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Abstract

Obijective: To reach af an expert consensus, using the Delphi method, for
classifying the tissue-damaging potential of antineoplastic drugs, in order fo
facilitate the decision-making process in the event of extravasations.
Method: The panel of expert evaluators was made up of seven phar
macists belonging to the working group on extravasations. Other member
served as coordinator. The likelihood of fissue damage was reviewed on the
basis of eight reference documents. Four categories of drugs were establi-
shed: vesicant (V); high risk irritant (HRI); low risk irritant (LRI} and non-irritant
[NII). Two rounds of surveys were performed. The drugs with an agreement
of less than 70% after the two rounds were discussed non-anonymously by the
group. For each of the rounds the following was analysed: median of
the degree of consensus and the inferquartile range (IQR.,.J, degree
of agreement by tissue domage category, and percentage of antineoplas-
tics reaching a degree of consensus of over 85% and of 100%. Drugs
whose classification differed in the various reference documents were asses-
sed separately. SPSS v23.0 statistical software was used.
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Resumen

Objetivo: Realizar un consenso de expertos utilizando el método Delphi
para la clasificacion del potencial de dafio fisular de los antineoplésicos
que facilite la toma de decisiones ante una extravasacion.

Método: El panel de evaluadores estaba formado por siefe farma-
céuticos del grupo de frabajo de extravasaciones. Otfro acfué como
coordinador. Se revisé la probabilidad de dafio tisular a partir de ocho
documentos de referencia. Se clasificaron en cuatro categorias: vesi-
canfe, irritante de alto riesgo, irritante de bajo riesgo y no irritante. Se
realizaron dos rondas; tras éstas los farmacos con consenso < 70% se
discutieron en grupo de forma no anénima. Se analizé para cada ronda:
la mediana del grado de consenso y dmbito infercuartilico (AIQ,, 4,
el grado de concordancia por categoria de dafio fisular y el porcen-
foje de anfineopldsicos con grado de consenso > 85% vy del 100%.
Se andlizaron de forma separada los férmacos con discordancias de
clasificacién entre los documentos consultados. Se utilizé el programa

estadistico SPSS v23.0.
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Results: Seventy-one antineoplastics were evaluated. In the first round,
the median for degree of consensus was 100.0% (IGR,, . 71.4-100.0%).
In the second round, the median was 100.0% (IQR,,: 85.7-100.0%). The
percentage of antineoplastics with a consensus of 85./% or above increased
from 66.7% to 85.9% in the second round. For the 30 anfineoplastics whose
values differed in the reference documents, the degree of agreement increa-

sed from 71.4% (IQR,, .. 57.1-87.7%) to 100.0% (IQR,, .: 85.7100.0%) in
the second round. The percentage of antineoplasfics with a consensus of
85.7% or above increased from 40.0% to /6.7%. Four antineoplasfics had a
degree of agreement of less than 70.0%. The final classification of drugs per
category, was: 17 vesicants; 15 HRI; 13 [Rl; and 26 NI. The final degree of
consensus was 85.7% or above for 90.1% of antineoplasfics, and 100.0%
for 74.6% of the same.

Conclusions: In this area of scarce evidence and high variability, the
Delphi method allows for consensus in classifying tissue damage risk, thus
making it easier fo reach clinical decisions. In approximately Q0% of the
antineoplastics, the degree of consensus reached by the expert panel was
85% or above. In 74% of the antineoplastics, it was 100%. This provides
solid ground for management decisions.

Introduction

Tissue damage associated with antineoplastic extravasation is an
adverse event related with infravenous drug administration, whose risk
varies greatly. Severity may range from mere erythema fo tissue necrosis
that even requires surgical debridement'. The incidence of extravasations
reported is between 0.10% and 6.00% in peripheral venous administra-
tions. In central venous administrations it is lower (0.26% to 4.7%) but more
severe”. These values have come down in recent years, and currently range
between 0.05% and 5.00%, thanks to improvements in training and fo the
implementation of strategies to minimise the incidence of extravasations®.
Prevention is the best way to manage extravasations, but immediate action
is necessary when they occur, in order o avoid or minimise associated fis-
sue damage, which can compromise the clinical outcome of patients due fo
potential delays in their anfineoplasfic regimen, and also affect their safety
and their quality of life.

