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Background
Non-metastatic breast cancer accounts for 87.8% of breast cancer cases. However, the high risk of drug adverse drug reactions due to multiple combined medications, along with the urgent need for out-of-hospital medication adherence and management, poses substantial challenges. Traditional treatments often fail to meet the full-cycle management needs of patients. Remote pharmaceutical follow-up, as an emerging model, may address these issues. This study aimed to investigate the intervention effect of remote pharmaceutical services via a follow-up app on non-metastatic breast cancer patients.
Methods
From May 2023 to March 2025, 178 patients with non-metastatic breast cancer were enrolled and randomly assigned to an intervention group (receiving remote pharmaceutical follow-up via an app) or a control group (receiving only routine treatment), with a 6-month follow-up period. The primary outcome was the incidence of severe adverse drug reactions, while secondary outcomes included medication adherence scores, pharmaceutical knowledge scores, and quality of life assessments.
Results
The incidence of severe adverse drug reactions in the intervention group (20.2%) was significantly lower than that in the control group (50.0%, P < 0.01), with notable improvements particularly in non-hematological adverse drug reactions. The intervention group also demonstrated significantly higher pharmaceutical knowledge scores and medication adherence scores compared to the control group (P < 0.05). In terms of quality of life, the intervention group showed greater improvements in symptom scores and overall composite scores (P < 0.01), with faster recovery of global health and functional scores in the late follow-up phase.
Conclusion
Remote pharmaceutical services delivered via a follow-up app effectively reduce the incidence of severe adverse drug reactions and improve medication knowledge, adherence, and quality of life in non-metastatic breast cancer patients. This model provides a viable new approach for out-of-hospital management and highlights the value of pharmacists in the full-cycle management of oncology care. Future research should further explore preventive strategies for hematological adverse drug reactions and extend the follow-up period to refine the clinical application of this management model.
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1 INTRODUCTION
According to data from the International Agency for Research on Cancer, in 2022, there were over 2.3 million new breast cancer cases globally, with approximately 670,000 deaths (Løyland et al., 2024). Non-metastatic breast cancer accounts for 87.8% of all breast cancer cases, comprising the majority of the breast cancer population (Morgan et al., 2024). However, the American Cancer Society has noted significant gaps and deficiencies in post-treatment follow-up and monitoring for breast cancer patients, with most cancer patients unable to receive optimal diagnostic and treatment guidance (Siegel et al., 2023). This situation exacerbates the complexity of breast cancer management, particularly given the large population of non-metastatic breast cancer patients who require long-term intervention, urgently necessitating more effective solutions.
At the treatment level, breast cancer patients often receive multiple combined medications, significantly increasing the risk of potential adverse drug reactions. Common adverse drug reactions such as nausea and vomiting not only severely affect patients’ medication adherence and quality of life but may even lead to treatment failure (Roscoe et al., 2012; Lau et al., 2016; Wang et al., 2023). Studies have shown that over 70% of patients experience symptoms such as nausea and diarrhea after receiving various treatment regimens, and these may trigger psychological sub-health issues like anxiety and fatigue, further weakening treatment efficacy (Hashimoto et al., 2020; Yeo et al., 2020). Additionally, after discharge, patients often face problems such as non-adherence to medications, incorrect dosing, and drug incompatibilities, especially when taking anticancer drugs like capecitabine, pyrotinib, and cyclophosphamide. Patients have significantly less convenient access to monitoring and treatment services when outside the hospital compared to during hospitalization (Sweetman et al., 2014). Although the 5-year survival rate for non-metastatic breast cancer patients has increased to 83.1% (Ho et al., 2018), this has also raised higher requirements for drug therapy and health management. Patients face continuously increasing medication-related problems and treatment needs, requiring interventions that span long-term or even lifelong periods (Papakonstantinou et al., 2025). These challenges highlight the necessity of systematic medication management and patient support.
Pharmaceutical care, since its proposal by American pharmacotherapy scholars Hepler and Strand, has undergone 30 years of development, with its core focus on providing responsible drug-related services to the public with the goal of improving quality of life (Hepler and Strand, 1990). During this period, the role of pharmacists has gradually transformed, meeting patients’ full-cycle diagnostic and treatment needs by providing professional medication guidance, coordinating physician-patient communication, and formulating personalized medication recommendations.
Pharmacist-led patient education programs, as a core component of this transformation, have gained widespread recognition for their ability to enhance medication safety and adherence. These educational initiatives operate primarily through two distinct models, each with its own characteristics. The traditional in-person education model enables direct interaction: pharmacists can visually assess patients’ conditions, engage in face-to-face communication, and address treatment-related issues in real time (Ma et al., 2025). However, this approach is constrained by geographical barriers, fixed schedules, and resource intensity, which prevent homebound patients or those in remote areas from accessing timely guidance.
In contrast, remote education programs leverage digital platforms to overcome these limitations. They offer flexibility in terms of timing and accessibility, allowing patients to access educational materials, consult pharmacists via text or video, and receive continuous follow-up (Gushrowski et al., 2025; Metrebian et al., 2025)—an advantage for the long-term management of cancer. Nevertheless, remote models present their own challenges: the lack of in-person interaction may diminish trust to some extent, and technical barriers (such as software usage) could potentially exclude vulnerable populations like elderly patients (Kanimozhi et al., 2025).
While face-to-face services excel in personalized care, remote models provide broader reach and sustained engagement, making them particularly suitable for the out-of-hospital management of non-metastatic breast cancer—a population requiring long-term, convenient service support. In recent years, pharmacist-led remote service models have rapidly developed and gained widespread recognition globally (McNab et al., 2018; Abousheishaa et al., 2020; Gonçalves et al., 2021; Ruiz-Ramos et al., 2021; Kc et al., 2023), offering new pathways to address the management challenges of breast cancer patients.
