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Purpose  Several previous studies and case reports have reported ethanol-induced symptoms in patients receiving anticancer drugs 
containing ethanol. Most docetaxel formulations contain ethanol as a solvent. However, there are insufficient data on ethanol-induced 
symptoms when docetaxel-containing ethanol is administered. The primary purpose of this study was to investigate the frequency 
and pattern of ethanol-induced symptoms during and after docetaxel administration. The secondary purpose was to explore the risk 
factors for ethanol-induced symptoms.    
Materials and Methods  This was a prospective, multicenter, observational study. The participants filled out ethanol-induced symp-
tom questionnaire on the day of chemotherapy and the following day.   
Results  Data from 451 patients were analyzed. The overall occurrence rate of ethanol-induced symptoms was 44.3% (200/451 
patients). The occurrence rate of facial flushing was highest at 19.7% (89/451 patients), followed by nausea in 18.2% (82/451  
patients), and dizziness in 17.5% (79/451 patients). Although infrequent, unsteady walking and impaired balance occurred in 4.2% 
and 3.3% of patients, respectively. Female sex, presence of underlying disease, younger age, docetaxel dose, and docetaxel-contain-
ing ethanol amount were significantly associated with the occurrence of ethanol-induced symptoms. 
Conclusion  The occurrence of ethanol-induced symptoms was not low in patients receiving docetaxel-containing ethanol. Physicians 
need to pay more attention to the occurrence of ethanol-induced symptoms and prescribe ethanol-free or low-ethanol-containing 
formulations to high-risk patients. 
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Introduction

Some intravenous anticancer drugs contain ethanol as 
a solvent to increase their solubility. Widely used chemo-
therapy formulations containing ethanol include paclitaxel, 
docetaxel, cabazitaxel, gemcitabine, and etoposide [1]. Sev-
eral previous studies and case reports have reported ethanol- 
induced symptoms in patients receiving anticancer drugs 
containing ethanol [2-5]. Docetaxel is used alone or in combi-
nation with chemotherapy for various types of cancer, such 
as breast, prostate, lung, stomach, and head and neck can-
cers. Most docetaxel formulations contain ethanol as a sol-
vent. In 2014, the U.S. Food and Drug Administration (FDA) 
warned that the intravenous chemotherapy drug docetaxel 
contains ethanol, which may cause patients to experience  
alcohol intoxication or feel drunk during and after treatment 
[6]. The ethanol-induced symptoms during or after docetax-
el administration are temporary and difficult to distinguish 

from symptoms caused by adverse events of anticancer 
drugs, the patient’s underlying disease, and/or concomitant 
medications. However, since there are only case reports or 
small-scale studies on this issue, there are insufficient data 
on the frequency, the pattern of occurrence, and predisposing 
factors of ethanol-induced symptoms when docetaxel-con-
taining ethanol is administered. Based on this background, 
we planned a prospective observational study on ethanol-
induced symptoms in patients receiving docetaxel formula-
tions containing ethanol. In addition, since ethanol-induced 
symptoms may appear even at lower blood ethanol levels in 
Asians, this study on Korean patients was expected to pro-
vide more meaningful data.  
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Materials and Methods

1. Study objectives and design
The primary purpose of this prospective, multicenter, 

observational study was to investigate the frequency and 
pattern of ethanol-induced symptoms during and after doc-
etaxel administration. The secondary purpose was to exp-
lore the risk factors for ethanol-induced symptoms. A self-
symptom questionnaire (S1 Fig.) was developed to evaluate 
ethanol-induced symptoms based on the literature [3,7]. The 
participants completed an ethanol-induced symptom ques-
tionnaire on the day of chemotherapy (before docetaxel injec-
tion, during docetaxel injection, and within 30 minutes from 
completion of docetaxel injection) and the following day (24 
hours after completion of docetaxel injection). The investiga-
tor or co-investigator permitted phone surveys the following 
day. There were no treatment guidelines in the study proto-
col, such as the administration of chemotherapy, including 
docetaxel. Therefore, the brand name and administration 
method of docetaxel were determined by the investigators of 
each institution. This study was conducted from June 2020 to 
February 2021 at 21 institutions in South Korea.

