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Abstract. Background/Aim: To monitor adverse events
rapidly and accurately during combination chemotherapy,
we established an innovative medication instruction sheet
(MIS) including cytarabine and idarubicin induction therapy.
However, it is unclear whether this MIS allows for the
accurate prediction of adverse events and their onset timing
in a clinically significant manner. We therefore evaluated the
clinical usefulness of our MIS for monitoring adverse events.
Patients and Methods: Patients who received cytarabine and
idarubicin induction therapy for acute myeloid leukemia
(AML) at the Department of Hematology, Kyushu University
Hospital between January 2013 and February 2022 were
included. The real-world clinical data were compared to the
MIS to determine the accuracy of the MIS for predicting the
onset and duration of adverse events in patients with AML
during induction chemotherapy. Results: Thirty-nine patients
with AML were included in this study. Overall, 294 adverse
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events were noted, all of which were predicted items in the
MIS. Among the 192 non-hematological adverse events, 131
(68.2%) occurred during a similar period as that listed in
the MIS, whereas among the 102 hematological adverse
events, 98 (96.1%) appeared earlier than expected. For the
non-hematological events, the onset and duration of elevated
aspartate aminotransferase levels and nausea/vomiting
coincided well with those listed in the MIS, whereas the
predictive accuracy for rashes was the lowest. Conclusion:
Hematological toxicity was not predicted because of the
bone marrow failure associated with AML. Our MIS was
useful for rapidly monitoring non-hematological adverse
events in patients with AML receiving cytarabine and
idarubicin induction therapy.

Acute myeloid leukemia (AML) is the most common and lethal
form of acute leukemia in adults. Curative therapy for AML
requires induction therapy followed by curative-intent post-
induction therapy, often including allogeneic hematopoietic
stem cell transplantation (1). The most common induction
therapy for AML is cytarabine administered continuously for 7
days in combination with an anthracycline for the first 3 days,
commonly referred to as “7+3” (2-4).

Outcomes for patients with AML have improved in
recent years owing to advances in therapeutic agents and
steady improvements in supportive care (5, 6). Ensuring
optimal supportive care is therefore essential for improving
clinical outcomes.

Fatal adverse events including sepsis, bleeding, febrile
neutropenia, acute cardiac toxicity, and late-onset cardiac
failure have been reported in Japanese patients receiving
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induction therapy with cytarabine and an anthracycline (4).
However, the adverse events associated with subjective
symptoms that significantly reduce patients’ quality of life
have been reported less frequently. In addition, information
about the onset and timing of adverse events during
induction therapy with cytarabine and an anthracycline is
currently limited.

Clinical pharmacists are responsible for ensuring safe and
effective chemotherapy and allaying patients’ anxiety about
the incidence of adverse events. They achieve this by
reviewing prescription orders based on the chemotherapy
regimen, providing safe and effective supportive care
medicine, and offering extensive explanations regarding the
onset, symptom severity, and duration of expected adverse
events (7-13).

Therefore, to monitor for adverse events quickly and
accurately during combination chemotherapy, we previously
established an innovative medication instruction sheet (MIS)
for monitoring for adverse events that are anticipated to
occur during combination chemotherapy. The MIS covers
300 chemotherapy regimens, including cytarabine and
idarubicin induction therapy (7).

This MIS allows for the chemotherapy treatment schedule
and the type, onset, and duration of adverse events to be
easily visualized and rapidly recognized. To predict the type,
onset, and duration of adverse events, the MIS was created
with reference to package inserts, manufacturers’ brochures,
and previous literature (14-16).

However, the accuracy of the MIS for predicting adverse
events associated with induction chemotherapy in the
clinical setting has not been determined. Therefore, in this
study, we evaluated the clinical usefulness of the MIS for
patients with AML receiving cytarabine and idarubicin
induction therapy.

Patients and Methods

Assessment of the MIS. Patients received cytarabine and idarubicin
induction therapy for AML at the Department of Hematology,
Kyushu University Hospital from January 2013 to February 2022
were included in the present study. Hematologists, nurses, and
pharmacists monitored for adverse events using the MIS for
cytarabine and idarubicin induction therapy and verified the
prescription of supportive care medicines when any sign of potential
adverse events appeared. Documented adverse events were graded
according to the Common Toxicity Criteria, version 5.0 (National
Cancer Institute, Bethesda, MD, USA).