Against this background, this study conducted a prospective, randomized controlled clinical trial for non-metastatic breast cancer patients, aiming to explore a new model of remote pharmaceutical follow-up services.
2 MATERIALS AND METHODS
This study was conducted in the Department of Breast Surgery, The Second Affiliated Hospital of Fujian Medical University, from May 2023 to March 2025. All participants provided written informed consent after being fully informed of the study objectives, methods, potential risks, and benefits. The study was approved by the hospital ethics committee (approval number: [2023] Ethic Review No. (288)) and registered with the Chinese Clinical Trial Registry (registration number: ChiCTR2300078817). The study design and methods adhered to the principles of the Declaration of Helsinki and its 1964 revision.
2.1 Inclusion criteria
Patients were included if they met the following criteria: (1) newly diagnosed with non-metastatic breast cancer (AJCC stages 0-III); (2) aged 18–80 years; (3) expected survival >6 months; (4) capable of communication, without significant cognitive impairment, and able to use a smartphone; (5) willing to cooperate with long-term follow-up and attend scheduled follow-up visits.
2.2 Exclusion criteria
Patients were excluded if they had: (1) a history of other primary malignancies; (2) received prior treatment (surgery, radiotherapy, chemotherapy, etc.) at external hospitals; (3) difficulties in verbal communication; (4) participation in other concurrent clinical trials.
2.3 Study design
This was a prospective, randomized, single-blind pilot clinical study designed to evaluate the safety and efficacy of pharmacist-provided remote follow-up services in patients with non-metastatic breast cancer. The study utilized a 1:1 randomized controlled design, with participants randomly assigned to either the intervention group or the control group, and followed up for 6 months. Participants were enrolled after postoperative pathological reports confirmed their eligibility (meeting the inclusion criteria). Upon the eligible patients agreeing to participate, the recruiting pharmacist requested a random number from an independent pharmacist who maintained the random number table (pre-registered and filed with the hospital’s Clinical Research Office prior to trial initiation). A random number of 1 indicated assignment to the intervention group, and 2 indicated assignment to the control group. The 6-month follow-up period started immediately after the signing of the informed consent form. During hospitalization, both groups received traditional pharmaceutical services (including personal file establishment and medication education). After discharge, the intervention group received follow-up services from pharmacists via remote software (such as adverse reaction monitoring, online consultations, and review reminders), with interventions for non-hematological toxicities structured according to the Chinese Breast Cancer Follow-up and Health Management Guideline, which provides evidence-based recommendations for symptom management (DOI: 10.3760/cma.i.cn112152-20211029-00798), while the control group did not receive follow-up services (See Figure 1 for the study design framework).
[image: Flowchart depicting a study design with recruitment and group allocation leading to an intervention group and a control group. The intervention group receives remote follow-up services, including medication reminders, adverse reaction monitoring, drug-related consultations, lifestyle guidance, psychological counseling referrals, and educational counseling over six months. The control group receives routine treatment, regular follow-up, and offline Q&A during the same period. Both groups undergo evaluation analysis at the end.]FIGURE 1 | Study design framework.As per standard oncology practice, the duration of hospitalization and frequency of outpatient visits for both groups were determined by clinical needs (e.g., treatment-related complications, disease progression). Pharmacists did not intervene in clinical decisions related to these parameters; instead, their role was centered on providing professional recommendations (e.g., medication-related advice), thereby ensuring the independence and standardization of clinical care throughout the study.
2.4 Study software and intervention measures
The follow-up software used in this study is “Haixin Health,” an intelligent application developed by Zhejiang Haixin Zhihui Technology Company Limited, which is designed specifically for oncology patients with multi-dimensional functionalities. Patients have full access to their medical records via the software at any time and from anywhere, and upon uploading these records, the system generates preliminary diagnostic and treatment recommendations through AI analysis. These recommendations are then double-checked by physicians and pharmacists to formulate personalized treatment plans. It dynamically organizes patients’ treatment histories in a timeline format, integrating key information such as examination reports and medication records to help patients quickly grasp their condition. The software supports multimodal interactions (e.g., text, telephone, video) to enable remote consultations and communication between patients, research pharmacists, and oncology experts. Additionally, it establishes an exclusive communication community where patients can share treatment experiences, dietary restrictions, and daily life insights to facilitate mutual support and rehabilitation management. As visualized in Supplementary File 1 (screenshots of the software interface attached), the community module integrates seamlessly with patient consultation records and condition-tracking features. All enrolled patients were confirmed to have the ability and conditions to use the research software. Upon enrollment, they received dedicated guidance on software operation, which included navigating community interactions, using consultation functions, and accessing medical records, to ensure full mastery of all features.
Research pharmacists completed a 3-month standardized intervention training program at the Pharmacy Department and passed competency assessments prior to participating in the trial, providing each patient with 6 months of structured follow-up services. During the follow-up period, pharmacists regularly updated and evaluated medication lists based on patients’ treatment progress, and used online questionnaires to assess medication adherence and treatment-related knowledge. Guided by these assessment results, they conducted targeted follow-ups at least once every 2 weeks. Leveraging the “Haixin Health” platform, pharmacists could set up automated reminders, which the software sent to patients at scheduled intervals to prompt medication intake and follow-up appointments. Continuous monitoring of adverse reactions was also implemented via the platform: whenever patients experienced treatment-related adverse events of any grade, they could report symptoms to pharmacists, and receive preventive guidance and intervention recommendations after consultation. Beyond adverse reaction monitoring, real-time services encompassed medication consultations, lifestyle guidance (exercise/nutrition plans), psychological counseling referrals, and shared educational resources (such as dietary arrangements during chemotherapy, skin care during radiotherapy, and postoperative wound care) to support rehabilitation.