2. Sample size determination
Prior systematic studies on ethanol-induced symptoms 

caused by the administration of ethanol-containing doc-
etaxel are lacking. The occurrence rate of ethanol-induced 
symptoms was 33.3% in a study of patients treated with eth-
anol-containing gemcitabine [3]. Therefore, the occurrence 
rate of ethanol-induced symptoms during or after docetaxel 
administration was assumed to be approximately 30%. The 
number of subjects was calculated with an accuracy of 95% 
confidence intervals and within 8% of the width of the con-
fidence interval [8,9]. A total of 505 calculated patients were  
included, and 562 subjects were required, considering a 
dropout rate of 10%. Because of the delayed subject enroll-
ment, the study was closed after 458 enrollments. The width 
of the confidence interval for the primary endpoint after 
early study discontinuation was 9.37%. Since there was no 
remarkable difference between the confidence interval width 
at the time of the study design and the confidence interval 
width at the early end of the study, we closed the study sub-
ject registration and analyzed the data.

3. Study patients
This study included patients who (1) were aged 19 years 

or older, (2) were diagnosed with cancer, (3) received chemo-
therapy including docetaxel (above 50 mg/m2) that con-
tained ethanol, (4) had an Eastern Cooperative Oncology 
Group (ECOG) performance status ≤ 2, (5) could read and 
understand documents written in Korean, and (6) signed 

the informed consent form. The exclusion criteria were as 
follows: (1) could not read and write the survey documents, 
(2) with significant neurological or psychiatric disorder, (3)  
metastasis to the central nervous system, (4) active hepati-
tis, (5) significant anemia (hemoglobin < 9 g/dL), (6) abnor-
mal liver function test results (aspartate aminotransferase, 
alanine aminotransferase, or total bilirubin ≥ two times or 
more than the upper limits of the normal range), (7) received 
chemotherapeutic drug(s) containing ethanol except doc-
etaxel, (8) consumed alcohol within 24 hours before docetax-
el administration, (9) intake of hypnotics or sedatives within 
24 hours before docetaxel administration, (10) pregnant or 
breastfeeding, (11) participated in another clinical trial or 
had a plan to participate during the study period, (12) and 
deemed not suitable to participate in the study as judged by 
the investigator.

4. Data collection
In addition to the survey, the following data were collected: 

(1) sex and age, (2) detailed history of alcohol consumption; 
(3) height, body weight, and body mass index; (4) diagnosis 
of cancer; (5) ECOG performance status; (6) comorbidities; 
(7) current medications; (8) detailed data of docetaxel injec-
tion: brand name, dose, amount of ethanol administration; 
and (9) detailed data of intravenous solutions for infusion 
before, during, and after the docetaxel injection. In addition, 
the blood alcohol content was calculated using a simplified 
version of the Widmark formula [10]. The ethanol amounts 
contained in the docetaxel formulation according to the man-
ufacturer were calculated based on the data summarized in 
S2 Table [6].

5. Statistical analysis
Ethanol-induced symptoms were considered to have  

occurred if the number of symptoms increased during or  
after docetaxel administration compared to before adminis-
tration. Continuous variables were presented as descriptive 
statistics (subject number, mean, and standard deviation). 
For categorical variables, the numbers of patients and per-
centages (%) were presented. The ethanol-induced symp-
toms were presented as 95% Clopper-Pearson’s exact con-
fidence interval of occurrence rate, and the occurrence rate 
differences were analyzed using the chi-square test or Fish-
er’s exact test for risk factors. The overall occurrence of eth-
anol-induced symptoms was analyzed using simple logis- 
tic regression, and the odds ratios, 95% Wald confidence  
intervals, and p-values were presented as risk factors. In  
addition, multiple logistic regression analysis was performed 
to identify risk factors affecting the overall occurrence of 
ethanol-induced symptoms, and the odds ratio, 95% Wald 
confidence interval, and p-value were presented. The results 
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of all variables, including the outcomes, were rounded to the 
second decimal place, and the p-value was presented to the 
fourth decimal place. Statistical significance was set at p < 
0.05, and all p-values corresponded to the two-sided signifi-
cance tests. Statistical analysis was performed using SAS ver. 
9.4 (SAS Institute Inc., Cary, NC).

