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Abstract. Due to the increasing complexity of cancer 
chemotherapy and its associated supportive care, the role of 
clinical pharmacists in cancer chemotherapy is becoming 
increasingly more important. The present study evaluated the 
clinical interventions of a single pharmacist on the adverse 
events in hospitalized patients with thoracic cancer receiving 
cancer chemotherapy. A single‑center, retrospective study 
was conducted at the 614‑bed, tertiary care Gifu University 
Hospital. Hospitalized patients with thoracic cancer who 
received cancer chemotherapy in the respiratory medicine 
ward between April 2013 and May 2014 were enrolled. One 
of the two clinical pharmacists in charge was based in the 
respiratory medicine ward and implemented pharmaceu‑
tical care for the patients, including management of adverse 
events. Patient data were recorded in the electronic medical 
chart and retrospectively analyzed. A total of 445 patients 
with thoracic cancer received cancer chemotherapy in the 
respiratory medicine ward. A total of 152  interventions 
(101 patients) were performed by the clinical pharmacist prior 
to the administration of cancer chemotherapy, half of which 
comprised the addition of drugs to prevent adverse events. A 
total of 190 patients (39.4%) experienced grade ≥2 non‑hema‑
tological or grade ≥3 hematological adverse events associated 
with cancer chemotherapy, and 223 medical interventions for 
relief of adverse events lowered the incidence of grade ≥2 
non‑hematological or grade ≥3 hematological adverse events 
to 17.8%. Of these, 45.3 and 7.5% of medical interventions 
for non‑hematological and hematological adverse events, 

respectively, were implemented based on the pharmacist's 
recommendations. These findings revealed the marked 
contribution of a single clinical pharmacist in the respiratory 
medicine ward to the prevention and relief of adverse events 
in hospitalized patients with thoracic cancer receiving cancer 
chemotherapy.

Introduction

Adverse events are a major medical problem in hospitalized 
patients  (1,2). In particular, adverse events are frequently 
observed in patients receiving cancer chemotherapy because 
of the narrow therapeutic range of anticancer drugs, which 
are associated with a high incidence of toxicity (3,4). Adverse 
events often become severe, resulting in dose delays and 
reductions, therapy discontinuation, or decreased quality 
of life, all of which negatively influence the therapeutic 
effect (5‑7). Therefore, it is necessary to consider dose adjust‑
ment or withdrawal of anticancer drugs depending on bone 
marrow function, renal function, liver function and the state 
of occurrence of adverse events in previous treatment in 
many cancer chemotherapy regimens (8). Additionally, the 
prevention and timely remedy of adverse events in patients is 
of the importance. However, many chemotherapy regimens 
are highly complex, including prophylactic supportive care, 
and require frequent dosage adjustments, which can lead to 
prescription errors  (9,10). Therefore, medical care related 
to the administration of cancer chemotherapy should be 
performed by a team of medical staff comprising physicians, 
nurses, clinical pharmacists, nutritionists and other medical 
staff (11,12).

Clinical pharmacists play a critical role in pharmaceu‑
tical practices in cancer chemotherapy, including reviewing 
cancer chemotherapy regimens, dose adjustments for organ 
dysfunction, weight, age, monitoring for drug‑drug interac‑
tions, verifying prescription orders containing anticancer 
drugs, monitoring efficacy and adverse events, preventing or 
alleviating adverse events, implementing palliative care and 
providing drug information to medical staff  (13,14). Even 
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though clinical pharmacists spend a considerable amount 
of time ensuring patient safety during the preparation and 
dispensing of chemotherapy, only a few studies have evaluated 
their efforts related to management in patients receiving cancer 
chemotherapy (15,16).

The purpose of this retrospective study was to evaluate a 
single pharmacist's interventions on the rate of adverse events 
in hospitalized patients with thoracic cancer receiving cancer 
chemotherapy.

Materials and methods

Study design and setting. We conducted a single‑center, 
retrospective study at the 614‑bed, tertiary care Gifu 
University Hospital. We enrolled hospitalized patients with 
thoracic cancer who received cancer chemotherapy in the 
respiratory medicine ward between April 2013 and May 2014. 
One of two  clinical pharmacists in charge, including one 
oncology pharmacy specialist, was based in the respiratory 
medicine ward and implemented pharmaceutical care for the 
patients. Adverse events were monitored in cooperation with 
physicians, nurses and clinical pharmacists and were recorded 
in each patient's electronic medical chart. Appropriate 
drug management for adverse events was performed by 
the physician based on his/her own judgement or on the 
pharmacist's recommendation, and judgment of whether or 
not the intervention improved an adverse event was continued 
until the end of the treatment.