Hospitals have protocols for the management of extravasations. These
may be insfitutional or regional, and are approved by multidisciplinary con-
sensus, serving as a guide for implementation on the basis of the tissue-
damage classification of the involved drugs. It is therefore important fo be
familiar with the risk of tissue domage, with a view to making decisions
relating to protocols and clinical practice. However, classifications vary
depending on the source of reference, and there is even variability in the
categories used fo classify antineoplastics in terms of their potential for cau-
sing tissue damage®®, which is usually defined on the basis of maximum
described foxicity levels. Depending on the probability of extravasation-
related damage, antineoplastics are classified in three categories [vesicant,
irritant and nonirritant) or five (vesicant, exfoliant, irritant, inflammatory, and
neutral). The first of these two classifications is the most frequently used in
the literature. Regarding potential for fissue aggression, and although this
depends mainly on the type of cel-damage mechanism involved, a series
of variables come into play: concentration, extravasated volume, and pH
and osmolarity, among others”®. This adds further difficulty to antineoplastic
classification.

Information on the effect and evolution of extravasations is largely based
on cases series or case reports, with the exception of two small clinical
trials involving dexrazoxane®. Litile information is available regarding fissue
damage in the technical description sheets of drugs. In some instances,
data are derived from animal studies, which cannot be extrapolated fo
humans, while in other cases they are taken from outdated studies based
on techniques and administration methods that are no longer in current use.
In view of the scarcity of evidence and the degree of variability among
the classifications proposed in the different guidelines, the working group
on exfravasations of the Spanish Oncology Pharmacy Group (GEDEFO),
belonging fo the Spanish Society of Hospital Pharmacists (SEFH), decided
to apply the Delphi methodology to arrive af a consensus with regard fo the
tissue damage classification of anfineoplastic drugs.

Resultados: Se evoluaron 71 antineopldsicos. En la primera ronda la
mediana del grado de consenso fue 100% (AIQ,.: 71,4-100,0% y en
la segunda ronda 100% (AIQ, .- 85,7-100,0%]. El porcentaje de antineopld-
sicos con consenso > 85,7% aumenté del 66,7% al 85,9% en la segunda
ronda. Para los 30 anfineoplésicos con discrepancias entre los documentos
revisados, el grado de consenso aumenté del 71,4% (AIQ ,.: 57,1-87,7%)
al 100% (AIQ,.,.: 85,7100,0%) en la segunda ronda. El porcentaje de
antineopldsicos con concordancia > 85,7% pasé del 40,0% al 76,7%.
Cuatro anfineoplésicos presentaron consenso < 70%. La clasificacion final
incluyd 17 farmacos como vesicantes, 15 como irritantes de alfo riesgo,
13 como irrifantes de bajo riesgo y 26 como no irritantes. El grado de
acverdo final fue > 85,7% en el 90,1% de los anfineoplésicos y del 100%
en el 74,6%.

Conclusiones: En este drea de escasa evidencia y variabilidad la
mefodologia Delphi permite alcanzar un consenso de clasificacion del
riesgo de dafio tisular que facilita la toma de decisiones. Aproximada-
mente para el 90% de los antineopldsicos el grado de concordancia
alcanzado por el panel de expertos fue > 85%, y para el 74% de los anti-
neopldsicos la concordancia fue del 100%, aportando una base sélida
para las decisiones de manejo.

The Delphi method is an expert consensus technique that has been used
in the field of healthcare when scientific evidence is either not available,
scarce, or poor in quality; in such scenarios, the experience and accuracy
of group judgements is considered to be superior to those of individual
approaches, since they bring together the knowledge and experience of
all group members'®". In addition, the method preserves voting anonymity
among the evaluators, thereby guaranteeing independent decisions on the
part of group members. Other advantages include the fact that all pane-
llists have equal opportunities when contributing 1o the final decision, and
that the procedure is decentralised, with information and decisions being
aggregated by summarising the results'?. This methodology has been used
in the hospital pharmacy practice fo design satisfaction surveys, sef up the
taxonomy for pharmaceutical interventions, select training goals, or define
quality indicators, among other objectives'*'e.

The goal of the present paper is to establish a consensus of experts, by
using the Delphi method, that can be used to classify the fissue-damaging
potential of antineoplastic drugs, in order fo facilitate the decision-making
process in the event of extravasations.