Results

1. Baseline characteristics of the study patients
A total of 458 patients were enrolled, and the data from 

451 patients were analyzed, excluding seven patients who 
dropped out. The baseline characteristics of the patients are 
shown in Table 1. The median age was 54.0 years (range, 23 
to 86 years). Seventy-four patients were male (16.4%), and 
377 were female (83.6%). The median height, weight, and 
body mass index were 159.7 cm, 59.4 kg, and 23.4 kg/m2. 
A total of 412 patients (91.4%) did not drink alcohol. Two-

hundred-and-twelve patients (47.0%) had at least one under-
lying disease. When classified according to the purpose of 
chemotherapy, 197 patients (43.7%) received adjuvant chem-
otherapy, 165 patients (36.6%) received neoadjuvant chemo-
therapy, and 89 patients (19.7%) received palliative chemo-
therapy. A total of 230 patients (51.0%) were treated with 
combination therapy, and 221 patients (49.0%) were treated 
with docetaxel monotherapy. The anticancer drugs included 
in the combination therapy are summarized in S3 Table. The 
detailed docetaxel administration data are shown in Table 2 
and S4 Table. The doses of ethanol administered per hour are 
shown in S5 Table.

2. Descriptive analysis for ethanol-induced symptoms
Ethanol-induced symptoms increased in 200 of 451 pati-

ents during or after docetaxel administration compared to 
before administration. Therefore, the overall occurrence rate 
of ethanol-induced symptoms was 44.3% (95% confidence 
interval, 39.7 to 49.1). The ethanol-induced symptoms were 
classified into category 1 (dizziness, difficulty speaking,  
unsteady walking, impaired balance, mood swings, and 
slower reactions) and category 2 (facial flushing, headache, 
nausea, palpitation, and blurred vision). Category 1 symp-
toms were derived from a previous study [3], and category 
2 symptoms were derived from the symptoms of acute etha-
nol intoxication [7]. The occurrence rates for each ethanol-
induced symptom category were 21.3% in category 1 (96/451 
patients) and 37.7% in category 2 (170/451 patients). In the 
analysis of the individual symptom occurrence (Fig. 1), the 
occurrence rate of facial flushing was the highest in 19.7% 
(89/451 patients), followed by nausea in 18.2% (82/451 pati-
ents), and dizziness in 17.5% (79/451 patients). The occur-
rence of ethanol-induced symptoms by time point was the 
highest at “24 hours after completion of docetaxel injection” 
(28.8%, 130/451 patients), followed by “during docetaxel 
injection” (20.2%, 91/451 patients), and “within 30 minutes 
from completion of docetaxel injection” (18.4%, 83/451 pati- 
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Table 1.  Baseline characteristics of the study patients

 Total (n=451)

Age (yr) 54 (23-86)
Sex 
    Male 74 (16.4)
    Female 377 (83.6)
ECOG PS 
    0 293 (65.0)
    1 152 (33.7)
    2 6 (1.3)
BMI (kg/m2) 23.4 (14.4-37.0)
Diagnosis 
    Breast cancer 359 (79.6)
    Head/Neck cancer 21 (4.7)
    Lung cancer 19 (4.2)
    Esophageal cancer 18 (4.0)
    Prostate cancer 17 (3.8)
    Gastric cancer 9 (2.0)
    Ovarian cancer 4 (0.9)
    Sarcoma 2 (0.4)
    Others 2 (0.4)
Purpose of chemotherapy 
    Neoadjuvant  165 (36.6)
    Adjuvant 197 (43.7)
    Palliative 89 (19.7)
Docetaxel monotherapy 221 (49.0)
Combination regimens 230 (51.0)
Values are presented as median (range) or number (%). BMI, 
body mass index; ECOG PS, Eastern Cooperative Oncology 
Group performance status.