Ethics statement. The present study was conducted according 
to the guidelines for human studies of the ethics committee 
of Gifu University Graduate School of Medicine and the 
Government of Japan, and was approved by the university's 
institutional review board (approval no. 28‑348). In view of the 
retrospective nature of the study, informed consent from the 
subjects was not mandated.

Cancer chemotherapy. In our hospital, all thoracic cancer 
chemotherapy is administered based on a treatment protocol 
agreed upon by physicians and clinical pharmacists in 
advance. This protocol sets the criteria for starting treatment, 
dose reduction or drug withdrawal accompanying incidence 
of adverse events and dose adjustments for renal and hepatic 
function based mainly on evidence from original reports, and 
prophylactic supportive care, including antiemetic medication; 
hydration management for cisplatin; folic acid supplements 
and vitamin B12 injections for pemetrexed; glucocorticoid and 
histamine H1 for paclitaxel hypersensitivity; and hydration 
while on having renal dysfunction. Standard antiemetic 
medication was administered based on the Japanese 
Society of Clinical Oncology guidelines (17). Additionally, 
patients who developed chemotherapy‑induced nausea and 
vomiting were prophylactically administered aprepitant, 
olanzapine, lorazepam or prochlorperazine in addition to 
standard prophylactic antiemetic therapy at the next scheduled 
treatment.

Standardized chemotherapy order forms containing the 
dosage of anticancer drug and dose calculation (mg/m2), start 
date and time, day of therapy, solution diluent and volume, 
infusion rate (drips), route (intravenous push or infusion), 

duration of infusion, frequency of anticancer drug admin‑
istration, total number of scheduled doses, and prophylactic 
supportive care restricted to injections were entered into the 
electronic medical chart for each regimen.

Duties of clinical pharmacists. Clinical pharmacists 
performed the following duties: Interviewed all patients on 
admission and documented medications brought to the hospital 
and patients' medication history, daily review of laboratory 
data, verified prescriptions, monitored and managed adverse 
events, provided drug information to medical staff, and patient 
education.

Clinical pharmacists provided physicians with timely 
information and advice on adverse events; drug interactions; 
and appropriate dosages, dose intervals, and routes of admin‑
istration. All interventions performed by pharmacists were 
recorded, including whether or not their recommendations 
were accepted by the physicians.

Assessment and intervention of adverse events. In the 
present study, adverse events were defined as harm due to 
medications (adverse drug event), radiation therapy, or events 
that occurred during the course of the disease, excluding those 
due to medical errors, system errors and equipment failure. 
The severity of adverse events was graded according to the 
Common Terminology Criteria for Adverse Events (National 
Cancer Institute, MD, USA) version 4.0. Pharmacotherapy 
for adverse events was based on the National Comprehensive 
Cancer Network guidelines for supportive care and other 
clinical practice guidelines for each adverse event.

Interventions for adverse events were carried out in 
patients showing grade ≥2 non‑hematological or grade ≥3 
hematological adverse events, and the effect of intervention 
was evaluated before and after intervention. The judgment 
whether or not the intervention improved the adverse events 
was conducted until the end of the treatment.

Data analysis. The following patient data were recorded in 
specially prepared Microsoft Excel 2010 (Microsoft Corp.) 
spreadsheets: Patient age and sex; date of admission and 
discharge; diagnosis; purpose of hospitalization; list of private 
medications; clinical pharmacists' prescription proposals; and 
adverse events, their grade, and outcome of intervention. The 
duration of hospital stay was documented in Kaplan‑Meier 
plots and the mean hospital stay was statistically compared 
using the Mantel‑Cox log rank test. Data were analyzed using 
SPSS version 11 (SPSS Inc.) and GraphPad Prism version 6.0 
(GraphPad Software). Comparison of the incidence of adverse 
events before and after intervention was statistically analyzed 
using McNemar's test for paired non‑parametric variables. 
P‑values of <0.05 was considered statistically significant.

