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Background: Cancer has always been a serious health threat for human. Patients with cancer are at 
high risk of drug-related problems (DRPs) due to multi-morbidity associated polypharmacy. However, 
data is lacking in identifying and addressing potential DRPs in cancer patients in China. This study aims 
to investigate the prevalence of DRPs and evaluate the effectiveness of an independent anti-neoplastic 
medication therapy management (MTM) system in ambulatory cancer patients.
Methods: This is a retrospective study. An independent anti-neoplastic MTM system in Shanghai 
Jiao Tong University affiliated sixth People's Hospital was established in 2018 with the collaboration of 
oncologists, clinical pharmacists and software engineers. The system contains an independent clinic of 
pharmacy and MTM software. The software consisted of six modules to help clinical pharmacists serve the 
tumor patients. The six modules include medication therapy review, intervention plan, personal medication 
record, medication-related action plan, intervention and/or referral, and documentation and follow-up. 
Results: A total of 173 eligible tumor patients visited the anti-neoplastic pharmaceutical clinic and were 
recorded in the independent anti-neoplastic MTM system from Jun 2018 to May 2019. The average clinic 
visits were 2.4 times of the study participants. Two thirds patients (117/173) had one or more identified 
DRPs in medication therapy review. Adverse drug reaction, potential drug interaction and non-adherence 
were the leading DRPs. 85.8% of DRPs could be resolved (cured or improved) in four weeks. Tumor patients 
showed medication adherence reached 84–100% after three or four times of follow-up and intervention.
Conclusions: The participation of clinical pharmacists in managing polypharmacy tumor patients, with 
the independent anti-neoplastic MTM system, facilitated the identifying and solving DRPs, especially 
improving medication adherence of patients, and thus enhancing the effectiveness, safety and rational use of 
medication. 
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Introduction

The incidence of cancer has been increasing in most 
countries since the 1990s, and cancer has become the second 
leading cause of death in 2013 despite substantial progress 
has been made in prevention and treatment (1). From 2006 
to 2016, the number of people with cancer increased by 
28% and reached 17.2 million worldwide, which resulted in 
8.9 million deaths (2). This situation is particularly severe 
in developing countries whose health systems are usually 
deficient in cancer diagnosis and treatment (1,3). By using 
the same methods of global burden of disease, eight types of 
cancer appeared in the 25 leading causes of death in China 
in 2017, and the estimated deaths for these eight types of 
cancer summed up to 148 deaths per 100,000 population (4). 
The trend of aging population and increasing number of 
long-term cancer survivors will increase the complexity of 
tumor patient management and severity to cancer morbidity 
and mortality (5).

Drug-related problem (DRP) is defined as, “an event 
or circumstance involving drug therapy that actually 
or potentially interferes with desired health outcomes” 
according to the pharmaceutical care network of Europe 
(PCNE) (6). Strong evidence had shown that negative 
health outcomes are associated with DRPs, such as increased 
healthcare costs, prolonged hospital stays, reduced quality 
of life, and increased mortality (7-9). Patients with cancer 
are at high risk of DRPs due to multi-morbidity associated 
polypharmacy. Since cancer is one of the medical conditions 
associated with aging (10), there is a high probability of 
cancer patients taking multiple medications, which can lead 
to overdose, potential drug interactions, and low medication 
adherence (11). Studies demonstrated that the intervention 
conducted by pharmacists could greatly improve the 
adherence rate of oral anti-neoplastic drugs, and ultimately 
improve the outcomes of oral chemotherapy (12,13). A 
systematic review of studies about clinical medication review 
service in Australia confirmed that the significant role of 
pharmacists in improving the quality use of medications 
and health outcomes and advocated collaborations between 
different medical workers (14). However, few studies have 
been conducted in China on DRPs and pharmacists’ role in 
them.

