Drug Shortages, Supply Resilience, and Access to Essential Medicines in the United States: A Narrative Review
Abstract
Persistent drug shortages remain a major challenge for the United States healthcare system because they can compromise timely access to clinically important medicines, continuity of care, patient safety, and health-system resilience. This narrative review synthesises peer-reviewed evidence and current U.S. regulatory and policy sources identified through targeted searches of PubMed-indexed records, publisher platforms, and authoritative institutional sources, with searches updated through September 30, 2026. The review examines interacting structural, economic, regulatory, governance, and access-related determinants rather than treating shortages as isolated production failures. The evidence indicates that manufacturing concentration, limited production redundancy, fragile economics in some mature generic markets, upstream dependencies, quality-related disruptions, demand shocks, and procurement incentives can combine to increase supply vulnerability. The consequences of a disruption depend not only on aggregate supply but also on the availability of substitutes and the capacity of healthcare organisations to adapt without compromising care. Direct evidence of systematic disparities across institutions and patient groups remains incomplete; accordingly, equity concerns are treated as an important but still under-measured dimension of shortage response. On the basis of the synthesis, this review proposes an author-developed conceptual framework organised around six continuous functions—Prevent, Detect, Coordinate, Protect Access, Recover, and Learn—supported by transparency, accountability, incentive alignment, and equity. The framework is intended to organise policy responsibilities and evaluation questions rather than to represent a validated causal model. Drug-shortage policy should therefore combine prevention, early warning, coordinated response, resilience-oriented incentives, accountable governance, and explicit protection of clinically appropriate access.
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1. Introduction
Drug shortages are a recurring problem in the United States healthcare system and can affect access to medicines used in routine, acute, and life-saving care (Aronson et al., 2023; Fox et al., 2014). The term "drug shortage" generally refers to insufficient pharmaceutical supply relative to actual or anticipated demand, although operational definitions vary across regulatory, professional, and research settings (Aronson et al., 2023). The World Health Organization defines essential medicines as medicines that satisfy the priority healthcare needs of a population and are intended to be available within functioning health systems in appropriate dosage forms, of assured quality, and at affordable prices (World Health Organization [WHO], 2025). In this review, the essential-medicines perspective is used as a policy lens for clinical importance and access; it does not imply that every U.S. product discussed appears on a single national essential-medicines list. Shortages of clinically important medicines can therefore represent both a supply-chain disruption and an access problem when healthcare organisations or patients cannot obtain an appropriate medicine when it is needed (Aronson et al., 2023; Fox et al., 2014).
Contemporary surveillance confirms that shortages remain persistent, although counts differ materially by surveillance system. The U.S. Food and Drug Administration (FDA) reported four new shortages during calendar year 2025, 330 potential shortages prevented through agency-manufacturer interventions, and 93 ongoing shortages at year-end (U.S. Food and Drug Administration [FDA], 2026). In contrast, the American Society of Health-System Pharmacists/University of Utah Drug Information Service reported 227 active shortages in June 2026, below the historical high of 323 in the first quarter of 2024; 48% of new shortages reported in 2026 involved sole-source products (American Society of Health-System Pharmacists [ASHP], 2026). These figures should not be compared as if they were produced by the same denominator or case definition: FDA and ASHP/UUDIS use different operational definitions, reporting pathways, and counting rules. The clinical importance of a shortage also depends on the affected medicine, availability of suitable alternatives, geographic and organisational distribution of remaining supply, and the capacity of healthcare organisations to adapt without degrading care (Fox et al., 2009; Fox & McLaughlin, 2018).
Shortages can be triggered by manufacturing-quality problems, equipment failures, raw-material constraints, demand changes, or distribution disruptions, but the duration and clinical consequences of these events depend on the broader market and supply network. Concentration of production, dependence on a small number of active pharmaceutical ingredient or key starting-material sources, limited redundancy, narrow margins in some mature generic markets, procurement practices that emphasise acquisition price, and incomplete visibility across complex supply chains may reduce the capacity to absorb shocks (National Academies of Sciences, Engineering, and Medicine [NASEM], 2022; Socal et al., 2021; Woodcock & Wosinska, 2013). These vulnerabilities can reinforce one another, allowing a localized production problem to propagate into a more persistent shortage.
Drug shortages are also a governance problem because responsibility for pharmaceutical availability is distributed across manufacturers, federal agencies, wholesalers and distributors, group purchasing organisations and other purchasers, healthcare institutions, pharmacies, and clinicians. These actors hold different information, authorities, incentives, and capacities. Regulators can identify and mitigate emerging disruptions within statutory limits, but they do not directly determine pharmaceutical prices, manufacturers' long-term investment decisions, or purchasers' contracting strategies. Manufacturers make production and capacity decisions under market and regulatory constraints; purchasers influence contracting conditions; and healthcare organisations often manage the downstream consequences of constrained supply. This distribution of authority raises questions about responsibility, accountability, coordination, and information sharing before and during shortages (Gray & Manasse, 2012; Iyengar et al., 2016; NASEM, 2022).
Although previous research has examined manufacturing vulnerabilities, economic drivers, regulatory responses, and the consequences of individual shortages, the evidence reviewed here remains fragmented across supply-system resilience, governance, and medicine access. In particular, the connections between national supply indicators, institutional responses, and equitable patient access remain insufficiently measured.
Accordingly, this narrative review applies an integrated policy, governance, and essential-medicines-access lens to U.S. drug shortages. It examines structural and economic vulnerabilities, policy and governance mechanisms, consequences for medicine access, and limitations in the evidence base. It also develops an author-proposed conceptual framework linking prevention, early detection, coordinated response, access protection, recovery, and system learning. The central premise is not that every shortage has the same cause, but that recurrent shortages often reflect interactions among market incentives, manufacturing resilience, information, accountability, preparedness, and the capacity to protect access when supply is constrained.
2. Review Approach
2.1 Scope and Evidence Identification