In the present study, we evaluated the clinical usefulness of our
MIS by comparing adverse events and their onset in the clinical
setting with that indicated by the MIS.

Cytarabine and idarubicin induction therapy. Patients received 24-
hour infusions of cytarabine (100 mg/m?2) for 7 days starting on day
1 and 30-minute infusions of idarubicin (12 mg/m2) for 3 days
starting on day 1.
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Preparation of the MIS. Using Microsoft Excel® 2010 and later
Microsoft Windows platform versions, we created an MIS template
consisting of two sections: a treatment schedule section for
chemotherapeutic agents and supportive care medicine and an
anticipated adverse event section (Figure 1). The MIS lists the
prophylactic and supportive care medicines and includes a brief
description for clarity. The illustrations included in the MIS were
originally drawn by pharmacists at the Department of Pharmacy,
Kyushu University Hospital. Adverse events with an incidence rate
>10% were listed in the MIS as essential for medical professionals
to monitor. The onset timing and duration of adverse events were
marked in color to allow for the prompt recognition of adverse
events that required careful attention. Hematological toxicities were
excluded from the MIS because bone marrow failure, such as
decreased hemoglobin levels (95%), thrombocytopenia (87%), and
leukopenia (36%) are associated with AML and appear before the
induction of chemotherapy and thus would likely complicate the
monitoring of chemotherapy-associated hematological adverse
events. Our MIS was completed after approval from the
hematologists at our Department of Hematology.

Data analysis. The onset and duration of each adverse event were
compared between the clinical data and the MIS. The predictive
accuracy of the MIS was defined as the concordance rate of the
onset timing and duration of each adverse event in the clinical
setting with that predicted by the MIS.

The data are shown as the predictive accuracy rate and 95%
confidence interval (CI) for the proportion of the population, as
reported by Rumsey (17). The accuracy rate was statistically
compared for each adverse event of any grade and for the different
adverse event grades using the Kruskal-Wallis test followed by
Scheffe’s test. Other non-parametric analyses, such as the chi-square
test, were used to compare two groups. Data were analyzed using
JMP Pro® 16.2 (SAS Institute, Cary, NC, USA), and a p-value
<0.05 was considered statistically significant.

Ethics and consent. All study protocols were approved by the
Medical Ethics Review Committee of Kyushu University Graduate
School and Faculty of Medicine (approval No. 22151-00) and the
Doshisha Women’s College of Liberal Arts (approval No. 2022-19).
All procedures were performed in accordance with the ethical
standards of the Kyushu University Graduate School and Faculty of
Medicine, the Institutional Medical Ethics Review Committee at
Doshisha Women’s College of Liberal Arts, and the 1964
Declaration of Helsinki and its later amendments. Given the
retrospective nature of this study, the need for informed consent was
waived in accordance with the standards of the Kyushu University
Graduate School and Faculty of Medicine and Doshisha Women’s
College of Liberal Arts of Medicine Institutional Medical Ethics
Review Committee.

Results

Baseline clinical characteristics. Of the 41 potentially eligible
patients retrieved from the medical records, 39 were included
in the present study. One patient was excluded due to a
cerebellar hemorrhage on day 19 and the other patient was
excluded due to septic shock on day 23 after the start of
cytarabine and idarubicin induction therapy. Table I presents
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Table 1. Patient characteristics.