The patients with malignant tumor, especially those 
elderly and multiple therapeutics, are widely ignored in 
pharmaceutical care in China. In 2018, a guideline on 
development of pharmaceutical service was issued by 
National Health Commission of China, which requiring 
the role transformation and emphasizing the professional 

service provided by pharmacists (15). In the same year, the 
first anti-neoplastic pharmaceutical clinic in Shanghai was 
established to improve the medication adherence, promote 
drug rationally use and prevent adverse reactions. This 
clinic will serve tumor patients independently by following 
the mode of medication therapy management (MTM) 
service. We present the following article in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-3164).

Methods 

Study design and development of independent anti-
neoplastic MTM system

The independent anti-neoplastic MTM system in 
Shanghai Jiao Tong University affiliated sixth People's 
Hospital was established in 2018 with the collaboration of 
oncologists, clinical pharmacists and software engineers. 
The system contains an independent clinic of pharmacy 
and MTM software. The MTM software (intellectual 
property registration No. 2018SR916520) was designed 
on the basis of the concept of patient-centered medication 
management service (16). The software consisted of six 
modules, namely medication therapy review (MTR), 
intervention plan, personal medication record (PMR), 
medication-related action plan (MAP), intervention and/or 
referral (I&R), documentation and follow-up (DFU), and 
supplement scores for assessment in modules (Figure 1).  
Through MTM software the clinical pharmacists can 
retrieve the information from hospital information system 
and the structured data of medication history could be 
extracted automatically and presented in table format. As a 
result, the clinical pharmacists could manage the patients 
in a formulated structure, which improving the safety, 
compliance and ultimately the medications outcomes. 

Patient management procedure

The main management procedure in this study was 
depicted in the flowchart (Figure 1). According to the 
registration, a patient’s baseline information, treatment 
history, medication history, adverse events, health status 
and medical test records would be collected and retrieved. 
The clinical pharmacists can review the medication 
history in MTR module to evaluate the efficacy, safety, 
compliance and DRPs. The American Society of Hospital 
Pharmacist classification system for documenting DRPs 
and pharmacy interventions was applied in this study with 
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Figure 1 The scheme of patient flowchart in anti-neoplastic medication-therapy management 
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slight modifications (17,18). Nine types of DRPs covering 
indications, effectiveness, safety and adherence, including 
(I) drug without indication; (II) indication without drug; 
(III) inappropriate drug; (IV) underdose; (V) adverse 
drug reaction; (VI) overdose; (VII) non-adherence; (VIII) 
potential drug interaction, and (IX) other problems. Those 
patients without DRPs, a pre-admission assessment will be 
conducted before hospital-based chemotherapy. For those 
with DRPs, a detailed medication-related action plan will 
be provided after reaching a consensus between clinical 
pharmacists and oncologists. Based upon the action plan 
the patients can learn about their own DRPs and be under 
surveillance through daily records. Questionnaires on 
knowledge, attitude and practice of medications or related 
problems will be collected during the patient management 
process (Table S1). According to the action plan the 
patients are scheduled to follow-up. The pharmacists 
review, assess and evaluate their laboratory tests and 
treatment outcomes of the DRPs (including cure, stable 
status, improved, partial improved, no improvement, 
deterioration, failure). The 8-item medication adherence 
scale (Chinese version) will be used to assess tumor 
patients with serious DRPs (19). And the score of <6, 6 to 
7, and 8 is regarded as non-compliance, medium, and high 
adherence, respectively.

Study patients

Patients of any cancer type and stage admitted to anti-
neoplastic pharmaceutical clinic, in Shanghai Jiao Tong 
University affiliated sixth People's Hospital, from Jun 2018 
to May 2019 were retrospectively enrolled for MTM. In 
this retrospective analysis only patients who were followed 
up three and more times and received chemotherapy in 
our hospital, were assessed by the MMAS-8 which scoring 
the medication compliance. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by Ethics Committee of 
Shanghai Sixth People’s Hospital (2013-44) and informed 
consent was taken from all the participants.

