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Abstract 

Background: Rising demand for efficient chemotherapy services calls for 

improved hospital processes. Lean Hospital applies Lean principles to 

reduce waste and enhance service quality. 

Objective: This study aims to assess the available quantitative evidence 

regarding the impact of lean methodologies on key performance indicators 

(KPIs) such as cost efficiency, service quality, and patient satisfaction in 

the chemotherapy unit. 

Design: A systematic literature review methodology was adopted to collate 

evidence related to the implementation of lean hospital practices in 

chemotherapy units using PRISMA guidelines for Scopus, Web of Science, 

and PubMed searches. 

Data Sources: This systematic review synthesizes peer-reviewed studies 

published between 2015 and 2023, retrieved from Scopus, Web of Science, 

and PubMed databases. 

Review Methods: A systematic literature search was conducted in Scopus, 

Web of Science, and PubMed using a combination of keywords and MeSH 

terms related to lean hospital practices and chemotherapy services. Boolean 

operators and truncation were applied to refine results, with the search 

limited to peer-reviewed articles published between 2015 and 2023. Title, 

abstract, and full-text screenings were conducted based on predefined 

inclusion criteria. 

Results: This study included a total of 48 full-text studies for analysis. The 

findings indicate statistically significant improvements in process 

efficiency and service quality metrics following lean interventions, with 

cost savings ranging from 10% to 35% observed across studies. 

Conclusion: This systematic review shows that Lean Hospital practices 

effectively improve chemotherapy unit services. Lean interventions 

significantly reduce costs, enhance service quality, and boost patient 

satisfaction. Despite some methodological variations, the evidence supports 

lean methods as a cost-effective strategy for optimizing care delivery. 
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INTRODUCTION 

The modern healthcare environment poses numerous challenges that require innovative 

management and operational strategies to improve service delivery (Anderson et al., 2016). One such 

challenge is the efficient management of chemotherapy units, where delays, process bottlenecks, and 

high operational costs can adversely affect both patient safety and care quality (James et al., 2018). 

Hospitals worldwide have adopted lean principles, which were originally developed in the automotive 

and manufacturing sectors to streamline operations, minimize waste, and ensure value-added activities 

for patients. Given the inherent complexity of chemotherapy treatment, addressing inefficiencies is not 

only a matter of cost reduction and optimizing critical patient care processes (Carter et al., 2018; Davis 

et al., 2019). 

Implementing Lean methodologies within healthcare environments has garnered significant 

attention as a strategy to improve efficiency and patient care outcomes (Richards et al., 2016). In 

particular, Lean principles, which emphasize waste reduction and process optimization, have been 

applied to various units within hospitals, including chemotherapy units. The unique nature of 

chemotherapy services, characterized by complex workflows and the need for precise timing and 

coordination, presents challenges and opportunities for Lean interventions (Olson et al., 2018; Peters et 

al., 2017). A systematic review of existing literature is essential to understand the current state of Lean 

implementation in chemotherapy units and its effects on operational performance and patient 

satisfaction. 

Research has indicated that Lean practices can lead to measurable improvements in healthcare 

delivery, particularly in terms of reducing wait times, enhancing patient flow, and minimizing resource 

waste (Brown et al., 2017). By focusing on continuous improvement and eliminating non-value-added 

activities, Lean methodologies strive to create more streamlined processes that benefit both patients and 

healthcare providers (Lee et al., 2018). The chemotherapy unit, often burdened with long wait times 

and fluctuating patient volumes, serves as an ideal setting for applying Lean strategies. Understanding 

the specific outcomes of Lean implementation in this context can provide valuable insights for hospital 

administrators and healthcare professionals seeking to enhance service delivery (Miller et al., 2019; 

Nguyen et al., 2020). 

Despite growing interest in applying Lean principles within healthcare, there remains a limited 

body of synthesized evidence specifically focusing on their implementation in chemotherapy units. 

Most existing studies are context-specific, lack standardized outcome measures, and vary widely in 

methodological quality, making it difficult to draw generalizable conclusions (Almeida and Pinto, 2023; 

Al-Balushi and Al-Hajri, 2025). Additionally, few reviews have quantitatively assessed the impact of 

Lean practices on key performance indicators such as cost reduction, service quality, and patient 

satisfaction in oncology settings (Coelho et al., 2024). This gap highlights the need for a comprehensive 

systematic review to consolidate current findings and evaluate the effectiveness of Lean interventions 

in improving chemotherapy service delivery (Ayyad, 2024). 
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This systematic review focuses on the implementation of lean hospital practices in chemotherapy 

units, examining studies published between 2015 and 2023. The healthcare community has seen a 

growing body of literature discussing lean methods, yet few reviews have isolated the specific 

application of these practices in high-stakes units such as chemotherapy departments. In these 

specialized environments, the balance between maintaining rigorous quality standards and optimizing 

operational efficiency is particularly delicate (Coleman et al., 2018; Dennis et al., 2019). Studies have 

demonstrated that lean interventions can reduce process cycle times, cut unnecessary costs, and enhance 

overall service quality, improving patient satisfaction by reducing wait times and streamlining care 

delivery (Stevens et al., 2018). 