Evaluations were conducted at baseline, 3 months, and 6 months to dynamically adjust intervention strategies. Such personalized guidance and ongoing interactive engagement helped maintain close connections with patients to the greatest extent.
2.5 Sample size estimation
Referencing relevant literature (Li et al., 2021), we set the incidence of severe adverse drug reactions in the control group as PA = 50% and in the intervention group as PB = 30%, expecting to observe an improvement in incidence of PA−PB= 20%. With a one-tailed test level of α = 5%, Z1−α = 1.645 and statistical power 1−β = 80%, Z1−β = 0.84, the formula for estimating the sample size based on the comparison of two sample rates (using severe adverse reaction incidence as the outcome indicator) is as follows:
nA=Z1−α+Z1−βPA−PB2×PA1−PA+PB1−PB
The calculated sample size was n=nA+nB=71×2=142. Considering a 20% dropout rate, the estimated sample size was adjusted to 142/0.8 ≈ 178.
2.6 Endpoints and data acquisition
2.6.1 Primary endpoint
The primary outcome was the incidence of adverse drug reactions, defined in accordance with the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) v5.0. This standardized framework grades adverse events on a 1–5 scale: grade 1 (mild, requiring no intervention), grade 2 (moderate, necessitating local intervention), grade 3 (severe, warranting hospitalization), grade 4 (life-threatening), and grade 5 (fatal). Severe adverse reactions were specifically categorized as grade 3 or higher, consistent with clinical oncology standards. A dichotomous approach was used to assess the correlation between adverse reactions and treatment, with only “related” cases included in the analysis.
2.6.2 Secondary endpoints
	1. Medication adherence scores, evaluated using the MMAS-8 scale. This scale assesses dimensions such as medication behavior, attitudes, habits, and difficulties, with a scoring range of 0–8 points (higher scores indicate better adherence) (Muntner et al., 2011; Kwan et al., 2020).
	2. Breast cancer medication knowledge scores, based on a questionnaire independently designed by the research team. We first referred to the Breast Cancer Awareness Measure (Breast CAM) questionnaire (Linsell et al., 2010), which focuses on core disease - related knowledge. Then, we integrated common clinical issues encountered by breast cancer patients in practice.

This customized tool covers key aspects such as breast cancer etiology, symptoms, diagnosis, medication treatment, and adverse reaction prevention (consistent with the foundational framework of Breast CAM). It also includes specific items from our “Breast Cancer Knowledge Quiz” (see Supplementary File 3 for the full questionnaire), like whether to avoid estrogen - containing drugs during treatment, the impact of controlling high - risk factors on breast cancer risk, and precautions for medication use (e.g., self - use of medicine, timing of chemotherapy - related treatments). The scoring range is 0–20 points, with higher scores indicating a better grasp of both theoretical knowledge and practical medication skills relevant to breast cancer patients.
	3. Quality of life scores, assessed using the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 scale, which evaluates four dimensions: global health, functional scores, symptom scores, and overall composite scores.

2.7 Data acquisition
Data collection for the endpoints was conducted as follows: The electronic questionnaires related to the trial were first distributed to patients. For the intervention group, these questionnaires were distributed online via the “Haixin Health” software, while the control group received them through email/SMS. Patients then completed the data entries into the electronic questionnaires. Additionally, paper-based questionnaires were provided to accommodate patients who preferred or had difficulty completing electronic versions, ensuring offline accessibility. All collected data were uniformly stored in the software’s supporting management platform (Supplementary File 2). The data stored in the software platform was managed and maintained by independent pharmacists from a third party, with the generated data being non-editable and non-modifiable to ensure data integrity and reliability.
2.8 Statistical analysis
All case data in this study were analyzed using IBM SPSS Statistics 27.0 software. Measurement data with normal distribution were expressed as mean ± standard deviation (x¯±s), while non-normally distributed data were presented as median (quartile). For small-sample count data (n ≤ 20), frequencies were used for representation; general count data (n > 20) were expressed as percentages. The chi-square test (χ2) was used to compare the incidence of adverse drug reactions between the two groups. Indicators such as quality-of-life scores, medication knowledge scores, and medication adherence scores were analyzed using two-way repeated measures analysis of variance (Two-way Repeated Measures ANOVA) to evaluate the intervention effect by assessing the interaction between intervention factors and time. In all statistical tests, a significance level of P < 0.05 was adopted, with a two-sided 95% confidence interval. To minimize potential bias, the study was supervised by the hospital ethics committee throughout the process and underwent regular data verification and quality control by the Clinical Research Office. Data analysis was conducted by third-party statisticians.
3 RESULTS
3.1 Basic study information
During the study period, a total of 228 patients were screened, among whom 13 met the exclusion criteria, 37 refused to participate, and 178 patients signed informed consent to be included in the study, with 89 patients in each group. During the follow-up period, 10 subjects were lost to follow-up, and finally 168 patients completed the six-month follow-up study. The flowchart of participant enrollment is shown in Figure 2.
