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Abstract
Background: Cancer has been a serious health threat for human especially in developing countries. As the
tumor patients are largely in elderly population, the ongoing trend of population aging and increased
long-term cancer survivors will add complexity to tumor patients management. However, the tumor
patients, aged and with multiple therapeutics, are largely under-served in medication service in China. The
aim of this study was to evaluated the effectiveness of an independent anti-neoplastic medication
therapy management system for tumor patients management.

Methods: An independent, anti-neoplastic medication therapy management (MTM) system, in Shanghai
Jiao Tong University affiliated sixth People's Hospital, was established in 2018 as a result of
collaboration of onco-chemotherapy, clinical pharmacy and software engineers. The system consists of
an independent clinic of pharmacy and MTM software. The software consisted of six modules to enable
clinical pharmacists to serve the patients. The six modules are medication therapy review, intervention
plan, personal medication record, medication-related action plan, intervention and/or referral, and
documentation and follow-up.

Results: In a year, 173 tumor patients visited the pharmacy clinic and the averaged clinic visiting count
was 2.4 for the all tumor patients. Two thirds patients (117/173) were with one or more identified drug-
related problems (DRPs) in medication therapy review. Three leading DRPs are adverse drug reaction,
potential drug-drug interaction and non-adherence. Seventy percent of DRPs could be resolved (cure or
improved) in four weeks; the medication adherence reached 84%-100% following three or four round of
review and intervention.

Conclusions: The involvement of clinical pharmacists in polypharmacy tumor patients management
increased the communication with oncologists, and could ultimately enhance the effectiveness, safety
and rational use of medication.

Background
In most countries the cancer incidence are on the rise since 1990s, and the cancer grew into the second
leading cause of death in 2013 despite substantial progress has been made in prevention and treatment
[1]. From 2006 to 2016, the cancer cases increased by 28 % and reached 17.2 million worldwide, which
resulted in 8.9 million deaths [2]. This threat is particular severe in developing countries whose health
systems are usually ill-equipped to cancer diagnosis and treatment [1, 3]. By using the same methods of
global burden of disease 2017 eight types of cancer appeared in the 25 leading causes of death in China
and the estimated deaths for these eight types of cancer summed up to 148 deaths per 100000
population [4]. An ongoing population aging trend in China and increased long-term cancer survivors will
add complexity to tumor patients management and severity to cancer morbidity and mortality [5].

As the tumor patients are largely in elderly population, it is common they are also suffering from multiple
other diseases and/or organs’ dysfunction [5]. As a consequence they required multiple medications, in
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turn the tumor patients will easily fall into a vicious circle due to adverse reaction of drug treatments or
deterioration of tumor associated metabolic dysfunctions [6]. Patients with multiple medications
increased the risk of adverse events, overdose, drug irrational uses, drug-drug interactions, and declining
of compliance rate [7–9]. The number of medications dispensed could predict the serious drug-drug
interactions independently [10]. Due to the complexity of treatment options and the discrepancy among
patients, about half patients receiving long-term oral chemotherapy failed to complete medication
adherence [11]; and DRPs could be detected in around 3/4 long-term polypharmacy patients [12]. The
intervention conducted by pharmacists could greatly improve the adherence rate of oral anti-neoplastic
drugs, and ultimately improve the outcomes of oral chemotherapy [13, 14]. A systematic review of studies
of clinical medication review service in Australia confirmed its positive role in improving the quality use of
medications and health outcomes and called for collaborations from different health professional
backgrounds; on the other hand, a substantial population was still underserved including patients with
poor medication adherence, older males, recipients of palliative care and younger patients with chronic
disease [15].

The tumor patients, aged and with multiple therapeutics, are largely underserved in medication service in
China. In 2018, China National Health Commission issued a guideline on development of pharmaceutical
service, required the role transformation and emphasized the professional service provided by
pharmacists [16]. In the same year, the first anti-neoplastic pharmaceutical clinic in Shanghai was
established to improve the medication adherence, to promote drug rational use, to prevent adverse
reactions. This clinic will serve tumor patients independently by following the mode of medication
therapy management (MTM) service in which an independent workstation was developed with the ability
to retrieve information from the hospital information systems. In a year the tumor patients improved their
drug adherence and some short term health outcomes.

Methods

The independent anti-neoplastic MTM system
The independent anti-neoplastic MTM system, in Shanghai Jiao Tong University affiliated sixth People’s
Hospital, was a product of intramural collaboration between departments of onco-chemotherapy and
clinical pharmacy. The system consists of a clinic of pharmacy, designated clinical pharmacists,
supportive equipment, MTM software and tumor patients with multiple medications. The MTM software
(intellectual property registration No.: 2018SR916520) was design by adopting the concept of patient-
centered approach to medication management service [17]. 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. Through MTM software the clinical
pharmacists can retrieve the information from hospital information system and the structured data of
medication history will be extracted automatically and presented in table format. As consequence, the
clinical pharmacists can management the tumor patients in a formulated procedure and get support from
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the data of medication history and from oncologists online, which to enhance the safety, compliance and
ultimately the outcomes in medications (Figure 1).