Furthermore, theoretical frameworks underlying lean hospital applications are critically 

evaluated to elucidate mechanisms linking process improvements with measurable clinical outcomes. 

Studies selected for the review are exclusively peer-reviewed and originate from high-quality databases. 

Ensuring a robust evidence base. The integration of meta-analytical techniques allows for the statistical 

synthesis of disparate studies, thereby quantifying the effects of lean interventions on operational 

performance metrics (Mitchell et al., 2020; Norris et al., 2021). 

This systematic review contributes to the existing literature by consolidating empirical findings 

and theoretically grounded research. It provides stakeholders, including hospital administrators, 

policymakers, and clinicians, with comprehensive insights that can inform future implementations of 

lean strategies in similar high-complexity healthcare services. In the following sections, we detail our 

methodology, present the aggregated quantitative findings, discuss implications for practice, and 

highlight directions for future research. 

The primary objective of this research paper is to assess the available quantitative evidence 

regarding the impact of lean methodologies on key performance indicators (KPIs) such as cost 

efficiency, service quality, and patient satisfaction in chemotherapy units. In doing so, the review 

addresses several research questions: (1) What are the primary forms of lean interventions implemented 

in chemotherapy service delivery? (2) How effective are these interventions in reducing costs and 

improving operational performance? (3) What quantitative outcomes have been reported across studies 

regarding efficiency and patient-centric metrics? 

 

METHODS 

Design 

A systematic literature review methodology was adopted to collate evidence related to the 

implementation of lean hospital practices in chemotherapy units. The review adhered to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, ensuring 

transparency and replicability in the search strategy, study selection, and data synthesis processes. 

Emphasis was placed on quantitative outcomes from lean implementations, including cost reductions, 

improvements in service quality, and enhanced patient satisfaction metrics. 
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Search Methods 

The literature search was confined to three leading academic databases: Scopus, Web of Science, 

and PubMed. A comprehensive search strategy was designed using a combination of keywords and 

Medical Subject Headings (MeSH) terms related to "lean hospital," "chemotherapy unit," "process 

improvement," "cost reduction," "service quality," "patient satisfaction," and “operational efficiency." 

The search was restricted to articles published between January 2015 and December 2023 to ensure the 

most recent and relevant studies. Boolean operators were employed to enhance search specificity, and 

reference lists of included studies were manually screened to identify additional relevant publications. 

The search strategy employed Boolean operators and truncation to enhance coverage, using the 

following search string: (“lean” OR “lean management” OR “lean thinking”) AND (“hospital*” OR 

“healthcare”) AND (“chemotherapy” OR “oncology service*”) AND (“cost reduction” OR “operational 

efficiency*” OR “service quality” OR “patient satisfaction”). The initial screening involved a review 

of titles and abstracts, followed by full-text evaluation to ensure studies met the defined inclusion 

criteria. 

The study selection criteria were defined using the PICOS framework. The population included 

healthcare professionals and services within chemotherapy or oncology units. The intervention focused 

on the implementation of Lean Hospital practices. The comparison involved pre- and post-intervention 

data or comparisons between lean and non-lean settings, where available. Outcomes included 

quantitative measures such as cost reduction, operational efficiency, service quality, and patient 

satisfaction. Study design was limited to peer-reviewed empirical studies published between 2015 and 

2023 that reported quantitative outcomes and applied meta-analysis techniques or provided raw data for 

synthesis. Studies were excluded if they: (1) focused on hospital areas unrelated to chemotherapy 

services; (2) were reviews, editorials, or commentaries without primary data; or (3) lacked sufficient 

quantitative data for analysis. This rigorous selection ensured high-quality evidence on the impact of 

lean practices in chemotherapy settings. 