[image: Flowchart of a randomized trial. Assessed 228 participants; 50 excluded (13 not meeting criteria, 37 declined). Randomized 178 participants into two groups: intervention and control (89 each). Intervention group lost 3 contacts, 2 withdrew; 84 included in final analysis. Control group lost 3 contacts, 1 withdrew, 1 died; 84 included in final analysis.]FIGURE 2 | Flowchart of study participant enrollment.After obtaining informed consent, Pharmacists immediately created and maintained detailed patient files upon obtaining informed consent, with continuous updates of patient information throughout the follow-up period. Basic information such as age, BMI, surgical procedures, and treatment regimens, hospitalization duration, outpatient visits frequency were collected according to the trial protocol, as detailed in Table 1.
TABLE 1 | Table of patients’ baseline characteristics.	Characteristics	Intervention (n = 84)	Control (n = 84)	P value
	Age, years	45.9 ± 8.1	47.3 ± 8.9	0.306
	BMI	22.8 ± 3.3	23.5 ± 3.2	0.116
	Cancer Stages			0.248
	0	10	5	
	1	30	25	
	2	37	41	
	3	7	13	
	Molecular Subtype			0.995
	Luminal A	22	21	
	Luminal B	43	43	
	HER2+	9	10	
	Triple-negative	10	10	
	Surgical Approaches			0.915
	Lumpectomy	3	2	
	Breast-conserving modified radical mastectomy	33	30	
	Modified radical mastectomy	4	4	
	Radical resection	44	48	
	Surgical Site			0.107
	Left	48	39	
	Right	34	45	
	Bilateral	2	0	
	Lymph node dissection	22	30	0.182
	Treatment Regimena
	Chemotherapy	57	57	1.000
	Radiotherapy	35	37	0.755
	Endocrine therapy	35	33	0.753
	Targeted therapy	15	11	0.394
	Drug Category			0.755
	Self-funded drugs	5	6	
	Hospital-provided drugs	79	78	
	Chronic Diseases
	Diabetes mellitus	3	2	0.650
	Hypertension	3	7	0.192
	Hepatitis B	7	5	0.549
	Hyperthyroidism	1	2	0.560
	Asthma	1	1	1.000
	Systemic lupus erythematosus	0	1	0.316
	Fatty liver disease	2	0	0.155
	Multimorbidity (≥2 chronic diseases)	1	3	0.311
	Medical insurance			0.378
	Employee Medical Insurance	14	10	
	Resident Medical Insurance	70	74	
	Educational Attainment			0.320
	Primary education	41	48	
	Secondary education	33	31	
	Tertiary education	10	5	
	Menopause	26	32	0.330
	Employment	74	66	0.098
	Married	82	83	0.560
	Hospitalization Duration, days	5.6	5.8	0.340
	Outpatient Visits Frequency, times	8.7	9.1	0.221


a Treatment regimens reflect actual therapies received during the study.
3.2 Incidence of adverse drug reactions
During the 6-month clinical trial, we compared the incidence of adverse drug reactions between the two groups in different categories, as shown in Table 2.
TABLE 2 | Comparison of serious adverse drug reactions between two groups of patients.	Adverse reaction category	Intervention (n = 84)	Control (n = 84)	Total (n = 168)	P value
	Patients with serious adverse drug reactions	17 (20.2%)	42 (50.0%)	59 (35.1%)	<0.001
	Hematological only	8 (9.5%)	8 (9.5%)	16 (9.5%)	1.000
	Non-hematological only	7 (8.3%)	21 (25.0%)	28 (16.7%)	0.004
	Both hematological and non-hematological	2 (2.4%)	13 (15.5%)	15 (8.9%)	0.007
	Types of serious adverse drug reactions (with incidence in ≥2% of patients)*
	Hematological
	Leukopenia	10 (11.9%)	18 (21.4%)	28 (16.7%)	NA
	Neutropenia	1 (1.2%)	4 (4.8%)	5 (3.0%)	NA
	Non-hematological
	Nausea	3 (3.6%)	14 (16.7%)	17 (10.1%)	NA
	Insomnia	2 (2.4%)	10 (11.9%)	12 (7.1%)	NA
	Wound infection	1 (1.2%)	5 (6.0%)	6 (3.6%)	NA


In the intervention group, 17 out of 84 patients (20.2%) experienced severe adverse drug reactions, compared with 42 out of 84 patients (50.0%) in the control group. The intervention group had a significantly lower incidence of severe adverse drug reactions than the control group (P < 0.001). No significant difference was observed between the two groups in the incidence of hematological adverse drug reactions alone (P = 1.000). The intervention group showed lower incidences in non-hematological adverse drug reactions alone, as well as both hematological and non-hematological adverse drug reactions, with statistically significant differences between the two groups (P = 0.004 and P = 0.007, respectively). The most common severe hematological adverse reaction was leukopenia (overall incidence 16.7%), and the most common severe non-hematological adverse reaction was nausea (overall incidence 10.1%).
Additionally, we recorded the occurrence of adverse drug reactions (all grades, 1–5) during the trial. The adverse reaction profiles of the two groups are detailed in Table 3.
TABLE 3 | Total record of adverse drug reactions in the two groups.	Adverse reaction category	Intervention (n = 84)	Control (n = 84)
	Hematological
		Leukopenia	35	39
	Anemia	15	22
	Neutropenia	9	11
	Total cases		59	72
	Non-hematological
		Nausea	21	42
	Alopecia	21	33
	Hypercholesterolemia	24	24
	Hyperuricemia	13	25
	Vomiting	13	23
	Insomnia	15	20
	Hypertriglyceridemia	15	12
	Wound pain	10	17
	Rash	11	14
	Wound infection	6	17
	Drug-induced liver injury	4	11
	Hyperglycemia	5	11
	Hematuria	1	5
	Fever	3	1
		Constipation	1	2
	Total cases		163	257


Patients may experience more than one type of adverse reaction, so the total number of cases does not equal the total number of patients.