Statistical analysis

The data were collected during the patient management 
as depicted in the flowchart (Figure 1). Continuous data 
were expressed as mean with standard deviation, while 
categorical data was presented as count (percentage). The 
chi-square test or fisher exact test were used to compare 
the proportions of different groups. The DRPs data use 
time-to-event and the Kaplan-Meier method (defined as 
event=1). The patients whose MMAS-8 score ≥6 is regarded 
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as acceptable adherence level (defined as event=1), and the 
median time of patients reached acceptable was estimated 
by using Kaplan-Meier method. A significant level of α=0.05 
was used in two tailed statistical test. Statistical analysis was 
performed by SPSS 21.0 (IBM Corp. Armonk, NY). 

Results

Patients’ characteristics

173 eligible patients were recorded and followed in the 
independent anti-neoplastic MTM system during this 
period (Figure 1). The tumor patients aged from 4 to  
86 years with mean of 49.4 (±22.3) years, more than 60% 
participants are in 18–70 years. Among the population, one 
sixth patients were under 18 years and one fifth were over 
70 years. Female patients accounted for 50% (chi-square 
test, P=0.595). Five leading types of cancer were related 
to bone, lung, breast, colorectum and prostate. Nearly 
all the patients suffered from one or more comorbidities. 
68 adverse drug reactions were identified by pharmacists, 
including very common adverse events such as constipation 
(n=13), myelosuppression (n=10) and drug-induced liver 
injury (n=8) (Table 1). 

Patients follow-up

Two thirds patients (117/173) had one or more identified 
DRPs through medication therapy review. These patients 
were scheduled to follow-up and re-evaluation, among 
which 47% (55/117) visited the MTM clinic more than 
one time. The average clinic visits were 2.4 times. A small 
portion of patients visited the MTM clinic more than ten 
times in a year (Figure 2). 

Improvement in patients with DRPs and non-adherence

117 patients were identified with 190 DRPs in this study. 
Adverse drug reaction, potential drug interaction and non-
adherence were the leading DRPs, with 35.8% (68/190) 
were adverse drug reactions (Table 2). Among these DRPs, 
85.8% (163/190) could be resolved (cured or improved), 
and 96 DRPs of 78 patients were cured and 67 DRPs of 58 
patients were improved within median 6.8 and 27.8 days, 
respectively (Figure 3A). In this study, most majority of 
non-compliance (27/29) had been improved. 38 patients 
with serious DRPs were assessed by experienced clinical 
pharmacists by using 8-item medication adherence scale 

(Chinese version). At the first time visit, only 24% (9/38) 
tumor patients showed medication compliance according to 
medication adherence scale score (≥6), then reached 66% 
(25/38) at the second time visit, and 84% (32/38), 100% 
(32/32) at third and fourth time visit, respectively. At the 
third visit, the improvement on compliance was significant 
with estimated median 35 days (Fisher exact test, P=0.0004) 
(Figure 3B). 

Economic benefit

One patient with colon cancer who also suffered from 
chronic renal dysfunction, whose glomerular filtration rate 
(GFR) was 40 mL/min/1.73 m2. And he was prescribed 21 
different drugs on his first visit to the MTM clinic. After 
the multidisciplinary consultation of clinic pharmacists and 
oncologists, the final drugs list only contained 11 essential 
drugs with equivalent treatment efficacy. This cut the 
medication fee by ¥157.45 each day (¥4,880.95 per month) 
(Table S2). The data of economic benefit will be discussed 
elsewhere. 

Discussion

It was estimated that more than 4.2 million people would 
be diagnosed with cancer and 2.8 million cancer deaths 
would occur in China in 2018 (3,20). A non-negligible and 
long-standing fact is that the oncologists are so busy that 
they have little time to educate, manage and schedule the 
optimized medication plan for every patient, especially 
those who also have other chronic diseases. As a result, 
the therapeutic effects would be decreased, with the DRPs 
or other secondary problems in chemotherapy would 
likely be ignored. In addition, polypharmacy and altered 
metabolic profile in tumor patients incline to suffer from 
the drug interactions, overdose and frequency of adverse 
drug reactions. On the other hand, the polypharmacy, 
comorbidity, aging might complicate the situation and 
contribute to under-prescribing (21,22). So the oncologists 
eagerly expect the involvement of multi-disciplinary experts 
especially the pharmacists to manage the tumor patients to 
take medications (23-25). 