Number of patients 39
Sex
Male 22 (56.4%)
Female 17 (43.6%)
Age
Median, year (range) 49.0 (18-65)
ECOG-PS score
0 21 (53.8%)
1 15 (38.5%)
2 1(2.6%)
3 2 (5.1%)
Diagnosis
Acute myeloid leukemia 39 (100%)
Subjective symptoms and liver function
prior to initiation of induction therapy
Fever, CTCAE score
Grade 0 19 (48.7%)
Grade 1 9 (23.1%)
Grade 2 8 (20.5%)
Grade 3 2 (5.1%)
Grade 4 1(2.6%)
Rash, CTCAE score
Grade 0 39 (100%)
Nausea/Vomiting, CTCAE score
Grade 0 39 (100%)
Anorexia, CTCAE score
Grade 0 30 (76.9%)
Grade 1 9 (23.1%)
Stomatitis, CTCAE score
Grade 0 27 (69.2%)
Grade 1 11 (28.2%)
Grade 2 1 (2.6%)
Diarrhea, CTCAE score
Grade 0 39 (100%)
Increase in AST level, CTCAE score
Grade 0 27 (69.2%)
Grade 1 12 (30.8%)
Increase in ALT level, CTCAE score
Grade 0 32 (82.1%)
Grade 1 5 (12.8%)
Grade 2 1(2.6%)
Grade 3 1(2.6%)
Bone-marrow function
Leukopenia, CTCAE score
Grade 0 25 (64.1%)
Grade 1 2 (5.1%)
Grade 2 5 (12.8%)
Grade 3 7 (17.9%)
Decrease in hemoglobin level, CTCAE score
Grade 0 2 (5.1%)
Grade 1 6 (15.4%)
Grade 2 19 (48.7%)
Grade 3 12 (30.8%)
Thrombocytopenia, CTCAE score
Grade 0 5 (12.8%)
Grade 1 15 (38.5%)
Grade 2 8 (20.5%)
Grade 3 9 (23.1%)
Grade 4 2 (5.1%)

ECOG-PS: Eastern Cooperative Oncology Group performance status;
CTCAE: Common Toxicity Criteria, version 5.0; AST: aspartate
aminotransferase; ALT: alanine aminotransferase.

the baseline clinical characteristics of the 39 patients. The
median age of the patients was 49 years (range=18-65 years).
Most patients presented with a good performance status (0-1).
Before the start of cytarabine and idarubicin induction therapy,
20 patients (51.3%) had fevers, 9 (23.1%) had anorexia, 12
(30.8%) had stomatitis, and 19 (24.4%) had abnormal liver
function test levels, including alanine aminotransferase (ALT)
and aspartate aminotransferase (AST).

Additionally, most of the patients showed a reduction in
bone marrow function before chemotherapy: 37 (94.9%) had
decreased hemoglobin levels, 34 (87.2%) had
thrombocytopenia, and 14 patients (35.9%) had leukopenia.

Clinical usefulness of the MIS for predicting adverse events,
their onset timing, and duration. As shown in Table II, 294
adverse events in total were recorded among the 39 included
patients. Among the 192 non-hematological adverse events,
there were 34 incidences of fever (incidence rate, 87.2%), 33
incidences of diarrhea (84.6%), 31 incidences of anorexia
(79.4%), 27 incidences of nausea/vomiting (69.2%), 21
incidences of stomatitis (53.8%), 17 incidences of rash
(43.6%), 15 incidences of increased ALT levels (38.5%), and
14 incidences of increased AST levels (35.9%). Among the
102 hematological adverse events, 39 incidences of
leukopenia (100%), 36 incidences of thrombocytopenia
(92.3%), and 27 incidences of decreased hemoglobin levels
(69.2%) were recorded.

It is noteworthy that all of these adverse events were
predictable items described in the MIS. Among the 192 non-
hematological adverse events, 131 occurred during the same
period as that anticipated by the MIS, resulting in a 68.2%
(95%CI1=61.1-74.7) prediction accuracy. As shown in Figure
2A, the accuracy rate of the MIS for predicting the occurrence
and duration of adverse events was highest for increased AST
levels (92.9%, 95%CI=63.9-99.99) and nausea and vomiting
(92.6%, 95%CI1=75.7-99.1). The MIS had a moderate
accuracy rate for anorexia (67.7%, 95%CI=48.6-83.3), fever
(67.6%, 95%CI1=49.3-82.9), diarrhea (66.7%, 95%CI=48.2-
82.0), increased ALT levels (66.7%, 95%CI=38.4-88.2), and
stomatitis (57.1%, 95%CI=34.0-78.2), whereas the accuracy
rate for rashes was the lowest (29.4%, 95%CI=10.3-56.2)
among the various non-hematological adverse events. Among
the 12 incidences of rash that appeared outside the duration
range described in the MIS, the onset was delayed in five
cases, whereas the symptoms persisted beyond the predicted
recovery day in other seven cases. Interestingly, the accuracy
rate for predicting the onset and duration of rashes tended to
be higher, though not significantly, in patients without pre-
existing leukopenia than in those with pre-existing leukopenia
(11.1%, 95%CI1=0.3-48.2 versus 50.0%, 95%CI=15.7-84.3,
p=0.221 using the chi-square test). Moreover, the incidence
rate and grade of the rash tended to be lower in patients
without pre-existing leukopenia than in those with pre-existing
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Figure 2. Comparison of the accuracy rates for predicting the onset and duration of various non-hematological adverse events. The accuracy rate
was compared for each adverse event of any grade (A) and for the different adverse event grades (B). In (A), the accuracy rate for rashes was
significantly lower than that for increased AST levels and nausea/vomiting. AST: Aspartate aminotransferase; ALT: alanine aminotransferase.
*p<0.05 using the Kruskal-Wallis test followed by Scheffe’s test. In (B), significant differences in the accuracy rate were found according to the
grade of the total adverse events. Tp<0.01 vs. Grade 1 using the Kruskal-Wallis test followed by Scheffe’s test. However, the accuracy rate was not

