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Abstract

Objective: To assess key aspects of transportation and storage of biological therapies (BTs) on the
part of the patients, from the time they collect them from the pharmacy up until the moment of
administration.

Methods: This was a cross-sectional study in the form of a survey completed by outpatients older than
18 years who were administered BTs. The survey was carried out by the authors between August 2016
and January 2017.

Results: A total of 83 outpatients were interviewed (mean age, 53; standard deviation, 15; 76% female).
Sixty percent had rheumatoid arthritis, 24% had psoriatic arthritis, and 16% sustained other rheumat-
ic and inflammatory diseases. Twenty percent had not been informed of the importance of proper
refrigeration when they were first prescribed BTs; 77% had acquired the medication at least 7 days
before administration; 28% had misplaced the drug in the fridge (65% of them in the freezer); 90%
was unaware of the temperature range at which the BT should be kept in the fridge, and only one
(1%) of them had once used a thermometer to find out the fridge temperature. Fifty-three percent
had suffered frequent power outages the previous summer, 22% had experienced blackouts longer
than 48 hours; 37% had taken the BT to another house to avoid wasting it, and four (5%) patients had
disposed of the drug due to a prolonged power outage.

Conclusion: Upon prescribing BTs, it is imperative that physicians brief patients on the relevance of
suitable transportation and storage methods, and a treatment failure should prompt a thorough as-
sessment of transportation and storage conditions.
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Introduction
To ensure the efficacy of thermolabile drugs, it is the responsibility of manufacturers to indicate the tem-
perature range at which to preserve these drugs in the patient information leaflets (PILs) (1).

The biological therapies (BTs) prescribed in rheumatology are usually costly drugs employed by numerous
health care facilities owing to their substantial efficacy in the treatment of rheumatoid arthritis (RA) and
other systemic inflammatory disorders, not only by mitigating their symptoms, but also by protecting the
patients'functional status and quality of life, and by halting disease progression (2).

According to the information currently available in the PILs of BTs administered in the field of rheumatology
in Argentina (3-10), these drugs require refrigeration at 2 to 8°C; it is essential to avoid exposure to extreme
heat and cold; and either the treating physician or the manufacturer should be contacted if the drug is
discolored, looks cloudy, or contains particles.

To preclude the alteration of BTs properties, manufacturers, distributors, and pharmacists are bound by law
to adhere to standard operating procedures, follow them to the letter, and abide by all the applicable laws
with regard to transportation and storage (11).

However, this chain of responsibility has a weak link, namely, when patients or their relatives pick up the
drugs from the pharmacist’s. From that moment on, it is vital to implement additional safety measures, sus-
tain them over time, and carry them out accurately to maintain the product stability and prevent treatment
efficacy being compromised.
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Therefore, the objective of this study was to an-
alyze key aspects of transportation and storage
of BTs from the very moment the patient leaves
the pharmacy up until they are administered.

Methods

A survey was conducted among outpatients
who either were treated in the center or at-
tended the center for the administration of a
BT.

Inclusion criteria encompassed patients of
over 18 years of age who were using a BT (at
least one dose over the last 12 months), and
that the PIL contained the statement “must be
refrigerated at 2 to 8°C!

At the time of the survey, the center provided
neither a systematic training program for pa-
tients nor leaflets about the right way of trans-
porting and storing BTs.

The survey comprised 31 questions about the
transportation and storage of BTs from the
time of collection from the pharmacy up un-
til the moment they were administered. The
questionnaire was designed by the authors
and consisted of both multiple-choice and
two-point close-ended questions. The original
Spanish survey was translated into English and
is herein submitted as supplementary material
(Appendix 1).

Each survey was conducted by the authors
during interviews with the patients when they
visited the center. The survey was carried out
between August 2016 and January 2017. The
study was granted approval by the Bioethics
Committee, and every patient signed an in-
formed consent form.

Descriptive statistics were employed for the
general analysis, and Student’s t-test was em-
ployed to compare means. The Mann-Whitney U
test and the Kruskal-Wallis test were applied to

Table 1. Epidemiological Characteristics of
the Population Surveyed

N 83
Female 63 (76%)
Average Age

(Standard Deviation) 53 years old (15)
Lived in Buenos Aires City 30(36%)
Level of Education

Primary 32 (39%)
Secondary 35(42%)
University 16 (19%)
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compare medians where appropriate. Nomi-
nal variables were analyzed by means of either
the chi-square test or Fisher’s exact test where
applicable. A p<0.05 in the two-tailed test was
considered statistically significant. The Epi Info
version 3.5.4. was used for the statistical analysis.

Results

A total of 83 patients were interviewed. Their
demographic features are shown in Table 1.
Sixty-four percent were undergoing treatment
with a BT for the first time. Forty-eight percent
were enrolled in a patient assistance program.

Sixty percent of the patients who answered
the survey had a diagnosis of RA, 24% had pso-
riatic arthritis, 6% sustained ankylosing spondy-
litis, 5% underwent juvenile idiopathic arthritis,
2% suffered from systemic lupus erythemato-
sus, 1.5% had ulcerative colitis, and 1.5% had
Takayasu arteritis.