3.3 Medication knowledge
Results from Table 4 and Figure 3 indicated statistically significant differences in medication knowledge scores between the two groups (P < 0.001 for intergroup comparison). Significant differences were also observed in knowledge scores across different time points (P < 0.001 for intragroup comparison), with a significant interaction effect between group and time (P < 0.001 for group × time), suggesting that medication knowledge scores varied across groups, time points, and their rates of change. Pairwise comparisons showed: M0<M3<M6 over time, indicating a continuous increase in knowledge scores from baseline to 6 months of follow-up, reaching the highest value at 6 months. The intervention group demonstrated a faster increase in scores from M0 to M3 compared to the control group, while no significant difference was observed between the two groups from M3 to M6.
TABLE 4 | Repeated measures ANOVA results of the medication knowledge scores of the two groups.	Source of variation	Sum of squares	Degrees of freedom	Mean square	F value	P value
	Between groups (Group)	55.242	1	55.242	13.702	<0.001
	Within groups (Time))	511.677	1.875	272.945	156.801	<0.001
	Group × Time interaction	108.335	1.875	57.790	33.199	<0.001
	Subjects (nested within Group)	1886.763	156	12.095		
	Error	509.062	292.445	1.741		
	Total	3,071.079	453.195			


[image: Line chart comparing medication knowledge scores over time between intervention and control groups. Both start at 13.0 at M0. By M6, intervention group rises to 16.0, while control group reaches 14.5.]FIGURE 3 | Trend of the scores in medication knowledge between the two groups.3.4 Medication adherence
Results from Table 5 and Figure 4 showed statistically significant differences in medication adherence scores between the two groups (P = 0.047 for intergroup comparison). Significant differences were also observed in adherence scores across different time points (P = 0.002 for intragroup comparison), with a significant interaction effect between group and time (P = 0.021 for group × time), indicating that medication adherence scores varied across groups, time points, and their rates of change. Pairwise comparisons revealed: M0<M3 = M6 over time, suggesting a continuous increase in adherence scores from baseline to M3, followed by stabilization. The intervention group exhibited faster rates of change in adherence scores during both the M0–M3 and M3–M6 periods compared to the control group, with statistically significant differences.
TABLE 5 | Repeated measures ANOVA results of adherence scores between two groups.	Source of variation	Sum of squares	Degrees of freedom	Mean square	F value	P value
	Between groups (Group)	3.250	1	3.250	4.012	0.047
	Within groups (Time)	24.801	2	12.401	6.592	0.002
	Group × Time interaction	14.809	2	7.405	3.936	0.021
	Subjects (nested within Group)	270.346	155	1.744		
	Error	583.167	310	1.881		
	Total	896.373	470			


[image: Line graph showing medication adherence scores over time for two groups: intervention and control. Both start at approximately 4.0 at month zero, rising to about 4.5 by month three. By month six, the intervention group increases to 4.7, while the control group decreases to 4.3.]FIGURE 4 | Trend of medication adherence scores between the two groups.3.5 Quality of life
Four dimensions of quality of life were evaluated: global health, functional scores, symptom scores, and overall composite scores. Each score was converted to a 100-point scale, where higher symptom scores indicated more symptoms and poorer quality of life, while higher scores in the other three dimensions reflected better quality of life. The scoring statistics are shown in Table 6, and the trends of quality-of-life scores over time in both groups are illustrated in Figure 5.
TABLE 6 | Statistics of quality of life scores at different times in the two groups.	Dimension	Groups	Number of cases	M0	M3	M6
	Global health	Intervention	83	51.3 ± 16.2	43.3 ± 19.7	54.6 ± 15.5
	Control	81	50.1 ± 16.5	41.4 ± 15.8	48.3 ± 12.3
	Functional scores	Intervention	83	54.4 ± 7.2	60.6 ± 7.4	62.9 ± 7.2
	Control	81	54.9 ± 6.9	60.8 ± 6.2	61.9 ± 6.1
	Symptom scores	Intervention	83	22.8 ± 6.5	35.1 ± 9.9	30.7 ± 8.3
	Control	81	21.4 ± 8.0	35.8 ± 11.3	34.1 ± 10.6
	Overall composite scores	Intervention	83	63.5 ± 6.0	62.4 ± 6.0	67.6 ± 5.1
	Control	81	64.7 ± 5.9	61.3 ± 5.5	63.0 ± 4.9


[image: Four line graphs labeled A, B, C, and D compare intervention and control group results over time points M0, M3, and M6. Graph A shows a V-shaped trend, graph B shows an upward trend, graph C shows an initial rise then a slight decline, and graph D shows a V-shaped pattern with the intervention line rising sharply at M6. Each graph uses a solid line for intervention and a dotted line for control.]FIGURE 5 | Trend of quality-of-life scores over time between the two groups. (A) Global health; (B) Functional score; (C) Symptom score; (D) Overall score.Results from Table 7 indicated statistically significant differences in global health scores between the two groups (P = 0.028 for intergroup comparison). Significant differences were also observed in global health scores across different time points (P < 0.001 for intragroup comparison), though no significant interaction effect was found between group and time (P = 0.115 for group × time), suggesting that global health scores varied across groups and time points. Pairwise comparisons showed that global health scores decreased continuously from M0 to M3 in both groups, reaching the lowest value at M3, then increased from M3 to M6 and returned to baseline levels.