Methods

The modified Delphi method was applied to classify antineoplastic
drugs according fo their potential for extravasation-related fissue damage,
based on a consensus of experts. The panel of expert evaluators included
seven pharmacists with oncological training, who were members of the
GEDEFO's Extravasation Working Group and had previous expertise and
publications dealing with this issue. Other of the group members served
as coordinator. The study was carried out from October to December of
2019.

For the classification of antineoplastic drug-induced tissue damage, eight
reference documents were selected, following preliminary research by the
working group, which involved the examination of clinical extravasation gui-
delines published by scientific sociefies or insfitutions, routinely used dafa-
bases, and reference papers dealing with extravasations*¢17?!. In addition,
and in order to identify emerging risks or new tissue-damage evidence, the
scientific bibliographical search used in the Monograph for Prevention and
Treatment in cases of antineoplastic extravasations was reviewed on PubMed
dafabase [search terms: “Antineoplastic Agents” [Mesh]) AND “Extravasation
of Diagnostic and Therapeutic Materials” [Mair]. Filters: population, humans;
language: English, French, Spanish. Advanced filters: tile “extravasation”.
Period: 01/01/2010-30/09/2019)%2.

The present consensus has adopted the standard classification of fis-
sue foxicity (vesicant, irritant, non-irritant) since it is the most frequently used
in published studies and guidelines, but includes the modification propo-
sed by Conde-Estévez et al'®, which distinguishes between high-risk and
low-risk irritant anfineoplastics, because of the differences in the manage-
ment fo prevent potential patient morbidity. Antineoplastics have therefore
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Non-irritant (NI)

Low risk irritant (LRI)
or ulceration develop in most cases.

High risk irritant (HRI)

Vesicant (V)

been classified in four categories, depending on the probability of tissue
damage in the event of extravasation: vesicant (V); high risk irritant [HRI);
low risk irritant (LRI); and non-irritant (NI). Table 1 summarises the defini-
tion for each category. Radionuclide conjugated monoclonal antibodies
have been excluded from the classification, since tissue damage is in
their case mainly associated with radiafion, and their management differs
from that of the rest of antineoplastics, hormone therapy, drugs that are
currently not available in the therapeutic armamentarium, such as mechlo-
rethamine, and investigational anfineoplastic agents. Non-conjugated
monoclonal anfibodies were considered as a single group in ferms of the
classification.

The coordinator prepared an initial table indicafing the category of
tissue damage assigned fo each antineoplastic on the basis of the eight
reference documents, and this was sent by e-mail to each of the expert
panel members. Based on the information included in that document, and
on their own professional experience, evaluators issued their classifications
(first round) which were returned to the coordinator. The latter examined
the degree of agreement (percentage of evaluators in the most voted cate-
gory) and the comments of group members, and issued a new document
indicating the category with the highest score for each antineoplastic and
including comments that were proposed anonymously. This new information
was sent individually to each expert, for re-evaluation or confirmation of his/
her previous classification (second round).

If agreement in the classification of any given antineoplastic was lower
that 70% (5/7 members of the panel) at the end of the second round, the
case was appraised individually, on the basis of additional information
research and non-anonymous group discussion, and a joint decision was
reached.

Finally, the definitive classification was sent fo all group members, for
individual approval. This classification has been included in the Monograph
for Prevention and Treaiment in cases of antineoplastic extravasations that
was prepared by the group?.

In each round, the median of the degree of consensus with the inter-
quartile range (IQR,,.) was examined, and for each category of tissue-
damage risk the rafe for agreement was analysed. The percentage of
antineoplastics with a consensus of above 85%, and of 100%, was
calculated. If agreement was above 80%, consensus was considered
to be strong"?. A separate analysis of the consensus achieved was
performed considering only the drugs with discrepancies between their
classification in the different reference documents and the rate for agre-
ement reached.

Antineoplastics with no tissue aggression potential; they do not normally cause irritation when extravasated.

Antineoplastics that can cause local irritation that may be associated with pain, a burning sensation or pressure,
with or without signs of local inflammation and phlebitis, both at the injection site and along the vein; no necrosis

Antineoplastics that can cause damage such as is associated with LRI drugs, with confirmed cases having been
described of lesions that are compatible with vesicant damage.

