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ABSTRACT

Purpose: To report the experience of the Italian Working Group on DDD (Ita-DDD-wg) in assigning DDDs to a list of antineo-
plastic agents.

Methods: Active substances from the ATC L01 group with no assigned DDD and reimbursed at least once during 2021 by the
Italian Healthcare Service were identified. A DDD-assignment reporting template was developed, including the following fields:
ATC fifth-level code, active substance, route of administration, reference indication of use, reference posology, assignment crite-
ria, DDD calculation formula, DDD value, and DDD unit of measure. Information from national and international Summaries of
Product Characteristics of medicines containing the active substance of interest, along with evidence from literature and input
from Ita-DDD-wg experts, were considered. DDD assignment criteria were based on ATC/DDD guidelines and, whenever neces-
sary, complemented by ad hoc criteria.

Results: Forty-three ATC 5th-level codes were evaluated, resulting in a total of 44 DDDs assigned (2 distinct DDDs were
assigned respectively to topical and oral aminolaevulinic acid formulations). For 35 out of 44 DDDs, adaptations of general
WHO assignment criteria or newly defined approaches were adopted, that is, calculations based on reference body surface area
(BSA =1.82m?), treatment cycle duration, and average daily amounts of topical product.

Conclusion: This work demonstrated that assigning DDDs to antineoplastic agents is feasible based on few additional assump-
tions and criteria with respect to those from ATC/DDD guidelines. In fact, based on this work, WHO decided to establish an ad
hoc working group for evaluation and assignment of DDDs to antineoplastic agents.

Preliminary findings from this study were presented at the XLVIIT Annual Meeting of the Italian Association of Epidemiology (AIE), held in Riccione, Italy (April
16-19, 2023), and are scheduled for presentation at the 2025 Annual Meeting of the International Society for Pharmacoepidemiology (ISPE).

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2026 The Author(s). Pharmacoepidemiology and Drug Safety published by John Wiley & Sons Ltd.
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Plain Language Summary

This study describes the first effort by the Italian Working
Group on Defined Daily Doses (Ita-DDD-wg) to help im-
prove how we track the use of cancer medicines. The group
focused on medicines used to treat cancer (called antineo-
plastic agents) that did not yet have a Defined Daily Dose
(DDD). These DDDs help health researchers compare med-
icine use across different countries and time periods. The
team reviewed information about each medicine's recom-
mended doses from official documents and scientific stud-
ies and used this to calculate reasonable daily dose values.
They carefully recorded how each value was determined in
a clear, transparent template. In total, they suggested new
DDDs for 44 medicines, sometimes using special calcula-
tions to account for body size, treatment cycles, or how the
medicine is applied to the body. As a result of this project,
the World Health Organization set up an ad hoc working
group to assess the DDDs from Ita-DDD-wg and address
other cancer drugs for DDD assignment. This work shows
that it is possible to create useful standard daily dose values
for cancer drugs, despite their complex dosing.

Key Points

« The ATC/DDD index, maintained by the WHO
Collaborating Centre for Drug Statistics Methodology,
is a globally endorsed tool for generating standardized
drug consumption statistics. Its correct national im-
plementation ensures reliable, comparable data for
drug utilization research.

However, not all active substances identified with an
ATC 5th level codes have been assigned a DDD be-
cause of either lack of formal request from users of the
system or for other methodological reasons considered
an impediment with respect to the DDD assignment
the Italian Working Group on DDD was established
for addressing active substances that still lack a DDD
value and submit the outcome of its work for inclusion
into the ATC/DDD index.

This work demonstrated that it is feasible to assign
DDDs for antineoplastic agents, even though these
drugs often have high inter-individual dose variabil-
ity. They acknowledged the limitations of the DDD
concept for such drugs but emphasized its value for
standardized drug utilization studies.

The Italian Working Group on DDD developed a
transparent reporting template for DDD assignments
and encouraged its adoption to improve the reliability
of the ATC/DDD system.

1 | Purpose

The Anatomical Therapeutic Chemical (ATC) classification
system and the Defined Daily Dose (DDD) are widely used
standards for drug utilization research [1, 2]. The ATC system
allows for the classification, grouping, and retrieval of active
substances based on a five-level hierarchical structure with in-
creasing granularity. Most, but not all, active substances iden-
tified by an ATC 5th level codes are associated with a DDD,

which represents a standard unit of measurement of drug con-
sumption with a conversion value that may correspond to an
amount of active agent (e.g., atorvastatin: ATC = C10AA05/
DDD =20mg), a defined number of dosage units (e.g., rami-
pril/hydrochlorothiazide: ATC=C09BA05/DDD=1 tablet),
or an amount of pharmaceutical product (e.g., physostigmine:
ATC =S01EB05/DDD =0.4mL of eye drops) [1, 2]. The DDD
provides a standardized measure of drug use that facilitates
comparisons across different populations and time periods [1].
The DDD reflects an assumed average daily maintenance dose
of a drug for its main indication in adults. In some cases, if
substantial differences in daily dosage do exist with respect
to different route of administrations or formulations, more
than one DDD may be assigned to the same ATC 5th level
code [1].