This article uses a targeted narrative, policy-oriented review to examine drug shortages and access to essential medicines in the United States. Literature identification was conducted through live searches of PubMed-indexed records, publisher platforms, and authoritative institutional sources, including FDA, the U.S. Department of Health and Human Services (HHS), the Office of the Assistant Secretary for Planning and Evaluation (ASPE), the Administration for Strategic Preparedness and Response (ASPR), the U.S. Government Accountability Office (GAO), and ASHP/UUDIS. Searches were updated through September 30, 2026. Search concepts included combinations of drug shortage, medicine shortage, pharmaceutical supply chain, generic drugs, manufacturing concentration, market structure, active pharmaceutical ingredients, shortage prediction, early warning, patient outcomes, medicine access, equity, resilience, FDA, HHS, ASPR, and United States. Sources were eligible when they directly informed shortage causes, consequences, governance, surveillance, policy responses, access, or resilience. Priority was given to peer-reviewed empirical studies and reviews, primary government/regulatory documents for current authorities and programmes, and established professional surveillance sources for contemporaneous shortage indicators. Non-U.S. studies were retained when they clarified mechanisms plausibly relevant to the U.S. context. Sources lacking direct relevance to pharmaceutical shortages or medical-product supply resilience were excluded. Because this was a narrative rather than systematic review, no PRISMA-style screening count was generated; the final synthesis cites 54 sources selected for relevance, methodological credibility, and policy currency.
2.2 Analytical Approach
Evidence was synthesised thematically rather than summarised study by study. The analysis was organised around six interconnected domains: structural vulnerabilities in pharmaceutical production and supply; market and economic incentives; regulatory and governance arrangements; shortage detection and response; consequences for medicine access and equity; and opportunities for resilience-oriented policy reform. Within these domains, the review distinguishes areas in which empirical evidence and policy analyses converge from questions that remain contested or under-evaluated. Particular attention was given to differences in shortage definitions, limitations of observational evidence, uncertainty in causal attribution, and the limited prospective evaluation of many policy interventions. Quantitative values reported in the review are drawn from cited sources; no new primary dataset was generated or analysed. This thematic synthesis provides the evidentiary basis for the conceptual policy and governance framework proposed in Section 8.
3. Understanding the U.S. Drug Shortage Problem: From Supply Disruption to Access Failure
3.1 Nature and Evolution of Drug Shortages
Drug shortages in the United States affect a wide range of therapeutic products, but their clinical significance varies substantially by product and context. Shortages of injectable medicines, antimicrobials, oncology agents, anaesthetic agents, intravenous fluids, cardiovascular medicines, and other products used in acute and critical care can be especially consequential when alternatives are limited or clinically less desirable. A simple count of products in shortage therefore does not capture severity. A shortage of a medicine with several readily substitutable alternatives differs fundamentally from a shortage of a clinically essential product for which alternatives may be less effective, more toxic, more costly, operationally difficult, or otherwise risky (Fox et al., 2014; Link et al., 2012; Mazer-Amirshahi et al., 2014; Tucker, Cao, et al., 2020).
Acute and persistent shortages also warrant distinction. Sudden manufacturing interruptions, transportation disruptions, unexpected demand increases, or other temporary shocks may resolve when production or distribution recovers. Persistent or recurrent shortages can instead indicate deeper vulnerabilities, such as limited manufacturing capacity, concentrated markets, barriers to entry, dependence on specialized facilities, or repeated quality-related interruptions. Duration and recurrence are therefore informative characteristics of supply-system resilience, although they do not by themselves establish the cause of a particular shortage (Chen et al., 2016; Dave et al., 2018).
Recent surveillance illustrates both persistence and heterogeneity. ASHP/UUDIS reported 227 active shortages in June 2026, whereas FDA reported only four newly identified shortages in calendar year 2025 while also reporting 330 potential shortages prevented (ASHP, 2026; FDA, 2026). These metrics measure different phenomena and should be interpreted within their respective definitions. Generic sterile injectables remain a recurrent concern because production often requires specialized facilities and stringent quality controls, while markets may contain relatively few manufacturers and strong price competition. When capacity is concentrated, loss of production at one facility may not be readily offset by competitors, particularly when qualified alternative capacity is limited (Gupta & Huang, 2013; Mazer-Amirshahi & Fox, 2018; Woodcock & Wosinska, 2013).
3.2 From Product Shortage to Patient Access Problem
A supply disruption can become a patient-access problem through a sequence of interacting effects. When alternative capacity cannot compensate for lost supply, healthcare organisations may conserve inventory, seek alternative sources, substitute therapies, modify treatment pathways, or allocate remaining stock. Whether these actions preserve or impair access depends on the clinical suitability of alternatives, the timing and geographic distribution of supply, institutional resources, and the duration of the disruption (Fox et al., 2009; Kaakeh et al., 2011).
Consequences can include treatment delays, use of therapeutically different alternatives, changes in toxicity or monitoring requirements, dosing and preparation changes, and prioritisation of limited stock among competing clinical needs. Hospitals and pharmacies may also incur higher acquisition and operational costs as they search for alternatives, revise protocols, modify pharmacy automation or electronic records, and train staff. Published reviews and surveys have documented medication-use disruption, substitution, and safety risks during shortages, although the magnitude of patient-level effects varies by drug and setting (Goldsack et al., 2014; McLaughlin et al., 2013; Phuong et al., 2019; Santhireswaran et al., 2025).
Not every supply disruption produces an access failure. A disruption may be absorbed when multiple manufacturers are available, clinically suitable alternatives exist, inventories provide a temporary buffer, production can be scaled safely, and information arrives early enough to support coordinated action. The same initiating event can have substantially greater consequences when production is concentrated, inventories are constrained, substitutes are inadequate, demand is inflexible, or institutions compete for limited stock (NASEM, 2022; Tucker, Daskin, et al., 2020).
Drug shortages are therefore better understood as a continuum from supply vulnerability to product scarcity, institutional disruption, and potential patient-access failure rather than as a simple binary state of availability. This distinction shifts attention from the triggering event alone to the characteristics that allow the pharmaceutical system to absorb, redistribute, and recover from disruption while preserving clinically appropriate access. It also frames the policy question addressed in this review: which market, regulatory, and governance conditions determine whether a foreseeable supply vulnerability is prevented, contained, or transmitted to patient care?
4. Structural and Economic Drivers of Persistent Drug Shortages
4.1 Manufacturing Concentration and Limited Redundancy
