doi.org/10.1038/s41598-021-02765-3
https://doi.org/10.1038/s41598-021-02765-3
https://doi.org/10.1007/s10549-015-3573-2
https://doi.org/10.1007/s10549-015-3573-2
https://doi.org/10.1200/JCO.2019.37.15_suppl.e12022
https://doi.org/10.1634/theoncologist.2016-0308

www.nature.com/scientificreports/

33. Chirivella, L. et al. Optimal delivery of anthracycline-based chemotherapy in the adjuvant setting improves outcome of breast
cancer patients. Breast Cancer Res. Treat. 114(3), 479-484. https://doi.org/10.1007/s10549-008-0018-1 (2009).

34. Bretzel, R. L. Jr. et al. Dose intensity in early-stage breast cancer: A community practice experience. J. Oncol. Pract. 5(6), 287-290.
https://doi.org/10.1200/JOP.091036 (2009).

35. Zhang, L. et al. Impact of chemotherapy relative dose intensity on cause-specific and overall survival for stage I-1II breast cancer:
ER+/PR+, HER2- vs triple-negative. Breast Cancer Res. Treat. 169(1), 175-187. https://doi.org/10.1007/s10549-017-4646-1 (2018).

36. Kashiwazaki, H. et al. Professional oral health care reduces oral mucositis and febrile neutropenia in patients treated with allogeneic
bone marrow transplantation. Support. Care Cancer 20(2), 367-373. https://doi.org/10.1007/s00520-011-1116-x (2012).

37. Keefe, D. M. et al. Updated clinical practice guidelines for the prevention and treatment of mucositis. Cancer 109(5), 820-831.
https://doi.org/10.1002/cncr.22484 (2007).

38. Katano, M., Nakamura, M., Matsuo, T., Iyama, A. & Hisatsugu, T. Effect of granulocyte colony-stimulating factor (G-CSF) on
chemotherapy-induced oral mucositis. Surg. Today 25(3), 202-206. https://doi.org/10.1007/BF00311527 (1995).

Author contributions
Designed the study: Y.S., Y.T. Performed the research: Y.S. Analyzed the data: Y.S. Contributed new methods or
models: Y.S., Y.T. Wrote the paper: Y.S. All authors have read and approved the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:12587 | https://doi.org/10.1038/s41598-022-16935-4 nature portfolio


https://doi.org/10.1007/s10549-008-0018-1
https://doi.org/10.1200/JOP.091036
https://doi.org/10.1007/s10549-017-4646-1
https://doi.org/10.1007/s00520-011-1116-x
https://doi.org/10.1002/cncr.22484
https://doi.org/10.1007/BF00311527
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impact of systemic dexamethasone administration on oral mucositis induced by anthracycline-containing regimens in breast cancer treatment
	Results
	Patient characteristics. 
	Comparison of the OM and dysgeusia incidence. 
	Assessment of the risk factors for OM incidence. 

	Discussion
	Methods
	Patients. 
	Treatment methods. 
	Evaluation of OM and dysgeusia. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	References