Patients received the following medications:
abatacept, adalimumab, certolizumab, etaner-
cept, golimumab, infliximab, rituximab, tocili-
zumab, and ustekinumab.

Had patients been fully informed of the impor-
tance of proper transportation and storage of
the drug? No, 20% acknowledged that the first
time they were handled a BT, they had not
been made aware of the relevance of its cor-
rect preservation. With regard to those patients
who did not know the importance of proper
transportation and storage, the proportion of
females was 73% vs. 88% in the other group
(p=0.2). Both groups had the same level of
education (the median was secondary school;
p=0.6), and no differences were observed re-
garding the place of residence (35% lived in
the Autonomous City of Buenos Aires or CABA
vs. 36% in other group; p=0.9). The number of
respondents who did not know the impor-
tance of proper transportation and storage
was 17% among patients enrolled in a patient
assistance program vs. 23% among those who
did not participate in these programs (p=0.7).

Are patients usually administered the BT imme-
diately after collecting it from the pharmacy?
No, 77% collected the drug more than 7 days
before administration; 31% requested acquain-
tances or relatives to procure the BT for them,
but they were well-informed about the impact
of refrigeration during transportation except in
two cases. It took 25% of the respondents over
an hour to get home from the pharmacy, and
although they received the BT in a cooler with
ice packs, except in five cases, 71% had not
been informed of the time frame to keep BT in
this condition.

Is the BT duly stored in the patient’s fridge? No,
28% misplaced the drug, 65% of them in the
freezer. Improper storage was similar between
the patients enrolled in a patient assistance
program and those who were not (30% vs.
26%; p=0.9).

With regard to patients who stored the drugs
improperly versus those who did so suitably,
(a) the proportion of females was 87% vs. 72%
(p=0.2); (b) the amount of patients who lived
in CABA was 52% vs. 30% (p=0.1); and (c) the
number of patients who were receiving a BT
for the first time was 70% vs. 62% (p=0.7), re-
spectively. On the other hand, patients who
stored the drugs incorrectly had lower median
education (p=0.04).

Ninety percent of the respondents did not
know the temperature range at which to keep
BTs in the fridge, and two out of eight patients
who knew the temperature range answered
incorrectly. The number of patients who knew
the storage temperature range was similar in
those enrolled in a patient assistance program
and those who were not (7.5% vs. 7%; p=0.9).
Only one patient used a fridge thermometer to
control the appliance temperature.

Is there another crucial point as to BT storage at
home? Yes, 53% of the 83 patients had expe-
rienced frequent power outages in summer
(once a week or once a day); out of these, 59%
were on a weekly basis. Forty percent of the
83 patients had a power outage of over 12
hours, 28% of over 24 hours, and 22% of over
48 hours. Out of 83 patients, 37% took the BT
to another house to avoid wasting it, and four
disposed of it due to a prolonged blackout.
Twenty-nine percent was away from home for
over 48 hours during which the BT was in the
fridge, and in five cases, they had not assigned
another person to take care of the drug during
their absence.

Is the BT removed from the fridge only for its
immediate administration? No, 46% of the re-
spondents traveled to a center, half of them for
over an hour, carrying the BT. Only 10% of the
patients took their BT with them on vacation.

Discussion

According to a 2007 publication, in the Unit-
ed States, there were over 1,000 reports due to
improper storage of medications that require
refrigeration (12). Thus, upon prescribing a BT,
physicians are obliged to take into account
not only the well-known safety and efficacy
considerations, but also whether it is feasible
for their patients to transport and store the
medication properly since they are required to
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apply the same standard operating procedures
distributors implement from the moment
BTs leave the pharmaceutical company until
the time of delivery to the pharmacist’s (13).
However, several research papers show that
patients do not store BTs within the indicated
temperature range.

In a study published in 2008, 36 patients pre-
scribed with thermolabile drugs were offered
to validate transportation and storage condi-
tions by means of a thermal sensor attached to
the product packaging. In 69.4% of the cases,
median temperatures during transportation
were 8-25°C with maximum trip times of 198
minutes, and in 25% of the cases, the median
temperature was higher than 25°C with mini-
mum trip times of 27 minutes and maximum
trip times of 45 minutes. All these patients
failed to comply with the specified tempera-
ture range (14).

In addition, an observational, prospective
study published in Spain in 2010 assessed con-
servation conditions of two BTs in the homes
of 60 patients. The study revealed that 58.3%
kept the medication within incorrect tempera-
ture ranges (15). Deviations were higher when
the fridge was older: fridges older than 5 years
were considered a risk factor for inadequate
storage (Relative Risk, 1.68; 95% confidence in-
terval 1.04-2.71; p=0.02).

Furthermore, a 2016 prospective, multicenter,
observational study carried out in eight hospi-
tals in the Netherlands evaluated 255 patients
who were administered different BTs. After an
average follow-up of 105 days, only 6.7% of the
total stored all the packages of BTs within the
recommended temperature range (16).