Supply vulnerability in the United States is closely related to how medical products are manufactured and how capacity is distributed across firms, facilities, and upstream suppliers. Some medicines, particularly older generics, are produced by relatively few manufacturers or facilities. Concentration is not a sufficient cause of shortage, but it can reduce the number of substitutes available when production is interrupted. Vulnerability may be greater when nominally separate manufacturers depend on the same facility, technology, contract manufacturer, or upstream supplier, so product-level competition can overstate true supply diversity (Conti & Berndt, 2020; Socal et al., 2023).
Limited redundancy can compound this vulnerability. Maintaining additional production lines, reserve capacity, validated equipment, and qualified alternative suppliers imposes costs even when capacity is unused. Low-margin products may therefore provide weak commercial incentives for substantial standby capacity. When a facility suspends production because of contamination, equipment failure, quality concerns, or required corrective action, competing manufacturers may already be operating near capacity and may be unable to increase production rapidly. Quality regulation protects patients from substandard products, but in a concentrated market the temporary loss of a facility can also remove a substantial share of available supply; quality and supply resilience are therefore closely linked (Kweder & Dill, 2013; Woodcock & Wosinska, 2013).
4.2 Economic Fragility of Essential Generic Medicines
The economics of mature generic medicines can reinforce these structural vulnerabilities. Generic competition is essential for affordability, but sustained downward pressure on prices can create a difficult environment for products that are costly or technically demanding to manufacture. When expected returns become insufficient, manufacturers may reduce investment, discontinue products, or leave particular markets. Remaining production can subsequently become more concentrated, increasing dependence on fewer suppliers (Conti & Berndt, 2020; Dave et al., 2018; Yurukoglu et al., 2017).
This creates a policy tension between efficiency and resilience. Purchasing medicines at the lowest achievable price can generate immediate savings, but price alone does not capture the value of manufacturing redundancy, reserve capacity, reliable quality systems, or diversified sourcing. Investments that improve resilience may raise production costs while providing benefits that become visible primarily when disruption occurs. Markets may therefore undervalue preparedness because manufacturers bear many of its costs while patients and healthcare systems receive much of its protective benefit. The relevant policy question is consequently not whether price competition is desirable, but whether purchasing and reimbursement arrangements adequately recognise reliability alongside price (Hernandez et al., 2020; Ridley et al., 2016; Tucker, Daskin, et al., 2020).
4.3 Upstream and Geographic Dependencies
Vulnerability extends beyond finished-dose manufacturers. Pharmaceutical production depends on active pharmaceutical ingredients (APIs), key starting materials, excipients, packaging components, contract manufacturers, and specialized production services. International sourcing can provide efficiency, expertise, and diversification, but geographic dispersion does not necessarily create independent supply pathways. Multiple finished-product manufacturers may rely on the same upstream producer, facility, or region (Socal et al., 2021, 2023). Recent U.S. evidence also demonstrates the importance of examining API production directly rather than inferring resilience from finished-product manufacturer counts alone (Socal et al., 2024).
Limited visibility across these dependencies can impede risk assessment. Regulators, purchasers, healthcare organisations, and firms may have incomplete information about suppliers beyond their immediate contractual relationships. Common upstream dependencies may therefore remain poorly recognised until one disruption affects several products or manufacturers simultaneously. The distinction between geographic diversification and genuine supplier diversification is consequential: relocating production without reducing dependence on common critical inputs may change the location of risk without materially reducing it (NASEM, 2022; Office of the Assistant Secretary for Planning and Evaluation [ASPE], 2025; Socal et al., 2023).
4.4 Procurement and Purchasing Practices
Procurement decisions can further shape the resilience of pharmaceutical markets. Contracting arrangements that strongly prioritise unit price may reward efficient production but provide weaker incentives for maintaining redundant facilities, reserve capacity, or diversified supply networks. Inventory minimisation can similarly reduce storage and carrying costs during normal operations while leaving less time to respond when production fails (Jia & Zhao, 2017; Pauwels et al., 2014).
These practices should not be treated as direct causes of every shortage. Their significance lies in how they influence the system's capacity to absorb disruptions. A procurement model that values price without adequately considering supply reliability can unintentionally reinforce the economic conditions that discourage resilience investment. Conversely, simply holding more inventory is not a universal solution because medicines have expiration dates, storage requirements, and variable patterns of demand. Resilient procurement therefore requires balancing affordability, reliability, inventory management, and supplier diversity rather than maximising any single objective (NASEM, 2022; Tucker, Daskin, et al., 2020).
4.5 Demand Shocks and Forecasting Limitations
Shortages can also emerge when demand changes faster than supply can respond. Epidemics, public health emergencies, changes in clinical practice, unexpected increases in disease burden, or the withdrawal of a competing manufacturer can rapidly increase demand for remaining products. Pharmaceutical manufacturing cannot always respond immediately because expanding production may require additional materials, validated equipment, trained personnel, regulatory compliance, and available facility capacity (Badreldin & Atallah, 2021; Socal et al., 2021).
Forecasting can reduce uncertainty but cannot eliminate it. The consequences of forecasting error are particularly severe when little reserve capacity exists. Demand shocks therefore interact with structural conditions rather than constituting an entirely separate category of shortage (Kim et al., 2024; Tucker, Cao, et al., 2020).
Taken together, these mechanisms can form a recurrent fragility cycle. Price pressure may weaken incentives for investment in quality, redundancy, and reserve capacity; reduced investment can in turn contribute to concentrated production and limited flexibility, increasing sensitivity to quality failures, upstream disruptions, or demand shocks. These relationships are not deterministic, and individual shortages can arise through different pathways. However, both the peer-reviewed literature and recent federal policy analyses support evaluating reliability, transparency, redundancy, and diversification alongside price when assessing supply resilience (NASEM, 2022; Shukar et al., 2021; Tucker, Cao, et al., 2020; Office of the Secretary, 2024). Table 1 summarises the principal structural and economic drivers, the pathways through which they may affect access, and the corresponding governance implications. The table emphasises that the drivers interact; no single factor should be interpreted as sufficient to explain every shortage.
Table 1. Structural and economic drivers of U.S. drug shortages and their implications for medicine access and governance
	Structural or economic driver
	Mechanism contributing to shortage
	Potential consequence for medicine access
	Governance implication