Antineoplastics that may cause local or extensive tissue necrosis, with or without ulceration, and complete loss
of skin thickness and underlying structures.

Statistical work was performed using IBM SPSS v23.0 software (IBM
SPSS Statistics for Windows, IBM Corporation, Armonk, NY).

Results

After applying the defined exclusion criteria, 71 antineoplastics were
selected fo evaluate their fissue-damage risk, non-conjugated monoclonal
antibodies were considered a single agent. On the basis of the search stra-
tegy that was employed, no additional literature was found fo provide new
information regarding the tissue-damaging potential of the antineoplastics
that were being classified. Non-conjugated monoclonal antibodies were
classified, by unanimous agreement, as NI.

In the first round, the median rate of consensus was 100.0%
(IQR,,,5: 71.4-100.0%). Of the total amount of evaluated antineoplastics,
18 drugs were classified as vesicant, 13 as HRI, 14 as [RI, and 26 as NI.
In 66.7% (48/71) of the antineoplastics, the rate for agreement was 85.7%
or above. Consensus was 100.0% in 52.1% (37/71) of the antineoplastics.

Thirty anfineoplastics (42.3%) exhibited fissue-damage classification
variability in the different reference documents; in these, the median rate
for agreement was 71.4% (IQR,, .. 57.1-87.7%). Of the 30 drugs, 3 were
classified as vesicant, 10 as HRI, 8 as LRI, and @ as NI. In 40.0% of them
(12/30), the rate of consensus was 85.7% or above.

In the second round, the median rate of consensus was 100.0%
(IR, 85.7-100.0%). None of the antineoplastics modified their clas-
sification in the second round, but the percentage of agreement increased.
In 85.9% (61/71) of the analysed antineoplastics, the degree of consensus
among the experts was 85.7% or above; in 71.8% (51/71) a consensus of
100.0% was reached.

The median for rate of consensus of the 30 antineoplastics whose classifi-
cation varied in the reference documents was 100.0% (IQR, ,.: 85.7-100.0%]
in the second round. None of the antineoplastics changed their classification.
In 76.7% (23/30) of the antineoplastics, the rate for agreement was 85.7% or
above.

Tables 2 and 3 show the rate for agreement in the classification of
tissue-damage risk between the first and second round for each category
of tissue damage. The agreement percentage is lower for both categories
of irritant drugs.

At the end of the second round, only four anfineoplastics exhibited a
degree of consensus that was below 70%: busulfan, carmustine, efoposide
phosphate, and treosulfan. They were subject to non-anonymous group dis-
cussion. For carmustine and busulfan a consensus of 100.0% was reached:;

Table 2. Rate for agreement in the classification of antineoplastics according to their tissue-aggression potential in cases of extravasation.

First round

Agreement in the first round

42.9% 57.1%
Non-irritant 1 1
Low risk irritant 0 2
High risk irritant 3 3
Vesicant 1 2
TOTAL 5 8

71.4% 85.7% 100.0% TOTAL
5 3 16 26
3 5 4 14
1 3 3 13
1 0 14 18

10 11 37 71
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Table 3. Rate for agreement in the classification of antineoplastics according to their tissue-aggression potential in cases of extravasation.

Second round

Agreement in the second round

............................. yore s o e s s
Non-irritant 0 1 1 1 23 26

Low risk irritant 0 0 2 2 10 14

High risk irritant 0 1 3 4 5 13
Vesicant 0 2 0 3 13 18
N 0 e e o N L—— AR—
consensus for treosulfan was 85.7%. In the case of etoposide phosphate,  Discussion

the level of agreement remained below 70.0%.

The final consensus on the classification of the antineoplastics, accor-
ding to their potential for causing tissue damage in the event of extrava-
sation, is summarised in table 4: 17 were classified as vesicants; 15 as
HRI; 13 as [RI; and 26 as NI. In 90.1% of the antineoplastics (64,/71) the
rate for agreement of the reviewers, regarding fissue damage classifica-
tion, was 85.7% or above. In 74.6% of the drugs (53/71) consensus was
100.0%.

If we refer these values fo the analysis of the 30 anfineoplastics which
exhibited variability in their classification in the literature, we find that in
86.7% of them (26/30) the rate of consensus was 85.7% or above. In
60.0% (18/30) it was 100.0%.