Search Outcome 

Outcomes from individual studies were pooled using meta-analysis techniques. Standardized 

mean differences were computed to quantify the effects of lean interventions on continuous outcome 

measures. Heterogeneity among studies was evaluated using the 1ª statistic, and a random-effects model 

was adopted where significant between-study heterogeneity was identified. Sensitivity analyses were 

performed to determine the robustness of the overall findings, and subgroup analyses were executed 

based on the type of lean intervention and regional variations. 

Quality Appraisal 

Additionally, the quality and risk of bias were assessed using established criteria such as the 

Joanna Briggs Institute (JBI) critical appraisal checklist for quantitative studies, ensuring that lower-

quality studies did not disproportionately influence the meta-analytic outcomes (Joanna Briggs Institute, 

2020). Key performance indicators (KPI’s) were defined as follows: cost efficiency was assessed via 
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operational cost reductions and resource reallocation metrics; service quality was measured using 

standardized clinical benchmarks and survey-based assessments; and patient satisfaction was evaluated 

using validated patient satisfaction questionnaires. The consistency and reliability of these 

measurements were crucial given the cross-study variability that often accompanies multi-centre 

implementations. 

Data Abstraction 

A standardized data extraction form was used to gather relevant information from each of the 

included studies. Extracted data included study design, lean intervention details, setting, population, 

sample size, specific KPIs measured (e.g., cost efficiency, service quality indices, patient satisfaction 

scores), statistical methods applied, and reported outcomes. Two independent reviewers conducted the 

data extraction process to ensure accuracy and consistency. Discrepancies were resolved through 

discussion and consensus. As part of the data charting process, extracted data were organized into a 

structured matrix to facilitate comparison across studies and identify patterns or variations in outcomes. 

This charting enabled transparent synthesis and supported subsequent quantitative and qualitative 

analysis. 

Data Analysis/ Synthesis 

Statistical analyses were conducted using robust meta-analysis software, with significance 

thresholds set at p < 0.05. The meta-analytic approach not only enabled quantifying the aggregate effect 

of lean implementations on operational performance but also provided insights into the sources of 

heterogeneity across various hospital settings. 

 

RESULTS 

Study Selection 

The initial database search yielded 482 articles. After removing duplicates and conducting an 

initial title and abstract screening, 112 articles were identified for full-text review. Of these, 48 articles 

met all the inclusion criteria for lean interventions in chemotherapy units. Figure 1 (appendix 1) presents 

the PRISMA diagram summarizing the study selection process. 

Study Characteristics 

The final sample comprised diverse studies spanning different geographical regions, including 

North America, Europe, and Asia. The majority of studies utilized quasi-experimental or pre-post 

intervention designs. Lean interventions varied from comprehensive hospital-wide implementations to 

focused projects targeting scheduling, process flow, and resource utilization in chemotherapy units. 

Sample sizes ranged from small pilot studies (n=30) to extensive multi-center studies (n=500+). 

The duration of lean implementations varied, with some interventions lasting several months and others 

extending over multiple years. All included studies reported quantitative outcomes, with 31 studies 

incorporating cost reduction metrics, 40 studies analyzing service quality improvements, and 35 studies 

evaluating patient satisfaction scores. 
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Meta-Analysis Outcomes 

The aggregated data indicate a statistically significant positive effect of lean interventions on 

operational efficiency across chemotherapy units. The meta-analysis revealed a pooled standardized 

mean difference (SMD) of -0.55 (95% CI: -0.68 to -0.42, p < 0.001) for cost efficiency, indicating 

considerable cost reduction post-implementation. Service quality improvements were similarly robust, 

with a pooled SMD of 0.62 (95% CI: 0.48 to 0.76, p < 0.001) across various service quality indices. 

Patient satisfaction indices, as measured through validated survey instruments, showed improvements 

(pooled SMD = 0.45; 95% CI: 0.33 to 0.57, p < 0.001). 

Subgroup analyses based on the types of lean interventions further illuminated the nature of 

observed improvements. For instance, interventions focusing on value stream mapping and process 

redesign yielded more significant cost reductions than those concentrating solely on scheduling 

optimizations. Similarly, multi-component lean projects that integrated staff training and cultural 

change components tended to show higher improvements in patient satisfaction. Sensitivity analyses 

confirmed the stability of the effect sizes, with minimal influence from individual studies. 

Heterogeneity among studies ranged from moderate to high (1 value between 45% and 70%), prompting 

the adoption of a random-effects model to account for between-study variability. 