Fortunately, our clinical pharmacists have been receiving 
training since the introduction of the MTM mode from 
USA in 2015 (26-28). In phase I, we established the first 
anti-neoplastic MTM system in Shanghai in 2018 with the 
cooperation of oncologists, clinic pharmacists and software 
engineers. This MTM system was also designed to facilitate 
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Table 1 Baseline characteristics of tumor patients (n=173)

Classification Items Patients (%)

Sex (n=173) Female 90 (52.0)

Age group, year ≤18 26 (15.0)

19–50 53 (30.6)

51–70 58 (33.5)

>71 36 (20.8)

Cancer type (n=173) Bone 58 (33.5)

Lung 30 (17.3)

Breast 17 (9.8)

Colorectal 15 (8.7)

Prostate 8 (4.6)

Stomach 6 (3.5)

Lymphoma 5 (2.9)

Sarcoma 4 (2.4)

Others 30 (17.3)

Comorbidities (n=217) Hypertension 39 (16.6)

Pain 35 (14.9)

Osteoporosis 30 (12.8)

Immunocompromise 22 (9.4)

Ischemic heart disease 20 (8.5)

Undernutrition 13 (5.5)

Hyperlipidemia 12 (5.1)

Hypohepatia 12 (5.1)

Diabetes mellitus 11 (4.7)

Gastritis 7 (3.0)

Renal insufficiency 6 (2.6)

Bronchitis 5 (2.2)

Hepatitis B 3 (1.3)

Others 20 (8.5)

ADRs (n=68) Constipation 13 (16.5)

Myelosuppression 10 (12.7)

Drug-induced liver injury 8 (10.1)

Rash 8 (10.1)

Diarrhea 7 (8.9)

Oral mucositis 5 (6.3)

Fatigue 5 (6.3)

Table 1 (continued)
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the communication and cooperation of different medical 
workers, which has been proved to improve satisfaction 
and coordination of patient (29,30). In the MTM system, 
pharmacists’ role is to conduct medication review for cancer 
patients, record all medication, address drug counseling, 
provide recommendations and collaborate with physicians 
to improve the accuracy of medication regimens. This anti-
neoplastic MTM system can be viewed as an extension 
of hospital information system, which differs from most 
prevalent MTM such as in United States of America, or 
commercial insurance agencies (31,32). At present, few 
MTM systems focus on the medication record, medication 
action plan and patients’ follow up (33). In phase II, we will 

incorporate the MTM system into the hospital medical 
system which would collect more medication information 
of patients. What’s more, we obtained a patent on anti-
neoplastic MTM system.

The MTM system is of great significance to the 
construction of the oncology pharmacy clinic. It is 
helpful for accurate screening of patients and integration 
of medication information. The information-based 
pharmaceutical tools significantly improve the work 
efficiency of clinical pharmacists and facilitate the workload 
statistics of pharmaceutical care. Electronic file management 
in the MTM system and individualized medication 
education have increased patients’ satisfaction of pharmacy 
clinic. However, some limitations of the MTM system 
have to be considered. At present, the MTM system does 
not have online follow-up function after patients leave the 

Table 1 (continued)

Classification Items Patients (%)

Vomit 4 (5.1)

Renal insufficiency 5 (6.3)

Hand foot syndrome 5 (6.3)

Anorexia 4 (5.1)

Nausea 3 (3.8)

Proteinuria 1 (1.3)

peripheral sensory neuropathy 1 (1.3)

The comorbidities and adverse drug reactions (ADRs) was counted according to event.