TABLE 7 | Results of repeated measures ANOVA for global health scores in the two groups.	Source of variation	Sum of squares	Degrees of freedom	Mean square	F value	P value
	Between groups (Group)	761.635	1	761.635	4.917	0.028
	Within groups (Time)	4,755.129	2	2,377.565	16.935	<0.001
	Group × Time interaction	611.864	2	305.932	2.179	0.115
	Subjects (nested within Group)	24,660.408	163	151.291		
	Error	45,769.456	326	140.397		
	Total	76,558.492	494			


Table 8 showed no statistically significant difference in functional scores between the two groups (P = 0.788 for intergroup comparison), but significant differences were observed across time points (P < 0.001 for intragroup comparison), with no interaction effect between group and time (P = 0.293 for group × time). This indicated that functional scores varied across time points but not between groups. Pairwise comparisons revealed a trend of M0<M3<M6 for functional scores in both groups, meaning scores gradually increased over time and reached the highest value at M6.
TABLE 8 | Results of repeated measures ANOVA for functional scores in the two groups.	Source of variation	Sum of squares	Degrees of freedom	Mean square	F value	P value
	Between groups (Group)	2.718	1	2.718	0.073	0.788
	Within groups (Time)	5,508.959	1.738	3,169.101	180.045	<0.001
	Group × Time interaction	37.320	1.738	21.469	1.220	0.293
	Subjects (nested within Group)	18,285.647	163	112.182		
	Error	4,987.432	283.349	17.602		
	Total	28,822.076	450.825			


According to Table 9, no significant intergroup difference was found in symptom scores (P = 0.454), but significant differences were observed across time points (P < 0.001), with a significant interaction effect between group and time (P = 0.005). This suggested that symptom scores varied across time points and showed different change rates between groups. Pairwise comparisons showed M3>M6>M0 for symptom scores, indicating an upward trend from M0 to M3, followed by a decline from M3 to M6 (though still higher than baseline). The intervention group exhibited a slower increase in symptom scores from M0 to M3 and a faster decrease from M3 to M6 compared to the control group, with statistically significant differences.
TABLE 9 | Results of repeated measures ANOVA for symptom scores in the two groups.	Source of variation	Sum of squares	Degrees of freedom	Mean square	F value	P value
	Between groups (Group)	32.191	1	32.191	0.564	0.454
	Within groups (Time)	16,252.322	1.551	10,477.677	187.437	<0.001
	Group × Time interaction	541.904	1.551	349.359	6.250	0.005
	Subjects (nested within Group)	27,919.848	163	171.287		
	Error	14,133.411	252.835	55.900		
	Total	58,879.676	419.937			


Table 10 showed statistically significant differences in overall composite scores between the two groups (P = 0.038 for intergroup comparison), with significant variations across time points (P < 0.001 for intragroup comparison) and a significant interaction effect between group and time (P < 0.001 for group × time). This indicated that overall composite scores differed across groups, time points, and change rates. Pairwise comparisons revealed M3<M0<M6 for overall composite scores, meaning scores decreased rapidly from M0 to M3 and then increased continuously from M3 to M6. The intervention group showed a slower decline in overall composite scores from M0 to M3 and a faster increase from M3 to M6 compared to the control group, with statistically significant differences.
TABLE 10 | Results of repeated measures ANOVA for the Overall composite scores in the two groups.	Source of variation	Sum of squares	Degrees of freedom	Mean square	F value	P value
	Between groups (Group)	96.618	1	96.618	4.367	0.038
	Within groups (Time)	996.673	2	498.336	37.164	<0.001
	Group × Time interaction	696.504	2	348.252	25.971	<0.001
	Subjects (nested within Group)	10,818.986	163	66.374		
	Error	4,371.364	326	13.409		
	Total	16,980.145	494			


4 DISCUSSION
In the evaluation of oncology treatment efficacy, multiple indicators need to be considered. Compared with evaluation metrics such as objective response rate, disease control rate, and overall survival in cancer patients, adverse drug reactions are more easily captured and directly benefit breast cancer patients (Dowling et al., 2023). Therefore, the incidence of adverse drug reactions was set as the primary outcome indicator in this study. Previous studies have shown that the incidence of severe treatment-related adverse drug reactions in breast cancer is approximately 18%–66% (Poggio et al., 2018; Shen et al., 2025). The results of this study showed that the incidence of severe adverse drug reactions in the intervention group was 20.2%, significantly lower than 50.0% in the control group (P < 0.001), indicating that the intervention measures were significantly effective in reducing the risk of adverse drug reactions.
No significant difference was observed between the two groups in hematological adverse drug reactions alone, suggesting that the intervention may primarily act through non-hematological pathways, which is consistent with the findings of Li et al. (2021). The intervention group had significantly lower incidences of non-hematological adverse drug reactions alone and combined hematological and non-hematological adverse drug reactions compared with the control group (P = 0.004 and P = 0.007, respectively). These results indicate the potential advantages of the intervention in reducing non-hematological adverse drug reactions and suggest that the significant differences in overall outcomes may be attributed to improvements in non-hematological adverse drug reactions. The most common severe hematological adverse reaction in this study was leukopenia, with an incidence of 16.7%. However, in clinical practice, due to restrictions of medical policies, researchers typically only intervene when a patient’s white blood cell count is lower than 4 × 109/L. Although this practice is consistent with clinical routines, its preventive effect is relatively limited. As Huan Wang et al. pointed out in their study (Wang et al., 2025), myelosuppression, as a dose-limiting toxicity, often requires improvement through drug dose adjustment or recombinant human growth factor support. Therefore, interventions for hematological adverse drug reactions often have a certain degree of lag.