	Manufacturing concentration
	Production concentrated among few manufacturers or facilities increases dependence on a limited number of sources and magnifies the effect of facility disruption (Socal et al., 2023).
	Loss of one source can substantially reduce available supply, particularly where therapeutic alternatives are limited (Mazer-Amirshahi & Fox, 2018).
	Identify highly concentrated essential medicine markets and encourage genuine supplier and production diversification.

	Limited production redundancy
	Limited alternative production lines, reserve capacity, or qualified suppliers restricts the ability of other producers to compensate when supply is interrupted (Woodcock & Wosinska, 2013).
	Disruptions may persist because replacement production cannot be increased rapidly enough to meet demand (Chen et al., 2016).
	Create proportionate incentives for reserve capacity, flexible manufacturing, and qualified alternative sources.

	Fragile economics of mature generic medicines
	Low margins and sustained price pressure can weaken incentives for continued participation and investment in quality, capacity, and redundancy (Conti & Berndt, 2020).
	Manufacturer withdrawal or underinvestment can leave essential products dependent on fewer suppliers and increase vulnerability to prolonged scarcity (Hernandez et al., 2020).
	Incorporate reliability, manufacturing quality, and resilience into purchasing and payment incentives alongside price.

	Upstream supply dependencies
	Multiple manufacturers may depend on common API producers, key starting materials, contract facilities, or other critical inputs (Socal et al., 2023; Socal et al., 2024).
	Failure of a shared upstream source can simultaneously constrain several manufacturers or products (NASEM, 2022).
	Improve visibility into upstream dependencies and distinguish genuine supplier diversification from apparent product-level competition.

	Cost-focused procurement practices
	Purchasing arrangements that emphasize acquisition price may provide limited economic recognition for redundancy, reserve capacity, or diversified sourcing (Hernandez et al., 2020).
	Healthcare systems may face greater exposure when low-cost supply arrangements lack sufficient alternatives during disruption (Iyengar et al., 2016).
	Incorporate supply reliability and resilience criteria into procurement decisions while preserving affordability.

	Limited inventory buffers
	Inventory minimization reduces the quantity of supply available to bridge temporary manufacturing or distribution interruptions (NASEM, 2022).
	Supply disruptions can translate more rapidly into institutional scarcity and conservation measures (Fox & McLaughlin, 2018).
	Apply risk-based inventory strategies to clinically important products rather than uniform stock expansion.

	Demand shocks and forecasting limitations
	Epidemics, emergencies, changes in clinical practice, or competitor withdrawal can increase demand faster than production can expand (Badreldin & Atallah, 2021).
	Available inventory may be depleted rapidly, resulting in allocation, therapeutic substitution, or treatment disruption (Rosoff et al., 2012).
	Strengthen demand surveillance, forecasting, surge planning, and mechanisms for coordinated production response.



5. The U.S. Policy and Governance Architecture
5.1 Key Actors and Responsibilities
Drug shortages in the United States are governed by a network of public and private actors with overlapping but nonidentical responsibilities. FDA is the principal federal regulator for drug-shortage monitoring and mitigation within its statutory authority. It receives manufacturer notifications, evaluates potential and ongoing shortages, works with manufacturers to prevent or mitigate disruptions, and may use available regulatory tools to facilitate recovery. FDA does not set pharmaceutical prices, compel firms to remain in low-margin markets, or directly determine private investment in manufacturing capacity. Its preventive role therefore operates within statutory limits and alongside market decisions made by manufacturers and purchasers (FDA, 2026; Fox et al., 2014; Gupta & Huang, 2013).
Drug-shortage governance consequently extends beyond FDA and involves multiple public and private actors whose responsibilities span preparedness, production, distribution, procurement, and healthcare delivery.
Private actors likewise influence resilience at different points in the supply pathway. Manufacturers determine production capacity, facility investment, supplier relationships, and product entry or exit. Wholesalers and distributors influence product flow and inventory allocation. Group purchasing organisations and other purchasers shape contracting conditions and economic incentives. Hospitals and health systems manage scarcity through conservation, substitution, inventory redistribution, and allocation, while pharmacists and clinicians translate constrained supply into treatment decisions. Drug-shortage governance is therefore a network of interdependent decisions rather than a simple regulatory chain (Fox et al., 2014; Iyengar et al., 2016).
5.2 Shortage Surveillance and Early Warning
Early notification is a central mechanism for preventing an emerging disruption from becoming a clinically significant shortage. Federal requirements obligate manufacturers of covered products to notify FDA of specified permanent discontinuances and manufacturing interruptions that may lead to meaningful supply disruption, generally six months in advance when feasible or as soon as practicable when such notice is not possible. FDA also maintains a public Drug Shortage Database and receives information from manufacturers and other stakeholders. In calendar year 2025, FDA reported 1,424 potential-shortage notifications from 167 manufacturers, illustrating the scale of information that must be assessed before a disruption becomes a listed shortage (FDA, 2026; Lee et al., 2021).
Earlier reporting improves visibility, but important limitations remain. A notification that production has been interrupted does not necessarily reveal available inventories, competitors' reserve capacity, shared upstream suppliers, or the time required to validate and expand alternative production. Data completeness and network visibility are therefore as important as reporting speed. Recent work on pharmaceutical supply-chain prediction suggests that data-driven models can identify disruption risk, but performance can change under structural shocks, underscoring the need for continual validation rather than reliance on a static prediction rule (Hupman et al., 2024; Lee et al., 2021; Socal et al., 2023).
5.3 Regulatory and Policy Responses
Once a shortage is anticipated or realized, responses depend on its cause, product characteristics, and severity. FDA may work with existing manufacturers to restore or expand production, expedite review of relevant alternatives when appropriate, exercise legally permissible regulatory flexibility, or facilitate temporary alternative sourcing when acceptable products are available. Temporary importation can be useful in selected shortages, but its timeliness, product suitability, regulatory requirements, and availability in other well-regulated markets limit its role as a universal solution (Bollyky et al., 2025; Chen et al., 2016; Gupta & Huang, 2013). These measures can reduce immediate scarcity without necessarily changing the structural conditions that made the product vulnerable.
Recent policy analyses have increasingly emphasised resilience-oriented approaches that operate before or beyond a specific shortage, including purchasing incentives, manufacturing flexibility, supply-chain visibility, and preparedness. However, available evidence remains insufficient to conclude that such initiatives consistently reduce long-term shortage recurrence (FDA, 2026; NASEM, 2022; Office of the Secretary, 2024). Strategic reserves can bridge selected temporary disruptions but require product selection, storage, rotation, and replenishment; domestic manufacturing may reduce some external dependence yet still remain vulnerable if production or upstream inputs are concentrated. Table 2 summarises major U.S. response mechanisms, their intended functions, potential contributions, limitations, and evidence gaps. The comparison shows that reactive mitigation, preparedness, market incentives, and data visibility address different parts of the shortage pathway and should not be treated as interchangeable interventions.

Table 2. Major U.S. drug-shortage policy and regulatory responses, functions, limitations, and evidence gaps
	Policy or response mechanism
	Principal actor(s)
	Intended function
	Strength or potential contribution
	Key limitation
	Evidence gap

	Manufacturer shortage notification
	Manufacturers; FDA
	Provide advance warning of discontinuances or interruptions that may affect supply (FDA, 2026; Lee et al., 2021).
	Allows earlier regulatory assessment and mitigation.
	Depends on timely, sufficiently detailed reporting and may not reveal broader supply-network vulnerabilities (Socal et al., 2023).
	Need stronger evidence linking notification performance to downstream access and patient outcomes (Phuong et al., 2019).

	Drug-shortage surveillance
	FDA; manufacturers; healthcare organizations; other reporting sources
	Identify and communicate emerging or ongoing shortages (FDA, 2026; Kim et al., 2024).
	Improves visibility of recognized disruptions and supports coordination.
	May provide incomplete information on inventories, alternative capacity, shared suppliers, and upstream dependencies (NASEM, 2022).
	Need validated, continuously updated indicators that predict clinically significant scarcity before it occurs (Hupman et al., 2024).