Results

Patient demographics. A total of 484 (337  men and 
147 women) patients who were hospitalized for the purpose 
of cancer chemotherapy were enrolled in the present study. 
Patient demographics are shown in Table  I. The median 
age of patients was 66.0  years (5‑95th, 56.0‑76.0  years), 
and the mean duration of hospital stay was 12.3  days 
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(5‑95th, 4.0‑24.0 days). The most common cancer type was 
non‑small cell lung cancer (n=355, 73.3%), followed by small 
cell lung cancer (n=110, 22.7%), malignant mesothelioma 
(n=10, 2.1%) and thymoma/thymic carcinoma (n=9, 1.9%). The 
most common cancer chemotherapy regimen was carboplatin 
(AUC 5) + pemetrexed (500 mg/m2) ± bevacizumab (15 mg/m2) 
(n=88, 18.2%), followed by carboplatin (AUC 5) + paclitaxel 
(200  mg/m2)  ±  bevacizumab (15  mg/m2) (n=85, 17.5%), 
docetaxel (60 mg/m2) (n=67, 13.8%), amurubicin (40 mg/m2) 
(n=41, 8.5%), carboplatin (AUC 5) + etoposide (100 mg/m2) 
(n=33, 6.8%), and pemetrexed (500 mg/m2) + bevacizumab 
(15 mg/m2) (n=30, 6.2%).

Interventions implemented by the clinical pharmacist before 
administration of chemotherapy. Before administration of 
chemotherapy, the clinical pharmacist implemented a total 
of 152 interventions in 101 of the 484 (20.8%) patients. The 
types of interventions implemented by the clinical phar‑
macist before administration of chemotherapy are shown 
in Table  II. The most frequent type of intervention was 
drug addition (n=82, 53.9%), among which 76  interven‑
tions  (50.0%) were related to addition of supportive care, 

followed by dose adjustment (n=27, 17.8%), selection (n=15, 
9.9%), discontinuation (n=12, 7.9%), examination addition 
(n=6, 3.9%) and other (n=10, 6.6%).

Incidence of adverse events. As shown in Table III, there were a 
total of 365 adverse events, among which 29 (7.9%), 227 (62.2%), 
89 (24.4%), and 20 (5.5%) were grade 1, 2, 3 and 4, respectively. 
A total of 203 (41.9%) patients had adverse events, including 
12 (2.5%) with grade 1, 106 (21.9%) with grade 2, 69 (14.3%) 
with grade 3, 16 (3.3%) with grade 4, and 191 (39.4%) with 
grade ≥2 events.

In contrast, the most common adverse event was 
nausea/vomiting (23.4%), followed by neutropenia (17.8%), 
constipation (7.4%), anorexia (6.2%), hepatic dysfunction/renal 
dysfunction  (4.7%), anemia  (4.7%), hyperglycemia  (3.8%), 
peripheral neuropathy  (3.8%), oral mucositis/esopha‑
gitis  (3.3%), myalgia/arthralgia/other pain  (3.0%), hiccups 
(3.0%), diarrhea (2.4%), dysgeusia  (2.1%), malaise  (1.8%) 
and thrombocytopenia (1.8%) (Fig. 1A). The most common 
cause of adverse events was anticancer drugs  (71.7%), 
followed by other drugs  (23.5%), radiotherapy  (3.3%) and 
disease (1.5%) (Fig. 1B).

Table I. Patient demographics.

Characteristic	 Number

Number of patients (male/female), n	 484 (337/147)
Mean age (5‑95th percentiles), years 	 66.0 (56.0‑76.0)
Mean length of hospital stay (5‑95th percentiles), days 	 12.3 (4.0‑24.0)
Type of cancer, number of patients (%)	
  Non‑small cell lung cancer	 355 (73.3)
  Small cell lung cancer	 110 (22.7)
  Malignant meothelioma	   10   (2.1)
  Thymoma/thymic carcinoma	     9   (1.9)
Chemotherapy regimens, number of patients (%)	
  Carboplatin (AUC 5) + pemetrexed (500 mg/m2) ± bevacizumab (15 mg/kg)	   88 (18.2)
  Carboplatin (AUC 5) + paclitaxel (200 mg/m2) ± bevacizumab (15 mg/kg)	   85 (17.5)
  Docetaxel (60 mg/m2)	   67 (13.8)
  Amurubicin (40 mg/m2)	   41   (8.5)
  Carboplatin (AUC 5) + etoposide (100 mg/m2)	   33   (6.8)
  Pemetrexed (500 mg/m2) + bevacizumab (15 mg/kg)	   30   (6.2)
  Tyrosine kinase inhibitors against epidermal growth factor receptor	   23   (4.8)
  Nogitecan (1.0 mg/m2)	   15   (3.1)
  Irinotecan (100 mg/m2)	   14   (2.9)
  Cisplatin (80 mg/m2) + vinorelbine (25 mg/m2) 	   12   (2.8)
  Vinorelbine (25 mg/m2)	     9   (1.8)
  Carboplatin (AUC 5) + tegafur/gimeracil/oteracil	     7   (1.4)
  Cisplatin (80 mg/m2) + pemetrexed (500 mg/m2) ± bevacizumab (15 mg/kg)	     7   (1.4)
  Gemcitabine (1,000 mg/m2)	     7   (1.4)
  Cisplatin (80 mg/m2) + docetaxel (60 mg/m2)	     4   (0.8)
  Carboplatin (AUC 5) + gemcitabine (1,000 mg/m2)	     4   (0.8)
  Tegafur/gimeracil/oteracil	     4   (0.8)
  Other	   34 (7.0)