significantly different among the grades of individual adverse events.

leukopenia (incidence rate, 32.0% versus 64.3%, p=0.107
using the chi-square test; average rash grade, 0.4 versus 0.9,
p=0.192 using the Kruskal-Wallis test; data not shown).

The accuracy rate for the total adverse events decreased
as the grade of the adverse events increased (p<0.01 using
the Kruskal-Wallis test); however, the accuracy rate was not
significantly different among the different grades of
individual adverse events (Figure 2B).

Among the 102 hematological events, however, 98
appeared much earlier than expected, indicating an accuracy
rate of only 3.9% (95%CI=1.1-9.7) (Table II). Table III shows
a comparison of the onset and recovery timing for
hematological and non-hematological adverse events between
the MIS and clinical data. The median day of onset for the
non-hematological adverse events observed in the clinical
setting was generally later than that described in the MIS.
However, hematological adverse events appeared earlier (day
0 to day 3) in the clinical setting than in the MIS (each, day
10). On the other hand, the timing of recovery was generally
comparable between the MIS and clinical setting, although
the incidences of rash (MIS, 10 days versus clinical data, 15
days) and stomatitis (MIS, 16 days versus clinical data, 22
days) persisted beyond the predicted recovery day.

Discussion

In the present study, we evaluated the accuracy of our newly
developed MIS for predicting adverse events and their onset
and duration in patients with AML receiving cytarabine and
idarubicin induction therapy. Various adverse events occurred,
among which, the predominant hematological adverse events
were leukopenia (100%) and thrombocytopenia (92.3%), and
the predominant non-hematological events were fever
(87.2%), diarrhea (84.6%), and anorexia (79.4%). Notably,
the adverse events observed in the present study were all
predicted items described in the MIS.

However, our MIS could not be used to predict the onset of
decreased hemoglobin levels, leukopenia, or thrombocytopenia.
This is likely due to the patients’ bone marrow failure at
induction therapy (decreased hemoglobin levels, 94.9%;
thrombocytopenia, 87.2%; and leukopenia, 35.9%). Such
disease-based bone marrow failure is caused by a massive
increase in leukemia cells, which inhibits the production of
normal blood cells and platelets. Most patients with AML have
pancytopenia, weakness, fatigue, infections, and other
hemorrhagic findings as a result of a reduction in the capacity
of stem cells to differentiate into mature cells due to the clonal
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Table III. Comparison of the onset and recovery timing of adverse events during cytarabine and idarubicin induction therapy for acute myeloid

leukemia between those in the medication instruction sheet (MIS) and those recorded in the clinical setting.

Data indicated in the MIS

Data obtained from the clinical setting

Day of onset Day of recovery

Onset day Recovery Median 95% Confidence Median 95% Confidence
day interval interval
Non-hematological adverse events
Fever 1 27 5 (0-13) 24 (3-28)
Rash 1 10 8 (3-15) 15 (5-28)
Nausea/Vomiting 1 11 2 (1-7) 6 (3-16)
Anorexia 1 11 2 (1-8) 10 (4-28)
Stomatitis 3 16 4 (0-11) 22 (6-28)
Diarrhea 7 16 8 (3-12) 14 (11-27)
Increase in AST level 3 12 2 (0-11) 8 (3-16)
Increase in ALT level 3 12 5 (0-11) 12 (5-28)
Hematological adverse events
Leukopenia 10 28 3 (0-6) 28 (25-28)
Decrease in hemoglobin level 10 28 0 (0-0.1) 28 (27-28)
Thrombocytopenia 10 28 0 (0-3) 27 (21-28)

AST: Aspartate aminotransferase; ALT: alanine aminotransferase.

proliferation of leukemia cells (2, 18). Mucosal bleeding,
ulcerations, and petechiae are the most commonly observed
oral manifestations of leukemia (19). Therefore, monitoring
chemotherapy-associated myelosuppression is complicated by
the preexistence of disease-specific bone marrow failure.
Myelosuppression was thus excluded from our MIS, and our
evaluation of the accuracy of the MIS was restricted to the
onset and duration of non-hematological adverse events.