	Regulatory mitigation and flexibility
	FDA; manufacturers
	Facilitate restoration or expansion of supply through appropriate regulatory mechanisms (Gupta & Huang, 2013).
	Can reduce severity or duration of emerging shortages.
	Often operates after vulnerability or disruption has become apparent (Chen et al., 2016).
	Comparative evidence is limited regarding which mitigation approaches work best under different shortage conditions (Shukar et al., 2021).

	Alternative sourcing and supplier response
	FDA; manufacturers; distributors
	Increase available supply when existing production is insufficient (Bollyky et al., 2025; Mazer-Amirshahi & Fox, 2018).
	Can provide temporary relief during acute scarcity.
	Alternative capacity or acceptable products may be unavailable; temporary sourcing does not necessarily address structural vulnerability (Dill & Ahn, 2014).
	Long-term resilience after temporary sourcing interventions remains under-evaluated (Tucker, Cao, et al., 2020).

	Strategic reserves and stockpiling
	Federal agencies; healthcare systems
	Maintain buffer inventory for selected critical products (NASEM, 2022).
	Can bridge temporary interruptions and reduce immediate scarcity.
	Expiration, storage, rotation, replenishment, and product selection can limit feasibility (Iyengar et al., 2016).
	Optimal product selection, inventory levels, duration, cost-effectiveness, and effects on routine markets remain uncertain (NASEM, 2022).

	Domestic manufacturing initiatives
	HHS/ASPR and other federal bodies; manufacturers
	Strengthen domestic production capacity for critical medicines and components (ASPR, 2026).
	May reduce selected external dependencies and strengthen domestic capability.
	Domestic production may remain concentrated or depend on common upstream inputs (Socal et al., 2024).
	Need outcome evaluation showing whether initiatives reduce shortage frequency, duration, or recurrence (ASPE, 2025).

	Supply diversification
	Manufacturers; purchasers; federal agencies
	Reduce dependence on individual suppliers, facilities, or geographic sources (Jia & Zhao, 2017).
	Can increase alternatives available during disruption.
	Geographic relocation alone may reproduce concentration if suppliers share facilities or upstream inputs (Socal et al., 2023).
	Need better measures of genuine supplier and upstream diversification (ASPE, 2025; NASEM, 2022).

	Supply-chain resilience and preparedness initiatives
	HHS/ASPR; FDA; manufacturers; healthcare organizations
	Strengthen preparedness, supply visibility, and capacity to withstand disruption (ASPE, 2025; ASPR, 2026).
	Extends policy attention beyond immediate response toward prevention.
	Responsibilities and incentives remain distributed across multiple public and private actors (GAO, 2025; Iyengar et al., 2016).
	Longitudinal evaluation is needed to determine effects on medicine availability, access, and recurrence (Kim et al., 2024).