Table 2.  Detailed information of docetaxel administration

 Total (n=451)

Docetaxel dose (mg) 117 (65-177)
Ethanol in docetaxel dose (g) 2.31 (1.28-3.50)
Estimated BACa) (g/dL) 0.007 (0.004-0.010)
Diluted solutions for docetaxel infusion 
    5% Dextrose water 427 (94.7)
    Normal saline 23 (5.1)
    Others 1 (0.2)
Values are presented as median (range) or number (%). BAC, 
blood alcohol concentration. a)The blood alcohol content was cal-
culated using the Widmark formula.
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ents). Analysis of the occurrence rate of ethanol-induced 
symptoms during administration revealed that dizziness  
occurred most frequently in 8.9% (40/451 patients), followed 
by nausea in 6.7% (30/451 patients), palpitation in 5.1% 
(23/451 patients), and facial flushing 4.9% (22/451 patients). 
Within 30 minutes after the end of the administration, dizzi-
ness occurred most frequently in 7.8% (35/451 patients), fol-
lowed by nausea in 6.2% (28/451 patients), flushing in 4.7% 
(21/451 patients), and headache with 3.8% (17/451 patients) 
(Table 3).

3. Risk factors for the occurrence of ethanol-induced symp-
tom

The overall occurrence rate of ethanol-induced symptoms 
was 32.4% (24/74 patients) in males and 46.7% (176/377  
patients) in females (p=0.024). The overall occurrence rate 
of ethanol-induced symptoms was 37.7% (80/212 patients) 
in patients with underlying disease(s) and 50.2% (120/239 
patients) in patients without underlying disease(s) (p=0.008). 
However, there was no statistically significant difference in 
the occurrence of ethanol-induced symptoms according to 
alcohol drinking history, ECOG performance status, and 

Table 3.  The occurrence rate of ethanol-induced symptoms at each time point

Symptom
         Occurrence rate (95% CI, %)

 During Within 30 min After 24 hr

Category 1
    Dizziness 8.9 (6.4-11.9) 7.8 (5.5-10.6) 9.1 (6.6-12.1)
    Difficulty speaking 0.9 (0.2-2.3) 0.7 (0.1-1.9) 0.9 (0.2-2.3)
    Unsteady walking 1.8 (0.8-3.5) 1.1 (0.4-2.6) 2.2 (1.1-4.0)
    Impaired balance 1.3 (0.5-2.9) 1.3 (0.5-2.9) 1.8 (0.8-3.5)
    Mood swings 1.8 (0.8-3.5) 2.0 (0.9-3.7) 3.3 (1.9-5.4)
    Slower reactions 2.0 (0.9-3.7) 2.2 (1.1-4.0) 2.4 (1.2-4.3)
Category 2   
    Facial flushing 4.9 (3.1-7.3) 4.7 (2.9-7.0) 16.2 (12.9-19.9)
    Headache 3.3 (1.9-5.4) 3.8 (2.2-6.0) 6.0 (4.0-8.6)
    Nausea 6.7 (4.5-9.4) 6.2 (4.2-8.9) 10.2 (7.6-13.4)
    Palpitation 5.1 (3.3-7.5) 3.6 (2.0-5.7) 3.6 (2.0-5.7)
    Blurred vision 2.0 (0.9-3.7) 2.2 (1.1-4.0) 2.4 (1.2-4.3)
CI, confidence interval.

21.3% (17.6-25.4)c)

5.8% (3.8-8.3)

8.2% (5.8-11.1)

18.2% (14.7-22.1)

9.3% (6.8-12.4)

19.7% (16.2-23.7)

37.7% (33.2-42.4)

4.7% (2.9-7.0)

5.8% (3.8-8.3)

3.3% (1.9-5.4)

4.2% (2.6-6.5)

1.3% (0.5-2.9)

17.5% (14.1-21.4)Dizziness

Difficulty speaking

Unsteady walking

Impaired balance

Mood swings

Slower reactions

Category-2b)

Facial flushing

Headache

Nausea

Palpitation

Blurred vision

Category-1a)