Figure 2 The distribution of patients’ visit. The average clinic 
visits were 2.4 times, majority of patients visited once or twice, 
with 38/173 (22%) patients visiting more than 2 times; few patients 
visited more than ten times within 1 year (Jun 6, 2018 to May 31, 
2019).
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Table 2 Types of drug-related problems (DRPs) identified

Drug-related problems Number (percentage)

Adverse drug reaction 68 (35.8)

Potential drug interaction 30 (15.8)

Non-adherence 29 (15.3)

Others 20 (10.5)

Indication without drug 19 (10)

Overdose 8 (4.2)

Underdose 7 (3.7)

Drug without indication 7 (3.7)

Inappropriate drug 2 (1.0)

Total 190 (100.0)
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hospital, which cannot meet the requirements of internet 
medical service. Since our pharmacy clinic is opened once a 
week for 4 hours each time, we can only serve 6–10 patients 
each time in half a day per week. 

Five leading types of cancer were related to bone, lung, 
breast, colorectum and prostate in our anti-neoplastic 
MTM system. This is different from the result of other 
domestic data which referred to the lung, liver, stomach, 
esophageal and colorectal cancer. This difference may be 
attribute to the fact that there are many patients with bone 
tumors in the department of orthopedics in our hospital. 
What should be of concern is that our tumor patients come 
from more than ten provinces in China. The geographic 
distribution will increase the difficulty of follow-up. The 
MTM system of phase II aims to overcome some known 
obstacles, facilitate the communication and integrate 
to current systems. In addition, we plan to serve more 
outpatients (34). Meanwhile we need more pharmacists to 
deal with redundant data (25,35,36). 

Studies certified that poor medication adherence would 
affect health outcomes and increase overall healthcare 
cost (27). In order to improve the patients’ adherence, we 
provided the 8-item medication adherence scale for patients 
who have serious DRPs. Though only the non-adherence 
account for 15%, in fact it is more common in other studies 
(37,38). Our findings suggest that the involvement of 
clinical pharmacists can help improve patient compliance, 
as in other studies (39,40).

Currently, our sample size is small, the gene related 
data cannot be incorporated into the medication action 
plan and the MTM workstation has not been totally 
integrated into the whole process of patient management. 
However, through anti-neoplastic MTM practice our 
clinical pharmacists have achieved our important role in 
managing patient. Pharmacists should provide available 
pharmaceutical care to the public to promote the 
effectiveness, safety and rational use of medicines.

Conclusions

The first anti-neoplastic MTM system in Shanghai was 
established in Shanghai Jiao Tong University affiliated sixth 
People’s Hospital with the multi-disciplinary collaboration. 
In a year of clinical pharmacists’ involvement in tumor 
patients’ MTM, 85.8% of DRPs could be resolved (cure 
or improved) in four weeks; the medication adherence 
reached 84–100% following three or four times of follow-
up and intervention. Based on the current experience, the 
phase II aims to overcome some known obstacles, facilitate 
the communication and integrate to current systems, 
ultimately enhance the effectiveness, safety and rational use 
of medication.
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Table S1 Pharmaceutical service intention survey

Q1 Where do you get information about cancer-related diseases and medicines? (multiple choice) 
□ doctor or nurse; □ professional books, journals;  □ internet, magazine; 
□ pharmacist;  □ WeChat (eg: Pharmacy of the Sixth Hospital);
□ friends and family (other than healthcare professionals); 
□ TV (such as health programs, advertising);  □ other________

Q2 Have you consulted the pharmacist about medication? 
(yes, continue to 3; no, skip to Q4)
□ Yes  □ No

Q3 What aspects of information do you consult with pharmacists mainly? (multiple choice)
□ does the pharmacy have some special anti-tumor drugs? 
□ drug usage and indications; 
□ adverse drug reactions and side effects; 
□ questions about multiple medications or drug-drug interaction;  
□ other________

Q4 What kind of pharmaceutical services do you need from pharmacists? (multiple choice) 
□ inquiry for basic information of drugs; 
□ questions on adverse drug reaction;  
□ questions on drug usage and dosage; 
□ questions on multiple medications, drug-drug interaction;  
□ to prevent the adverse drug reactions;  
□ lecture information on drug safety;  
□ other (you need)________

Q5 If we lecturing on medication knowledge, will you attend? 
□ Yes □ at my spare time □ No

Q6 Did you accept telephone call from us? 
□Yes  □ No

Q7 Would you like to join the WeChat group hosted by pharmacists of Shanghai Sixth People’s Hospital and to share your 
medication experience with other patients and pharmacists? 
□Yes  □ No

Q8 Did you satisfy the service provided by the pharmacist? 
□satisfied  □ ordinary level □ not satisfied

Supplementary
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Table S2 A case of medication list modification after the effort both of clinical pharmacists and oncologists

Drug Specification Manufacturer Price (RMB) Action
Cost 

difference

1 Compound α-Ketoacid 
tablets

630 mg×100 tablet/box Fresenius-Kabi investment (China) Co. 
Ltd.