It is noteworthy that information as to accept-
able temperature deviations once patients are
in charge of BTs storage is scarce. Temperature
fluctuations increase the formation of protein
aggregates, thus affecting the product quality
(17). Laboratories that produce BTs advise com-
munication with the manufacturer if any irregu-
larity in the cold chain maintenance is detected.

In a study published in 2004, a systematic re-
view on the stability of thermolabile medica-
tions was performed. In addition to examining
PILs, the manufacturing laboratory was con-
tacted either via e-mail or phone. According
to the authors, while etanercept (Enbrel) and
infliximab (Remicade) may be kept at 25°C for
up to 24 hours, rituximab (Mabthera) remains
stable for up to 18 days at temperatures of ap-
proximately 30°C and 1 day at —20°C (18).

An updated guide published in Spain in 2014

broadens the scope of information on drug
stability outside the temperature range set
in the PILs for etanercept (Enbrel), infliximab
(Remicade), adalimumab (Humira), and ritux-
imab (Mabthera) (19).

In accordance with the etanercept PIL available
on the manufacturer’s website in the United
States (www.enbrel.com), even though the
medication has to be kept in the fridge at a
temperature between 2 and 8°C, it is possible
to preserve it at room temperature for up to 14
days (20).

In an effort to ascertain whether there was any
kind of supplementary information about sta-
bility aside from the temperatures indicated in
the PIL, the authors contacted every Argentine
laboratory that manufactures the BTs included
in this study via e-mail.

The authors were provided with additional
data about etanercept (Enbrel), and an article
by Shannonetal. (21) published in 2017 asserts
that all the presentation forms of this medica-
tion maintained stability during 1 month when
kept at temperatures of 25°C+2°C, which in
their opinion afforded greater flexibility and
increased patients' comfort.

The authors were also supplied with a new
version of the infliximab (Remicade) PIL ap-
proved on 07/31/2017, which claims the drug
may be stored at temperatures as high as 30°C
for one single period of 6 months (information
received from Janssen Laboratory via e-mail).

The manufacturing laboratories of abatacept
(Orencia), golimumab (Simponi), and usteki-
numab (Stelara) also sent further data from
their archives via e-mail. The information
implied that the stability of these BTs can be
maintained outside the established tempera-
ture range, but in every case it was clearly
stated that this material should be considered
“off-label,”and that it is the physicians' respon-
sibility to employ the product in compliance
with the instructions on the PIL approved in
the country where they practice medicine.

Consequently, although it is likely that some
BTs tolerate certain temperature deviations
without being affected in terms of stability, it
is possible that the product properties deteri-
orate if the product is frozen or submitted to
extreme temperatures.

It should be highlighted that the weather in
CABA and its outskirts is extremely hot in sum-
mer, with average maximum temperatures
of 30°C, and peaks of 32.5°C, as registered in
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2013 (22). According to a report by the Argen-
tine Ministry of Energy, during the 2015-2016
summer, an average of 89,284 households a
day had power outages due to glitches in the
electricity network of the metropolitan area,
and during the 2016-2017 summer season,
although power cuts experienced a 13% de-
crease, they affected 77,551 households. In
both cases, the average power outage lasted
2 hours (23).

This study has the following limitations: As the
surveyed patients attended a public hospital,
the sample is not representative of all patients
treated with BTs. Also, as all the patients were
treated in one center, differences in patients’
training may be found if other centers are
considered. However, the difficulties brought
on by power outages have been sustained
by the whole population of CABA and its out-
skirts in the last few years. On the other hand,
the temperatures to which medications were
submitted were not measured. Therefore, it is
likely that deviations are lower than suspected.
At any rate, four patients claimed to have dis-
carded the BT because of a prolonged power
outage. As mentioned before, although it is
possible that some BTs remain stable at room
temperature for some time, some patients
keep them in the freezer.

The data were retrospectively collected, and
there was no formal training in every case.
Thus, it is impossible to differentiate patients
who did not receive information from those
who did, but either did not understand it or
did not remember it correctly.

In addition, although one half of the patients
mentioned they were part of a patient assis-
tance program at the time of the survey, it was
not confirmed that they were participating
when they were administered the BT for the
first time.

In summary, every effort should be made to
ensure the proper transportation and storage
of the BTs on the part of the patient, and new
monitoring mechanisms should be devised.
The authors advocate the creation of some
sort of systematic training program, and the
distribution of pre-printed material, leaflets,
and photographs for patients who are admin-
istered BTs, mainly aimed at those who receive
the drugs for the first time and have a lower
level of formal education. We also encourage
physicians to ask patients whether they have
had difficulty transporting and storing the BT,
especially during the first visits after the onset
of therapy. Clinical failure upon administering
BTs, particularly in the summertime, should



Eur J Rheumatol 2019; 6(2): 94-7

prompt rheumatologists to perform a thor-
ough assessment of transportation and stor-
age conditions.
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