Fig. 1.  The occurrence rates for each ethanol-induced symptom. a)Category 1 symptoms: dizziness, difficulty speaking, unsteady walking, 
impaired balance, mood swings, slower reactions, b)Category 2 symptoms: facial flushing, headache, nausea, palpitation, blurred vision,  
c)Occurrence rate (%) (95% confidence interval).
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chemotherapy characteristics. The probability of ethanol- 
induced symptoms decreased significantly (p < 0.001) by 
0.97-fold when age increased by 1 year. When the docetaxel 
dose was increased by 1 mg, the probability of occurrence 
of ethanol-induced symptoms increased by statistical signifi-
cance (p=0.007) by 1.02-fold. When the amount of ethanol in 
the docetaxel formulation increased by 1 g, the probability 
of ethanol-induced symptoms increased by 2.38-fold, which 
was statistically significant (p=0.007). There was no signifi-
cant difference in the occurrence of side effects between the 
docetaxel monotherapy and combination therapy groups 
(Table 4). Due to very low blood alcohol concentration lev-
els, the odds ratio was difficult to estimate. The occurrence 
of symptoms was compared to the amount of ethanol, divi-
ded into categories of < 2, 2-3, and ≥ 3. Most of the symp-
toms occurred in the 2-3 g of ethanol, which included most 
subjects (S6 Table). There was no statistically significant dif-
ference according to body mass index. According to a more 
detailed analysis of the occurrence of symptoms within 30 
minutes of the completion of docetaxel injection, the doc-
etaxel dose (odds ratio, 1.02; 95% confidence interval, 1.00 to 
1.04; p=0.019) and amount of ethanol in the docetaxel formu-
lation (odds ratio, 2.65; 95% confidence interval, 1.17 to 6.00; 
p=0.019) were significantly associated with the occurrence 
of ethanol-induced symptoms. Analysis of the occurrence 
of each ethanol-induced symptom according to sex revealed 
that the occurrence rate of facial flushing was 5.4% (4/74  
patients) in males and 22.6% (85/377 patients) in females, 
and this difference was statistically significant (p < 0.001). 
It was also found that the probability of facial flushing  
increased by 1.02-fold when the docetaxel dose was increa-
sed by 1 mg (p=0.026). When the amount of ethanol was 
increased by 1 g, the probability of facial flushing increased 
2.46-fold (p=0.026).

Discussion

Despite the recent development of many anticancer drugs, 
cytotoxic anticancer drugs are still the basis of chemotherapy, 
either monotherapy or combination regimens. Most cyto-
toxic anticancer drugs have lipophilic properties, rendering 
it difficult to formulate for intravenous injections. Ethanol 
is a commonly used solvent to increase solubility when 
manufacturing anticancer drugs for injection. According to 
a recent study conducted by Hiver et al. [11] on ethanol con-
tained in anticancer drugs available in France, the content of 
ethanol contained in each anticancer drug was 91 to 400 mg/
mL for docetaxel, 395 to 440 mg/mL for gemcitabine, 385 to 
402 mg/mL for paclitaxel, and 241 to 248 mg/mL for etopo-
side, respectively. In addition, the analysis showed that 3,172 
of the 63,613 chemotherapy preparations (4.99%) contained 
more than 3 g of ethanol [11]. Several previous studies have 
reported that the concentration of ethanol in the blood may 
increase, and ethanol-induced symptoms may occur after  
administering anticancer drug-containing ethanol to a pati-
ent. It is an important issue that is not an adverse effect of the 
anticancer drug but an adverse effect of ethanol as a solvent. 
Aomori et al. [2] conducted a study to measure the ethanol 
concentration in exhaled gas after the administration of etha-
nol-containing paclitaxel. The average ethanol concentration 
in exhaled breath immediately after intravenous infusion of 
paclitaxel was 0.028±0.015 mg/L (±standard deviation). The 
estimated blood ethanol concentration was 0.06±0.03 mg/
mL. Several patients complained of facial flushing or head-
aches after the end of intravenous infusion [2]. Webster et al. 
[5] reported that the average plasma ethanol concentration 
after administration of paclitaxel was 0.006-0.033 g/dL. Yagi 
et al. [12] investigated the patient’s tolerability to alcohol-
contained paclitaxel based on the aldehyde dehydrogenase 
2 (ALDH2) genotype. Ten patients who underwent chemo-
therapy containing paclitaxel were questioned about 16 
alcohol-related symptoms. Five patients (50%) complained 
of alcohol-related symptoms after paclitaxel infection. Hot 
flushes and somnolence were the most common alcohol-
related symptoms experienced by patients (40% of the  
patients). All alcohol-related symptoms were grade 1 (Com-
mon Terminology Criteria for Adverse Events, ver. 4.0) [12]. 
Diez-Fernandez et al. [3] investigated the ethanol-induced 
symptoms in patients receiving ethanol-containing gemcit-
abine. The mean administered ethanol dose was 15.81±2.25 
g. The estimated blood ethanol concentration was 0.033 g/
dL according to the Widmark formula. The overall inci-
dence of ethanol-related symptoms was 33.3% in patients 
treated with ethanol-containing gemcitabine. The most com-
mon symptoms were dizziness (29.2%) and unsteady walk-
ing (16.7%). Although the difference was not statistically 
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Table 4.  Risk factors for overall ethanol-induced symptom