AUC, area under the curve.
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As shown in Fig. 1C, the mean duration of hospitaliza‑
tion was significantly longer among patients with grade ≥2 
events than those with grade  0  and  1 events [7.8  days, 
range 2.5‑18.7 days vs. 18.1 days, range 4.0‑48.6 days; hazards 
ratio (HR) 0.457, 95% confidence interval (CI) 0.377‑0.555; 
P<0.001].

Recommendations by the clinical pharmacist for 
treatment of adverse events. There were 224 medical inter‑
ventions and 73 follow ups for grade ≥2 non‑hematological 
or grade ≥3 hematological adverse events. Seventy‑seven of 
170 (45.3%) medical interventions for grade ≥2 non‑hematolog‑
ical adverse events were implemented based on the pharmacist's 
recommendations (Fig. 2A). In contrast, 4 of 54 (7.5%) medical 
interventions for grade ≥3 hematological adverse events were 
based on the pharmacist's recommendations (Fig. 2B).

The rates of pharmacist's recommendations in medical 
intervention for each of non‑hematological adverse events 
of grade  ≥2 or hematological adverse events of grade  ≥3 
observed was as follows: Peripheral neuropathy  (92.3%), 
followed by malaise  (75.0%), nausea/vomiting  (59.1%), 
oral mucositis/esophagitis  (54.5%), diarrhea  (50.0%), 
myalgia/arthralgia/other pain (28.6%), constipation (26.1%), 
hiccups  (20.0%), anorexia  (14.3%), hepatic/renal dysfunc‑
tion (11.1%), neutropenia (8.2%) and hyperglycemia (7.1%) 
(Fig. 2C).

Effect of medical interventions for adverse events. As shown 
in Fig. 3A, the incidence of grade ≥2 non‑hematological or 
grade  ≥3 hematological adverse events was significantly 
reduced after intervention (39.4 vs. 17.8%, P<0.01). Moreover, 

as shown in Fig.  3B, the incidence rates of following 
non‑hematological adverse events of grade ≥2 or hemato‑
logical adverse events of grade ≥3 observed were significantly 
reduced after implementation of medical interventions 
listed in Table IV: Nausea/vomiting (16.3 vs. 4.5%, P<0.01), 
constipation (5.4 vs. 0.8%, P<0.01), anorexia (4.3 vs. 1.2%, 
P<0.01), hyperglycemia (3.3 vs. 1.7%, P<0.01), oral muco‑
sitis/esophagitis (3.1  vs.  1.7%, P<0.05), hepatic or renal 
dysfunction (2.5 vs. 0.8%, P<0.01), myalgia/arthralgia/other 
pain (2.1 vs. 0.2%, P<0.01), hiccups (2.1 vs. 0.4%, P<0.01), 
diarrhea (1.2 vs. 0%, P<0.05), malaise (1.2 vs. 0%, P<0.05) and 
neutropenia (10.5 vs. 0.6%, P<0.01).

Discussion

Here, we report a clinical pharmacist's interventions for the 
prevention and treatment of adverse events in hospitalized 
patients with thoracic cancer receiving cancer chemotherapy. 
Before administration of cancer chemotherapy, the clinical 
pharmacist performed a total of 152 interventions for 23.6% of 
eligible patients, including drug addition  (53.9%), dose 
adjustment (17.8%), selection (9.9%), discontinuation (7.9%), 
examination addition  (3.9%), and drug‑drug interac‑
tions  (3.3%). Therefore, half of the interventions involved 
addition of a drug for the prevention of adverse events.

