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Abstract
Background: The inadequate storage of biopharmaceuticals may result in an ineffective therapeutic response since
poor conservation can lead to the emergence of protein aggregates and cause immunogenicity in patients, which
can increase the risk of adverse events by inducing the production of anti-drug antibodies. This can also lead to
significant economic losses for public health, given the high cost of these medicines. The aim of this study was to
verify whether the home storage of biopharmaceuticals dispensed by the Unified Public System was in accordance
with the manufacturers’ specified standards and whether external variables interfered with the correct home
storage.
Methods: This was a prospective observational study. Patients with a confirmed diagnosis of rheumatoid arthritis,
ankylosing spondylitis or psoriatic arthritis who were using a biologic exclusively dispensed by Unified Public
System were included. Storage temperature was measured by digital thermometer inserted into the refrigerator of
the participant’s home. Fisher’s exact test was performed to cross-reference the temperature data and the
qualitative variables obtained using an epidemiologic questionnaire. Mean, minimum, maximum values and
standard deviation were described in the quantitative data. Mann-Whitney non-parametric test was performed to
the association between temperature excursion and the number of people in the house.
Results: A total of 81 participants were included and 67 (82.71%) did not maintain home storage correctly. The
maximum temperature observed among all patients was 15.5 °C, the minimum was − 4.4 °C and the average was
5.6 °C (standard deviation 2.8); 10 (12.3%) had at least one negative temperature measured. The average time for
participants who had an inadequate temperature record was 8 h and 31 min. Nine participants (90%) who stored
the medication into the shelf/drawer below the freezer had a temperature excursion (p = 0.011). Most of the
participants (88.5%) who stored their biopharmaceutical near the back side, close to the wall of the refrigerator had
a negative temperature record (p < 0.001).
Conclusion: Most of the study participants (82.71%) did not maintain adequate home storage conditions for their
biopharmaceutical. Intrinsic factors of household refrigerators may be involved in temperature deviations.
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Background
The introduction of biologic drugs changed the treatment
dramatically for patients with inflammatory rheumatic diseases [1] such as rheumatoid arthritis (RA), ankylosing
spondylitis (AS) and psoriatic arthritis (PsA). Despite the
increased number of biopharmaceutical options, a high
proportion of patients is refractory to the available drugs
[2]. A possible cause for the refractory treatment is the alterations in drug properties due to inadequate storage. It
can compromise the stability and affect the characteristics
of biopharmaceuticals, leading to human health risks.
Conformational changes in the complex protein structure
of biological products as a result of freezing-thawing or
prolonged storage at high temperatures can lead to denaturation, irreversible formation of protein aggregates
and loss of drug activity. Depending on the characteristics
of the drug, the temperature and the duration of the exposure to this temperature can also cause significant economic losses to public health, given the high cost of these
drugs [3, 4].
The presence of protein aggregates, which cause instability commonly observed in biopharmaceuticals or
other protein drugs and are a major concern because they
can influence the biodistribution and efficacy of the medication and may directly affect patient safety as the potential for adverse immune reactions is increased [5–7].
Protein aggregation can be induced by a wide variety of
conditions, including temperature, mechanical stress, such
as agitation and movement, freezing and/or thawing, and
the drug formulation itself [3].
A likely explanation for the refractory treatment is immunogenicity, a complex phenomenon that depends on
the interaction between several factors related to the
drug and the patient. All biopharmaceuticals are potentially immunogenic and are also capable of inducing the
production of anti-drug antibodies (ADAs) [2, 8, 9],
which has been identified as an important (albeit not the
only) contributor to treatment failure and increased risk
of adverse events (AEs) in patients receiving biologic
therapy [10–13].
Currently, all biologicals represent only 4% of the
drugs distributed by the Unified Public System but cost
51% of the purchase budget [14]. The cold chain, a term
used to describe the exact temperature conditions in
which some products need to be kept during the storage,
distribution and administration processes [15], is essential to ensure the quality of medicines. However, the
cold chain is interrupted and sanitary control ceases at
the time of dispensing the drug to the patient.
Considering this context, the objective of this study was
to evaluate the domestic storage conditions in relation to
the temperature range recommended by the manufacturer
and to analyze possible variables that could influence the
variation in refrigerator temperatures.
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Methods
Study design and population