                           Total (n=451)

 Odds ratio  
p-value

 (95% CI)

Age (yr) 0.97 (0.95-0.99) 0.001
BMI (kg/m2) 1.02 (0.97-1.08) 0.361
Docetaxel dose (mg) 1.02 (1.00-1.03) 0.007
Amount of ethanol (g) 2.38 (1.27-4.48) 0.007
Sex (female vs. male) 1.82 (1.08-3.09) 0.025
Underlying disease  1.66 (1.14-2.42) 0.008
  (without vs. with) 
Chemotherapy  1.39 (0.96-2.02) 0.084
  (combination vs. monotherapy)
 BMI, body mass index; CI, confidence interval.
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significant, the incidence of ethanol-related symptoms in  
females was higher [3]. Mirza and Mithal [4] reported a 
patient who developed alcohol intoxication with a new 
formulation of docetaxel, which contained a higher quan-
tity of ethanol. The patient complained of blurred vision, 
drowsiness, imbalance, confusion, diplopia, and dizziness 
for 3 hours. After the event, the patient received the older 
formulation again, and the symptoms did not recur [4]. In 
2014, based on this case report, the U.S. FDA warned that the 
intravenous chemotherapy drug docetaxel contains ethanol, 
also known as alcohol, which may cause patients to experi-
ence intoxication or feel drunk during and after treatment. 
The U.S. FDA also mentioned that healthcare professionals 
should consider the alcohol content of docetaxel when pre-
scribing or administering the drug to patients, particularly in 
those whose alcohol intake should be avoided or minimized 
and when using it in conjunction with other medications. 
In the present study, the overall occurrence rate of ethanol-
induced symptoms related to the administration of ethanol-
containing docetaxel was 44.3%. According to the results of 
previous studies and the present study, it could be suggest-
ed that ethanol contained in the docetaxel formulation has  
adverse effects in addition to its role as a solubilizing agent. 
In this study, facial flushing was the most common ethanol-
induced symptom, which is relatively non-dangerous. Dizzi-
ness, one of the symptoms requiring more careful attention 
because it can be hazardous, occurred in 17.5% of patients. 
Although infrequent, unsteady walking and impaired bal-
ance, which can cause serious problems for patient safety, 
occurred in 4.2% and 3.3% of patients, respectively. These 
symptoms are also likely to cause accidents when driving 
a car or performing dangerous tasks. In the present study,  
according to the results of the analysis of the time of onset of 
ethanol-induced symptoms, approximately 20% of patients 
at each time point developed symptoms during docetaxel  
injection and immediately after the end of docetaxel injec-
tion. In contrast, the occurrence rate of 29% 24 hours after 
the end of the docetaxel injection suggests that some patients 
may develop symptoms later. Therefore, it is recommended 
that physicians and medical staff observe the patient for a 
more extended period for the possibility of delayed symp-
toms.