In contrast, non-hematological adverse drug reactions offer more room for intervention. In this study, patients in the intervention group received more systematic and personalized pharmaceutical follow-up services. Pharmacists regularly communicated with patients to inquire in detail about their medication use and physical condition, promptly identifying and addressing potential adverse drug reactions. This model is highly consistent with the medication therapy management services recommended by the American Pharmacists Association (Guo et al., 2024). For example, when patients experienced adverse drug reactions such as nausea and vomiting, those in the intervention group generally followed pharmacists’ advice to use symptom-improving medications early, regularly, and in sufficient doses. Multiple guidelines have indicated that such proactive monitoring and intervention help reduce the severity of adverse drug reactions, prevent symptom progression, and thereby lower the incidence of severe adverse drug reactions (McKenzie et al., 2019; Aapro et al., 2021; Kennedy et al., 2024).
Second, intervention group patients received more medication guidance and health education during follow-up, enhancing their awareness of drug adverse drug reactions and enabling them to take timely measures when reactions occurred. For instance, when hair loss occurred, patients wore ice caps prior to subsequent chemotherapy, which helped reduce the incidence of severe hair loss (Weatherby and Brophy, 2019). Additionally, studies by Dan Lv have shown that anxiety and depression in breast cancer patients during chemotherapy are correlated with the occurrence of adverse drug reactions (Lv et al., 2023). In this study, intervention group patients received more pharmaceutical support and psychological encouragement during follow-up, alleviating their fear and anxiety about adverse drug reactions. This positive mindset facilitated better coping with potential adverse drug reactions such as insomnia and anxiety during treatment, reducing their incidence and severity.
The analysis of medication knowledge scores showed that both groups demonstrated improvements over the 6-month period, while the intervention group exhibited significantly greater gains than the control group, with a statistically significant time × group interaction effect (P < 0.001). This finding aligns with previous research (Montagnese et al., 2020; Başoğlu and Polat, 2024). Notably, the control group also experienced score improvements despite lacking additional interventions, which we attribute to the verbal education patients received during clinical visits. As Eric Vachon et al. identified (Vachon et al., 2019), verbal education provided by oncology healthcare providers during each patient encounter can enhance disease-related knowledge scores. Additionally, when control group patients actively queried questionnaire content or related knowledge, pharmacists provided guidance and education for ethical considerations.
In this study, the breast cancer medication knowledge questionnaire was integrated into the software platform for self-administered completion by patients. The user-friendly question-answering format significantly boosted patient participation. Pharmacists reviewed, recorded, and analyzed responses in the backend, identifying gaps in patients’ diagnostic and treatment knowledge to deliver targeted explanations and guidance during follow-up sessions. Interactive quizzing not only effectively assessed patients’ grasp of disease-related knowledge but also subtly fostered their understanding of health status and self-management capabilities. As prior studies have shown, this learning approach significantly enhances patient engagement and has yielded positive outcomes in multiple investigations (Graetz et al., 2024; Jiang et al., 2024; Lally et al., 2024). Furthermore, research indicates that progressive knowledge quizzes can strengthen patients’ confidence in managing their own conditions, playing a vital role in promoting the recovery process (Børøsund et al., 2014).
Overall, the intervention group demonstrated higher medication adherence scores than the control group, with a significant interaction effect between group and time (P = 0.021). Further comparative analysis revealed a continuous upward trend in medication adherence scores in the intervention group, indicating that the intervention’s impact gradually emerged and strengthened over time, continuously improving patients’ medication adherence. This is consistent with findings from previous multimodal intervention studies (Xie et al., 2017; Getachew et al., 2022; Li et al., 2024). In contrast, the control group’s medication adherence scores showed a trend of initial increase followed by decrease, which may reflect the influence of multiple factors on patients’ medication adherence without specific interventions, making it difficult to maintain a high level. Such fluctuations are common in routine care without intervention—for example, Sefonias Getachew et al. found that cancer patients’ adherence may improve initially due to high disease awareness but decline over time (Getachew et al., 2022).
In previous studies on chronic diseases, treatment adherence in control groups typically decreases gradually (Bail et al., 2020; Doe et al., 2020; Liu et al., 2020). Notably, both groups in this study showed improved adherence during the first 3 months, which we hypothesize may be due to the following: At baseline, patients were in the early postoperative period, and doctors prescribed painkillers and antibiotics based on their conditions, with nursing staff conducting inquiries and supervision, directly enhancing medication adherence. By the third month, most patients were in the radiotherapy or chemotherapy phase, and due to the periodic nature of breast cancer treatment (Ashok Kumar et al., 2019), patients generally maintained high treatment adherence. By the sixth month, patients had completed most of their treatment and entered the home rehabilitation phase. At this point, without direct medical supervision, the intervention group’s continuous follow-up likely played a critical role in improving medication adherence, whereas the control group’s adherence declined. These results highlight the importance of sustained intervention, particularly in the late treatment phase when patients transition from a hospital to a home environment—continuous pharmaceutical support and follow-up are essential for maintaining medication adherence.
Considering the complexity of oncology treatment, this study adopted the EORTC QLQ-C30 quality of life scale developed by the European Organization for Research and Treatment of Cancer (EORTC) to comprehensively evaluate patients’ quality of life across four dimensions: global health, functional scores, symptom scores, and overall composite scores (Cocks et al., 2023). Overall, the results of each dimension showed distinct characteristics: global health scores initially decreased before increasing over time; functional scores gradually rose; symptom scores increased first and then decreased; and overall composite scores in both groups followed a pattern of initial decline followed by recovery. Notably, the intervention group outperformed the control group in symptom scores and overall composite scores, with quality of life demonstrating different characteristics at each follow-up stage.