Operational Efficiency Metrics 

An in-depth analysis of operational efficiency metrics highlighted the following key 

improvements: (1) Cost Efficiency: Across studies, cost savings were observed to range between 10% 

and 35%. In some instances, hospitals reported a reduction in operating costs by streamlining material 

use and cutting down on wasteful procedures; (2) Cycle Time Reduction: Process mapping and 

reengineering led to a significant decrease in patient wait times and treatment cycle durations. Some 

studies reported up to a 40% reduction in cycle times; (3) Resource Utilization: Enhanced scheduling 

practices and improved inventory management resulted in better staff allocation and equipment usage, 

leading to fewer delays and shorter turnaround times for critical tasks; (4) Patient Throughput: An 

increase in patient throughput was observed in several centers, thereby balancing demand and 

improving overall service delivery efficiency. 

Data synthesis confirms that lean practices are associated with improved efficiency in 

chemotherapy units. When integrated into existing hospital systems, the various components of lean 

interventions contribute to the overall reduction in operational waste and foster an environment 

conducive to continuous quality improvement. 

Cost-Effectiveness and Service Quality 

The costs associated with implementing a lean system were initially viewed as a challenge; 

however, long-term benefits have outweighed the upfront investments. Studies that conducted cost-

benefit analyses consistently reported that the savings in reduced waste, improved resource utilization, 

and enhanced operational flow led to a return on investment (ROI) within a 12- to 24-month period. In 

terms of service quality, improvements were manifested in the technical quality of chemotherapy 
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administration and the interpersonal dynamics of care delivery. Hospitals that embraced continuous 

improvement measures observed not only statistically significant improvements in clinical benchmarks 

but also an overall better patient experience, as evidenced by elevated satisfaction scores. 

 

DISCUSSION 

Interpretation of Findings 

The aggregated evidence presented in this review strongly supports the efficacy of lean hospital 

practices in enhancing the operational efficiency of chemotherapy units (Upton et al., 2021; Vargas et 

al., 2018; Wilson et al., 2019). The statistically significant improvements in cost efficiency, service 

quality, and patient satisfaction underscore the potential of lean interventions to address the challenges 

associated with complex cancer care delivery (Young et al., 2018; Zhang et al., 2021). The meta-

analysis findings corroborate previous literature suggesting that lean methodologies, originally tailored 

for manufacturing, can be successfully adapted to healthcare environments, particularly in high-stakes 

settings such as chemotherapy units (Xavier et al., 2020; Allen et al., 2016). 

A notable finding of this review is the considerable magnitude of cost reductions, which in many 

cases exceeded 20%. This suggests that lean implementations, when executed thoroughly, are not only 

operationally beneficial but also financially prudent (Barnes et al., 2017; Gibson et al., 2021). The 

service quality improvements, measured through direct clinical outcomes and user rating scales, further 

indicate that lean practices can improve patient-centric care without compromising clinical standards 

(Hull et al., 2021). Additionally, the positive shifts in patient satisfaction imply that patients perceive 

these operational changes as enhancements to the overall care experience, thereby reinforcing the value 

of lean implementations from a holistic perspective (Lambert et al., 2019). 

Comparison with Previous Research 

The results of the present review align with earlier studies that demonstrated the positive impacts 

of lean interventions in healthcare settings (Edwards et al., 2020; Ferguson et al., 2020). However, this 

review uniquely focuses on chemotherapy units, an area that has received limited direct attention in 

prior systematic reviews (Foster et al., 2015; King et al., 2017). By isolating lean interventions in these 

units, our study provides a detailed quantitative analysis that expands upon the existing body of 

literature. In contrast with broader hospital-wide reviews, the current analysis underscores that targeted 

process improvements in specialized departments yield tangible benefits in operational performance. 

Furthermore, the integration of meta-analytical techniques provides a robust quantitative measure that 

was previously lacking (Henderson et al., 2019; Irwin et al., 2021). 

Several studies included in this review noted challenges in measuring the extent of lean 

implementation, and inadequate standardization of outcome measures was a recurring theme Keller et 

al., 2016; Olsen et al., 2021). However, the use of meta-analysis in this review has helped to counteract 

these inconsistencies by synthesizing effect sizes across various studies. This approach validates the 

notion that lean implementation has a positive overall effect on operational efficiency, despite variations 

https://doi.org/10.33086/nhc.v5i1.7154


Doi: https://doi.org/10.33086/nhc.v5i1.7154   Vol. 5, No. 1, April 2025 
 

  
Tambunan, E. H. 44 

 

in individual study designs and reporting practices (Roberts et al., 2019; Quinn et al., 2018). The 

comprehensive nature of this review, in juxtaposing both empirical and theoretical contributions, 

thereby contributes a nuanced understanding of the key mechanisms driving operational improvements 

in chemotherapy services (Ingram et al., 2020).  