Several studies have reported the efficacy of clinical phar‑
macists using physician‑approved protocols in pharmaceutical 
care (18‑20). In the present study, interventions were imple‑
mented by a single clinical pharmacist before administration 
of cancer chemotherapy based on a treatment protocol agreed 
upon by physicians and clinical pharmacists in advance. This 
protocol set the criteria for starting treatment, dose reduction, 
drug withdrawal based mainly on evidence from original 
reports, and prophylactic supportive care. As a result, all patients 
received the appropriate dosage of anticancer drug and prophy‑
lactic supportive therapy based on the treatment protocol agreed 
upon by physicians and clinical pharmacists in advance.

Despite implementation of the appropriate dosage of 
anticancer drug and prophylactic supportive therapy with 
above mention, 39.4% (191/484) of patients suffered grade ≥2 
non‑hematological or grade ≥3 hematological adverse events, and 
the most common adverse events was nausea/vomiting, followed 
by neutropenia, constipation, anorexia, hepatic dysfunction/renal 

Table III. Incidence of adverse events according to severity.

Grade	 Number	 Patients, n (%)

Grade 1	 29	   12   (2.5)
Grade 2	 227	 106 (21.9)
Grade 3	 89	   69 (14.3)
Grade 4	 20 	   16   (3.3)
All grades	 365	 203 (41.9)
Grade ≥2	 336	 191 (39.4)

Table II. Drug‑specific interventions by clinical pharmacist before administration of chemotherapy.

Category of intervention (n)	 Contents of intervention (n)

Drug addition (82)	 Antiemetic drugs (26), vitamin B12 or folic acid on pemetrexed chemotherapy (18), 
	 zoledronic acid or precipitated calcium carbonate/cholecalciferol/magnesium carbonate for
	 high blood calcium due to cancer (14), hydration on cisplatin chemotherapy or renal
	 dysfunction (12), other drugs (12)
Drug dose adjustment (27)	 Anticancer drugs (22), other drugs (5)
Drug selection (15)	 Antiemetic drugs (7), anticancer drugs (8) 
Drug discontinuation (12)	 Antiemetic drugs (7), anticancer drug (2), other drugs (3) 
Examination addition (6)	 Urinary protein examination on bevacizumab chemotherapy (3), other (3)
Other (10)	 Drug‑drug interactions (5), change of solution used to dissolve anticancer drugs (2), other (3)
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Figure 1. Incidence and influence of adverse events. (A) Types of adverse events, (B) causes of adverse events and (C) duration of hospital stay of patients with 
either grade 0‑1 or grade ≥2 adverse events. Data were statistically compared using Mantel‑Cox log rank test.

Figure 2. Intervention for adverse events. The rates of pharmacist's recommendations in medical intervention for (A) grade ≥2 non‑hematological adverse 
events, (B) grade ≥3 hematological adverse events and (C) each non‑hematological adverse event of grade ≥2 or hematological adverse event of grade ≥3.
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dysfunction, anemia, hyperglycemia, peripheral neuropathy, 
oral mucositis/esophagitis, myalgia/arthralgia/other pain, 
hiccups, diarrhea, dysgeusia, malaise and thrombocytopenia. 
Previous studies have reported a high incidence of adverse 
events in patients who received cancer chemotherapy (21,22). 

Borghaei et al reported that 41% (1,624/3,967) of elderly patients 
with advanced non‑small cell lung cancer on second‑line therapy 
experienced one or more severe adverse events, of which hyper‑
tension, anemia, and pneumonia were most common (21). In 
another report, the incidence of chemotherapy‑related adverse 

Table IV. Contents of medical interventions for grade ≥2 adverse events with highest incidence.