Early treatment phase (within 2 months postoperatively): Patients had just completed surgery, and wound pain and drainage tube constraints resulted in lower functional scores, consistent with research on early postoperative functional recovery showing that most breast cancer patients experience varying degrees of limb mobility impairment within 2 months after surgery (Koehler et al., 2015; Alabaster et al., 2021; Akezaki et al., 2023). However, since radiotherapy and chemotherapy had not yet begun, symptom scores were relatively low, and overall quality of life remained high. This suggests that surgery itself had a more pronounced direct impact on functional scores, but other aspects of quality of life were less affected without the interference of chemo/radiotherapy side effects.
Mid-follow-up phase (3–4 months postoperatively): Patients exhibited lower quality of life and more symptoms, primarily due to the peak period of chemotherapy, during which drug-related adverse drug reactions occurred frequently. Multiple studies have shown that quality of life is generally poor during chemotherapy (Pearman, 2003; Fu et al., 2022; Nguyen et al., 2023). At this stage, the adverse reaction of chemotherapy may have partially masked the expected benefits of the intervention, leading to nonsignificant differences in quality of life between the intervention and control groups.
Late follow-up phase (5–6 months postoperatively): Symptom scores significantly decreased in both groups, while global health and functional levels continued to rise, likely due to the completion of chemo/radiotherapy phases and subsequent improvement in quality of life. Additionally, the intervention group’s overall quality of life at 6 months was significantly better than that of the control group, possibly due to the intervention’s positive effects in alleviating symptoms and reducing adverse drug reactions. As a composite endpoint integrating global health, functional scores, and symptom scores, the overall composite scores ultimately also showed intergroup differences, further confirming the effectiveness of the intervention.
This research provides new perspectives and methodologies for the treatment and rehabilitation of non-metastatic breast cancer patients in the field of pharmaceutical care. First, it innovates the research perspective. By focusing on non-metastatic breast cancer patients as the target population for pharmaceutical follow-up services, this study addresses a critical gap in existing literature. Most previous medication-related research has concentrated on inpatients or advanced breast cancer patients, often overlooking the post-discharge medication needs of non-metastatic patients. In reality, this large patient population has long survival periods and substantial medication requirements. By centering on this group, the study fills a void in pharmaceutical care for post-discharge management of non-metastatic breast cancer patients.
Second, it introduces an innovative management model. Traditional follow-up for oncology patients primarily relies on physicians and nurses, frequently lacking pharmacists’ specialized medication guidance—particularly for discharged patients, who face significant unmet needs. This study establishes a new pharmaceutical follow-up service model, leveraging software to enable convenient remote follow-up. Services include adverse reaction monitoring, medication education, prescription simplification, drug interaction screening, and pharmaceutical knowledge dissemination through interactive quizzes, ensuring patients maintain close contact with the care team after discharge. This innovative follow-up model has been shown to improve outcomes and quality of life for non-metastatic breast cancer patients by addressing their unique post-treatment needs.
5 LIMITATIONS
Although this study demonstrates the positive impact of pharmaceutical follow-up services in reducing the incidence of certain adverse drug reactions, several limitations warrant further exploration and improvement.
First, limitations in preventive measures for hematological adverse drug reactions. Current preventive strategies primarily target non-hematological adverse drug reactions (e.g., ice caps for alopecia, sunscreen for skin reactions, frequent small meals for gastrointestinal symptoms), which effectively prevent or alleviate related symptoms to some extent. However, preventive measures for hematological adverse drug reactions remain limited, largely relying on reactive interventions after mild adverse drug reactions occur (e.g., dose adjustment or growth factor support) to avoid symptom progression. This passive approach cannot achieve pre-emptive intervention, leading to gaps in preventing severe hematological events. The occurrence of hematological adverse drug reactions is closely linked to multiple factors such as individual patient variability and drug-specific properties, with complex mechanisms that increase prevention challenges. Future research should deeply investigate the characteristics and mechanisms of hematological adverse drug reactions and develop more effective preventive strategies—for example, using genetic testing or biomarker monitoring to identify high-risk populations in advance and formulate proactive prevention plans.
Second, limitations in the study duration. The follow-up period in this study was set at 6 months, primarily due to practical considerations regarding sample size and the research team’s time and resource constraints. Although 6 months is a reasonable duration, a small proportion of patients had not completed standard radiotherapy or chemotherapy regimens by 6 months postoperatively, introducing uncertainty about the accuracy of trial results. Additionally, some adverse drug reactions (e.g., ipsilateral limb edema, peripheral neurotoxicity, drug-induced obesity) have longer onset and progression cycles. These symptoms may not have fully manifested or peaked within the 6-month period, potentially masking the intervention’s true effects. To improve the generalizability and accuracy of research findings, future studies should extend the follow-up period to 1 year or longer—where conditions permit—to provide more comprehensive and robust evidence.
6 CONCLUSION
Given the severe incidence of non-metastatic breast cancer and the urgent need for post-discharge follow-up and guidance, exploring remote pharmaceutical follow-up services is of great significance. Focusing on the treatment of non-metastatic breast cancer, this prospective randomized controlled trial found that follow-up services provided by pharmacists significantly reduced the incidence of severe adverse drug reactions and improved patients’ knowledge level, medication adherence, and quality of life. This follow-up model offers a new pathway for the treatment and rehabilitation of non-metastatic breast cancer patients, demonstrating pharmacists’ unique value in the healthcare team and providing insights for optimizing out-of-hospital follow-up care for this patient population.
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