5.4 Governance Fragmentation and Accountability Gaps
A central limitation of the current architecture is the difficulty of aligning responsibility, authority, information, and incentives. The institution that detects a shortage may lack authority to correct the economic conditions contributing to it. Manufacturers may hold the most detailed production information but face limited incentives to maintain unused capacity, while purchasers may benefit from lower prices without directly bearing all downstream costs of weakened redundancy. Healthcare institutions absorb substantial operational consequences when shortages occur despite having limited influence over upstream production decisions (Goldsack et al., 2014; Kaakeh et al., 2011; McLaughlin et al., 2013). These observations highlight the importance of effective coordination across institutions with different responsibilities, authorities, and incentives (Iyengar et al., 2016; NASEM, 2022).
This fragmentation complicates accountability. Preventive investment must occur before its benefits are observable, which raises questions about who should finance resilience and how its value should be measured. Effective prevention also requires information sharing across organisations that may regard production capacity, supplier relationships, and inventory as commercially sensitive. Federal work on measuring resilience, criticality, and vulnerability similarly identifies data transparency, cross-sector collaboration, and consistent metrics as continuing challenges (ASPE, 2025; Lee et al., 2021; NASEM, 2022).
The governance challenge therefore extends beyond coordination during emergencies. A system may successfully mitigate individual shortages while leaving some underlying vulnerabilities unchanged. More durable governance would require clearer assignment of preventive responsibilities, actionable information sharing, incentives that reward reliable supply, and coordination from preparedness through recovery. These are policy propositions informed by the reviewed evidence; their effectiveness should be tested against measurable outcomes rather than assumed (Chen et al., 2016; Hernandez et al., 2020; Office of the Secretary, 2024; Woodcock & Wosinska, 2013).
6. Drug Shortages, Essential Medicine Access, and Equity
6.1 Shortages as an Access Problem
Drug availability and patient access are related but not synonymous. A medicine may exist within the national supply chain yet remain unavailable to a particular hospital, clinic, pharmacy, or patient when needed. National supply indicators can therefore mask institutional and patient-level consequences. Access depends on the quantity and distribution of remaining supply, the ability of institutions to obtain it, the availability and clinical adequacy of alternatives, and whether substitution can occur without unacceptable delay, cost, toxicity, or other clinical compromise (Fox et al., 2014; Phuong et al., 2019; Santhireswaran et al., 2025).
When scarcity is transmitted from production to healthcare delivery, hospitals and pharmacies must decide how to conserve stock, which alternatives are clinically acceptable, and how limited supplies should be allocated across indications. The significance of a shortage therefore depends on both the magnitude of the supply constraint and the adaptive capacity of the organisations serving affected patients. A national shortage is not necessarily experienced uniformly because procurement relationships, inventories, clinical resources, and substitution options differ across settings (Fox & McLaughlin, 2018; Kaakeh et al., 2011).
6.2 Distributional Consequences
These differences create a plausible equity concern: organisations with broader purchasing networks, dedicated shortage-management teams, greater inventory flexibility, or multiple sites for redistribution may be better positioned to absorb scarcity than smaller or resource-constrained organisations. Earlier studies suggest that shortages can impose substantial administrative and acquisition burdens on health systems, but evidence is insufficient to conclude that rural, safety-net, independent, or other institution types consistently experience worse outcomes across all shortages (Kaakeh et al., 2011; Mazer-Amirshahi et al., 2014). The distinction between plausible vulnerability and demonstrated disparity is therefore essential.
Current evidence is heterogeneous in its quantification of differences in shortage exposure and consequences by institution type, geography, and patient population. A recent scoping review found substantial variation in how utilisation effects are measured across shortage studies, limiting direct comparisons (Santhireswaran et al., 2025). Patient-level evidence is beginning to improve. In a Veterans Health Administration analysis of approximately 1.5 million medication-use episodes involving 29 outpatient medicines that experienced shortages, 8.5% of episodes followed a trajectory consistent with potential shortage-related treatment disruption; medication characteristics, including manufacturer count, were more strongly associated with disruption than patient characteristics (Suda et al., 2026). These results are informative but are specific to VHA data and do not establish national disparities across healthcare settings.
Inpatient and outpatient consequences may also differ. Hospitals may be able to coordinate inventory, exchange hospital-supplied formulations, and implement institution-wide conservation protocols, whereas outpatient access may depend more directly on local pharmacy stock, insurance coverage, the availability of alternatives, and a patient's ability to obtain them. These differences support measuring resilience not only through national supply indicators but also through treatment continuity and medicine access at the institutional and patient levels (McLaughlin et al., 2013; Phuong et al., 2019; Suda et al., 2026).
6.3 Allocation and Ethical Challenges
When supply is insufficient for all clinically indicated uses, shortage management becomes an allocation problem. Healthcare institutions may reserve scarce medicines for indications with no adequate alternatives, prioritise patients according to clinically defensible benefit criteria, alter dosing or treatment regimens, or use substitute therapies. Such decisions may be necessary, but they raise ethical questions concerning consistency, transparency, fairness, and accountability (Fox et al., 2009; Rosoff et al., 2012; Unguru et al., 2016).
Therapeutic substitution is particularly important because a replacement medicine may not be clinically equivalent. Substitutes can differ in effectiveness, side effects, dosage, preparation, administration, monitoring requirements, or cost. The availability of an alternative should not automatically be interpreted as preserved access when its use substantially changes the burden or quality of care (McLaughlin et al., 2013; Miljković et al., 2020; Vail et al., 2017).
This analysis raises a central governance issue. Many decisions regarding equitable allocation occur downstream, at hospital, pharmacy, clinical, and professional or organisational levels, whereas federal drug-shortage policy is primarily directed towards identifying, preventing, and mitigating supply shortages. This arrangement allows institutions flexibility in responding to clinical circumstances but may lead to differences in the management of scarcity. Equity then becomes a local responsibility within a nationally interdependent supply system (Rosoff et al., 2012; Unguru et al., 2016).
Resilience should therefore not be assessed solely by restoration of aggregate supply. A more complete assessment should ask whether clinically important medicines remained accessible across settings and populations during the shortage and whether allocation decisions were transparent, clinically justifiable, and consistently applied. This equity-oriented perspective is best treated as an evaluation criterion rather than as a presumption that all shortages produce demonstrated disparities.
7. Limitations of Current Approaches
The persistence of drug shortages despite substantial regulatory and institutional activity indicates that existing interventions address different parts of the problem with varying evidence of effectiveness. This section therefore focuses on documented limitations and unresolved coordination, incentive, information, and access questions rather than assuming that current initiatives are ineffective as a whole (Chen et al., 2016; GAO, 2025; Serchen et al., 2025; Tucker, Cao, et al., 2020).
First, shortage governance has well-developed mechanisms for responding to identified disruptions, including early notification, regulatory flexibility, alternative sourcing, and coordination with manufacturers. These mechanisms can reduce the consequences of an emerging shortage, but they often become most visible after production risk has materialized. Structural conditions such as concentrated capacity, limited redundancy, weak incentives for standby production, and common upstream dependencies may require additional market and procurement interventions beyond case-by-case shortage response (Hernandez et al., 2020; Office of the Secretary, 2024; NASEM, 2022; Woodcock & Wosinska, 2013).
Second, accountability is distributed across actors with different responsibilities and incentives. Manufacturers control many production and investment decisions; regulators oversee quality and aspects of shortage management; purchasers influence contracting and price pressure; and healthcare institutions manage scarcity at the point of care. No single actor controls the entire pathway. This distribution of responsibilities illustrates the continuing challenge of aligning the capacity to identify supply vulnerabilities with the authority and incentives required to address them (Gupta & Huang, 2013; Iyengar et al., 2016).
Information asymmetry further constrains prevention. Regulators and purchasers may know that a product has multiple suppliers without complete visibility into shared facilities, upstream dependencies, available capacity, or the time required to expand production. Greater transparency may improve risk assessment, but disclosure also raises issues of commercial confidentiality, data quality, reporting burden, and analytical usefulness. The appropriate policy objective is therefore actionable visibility rather than disclosure for its own sake (ASPE, 2025; Lee et al., 2021; Socal et al., 2023).