Adverse event (n)	 Intervention (n)

Nausea/vomiting (66)	 Olanzapine (34), prochlorperazine (18), metoclopramide (3), granisetron (3), other (8)
Constipation (33)	 Magnesium oxide (11), sennoside (8), bisacodyl (8), picosulfate (4), glycerine(2)
Anorexia (21)	 Follow up (16), prochlorperazine (3), dexametasone (2)
Hepatic or renal dysfunction (13)	 Hepatic dysfunction: Discontinuation of the suspected drug (3), glycyrrhizinate (3), 
	 renal dysfunction: Hydration (7)
Hyperglycemia (14)	 Insulin (14)
Peripheral neuropathy (13)	 Pregabalin (11), duloxetine (2)
Oral mucositis/esophagitis (8)	 Steroids (4), polaprezinc (3), acetaminophen (1)
Myalgia/arthralgia/other pain (9)	 Loxoprofen (4), shakuyaku‑kanzo‑to (1), follow up (4) 
Hiccups (11)	 Clonazepam (5), chlorpromazine (3), prochlorperazine (2), shakuyaku‑kanzo‑to (1)
Diarrhea (6)	 Loperamide (2), trimebutine (2), hange‑shashin‑to (2)
Malaise (3)	 Steroids (3)
Neutropenia (55)	 G‑CSF (55)
Anemia (1)	 Blood transfusion (1)
Thrombocytopenia (1)	 Blood transfusion (1)

G‑CSF, granulocyte‑colony stimulating factor.

Figure 3. Effects of medical interventions. Effect of medical interventions on the (A) incidence of grade ≥2 non‑hematological or grade ≥3 hematological 
adverse events and (B) incidence of each adverse event of grade ≥2 non‑hematological or grade ≥3 hematological adverse events. McNemar's test was used to 
analyze data. *P<0.05 and **P<0.01 vs. before intervention. 
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events in 1,682 patients with metastatic breast cancer was 54%, 
and the most common adverse events categories were hema‑
tological, musculoskeletal/pain related, gastrointestinal and 
infection/pyrexia (22).

Our previous findings indicated that implementation of 
medical intervention significantly lowered the incidence 
of a variety of adverse events in inpatients with head and 
neck cancer, including microbial infection, oral mucositis, 
odynophagia, neutropenia, insomnia, and constipation (23). 
Consistent with this, the present study showed that imple‑
mentation of medical interventions significantly reduced 
the incidence of a variety of adverse events. Among these, 
45.3%  of medical interventions for non‑hematological 
adverse events were implemented based on the pharmacist's 
recommendations. Although only 7.5% of interventions for 
hematological adverse events were based on the clinical phar‑
macist's recommendations, the clinical pharmacist monitored 
absolute neutrophil counts and platelet and hemoglobin levels 
to assure blood parameters were within acceptable limits for 
the next cycle of chemotherapy. The pharmacist's recom‑
mendations for medical interventions primarily contributed 
to improving peripheral neuropathy, followed by malaise, 
diarrhea, oral mucositis/esophagitis, nausea/vomiting, 
constipation, hiccups and myalgia/arthralgia/other pain. 
Additionally, the medical interventions significant improved 
these adverse events, except for peripheral neuropathy. At 
present, there are no sufficient treatment options available 
for chemotherapy‑induced peripheral neuropathy because 
the exact pathophysiology is unclear (24).

Several lines of evidence indicate that the incidence 
of moderate‑to‑severe adverse events is associated with 
prolonged hospital stay (25‑27). In the present study, the mean 
time to discharge was markedly different between patients 
with grade 0 and 1 events and those with grade ≥2 events. 
Therefore, prevention or relief of adverse events may lead to 
reduced hospitalization periods.

There are several limitations in the present study. First, 
this was a non‑randomized single‑centre retrospective study. 
Second, the sample size was small, limiting our ability 
to detect statistically significant differences in the data. 
Third, the patient population was limited to inpatients with 
thoracic cancer receiving cancer chemotherapy. Therefore, a 
large‑scale, multi‑institutional prospective study is required to 
confirm our present findings.

In conclusion, we found that a clinical pharmacist 
performed interventions in 23.6%  of eligible patients 
before administration of cancer chemotherapy. Although all 
patients received the appropriate dosage of anticancer drug 
and prophylactic supportive therapy based on the agreed 
treatment protocol, 39.4%  of patients suffered grade  ≥2 
non‑hematological or grade  ≥3 hematological adverse 
events. Implementation of medical interventions signifi‑
cantly reduced the incidence of adverse events, among which 
45.3 and 7.5% of medical interventions for non‑hematological 
and hematological adverse events, respectively, were 
implemented based on the pharmacist's recommendations. 
One pharmacist in the respiratory medicine ward therefore 
made a marked contribution to preventing and relieving 
adverse events in hospitalized patients with thoracic cancer 
receiving cancer chemotherapy.
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