The ATC/DDD index is maintained and updated annually by
the WHO Collaborating Center or Drug Statistics Methodology
of Oslo [1], and its use is endorsed and promoted globally by
the WHO.

Implementing the ATC/DDD index in countries where medi-
cines are mainly dispensed in standardised packages involves
the mapping of each medicinal product package to the correct
ATC 5th level code and the subsequent calculation of the number
of DDDs contained in each package. Therefore, implementing
the ATC/DDD classification system across an entire dictionary
of medicinal product packages is not trivial and requires effort
and resources that increase proportionally with the size of the
medicinal product package dictionary to be mapped. To maxi-
mize the efficiency of this process, and also reduce the risk of
errors or misinterpretations of the ATC/DDD guidelines [1], the
WHO recommends the implementation and maintenance of the
system to be the responsibility of a single national centre staffed
with specifically trained personnel. In fact, when the ATC/DDD
system is properly implemented at national level, and the re-
sulting reference dataset is shared with users, it becomes an ex-
tremely powerful and readily available tool for generating drug
consumption statistics in a standardized and widely recognised
format [1, 2].

However, not all active substances identified with an ATC 5th
level code have been assigned a DDD because of either lack of
formal request from users of the system or for other methodolog-
ical reasons considered an impediment with respect to the DDD
assignment (e.g., the high inter-individual variation of the daily
amount of topical products applied for topical use). Notably,
the assignment of a DDD to an ATC 5th level code occurs
only upon request from interested stakeholder [2] to the WHO
International Working Group for Drug Statistics Methodology
[2], and must be supported by evidence-based justification for
the proposed value [1, 2].

At the end of 2021, the Italian Working Group on DDD (Ita-
DDD-wg) was established as a spontaneous joint initiative of 20
researchers from the inter-society group of the Italian Society
of Pharmacology and the Italian Association of Epidemiology
(AIE), with the aim of contributing to the development of the
ATC/DDD classification system by assigning missing DDD
values and proposing them for inclusion into the ATC/DDD
index [3].
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Therefore, the aim of this paper is to report the first experience
of the ITA-DDD-wg regarding the assignment of DDDs to a list
of ATC 5th level codes within the antineoplastics and immuno-
modulating agents category (ATC 2th level LOI).

2 | Methods

2.1 | Selection of the ATC Fifth Level Codes
for DDD Assignment

According to the WHO Collaborating Centre for Drug Statistics
Methodology, ATC classification index with DDDs, 2025. Oslo,
Norway 2025 [1], several ATC groups have historically lacked
DDDs, including corticosteroids and other agents for local oral
treatment, local hemostatics, appetite stimulants, blood substi-
tutes, vasoprotectives, and antineoplastic agents. Among these,
the ITA-DDD-wg decided to prioritize antineoplastic drugs
(ATC L01) due to their relevance from National Healthcare
Services (NHS), epidemiological and clinical perspectives [1].
First, the Ita-DDD-wg focused on active agents corresponding
to > 1 medicinal product reimbursed by the Italian NHS in 2021,
as identified through the Farmadati database [4].

2.2 | Reference Information Used for DDD
Assignment

For each selected ATC 5th level code (i.e., active ingredient) the
following reference information for DDD assignment were de-
fined: route of administration, reference indication of use, ref-
erence posology, assignment criteria. Route of administration,
reference indication of use and posology were defined based on
information from Summary of Product Characteristics (SmPC) of
medicinal products containing the active agent of interest and ap-
proved by the Italian Medicine Agency [5], the European Medicine
Agency (EMA) [6] or the Food and Drugs Administration (FDA)
[5]. Notably, to define the reference indication of use, that ideally
corresponds to the indication for which the drug is expected to be
most frequently used, available evidence from the published liter-
ature and knowledge from the ITA-DDD-wg members were also
used. Finally, WHO guidelines were considered for establishing
assignment criteria.

2.3 | Presentation of Results

To ensure full transparency and reproducibility of the DDD
assignment process, the Ita-DDD-wg developed an ad hoc re-
porting template including the following fields: ATC fifth-level
code, active agent, route of administration, reference indication
of use, reference posology, assignment criteria, DDD calculation
formula, DDD value, and DDD unit of measure.