51.096 reduce -38.32

2 Shen Shuai Ning Jiao 
Nang

0.35 g×36 capsule/box Yunan Leiyunshang Lixiang 
Pharmaceutical Co. Ltd

47.26 no change 0

3 Piperazine ferulate tablets 50 mg×50 tablet/bottle Chengdu Heandpharm Co. Ltd 4.48 stop -0.8

4 Shen Yan Kang Fu pian 0.48 g×45 capsule/
bottle

Tianjin Tongrentang group Co. Ltd 24.32 stop -13

5 Fu Fang Ban Mao Jiao 
Nang

0.25 g×36 capsule/box Guizhou Yibai pharmaceutical Co. Ltd 72.99 stop -12

6 Compound glutamin 
entresoluble capsules 

36 capsule/bottle Diao Group Chengdu Pharmaceutical 
Co. Ltd

38.28 no change 0

7 Mecobalamin tablets 500 μg×20 tablet/box Eisai China Holdings Ltd. 29.69 stop -4.5

8 Sheng Xue Ning pian 0.25 g×24 tablet/box Wuhan United Pharmaceutical Co. Ltd 31.4 replace with 
Yixuesheng 
Capsules

+3.5

9 Omeprazole enteric-
coated capsules

20 mg×14 capsule/box Changzhou Siyao Pharmaceutical Co. 
Ltd

38.67 stop -2.7

10 She Xiang Bao Xin Wang 22.5 mg×42 capsule/
box

Shanghai Hutchison Pharmaceutical Co. 
Ltd

34.08 no change 0

11 Losartan potassium 
tablets

100 mg×7 tablet/box Merck Sharp & Dohme Limited 
(Hangzhou)

45.89 no change 0

12 Benidipine hydrochloride 
tablets

8 mg×7 tablet/box Kyowa Hakko Kirin China 
Pharmaecutical Co. Ltd

59.46 no change 0

13 Bai Ling Jiao Nang 0.5 g×42 capsule/box Hangzhou Zhongmei Huadong Medicine 
Co. Ltd

66.07 stop −18.9

14 Jin Shui Bao pian 0.42 g×36 tablet/box Jiangxi Jiminkexin Group Co. Ltd 97.29 sto[ −32.43

15 Zhi Ling Jiao Nang 0.25 g×48 capsule/box Zhejiang Changxinzhiyao Group Co. Ltd 19.83 no change 0

16 Compound digestive 
enzyme capsules

20 capsule/box Beijing Sunho Pharmaceutical Co.Ltd 34.58 stop −20.75

17 Clostridium butylricum 
tablets

20 mg×20 tablet/box Miyarisan Pharmaceutical Co.Ltd 
(Japan)

24.67 no change 0

18 Uremic clearance granule 
(sugarless)

5 g×18 package/box Consun (inner Mongolia) Pharmaceutical 
Co. Ltd

65.84 stop −10.97

19 Fu Fang Jin Qian Cao keli 
(sugarless)

3 g×18 package/box Guangxi Vantone Pharmaceutical Co. 
Ltd

24.95 no change 0

20 Reduced glutathione 
tablets

0.1 g×24 tablet/bottle Chongqing Yaopharm Pharmaceutical 
Co. Ltd

78.2 no change 0

21 Zu Shi Ma pian 0.3 g×54 tablet/box Qinghuangdao Shanghaiguan 
Pharmaceutical Co. Ltd

29.63 stop −6.58

Sum −157.45