The Delphi method is a consensus methodology that allows for deci-
sion-making in scenarios of uncertainty, and is widely used in healthcare
in general and pharmacy in particular. In that confext, the opinions of
the expert panel members may help professionals to make decisions and
generate new ideas, and the method has been used to develop guideli-
nes, design guides, and define indicators or clinically significant interac-
fons! 12326

There is no standard method for calculating the number of experts nee-
ded in order to apply the Delphi method; this depends on the objective of
the study and the sources available!®. In published studies, the number of
experts varies, and usually includes about 12 to 15121425 although in gene-

Table 4. Consensus on classification of antineoplastics according to their tissue-aggression potential in cases of extravasation

Vesicant High risk irritants Low risk irritants Non irritant
e T S ;:fliberc:a;; .....................
carmustine busulfan cabazitaxel aldesleukine
DACTINomycin ClSplatin* CARBOplatin** asparaginase
DAUNOTrubicin dacarbazine etoposide* * azaClTIDine
DOXOrubicin DAUNOTrubicin LIPOSOMALE:  etoposide phosphate bleomycin

epirubicin dexrazoxane fluorouracil** bortezomib

IDArubicin DOCEtaxel fotemustine brentuximab vedotin
mitomycin DOXOrubicin LIPOSOMAL% gemcitabine carfilzomib
mitoXANTRONE (pegylated/non pegylated) ifosfamide cladribine

PACLitaxel melphalan irinotecan clofarabine

trabectedin oxaliplatin irinotecan LIPOSOMAL crisantaspase
vinBLAStine PAClLitaxel albumin-bound ixabepilone cyclophosphamide
vinCRIStine streptozocin topotecan cytarabine

vinCRIStine LIPOSOMAL® trastuzumab emtansine eriBULin

vindesine treosulfan fludarabine

vinflunine gemtuzumab ozogamicin
vinorelbine inotuzumab ozogamicin

* Cisplafin: concenirations of dbove 0.4 mg/ml are classified as vesicant.

methotrexate

monoclonal antibodies (non-conjugated)
nelarabine

pegasparaginase

pemetrexed

pentostatin

raltitrexed

temsirolimus

thiotepa

** High concentrations of carboplatin (> 5 mg,/ml), efoposide (> 10 mg,/ml) or fluorouracil are associated with a greater tissue-damage risk.
&liposomal presentations have a lower risk of causing fissue damage, but litfle information is available.
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ral it is considered that the minimum required number would be 7, and the
maximum number would be 30191316 The number of experts in the present
study's panel met that criterion.

Regarding the number of evaluations required for reaching consen-
sus, most studies have used two waves or two rounds, although there are
differences between the published papers; in general, as a function of the
degree of consensus achieved, the Delphi process is discontinued when
the predefined consensus level have been reached''%%5?7. In the present
work, after the second round, a degree of consensus of above 85% was
reached for more than 80% of the antineoplastics. By category of fissue
aggression, the rate of consensus achieved was lower for irritant anfineo-
plastics (both HRI and LRI); this is related fo the subclassification introduced
to take account of the differences in management of extravasations. Mader
recommends the use of the standard classification, since it is still the most
widely employed, but points out that other authors propose additional cate-
gories [five grades) in an attempt fo improve both the classification and
the management of extravasations®?, which was also the objective of the
present study.

The rate for agreement that is considered to be high level is different
for the various published studies, ranging from 81.8% to 90.0%2. Some
authors propose a minimum agreement rate of 80% as a consensus thres-
hold?. When numerical values are used (scoring methods such as the Likert
scale, for instance) a median of 77.77% or above is considered adequate'.
When at least one third of the evaluators differ from the rest, no agreement
or consensus is considered fo have been reached". If we apply the four
categories of evidence and consensus of the National Comprehensive Can-
cer Network (NCCN| criteria (from a higher fo a lower level of evidence
and consensus: 1, 2A, 2B and 3), the recommendations of the present
expert panel would fit info category 2A for most of the antineoplastics, since
they are based upon lowerlevel evidence, but with a uniform classification
consensus?®.