Patient management procedure
Following the registration, a patient’s baseline information, disease treatment history, list of medication,
adverse events, status quo of health and electronic medical records will be collected and retrieved. The
clinical pharmacists are able to review the history of medication therapy in MTR module in descending
priority of medication (contra)indication, efficacy, safety, compliance, drug-drug interaction and other
drug-related problems (DRPs). Nine types of DRPs covering indication, effectiveness, safety and
adherence include (1) drug without indication; (2) indication without drug; (3) inappropriate drug; (4)
underdose; (5) adverse drug reaction; (6) overdose; (7) non-adherence; (8) potential drug-drug interaction,
and (9) other problems [18, 19]. For those 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 a consensus between clinical pharmacists and oncologists. Based upon the action plan
the patients are able to learn their own DRPs and to monitor the effectiveness of action plan through
daily records. During the patient management process questionnaires on knowledge, attitude and
practice of medications or related problems will be applied (Supplement table s1 Pharmaceutical service
intention survey). As a part of action plan the patients are scheduled to repeat review, assessment and
evaluation of laboratory tests, prescription and treatment outcomes (including cure, stable status,
improved, partial improved, no improvement, deterioration, failure). From the second review onward the
Morisky medication adherence scale (MMAS–8) is provided for tumor patients with serious DRPs (Figure
1) [20].

Patients

The independent anti-neoplastic MTM system recorded 173 consecutive patients from Jun 6th 2018 to
May 31st 2019. In this retrospective analysis only patients with three or more round MMAS–8 score,
largely were receiving chemotherapy in our own hospital, are used to assess the medication compliance
following execution of action plan. The data were collected during the patients management as depicted
in patient flowchart (Figure 1).

Statistical analysis
Continuous variable was presented as mean (SD), 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 are usually data of time-to-event and the Kaplan-Meier method is used in estimating the median
time of those with endpoints of cure or improved (defined as event = 1). The patients with MMAS–8 score
≥6 is regarded as adherence of acceptable level (defined as event = 1), also the median time of patients
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reached the level of acceptable adherence 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 using
software of SPSS 18.0 (IBM Corp. Armonk, NY).

Results

Baseline characteristics
The tumor patients aged from 4 to 86 year with mean (SD) of 49.4(22.3) years, greater than 60% patients
are in groups of 18–70 years of age. It’s worth to note that around one sixth were occurred under 18 years
and one fifth were above 70 years of age. Female patients consisted of half of all the patients (chi-square
test, p = 0.595). Five leading types of cancer were bone, lung, breast, colorectal and prostate cancer. On
average patients with one or more comorbidities and DRPs. Three leading DRPs are adverse drug
reaction, potential drug-drug interaction and non-adherence, one third of DRPs were adverse drug
reactions (Table 1).

Patients follow-up
Following medication therapy review, two thirds patients (117/173) were with one or more identified
DRPs. These patients were scheduled to review and re-evaluation, among them 47% (55/117) revisited
the MTM clinic once or more. The averaged clinic visiting count was 2.4 for the all tumor patients. A few
patients visited the MTM clinic greater than ten times in a year (Figure 2).

Improvement in patients with DRPs
One hundred and seventeen patients were identified with 190 DRPs in total, among them 78 patients with
96 DRPs were cured and 58 patients with 67 DRPs were improved with median of 6.8 days or 27.8 days,
respectively. The most common DRPs were drug associated adverse events (68/190) and drug-drug
interactions (30/190) among them 3/4 (73/98) could be cured or improved (Figure 3A). Most majority of
non-compliance (27/29) could be improved. Judged by experienced clinical pharmacists 38 tumor
patients with serious DRPs to which the MMAS–8 was provided from their second time review. At their
first time review 24% (9/38) tumor patients displayed medication compliance according to Morisky score
(≥6), thereafter this rate reached 66% (25/38) at the second time visit, and 84% (32/38), 100% (32/32) at
third and fourth time visit, respectively. The improvement on compliance was significant from third time’s
visit onward with an estimated median of 35 days after second visit (Fisher exact test, p = 0.0004) (Figure
3B).

Economic benefit
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One patient was diagnosed sigmoid colon cancer with chronic renal dysfunction. The patient’s GFR was
40 mL/min/1.73m2. This polypharmacy patient was prescribed 21 drugs when he first time visited the
MTM clinic. After the negotiation between clinic pharmacists with oncologists and the final drugs list
contained 11 essential drugs with equivalent treatment efficacy. This alteration would save ¥157.45 each
day (¥4880.95 per month) (Supplement table s2). The data of economic benefit will be discussed
elsewhere.