Although the ethanol content varies depending on the 
manufacturer, when ethanol is administered intravenously 
rather than from drinking alcohol, a higher blood ethanol 
concentration can be reached even with a small amount. In 
addition, intravenous ethanol may have a significant nega-
tive impact because of its direct effects on the central nerv-
ous system by bypassing first-pass metabolism. Ethanol is 
metabolized by alcohol dehydrogenase and ALDH2. Peo-
ple with low ALDH2 activity are more sensitive to physi-

cal changes caused by alcohol. In particular, Asians have 
genetically lower ALDH2 activity than Westerners, and 
ethanol-induced symptoms such as hot flashes, nausea, and 
tachycardia after drinking are more frequent [13]. In addi- 
tion to genetically low ALDH2 activity, factors that can  
affect the expression of ethanol-induced symptoms include 
sex, ethanol dose, ethanol administration rate, age, body 
weight, comorbidities, and concomitant medications [14,15]. 
Therefore, the toxicity caused by ethanol in anticancer drugs 
varies from mild symptoms to severe ethanol poisoning. In 
particular, elderly, underweight, or female patients may be 
more susceptible to ethanol-induced symptoms [16-19]. The 
present study found that sex, presence of underlying dis-
ease, age, docetaxel dose, and docetaxel-containing ethanol 
amount were significantly associated with the occurrence of 
ethanol-induced symptoms. The occurrence rate of ethanol-
induced symptoms was 32.4% in men and 46.7% in women. 
The difference by sex was a predictable result due to the 
quantitative difference in ALDH2 activity between males 
and females [16,17,19]. Elderly patients are also known to be 
vulnerable to ethanol toxicity. Changes in ethanol metabo-
lism and the distribution volume of water in elderly patients 
promote the development of ethanol intoxication [18]. How-
ever, in the present study, it was found that the occurrence 
decreased with increasing age. Although it is difficult to  
explain the cause of this result, one possible explanation is 
that elderly patients may not be sensitive to various symp-
toms. This study demonstrated a significantly higher occur-
rence of ethanol-induced symptoms in patients without 
underlying disease than in those with underlying disease. 
Many medications can interact with alcohol, thereby altering 
the metabolism or effects of alcohol [20]. Therefore, a pos-
sible reason for the significantly lower occurrence of ethanol-
induced symptoms in patients with underlying diseases may 
be the enzymes that metabolize ethanols induced by expo-
sure to various drugs [21], and the underlying diseases may 
have reduced the pharmacological response to ethanol.

There are some limitations to this study. First, it is impos-
sible to completely distinguish whether the various symp-
toms collected in this study and classified as ethanol-induced 
symptoms are caused by docetaxel drugs, ethanol contained 
in docetaxel formulations, or related to the other drugs before 
and after docetaxel injections. However, an analysis showed 
a tendency to increase the occurrence of ethanol-induced 
symptoms depending on the amount of ethanol adminis-
tered. Furthermore, comparing the occurrence of ethanol-
induced symptoms by classifying the dose range of ethanol 
administered, we found that ethanol-induced symptoms 
tended to occur more in patients administered 2-3 g than in 
patients administered less than 2 g. Therefore, the symptoms 
collected and classified as ethanol-induced syndrome are 
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likely related to ethanol in the docetaxel formulation. Second, 
this study was conducted through a competitive registration 
method without restrictions or adjustments when registering 
study patients. About 80% of the study patients were breast 
cancer patients. Therefore, the sex of the study patients was 
not balanced between men and women, and the proportion 
of female patients was high. Because the results showed a 
high occurrence of ethanol-induced symptoms in women, 
the overall occurrence of ethanol-induced symptoms in this 
study may have been overestimated.

This study is valuable as the first large-scale, prospective 
study to present essential data on the frequency, aspects, and 
factors related to the occurrence of ethanol-induced symp-
toms after administration of docetaxel-containing ethanol. 
It was confirmed that the occurrence of ethanol-induced 
symptoms was not low in patients receiving docetaxel-con-
taining ethanol and that there were more vulnerable pati-
ents according to sex, age, and docetaxel dose. Based on the  
results of this study, it is necessary to provide guidelines for 
physicians and medical staff prescribing and administering 
ethanol-containing docetaxel. Physicians need to pay more 
attention to the occurrence of ethanol-induced symptoms 
and prescribe ethanol-free or low-ethanol-containing formu-
lations to high-risk patients. In addition, patients receiving 
ethanol-containing docetaxel should avoid driving a car or 
engaging in dangerous activity for several hours after the 
end of docetaxel infusion. Conversely, when manufacturing 
anticancer drugs, pharmaceutical companies need to reduce 
the amount of ethanol or develop other solubilizing agents 
that can replace ethanol or ethanol-free formulations.
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