3 | Results

A total of 43 ATC 5th level codes from LO01 group were selected
for assignment. As a result, the Ita-DDD-wg assigned a total of 44
DDD (2 distinct DDDs were assigned respectively to topical and
oral aminolevulinic acid formulations, see Table 1). Nine out of

44 DDDs were assigned based on the average recommended daily
dose or the average recommended daily dose per kilogram of
body weight multiplied by the reference body weight, thus accord-
ing to assignment criteria defined by WHO (e.g., ATC L01XKO03).
The remaining 35 DDDs were assigned through the application
of one or more criteria that were adapted or defined ad hoc for
application to antineoplastic agents, that is, assignment criteria
based on reference body surface area, treatment cycle duration,
and average daily amounts of topical product. Notably, the ATC/
DDD guidelines [1] considered 70 kg as the reference body weight
while there was no mention of any reference body height value
of BSA calculation method. Therefore, for drugs administered
based on body weight or BSA, a reference weight of 70 kg! and a
reference height of 170 cm! were considered, and a corresponding
reference BSA of 1.82 m? was obtained using the Dubois formula
[7]. Finally, for the ATC L01BC52, fluorouracil combinations,
which corresponded to only one authorized medicinal product
containing a topical solution for transdermal administration, the
Ita-DDD-wg decided to assign the corresponding DDD consider-
ing a hypothetical approximate mean volume of the pharmaceu-
tical product to be applied daily based on the chosen reference
indication and posology.

The list of ATC fifth level codes and corresponding DDD val-
ues assigned by the Ita-DDD-wg was shared with the WHO
Collaborating Centre for Drug Statistics Methodology of Oslo,
Norway in August 2023, to be considered for inclusion in the
official ATC/DDD index during the subsequent meetings
of WHO International Working Group for Drug Statistics
Methodology [3].

4 | Conclusions

The Ita-DDD-wg initiative demonstrated that assigning DDDs
to antineoplastic agents is feasible with only a few additional
assignment criteria and assumptions with respect to those al-
ready outlined in the ATC/DDD guidelines [1] and applied to
other active agents. For some ATC 5ft. level codes addressed in
this work, the assigned DDD values are expected to represent a
reasonable approximation of the actual average daily dose used
for that drug (e.g., pembrolizumab, nivolumab), at least for the
reference indication considered for assignment. In other cases
(e.g., olaparib, niraparib), this assumption is less likely to hold
due to high inter-individual dosage variability. Nevertheless,
several substances outside the antineoplastic class were al-
ready assigned a DDD despite the high inter-individuals and/
or inter-indications variability of the recommended daily dose
(e.g., insulins, valproate, retinoids, warfarin) but still such
DDDs, if used appropriately, can be considered a useful tool for
DUR [8, 9]. In fact, DDDs are not intended to provide an accu-
rate estimate of the actual number of daily doses consumed in
the population of interest. Rather, understanding both the lim-
itations of the methodology and the considered data source re-
mains fundamental for the correct application of this standard
and the reliable interpretation of resulting statistics [10, 11].
Despite such limitation, we believe that having a standard like
the ATC/DDD system appropriately implemented at national
level—linked to the relevant dictionary of medicinal product
packages and made available to researchers—is crucial for gen-
erating comparable and reproducible drug utilization statistics
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across countries and over time [12]. Based on these principles,
the Ita-DDD-wg is now focusing on the assignment of DDDs
to active agents in ATC S (ophthalmologicals), which includes
medications such as antineovascularization agents that also
exhibit high inter-individual variability of daily dose and dos-
ing schedule [13].

With this project, the Ita-DDD-wg also developed and applied
a template for the transparent reporting of the reference infor-
mation based on which the DDD was assigned. We strongly
encourage the adoption of this reporting approach, as we be-
lieve it can support both the evaluation of the proposed DDD
values at the WHO level and the correct use of the ATC/DDD
standard by end users. In fact, DDDs that are far from the rel-
evant prescribed daily dose (PDD) can introduce substantial
measurement errors in drug utilization studies. Moreover, the
main indication of use of an active substance may vary from
one country to another as well as across different study pop-
ulations. The proposed reporting template can transparently
provide useful context on background information used for
DDD assignment. The extent and direction of the measure-
ment error introduced by the application of the DDD metric
should be ideally assessed in real-world practice with respect
to the actual PDD and reflect appropriate utilization patterns.
Although such a validation is not always feasible, the DDD
remains a technical unit of measurement designed to stan-
dardize and facilitate drug utilization research, this standard
implemented once centrally and distributed and used locally
by multiple users. Indeed, since not all the ATC 5th level codes
have been assigned a DDD, caution is needed when aggregat-
ing data according to the 4th level of the ATC classification,
particularly for antineoplastic agents.

Based on the work reported here, in early 2024 the WHO de-
cided to set up an ad hoc Working Group on DDD for Cancer
Drugs to assess the DDDs from Ita-DDD-wg and address other
antineoplastic drugs for DDD assignment. A total of 30 new
DDDs for antineoplastic agents were proposed by the ad hoc
Working Group on DDD for Cancer Drugs for discussion during
the 56th Meeting of the WHO International Working Group for
Drug Statistics Methodology, with consideration for inclusion in
the 2026 ATC/DDD index [14, 15].
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