In the present study, 192 non-hematological adverse events
(any grade) were observed, among which 131 occurred with
a similar onset and duration as that predicted by the MIS,
indicating an accuracy rate of 68.2% (95%CI=61.1-74.7).
This value is generally consistent with that reported
previously for patients with Non-Hodgkin’s lymphoma
treated with rituximab, etoposide, methylprednisolone,
cisplatin, and cytarabine therapy (61%) (15) and rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisolone
therapy (71%) (16).

Among the various non-hematological adverse events, the
onset and duration of increased AST levels (accuracy rate,
92.9%) and nausea/vomiting (92.6%) were highly predictable
using our MIS. However, our MIS had the lowest accuracy
rate for predicting the incidence of rash (29.4%). The median
onset of rash (day 8) was much later than that predicted by the
MIS (day 1) and the duration was longer than predicted (15
days versus 10 days). When patients were divided into those
with pre-existing leukopenia and those without pre-existing
leukopenia, the accuracy rate for predicting the onset and
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duration of rashes tended to be higher in the group without
pre-existing leukopenia (50.0% versus 11.1%). In addition, the
incidence rate and grade of the rash tended to be lower in the
group without pre-existing leukopenia than in the group with
pre-existing leukopenia (incidence, 32.0% versus 64.3%;
average grade, 0.4 versus 0.9). Yemisen et al. reported that
skin lesions such as maculopapular eruption and drug-induced
eruption are frequent adverse events that occur in patients with
hematological malignancies, including AML (20). They also
showed that the most common cause of such skin lesions is
infections associated with neutropenia (20). Therefore, it
seems likely that the enhancement of the incidence rate and
the degree of severity of rash observed in patients with pre-
existed leukopenia is due to the increased susceptibility to
infection associated with immunosuppression. Taken together,
it is suggested that monitoring for rashes earlier may be
necessary for patients with pre-existing leukopenia.

Overall, our MIS had good accuracy for predicting the
onset and duration of non-hematological adverse events in
patients with AML undergoing cytarabine and idarubicin
induction therapy. As serious adverse events associated with
chemotherapy can lead to a decline in a patient’s quality of
life and/or death, patients are understandably anxious about
when and which adverse events may occur. Patients with
AML undergoing intensive chemotherapy may additionally
be anxious about treatment efficacy.

In this regard, our MIS appears to be useful for
monitoring and managing adverse events in patients with
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AML receiving cytarabine and idarubicin induction
chemotherapy. In addition, the MIS was prepared in the form
of a clinical pathway, making it visually comprehensible to
not only cancer patients but also to healthcare professionals,
including pharmacists (7, 13). Thus, this MIS could enable
healthcare professionals to identify adverse events in an
accurate and timely manner regardless of whether they have

sufficient practical experience.
Limitations

Our MIS could not be used to accurately monitor
hematological adverse events because of the presence of
bone marrow failure associated with AML. In addition, this
study included a small number of patients from a single
institution, and the data were analyzed retrospectively. A
larger multicenter study is needed to further confirm the
accuracy of our MIS.

Conclusion

We compared our MIS data with the clinical data of patients
with AML receiving cytarabine and idarubicin induction
therapy. A total of 192 non-hematological adverse events
(any grade) were observed, all of which were predicted by
our MIS. Among them, the onset and duration of 131 of the
events were accurately predicted by the MIS, indicating an
accuracy rate of 68.2% (95%CI=61.1-74.7). However,
evidence of myelosuppression, such as decreased
hemoglobin levels, leukopenia, and thrombocytopenia,
occurred much earlier than expected. These findings suggest
that our MIS is useful for rapidly monitoring adverse events
in patients with AML receiving cytarabine and idarubicin
induction therapy.
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