Although expert consensus is considered fo be the lowest level on the
pyramid of scientific evidence, the sfrength of an expert consensus depends
not only on the input available to the experts [systematic reviews, indivi-
dual experiments, personal experience and qualitative studies) but also on
the methodology used fo achieve consensus?. In spite of its limitations, the
present consensus is a sfarting point that establishes a practical basis for
recommendations in the management of extravasations of the different anti-
neoplastics, with the aim of reducing variability in patient care.

It is important to point out that classifications have traditionally been
based on the highest grade of toxicity reported, irrespective of its actual fre-
quency, even when anecdotal, or influenced by other factors related to the
patient or the procedure, which could condition the final level of damage
and the patient outcomes. A publication bias cannot be ruled out in cases
whose consequences are more severe in the event of extravasation. Such
bias may affect the classification by overestimating risk.

The leading factor in tissue damage is the mechanism of action, at
cell or molecular level, of each cytotoxic; however, other aspects also
confribute fo tissue damage, and these include concentration, extrava-
sated volume, ph (< 5 or > 9), osmolarity (> 500 mOsm/L], excipients
[Polysorbate 80 or Cremophor EL® increase irritating properties), formu-
lation (liposomes), location, and the time that elapses from the moment
of extravasation until the latter is defected”. Although these variables are
not always described in the published case reports, they may affect the
final outcome, and therefore influence the classification and the variability
found in the literature.

Thus, the distinction between a vesicant or an irritant anfineoplastic
is not absolute, and depends on other factors: concentration, for example,
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is a variable that in most guidelines causes cisplatin to be considered HRI
if it equals 0.4 mg/ml or above, or vesicant if it is below that value. It has
recently been suggested that the administration of diluted vincristine reduces
its tissue-damaging potential as compared to the concentrated prepara-
fion (1 mg/mL}?°. Lliposomal presentations are considered fo be less likely
fo cause lesions that are compatible with vesicant damage, although no
distinction is normally made between the pegylated and non-pegylated
formulations. The expert panel considers that liposomal presentations are
associated with a lower risk of fissue damage, although litfle information
and published experience are available. Information is even scarcer with
regard fo anfineoplastics that have been added fo clinical practice in recent
fimes. If no data are available regarding the tissue-aggression risk of a
given drug, it is recommended tfo classify it as an irritant if it causes phlebitis
and/or sclerosis at the injection site or along the vein?. The expert panel
recommends adopting the fissue damage classification when a new anti-
neoplastic drug is approved for use af each institution, and updating it as
new information becomes available.

The only drug whose final agreement was below 70% was etoposide
phosphate, which is not included in many of the reviewed reference docu-
ments [or not differentiated from standard efoposidel, probably because
of the greater weight of the evaluators’ personal experience regarding the
classification of the reference documents, since the excipient of the standard
etoposide is considered to contribute to potential fissue damage.

The present fissue-risk classification consensus provides significant diffe-
rences as compared fo previous classifications in the reference documents:
it updates the included drugs, divides drugs info HRI and LRI categories, on
the basis of their different management approaches, and uses an explicit
consensus methodology that is widely employed in the field of healthcare.
Thus, by applying the same exclusion criteria of the present study to the
drugs that were classified in the reviewed reference documents, the fissue-
damage risk of 26 drugs that were not included in the Micromedex data-
base?’, and 30 drugs not included in Uptodate®, has been classified, as
well as 15 additional drugs that were not included in the most recent or
permanently updated guidelines®®. The classification that has been infrodu-
ced distinguishes potential severity in the event of extravasation of an irritant
antineoplastic agent, with a view fo guiding management and subsequent
follow-up'®. The greatest classification differences in the various guidelines
apply to irrifant drugs, with regard to which different terminologies are even
used; this is the case, for example, in irritants with vesicant properties, inflam-
matory agents and exfoliantdrugs®. Lastly, no specifications regarding the
methods used for risk classification are included in the reviewed documents.

In conclusion, in this area of scarce evidence and given the variability in
the tissue-damage risk reported in the literature, the Delphi expert consensus
methodology facilitates decision making when reviewing the different refe-
rence sources and allows the experience of the panellists fo be included. In
the final classification, for approximately 90% of the antineoplastics, the rate
of consensus of the expert panel was above 85%; for 74% of the antineo-
plastics, consensus was 100%, and offered a solid ground for management
decisions.
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