Economic incentives present a related challenge. Competitive generic markets can generate substantial savings, yet purchasing systems that reward lower prices more clearly than reliable capacity may provide insufficient returns for redundancy, quality investment, and preparedness. Correcting this imbalance does not require abandoning price competition; it requires testing whether resilience can be measured and whether purchasing or payment mechanisms can reward it without unnecessary expenditure or protection of inefficient producers (Hernandez et al., 2020; Office of the Secretary, 2024; Tucker, Daskin, et al., 2020; Yurukoglu et al., 2017).
Current approaches also do not consistently connect national supply restoration with institutional and patient-level access. A shortage may be mitigated nationally while some organisations continue to experience constrained supply or patients receive delayed, interrupted, or altered therapy. Without measures linking national availability to downstream outcomes, successful supply management cannot automatically be interpreted as successful access protection (Phuong et al., 2019; Santhireswaran et al., 2025; Suda et al., 2026; Vail et al., 2017).
Finally, many proposed solutions involve genuine trade-offs. Domestic manufacturing may reduce some external dependencies but can reproduce concentration if capacity remains limited to a few facilities. Geographic diversification may improve resilience only when suppliers and critical inputs are also diversified. Stockpiling can provide a temporary buffer but entails storage, rotation, expiration, and replenishment costs, whereas flexible manufacturing capacity may be more adaptable but economically difficult to sustain during normal demand. Stronger reporting or preparedness requirements may improve visibility while also imposing costs that require proportional design (ASPR, 2026; NASEM, 2022; Pauwels et al., 2014; Socal et al., 2021).
The evidence therefore supports evaluating reform as a problem of alignment across prevention, incentives, information, accountability, and access rather than attributing recurrent shortages to a single policy failure. Recent policy and professional proposals increasingly emphasise resilience and supply-chain visibility, but many have not yet been evaluated longitudinally (ASPE, 2025; Office of the Secretary, 2024; Serchen et al., 2025). The distinction between policy activity and demonstrated resilience provides the basis for the conceptual framework proposed in the next section.
8. Proposed Integrated Policy and Governance Framework
The preceding synthesis indicates that drug-shortage governance spans production, market incentives, regulatory oversight, information flows, distribution, and patient access. We therefore propose an author-developed conceptual framework organised around six connected functions: Prevent, Detect, Coordinate, Protect Access, Recover, and Learn. The framework was derived by grouping recurrent functions and governance gaps identified across the reviewed literature and current policy documents. It is intended as an organising structure for policy responsibilities, measurement, and evaluation; it has not been prospectively validated as a causal or predictive model. Four cross-cutting principles—transparency, accountability, incentive alignment, and equity—apply across all six functions.
8.1 Prevent
Prevention begins by identifying medicines for which disruption would have substantial clinical consequences and for which the supply system has limited capacity to absorb failure. Risk assessment should consider clinical essentiality together with manufacturing concentration, supplier diversity, geographic dependence, production complexity, availability of therapeutic alternatives, quality history, and capacity to increase output. Recent federal work emphasises that resilience, criticality, and vulnerability require explicit and consistent measurement rather than a single proxy such as country of manufacture (ASPE, 2025). Medicines combining high clinical importance with high supply vulnerability warrant greater preventive attention. Policy can encourage genuine diversification of production and critical inputs while creating proportionate incentives for manufacturing quality, redundancy, and reserve capacity (Office of the Secretary, 2024; NASEM, 2022).
8.2 Detect
Detection should combine timely manufacturer reporting with indicators of changing supply risk. Predictive monitoring could integrate supply, demand, market-structure, manufacturing, and distribution signals. Data-driven pharmaceutical supply-chain models have shown that near-term disruption risk can be estimated, but model performance can shift under nonstationary shocks such as a pandemic, underscoring the need for external validation and continual updating (Hupman et al., 2024). The objective is not simply to collect more data but to convert reliable information into early, actionable warning (Dave et al., 2018; Lee et al., 2021).
8.3 Coordinate
Detection has limited value if responsibility for action remains unclear. Coordination should define which institutions act when predetermined risk thresholds are reached and how information moves among regulators, manufacturers, distributors, purchasers, and healthcare organisations. Cross-institutional coordination is particularly important when a disruption crosses organisational or geographic boundaries. Manufacturers can provide production information, distributors can identify changes in ordering and inventory patterns, and health systems can communicate emerging clinical consequences. Effective coordination should integrate these perspectives while assigning responsibility for decisions rather than relying on ad hoc cooperation during each crisis (GAO, 2025).
8.4 Protect Access
Maintaining aggregate supply is not sufficient if scarce medicines fail to reach patients according to clinical need. Access protection should therefore be an explicit governance function. When scarcity cannot be prevented, allocation principles should prioritise clinically essential uses, consider the adequacy of therapeutic alternatives, and recognise that some institutions or patients may have fewer practical options for obtaining substitutes. National or professional guidance can promote consistency while preserving appropriate clinical discretion. Transparency about allocation principles is important because scarcity decisions determine who receives a constrained resource. In this framework, equity does not require identical distribution; it requires that allocation differences be based on defensible clinical and access considerations rather than purchasing power alone.
8.5 Recover
Recovery should extend beyond restoring production to pre-shortage levels. Immediate priorities include reestablishing reliable manufacturing and distribution and reducing prolonged dependence on temporary sourcing, conservation measures, or therapeutic substitutions. Declaring a shortage resolved without reassessing the underlying supply system may leave the same vulnerabilities in place. Recovery should therefore examine remaining concentration, supplier capacity, inventory conditions, quality concerns, and unresolved upstream dependencies. The objective is restoration with reduced vulnerability rather than automatic return to the previous supply configuration.
8.6 Learn
Each significant shortage can reveal vulnerabilities that were incompletely visible before disruption. Post-shortage assessment should examine the initiating event, factors that amplified its effects, timeliness of detection, coordination performance, allocation consequences, and effectiveness of mitigation measures. The analysis should distinguish unavoidable shocks from vulnerabilities that could reasonably have been reduced. Policy interventions should likewise be evaluated against measurable outcomes, including recurrence, duration, access consequences, costs, and recovery time. Lessons should feed into risk classification, preparedness requirements, procurement strategies, and future policy design, completing the cycle from learning back to prevention.
The framework depends on four cross-cutting governance principles. Transparency makes vulnerabilities and decisions sufficiently visible to support action. Accountability establishes who is responsible for acting on that information. Incentive alignment seeks to make resilience economically compatible with continued participation in essential-medicine markets. Equity requires that success be judged by preservation of clinically appropriate access rather than aggregate supply alone. Figure 1 summarises the relationships among the six functions and these four cross-cutting principles. The figure is an original conceptual synthesis developed for this review and is intended to organise policy responsibilities and evaluation questions rather than to depict a validated causal model.
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Figure 1. Integrated Policy and Governance Framework for Drug Shortage Resilience and Essential-Medicine Access. The author-developed framework conceptualizes drug-shortage governance as a continuous cycle of prevention, detection, coordination, access protection, recovery, and learning. Transparency, accountability, incentive alignment, and equity operate as cross-cutting principles supporting reliable and equitable access to essential medicines. Source: Authors' conceptualization.
9. Policy Priorities and Implementation Considerations
Translating the proposed framework into practice requires prioritisation because not every medicine warrants the same intensity of intervention. A risk-based approach could identify products for which shortage would create substantial clinical consequences and for which the supply system has limited capacity to absorb disruption. Such assessment should combine clinical essentiality with indicators of manufacturing concentration, upstream dependence, production complexity, therapeutic substitutability, geographic concentration, quality history, and capacity to increase output. This proposed approach is consistent with current federal work emphasising explicit measurement of resilience, criticality, and vulnerability (ASPE, 2025).