Implications for Practice 

The lessons drawn from this systematic review bear profound implications for hospital 

administrators and policymakers. Firstly, the empirical evidence supports the expansion of lean 

methodologies into high complexity units such as chemotherapy departments. Hospitals facing 

challenges in cost containment and service quality can benefit from adopting a tailored lean strategy 

that addresses the unique operational needs of these units. Training programs for staff, restructuring of 

workflows, and continuous monitoring of KPIs should be integral components of any successful lean 

implementation (Parker et al., 2017; Smith et al., 2020). Hospitals are encouraged to leverage both 

qualitative insights from theoretical frameworks and quantitative performance benchmarks to build 

robust improvement programs (Tailor et al., 2017). 

Moreover, given the demonstrated cost-effectiveness of lean initiatives, implementation should 

be considered as a strategic investment rather than an operational cost. The potential for substantial 

reductions in cycle times and improvements in patient satisfaction points to the dual advantage of lean 

interventions: they enhance clinical outcomes while simultaneously generating financial returns (King 

et al., 2017). The policy implications extend to the need for guidelines and standardized protocols for 

implementing lean practices in specialized hospital units. Stakeholders should consider establishing 

benchmarks and performance matrices that facilitate ongoing evaluation and help ensure that lean 

practices continue to yield desired benefits in the long term (Norris et al., 2021).  

Challenges and Limitations 

Despite the overall positive outcomes, several challenges were identifiable. Variability in study 

design and methodological discrepancies among the reviewed studies posed limitations on the uniform 

assessment of lean benefits. Some studies lacked long-term follow-up data, making it challenging to 

determine the sustainability of the improvements reported. Additionally, while meta-analysis provided 

an aggregate measure of effect, heterogeneity in intervention components and measurement techniques 

persisted. The diversity of lean intervention models further complicated comparisons and limited the 

generalizability of the findings across all hospital settings. 

Another area of concern involves the contextual factors influencing lean implementation. 

Differences in organizational culture, regional healthcare policies, and resource availability can 

significantly affect the success and scalability of lean projects. The inability to control for these 

contextual moderators in a meta-analytic framework is a limitation inherent in systematic reviews that 

synthesize data from heterogeneous sources. Future research should strive for more standardized 

definitions and measurement methods in lean implementation studies to improve comparability and 
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interpretability of results. Finally, while the review included a robust sample of studies, publication bias 

cannot be ruled out, given that studies reporting positive results are more likely to be published. 

Future Research Directions 

The findings of this review open multiple avenues for future investigation. First, there is a need 

for longitudinal studies that assess the sustainability of lean interventions over extended periods. Future 

research should identify which aspects of lean implementation yield the longest-lasting benefits in 

chemotherapy units. Additionally, mixed-methods studies that combine quantitative performance 

metrics with qualitative assessments of staff and patient experiences would enrich the understanding of 

lean impacts. Integrating realist evaluation frameworks can further elucidate the contexts under which 

lean practices yield optimal results. 

Moreover, further research is required to standardize outcome measures across diverse lean 

interventions. The development of a unified framework for evaluating cost efficiency, service quality, 

and patient satisfaction would contribute to global benchmarking efforts. Finally, given the promising 

results from this review, implementation research should explore scaling strategies within and across 

different hospital units, as well as the potential spillover effects of lean interventions on overall hospital 

performance. 

 

CONCLUSION 

This systematic review provides compelling evidence for the successful implementation of lean 

hospital practices in chemotherapy units. Drawing from peer-reviewed studies over eight years (2015-

2023) and integrating quantitative outcomes using meta-analysis, we have demonstrated that lean 

interventions are associated with significant improvements in cost reduction, service quality, and patient 

satisfaction. The aggregated data indicate that these interventions lead to reductions in operational costs 

by up to 35% alongside notable improvements in cycle times and resource utilization. Moreover, a 

consistent enhancement in patient satisfaction further underscores the dual benefit of lean methods-not 

only driving efficiency but also bolstering the patient experience. Despite challenges relating to 

heterogeneity and methodological differences, the evidence suggests that lean methodologies are a 

viable and cost-effective strategy for optimizing chemotherapy units. 

In light of these findings, hospital administrators and policymakers are encouraged to consider 

tailored lean implementations as part of a broader quality improvement strategy. Future research should 

address long-term sustainability, standardized outcome measurement, and the broader application of 

lean methods across other specialty units. Ultimately, this review contributes valuable insights to the 

expanding literature on lean management in healthcare and offers clear directions for both practice and 

further research. 
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