Discussion
It was estimated that greater than 4.2 million new cancer would be diagnosed and 2.8 million cancer
deaths would occur in China in 2018 [21]. A non-negligible and long-standing fact is the oncologists are
overload in work, which will directly result in shortened time for individual patient and reset the priority in
tumor patient management. As a consequence, the treatment efficacy and survival are in high priority,
however, the DRPs or other secondary problems in chemotherapy are quite possible marginalized.
Polypharmacy and altered metabolic profile in tumor patients would increase the risk of drug-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 [12, 22, 23]. In a
delicate condition or more exactly a dilemma of chemotherapy the oncologists eagerly need the
involvement of multi-disciplinary experts especially the role of pharmacists in patients management [24–
26].

Fortunately we clinical pharmacists were trained since China’s first time introducing the MTM mode from
US in 2015 [12, 27–29]. In phase I development we have established the first anti-neoplastic MTM system
in Shanghai in 2018 as a result of cooperation of oncologists, clinic pharmacists and software engineers.
This MTM workstation also designed to facilitate the communication and cooperation of professionals
of different backgrounds, which has been proved to improve patient and physician satisfaction and
coordination [30, 31]. This anti-neoplastic MTM 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 [32, 33]. Up to date the a few MTM systems have concentrated on the medication
record development, medication action plan development, patient follow up [34]. We obtained a patent on
anti-neoplastic MTM system. However, limited by resources available our clinic can serve patients only
for half a day per week, 6–10 patients each time, at present. The ongoing phase II development is more
ambitious by incorporating the MTM into the whole medical group system and will collect information
through mobile terminal devices.

Five leading tumor types recorded in our anti-neoplastic MTM system were bone, lung, breast, colorectal
and prostate cancer. This profile differs from the list of causes of death of China in which the lung, liver,
stomach, esophageal and colorectal cancer were the first five diseases. This discrepancy might attribute
to the relative advantages of department of orthopedics in our hospital. However, the tumor patients
came from more than ten provinces in China. Also a broad geographic distribution will add the difficulty
in following up. Our phase II development of MTM system will aim to overcome some known obstacles,
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facilitate the communication, integrate deeply into current systems. Also we anticipated an increased
MTM clinic visit rate [35], the requirement of growth of pharmacists in dealing with molecular and
personalized data [26, 36, 37].

Medication non-adherence would affect health outcomes and overall healthcare cost [28]. In order to
improve the patients’ adherence, we provided the MMAS–8 for those patients with serious DRPs who
were more likely to be frustrated. The adherence score hence provided the clinical pharmacists a direct
measurement despite of only 15% (29/190) patients indicated non-adherence. However, the non-
adherence in patients might be more common [38, 39], and the involvement of clinical pharmacists would
improve patients’ adherence [40, 41].

Currently, the sample size and time span are insufficient for a robust inference, the gene related data can
not be incorporated into the medication action plan, avenues for communication and patient education
have not integrated into MTM system, the MTM workstation has not intervene into the whole process of
patient management, still we lack tools to enhance the personalized medication in short term. However,
through anti-neoplastic MTM practice the clinical pharmacists are realizing their role in multiple stages of
patient management. The pharmacists should be accessible to the general public and professional alike
[26] to promote the effectiveness, safety and rational use of medications.

Conclusion
The first anti-neoplastic MTM system in Shanghai was established in Shanghai Jiao Tong University
affiliated sixth People’s Hospital as a result of multi-disciplinary collaboration. In a year of clinical
pharmacists’ involvement in tumor patients medication therapy management, seventy percent of DRPs
could be resolved (cure or improved) in four weeks; the medication adherence reached 84%–100%
following three or four round of review and intervention. Though the sample size and time span limited us
from a robust inference, ongoing phase II development was aiming to facilitate the communication,
collaboration, deeply intervening into patient management and ultimately to enhance the effectiveness,
safety and rational use of medication.
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Table 1. Baseline characteristics of consecutive tumor patients (n=173)
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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)
DRPs (n=190) Adverse drug reaction 68(35.8)
  Potential drug-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)
ADRs (n=68) Constipation 13(16.5)
  Myelosuppression 10(12.7)
  Hypohepatia 8(10.1)
  Rash 8(10.1)
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  Diarrhea 7(8.9)
  Oral mucositis 5(6.3)
  Fatigue 5(6.3)
  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)

Note: the comorbidities and DRPs was counted according to event

Figures

Figure 1

The scheme of patient flowchart in anti-neoplastic medication-therapy management.
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Figure 2

The distribution of patients visiting count. The averaged visiting count of patients was 2.4 times, majority
of patients visited once or twice, with 38/173(22%) patients visiting greater than 2 times; a few patients
visited greater than ten times within one year (2018-06-06 to 2019-05-31).
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Figure 3

The improvement of patients with DRPs and compliance. (A) 78 patients with 96 DRPs were cured in
median 6.8 days, and 58 patients with 67 DRPs were improved in median 27.8 days. (B) by defining the
Morisky score ≥6 as satisfactory compliance (event=1), the patient compliance was improved
significantly since third round visit with a median of 35 days (Fisher exact test, p=0.0004).
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