Economic policy should distinguish between purchasing a product and purchasing reliable continuity of supply. Evidence and policy analyses support considering manufacturing quality, supplier diversification, continuity, and appropriate reserve capacity alongside acquisition price, particularly for vulnerable generic products (Hernandez et al., 2020; NASEM, 2022; Serchen et al., 2025; Tucker, Daskin, et al., 2020). However, resilience requirements impose costs. Requiring extensive redundancy for every medicine could increase expenditure, discourage participation, or create unused capacity with limited value. Any incentive should therefore be proportionate to clinical importance and empirically assessed vulnerability.
Improved upstream transparency is likewise important but should be designed around information needed for action. Regulators require enough visibility to identify shared suppliers, concentrated capacity, critical input dependencies, and emerging constraints. Mandatory disclosure without a clear analytical purpose can impose administrative burdens and raise legitimate concerns about commercially sensitive information. A tiered approach could reserve detailed information for appropriate authorities while providing purchasers and healthcare organisations with standardised indicators of supply risk (ASPE, 2025; Lee et al., 2021; NASEM, 2022).
Diversification policy also requires careful definition. Moving manufacturing from one country to another does not necessarily improve resilience if production remains dependent on a single facility or common critical input. Domestic manufacturing may strengthen supply capacity in selected circumstances, but geographic location alone should not substitute for assessment of supplier independence, production flexibility, manufacturing quality, and upstream dependence (NASEM, 2022; Socal et al., 2024). Strategic reserves can complement these measures for selected essential products when inventory can realistically bridge disruption periods; their usefulness is lower for products with short shelf lives, specialized storage requirements, rapidly changing demand, or high replacement costs (Iyengar et al., 2016; NASEM, 2022).
Procurement, surveillance, and coordination should therefore operate as components of the same resilience strategy. Purchasing contracts could incorporate evidence-based reliability criteria, while interoperable surveillance could connect regulatory information with signals from manufacturers, distributors, and healthcare systems. Predefined coordination mechanisms should establish responsibilities before shortages occur, including thresholds for escalation and communication. When scarcity nevertheless develops, allocation guidance should consider clinical necessity, the adequacy of substitutes, and the practical capacity of affected institutions to obtain alternatives. These recommendations are proposed design principles; their effectiveness requires prospective and longitudinal evaluation.
Implementation should be judged by outcomes rather than by the number of policies or programmes introduced. Relevant measures include whether high-risk medicines become less vulnerable, warnings occur earlier, shortages are shorter or less recurrent, healthcare institutions maintain access, patients experience fewer treatment interruptions, and resilience interventions are economically sustainable. New initiatives should therefore be evaluated before effectiveness is inferred from implementation alone (ASPE, 2025; FDA, 2026; GAO, 2025).
10. Evidence Gaps and Future Research Agenda
Important evidence gaps limit both understanding of drug shortages and assessment of policies intended to prevent them. Measurement remains a fundamental problem. Definitions of shortage occurrence, duration, severity, and resolution vary across data sources and studies, which complicates comparison and explains why FDA and ASHP/UUDIS counts should not be treated as directly interchangeable. Future work should develop standardised measures that distinguish temporary supply constraints from clinically significant shortages and capture duration, therapeutic substitutability, geographic reach, and consequences for care. Comparable measures of supply-chain resilience are also needed to determine whether interventions increase redundancy, flexibility, and recovery capacity or merely relocate production (Acosta et al., 2019; Aronson et al., 2023; ASPE, 2025; Bogaert et al., 2015; De Weerdt et al., 2015).
Stronger causal evidence is required on structural determinants of shortages. Associations among market concentration, low prices, manufacturing quality, supplier exit, and shortage occurrence are informative but do not by themselves establish how these factors interact or which interventions will alter outcomes. Longitudinal studies linking changes in market structure, quality performance, and manufacturing capacity to subsequent shortage risk could strengthen inference. Greater attention should also be given to upstream concentration because product-level measures may underestimate vulnerability when apparently independent manufacturers rely on common API producers, contract facilities, or other critical inputs (Dave et al., 2018; Socal et al., 2023, 2024; Yurukoglu et al., 2017).
Policy evaluation represents another major priority. Domestic-manufacturing initiatives, strategic reserves, procurement reforms, reporting requirements, diversification strategies, and coordination mechanisms should be evaluated against predefined outcomes such as shortage frequency, duration, recurrence, recovery time, cost, and continuity of access. Evaluations should also examine unintended consequences, including market exit, excess inventory, increased expenditure, or geographic relocation without a meaningful reduction in concentration (Chen et al., 2016; Office of the Secretary, 2024; Tucker, Cao, et al., 2020).
Evidence is particularly incomplete at the interface between national shortages and patient access. More research is needed to determine whether consequences differ across rural and urban facilities, safety-net institutions, hospital types, outpatient settings, and patient populations. Outcomes should include treatment delays, therapeutic substitutions, medication errors, clinical outcomes, out-of-pocket costs, and operational burdens on healthcare organisations. Recent VHA evidence demonstrates that refill disruption can be measured at the patient level, while recent scoping evidence demonstrates substantial heterogeneity in utilisation measures; both findings support development of standardised outcome definitions and broader multi-setting analyses (Santhireswaran et al., 2025; Suda et al., 2026). Allocation strategies used during scarcity also require comparative evaluation for clinical effectiveness, consistency, and equity (Goldsack et al., 2014; Phuong et al., 2019; Unguru et al., 2016).
A central research priority is therefore to connect data that are often studied separately: supply-chain risk indicators, shortage events, institutional responses, medicine utilisation, patient access, and health outcomes. Pharmaceutical supply-chain research shows that predictive models can identify disruption risk, but performance can change under structural shocks and must be repeatedly validated and recalibrated (Hupman et al., 2024). Longitudinal data systems that link standardised supply indicators with treatment changes and clinical outcomes would provide a stronger foundation for early-warning models and policy evaluation (Kim et al., 2024; NASEM, 2022; Santhireswaran et al., 2025; Tucker, Cao, et al., 2020).
11. Conclusion
Persistent drug shortages in the United States extend beyond isolated interruptions in pharmaceutical production. The reviewed evidence indicates that shortages may emerge from interactions among concentrated capacity, fragile economic incentives in some product markets, limited redundancy, incomplete supply-chain visibility, quality-related disruptions, upstream dependence, and governance arrangements in which prevention and response are distributed across actors with different authorities and incentives. Recent surveillance and policy assessments indicate continued attention to shortage prevention and mitigation, while evidence on coordination, resilience measurement, and structural interventions continues to develop (ASHP, 2026; FDA, 2026; GAO, 2025).
A durable strategy should therefore balance responsive shortage management with prevention based on identifiable supply vulnerabilities. Regulatory, manufacturing, procurement, and preparedness initiatives can be strengthened when responsibilities and information flows are defined before disruption occurs. Purchasing systems should continue to protect affordability while recognising that acquisition price alone does not capture the potential system costs of fragile supply, emergency procurement, substitution, or treatment disruption. Measures of performance should likewise extend beyond aggregate product availability to whether clinically necessary medicines remain accessible across healthcare settings.
The conceptual framework proposed in this review connects these objectives through prevention, detection, coordination, access protection, recovery, and learning, supported by transparency, accountability, incentive alignment, and equity. It should be interpreted as an author-developed synthesis requiring prospective evaluation, not as a validated causal model. Its practical value will depend on translating its functions into measurable responsibilities and testing interventions against outcomes such as recurrence, duration, treatment continuity, cost, and equitable access. Pharmaceutical resilience is therefore best judged not by the unrealistic expectation that every disruption can be eliminated, but by the capacity to anticipate vulnerability, absorb and contain shocks, recover without reproducing avoidable weaknesses, and preserve clinically appropriate access during both routine conditions and periods of scarcity.
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