This was a prospective observational study.
The study population consisted of individuals ≥18
years old, diagnosed with RA, AS or PsA, who were
using a biological drug (adalimumab, etanercept, golimumab, secukinumab, certolizumab or abatacept) dispensed
exclusively by the Unified Public System. Patients who
used intravenous biological drugs were excluded. The
biological agents chosen to be part of this project must
be stored, handled and administered correctly within the
temperature range of 2 to 8 °C, according to the manufacturers’ specifications. Patients were identified and recruited from a database of the Complex of the Clinical
Hospital of the Federal University of Paraná (Portuguese
acronym: CHC/UFPR), specifically in the Spondyloarthritis Outpatient Clinic and the Centro de Pesquisas
Clínicas Edumed – Educação em Saúde S/S Ltda.
(Edumed Clinical Research Center - Health Education).
A total of 131 patients were selected. Of these, 50 patients were excluded, 10 for not storing the biological
medication in their household, 8 for no longer using biological medication, 8 because they resided in a region
with difficult access, 14 patients due to communication
difficulties, and 10 due to dropping out of the study. A
total of 81 patients met the eligibility criteria.
Thermometers

The TagTemp Stick® is a small (78 × 23 × 10 mm), compact, robust and validated electronic temperature data
logger that does not require the use of cables for operation and data collection. It connects directly to the USB
interface of Windows computers for communication
with LogChartII®, the configuration and data analysis
software for TagTemp data loggers. It has an internal
temperature sensor that has great accuracy. The
temperature measurement range varies from − 20.0 °C to
70.0 °C and has a memory capacity of 32,000 (32 k) records [16].
Data collection

The researchers and the participants scheduled appointments for the implantation and removal of the thermometer in the refrigerator of the participant’s home.
Communication with participants was made by phone
or electronic messages or in person. At each participant’s residence, the informed consent form (ICF) was
signed, and additional information was collected through
questionnaires regarding socioeconomic level and habits
regarding home medication storage. The variables on
medication storage habits were collected through data of
the refrigerator such as brand, model, volume and
whether it had an alarm or not; number of people living
at the same house as the patient, classified by sex and
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age group; time when the refrigerator door is most frequently opened; storage location of the biological drug
within the refrigerator; occurrence of food stored in the
same medication compartment; storage of warm food in
the same refrigerator as the biological drug; how the patient was oriented to store the medication for the first
time of use and which health professional transmitted
this information; occurrence of electric power outage,
for how long and what action patient took if it had happened. The socioeconomic variables were verified
through level of education of the participant, monthly
family income, employment status and employee job
class (hours per week).
The thermometers were inserted inside the participant’s refrigerator by the research team, and the participant was instructed to maintain the normal family
routine regarding refrigerator use.
Thus, data were collected on temperature variations in
each participant’s refrigerator at home, in which he or
she stored biological medication for 3 consecutive days
next to the TagTemp Stick Novus®. The temperature
was measured continuously for 3 consecutive days every
30 s. The total measurement time was the period between the first and the last temperature measurement.
The time period was programmed by the team using the
thermometer software.
A single temperature measurement outside the ideal
storage range, which should be between 2 and 8 °C, was
considered a temperature excursion. Cases with negative
temperature readings were those that had at least one
evaluation with a negative temperature during the
follow-up period.
The period of data collection was from August 2017 to
March 2019.
Statistical analyses

For the statistical analyses, Fisher’s exact test was used
to cross-reference the temperature data and the qualitative variables obtained using the questionnaires. For the
description of quantitative variables, the statistics of
mean, minimum and maximum values and standard deviation were considered. To evaluate the association between temperature excursion and the number of people
in the house, the Mann-Whitney non-parametric test
was considered. To evaluate the association between
temperature excursion and the patient’s age, Student’s T
test for independent samples was considered. A value of
p < 0.05 was considered statistically significant.

Page 3 of 8

mean age of the women was 54.10 years old. The mean
time since diagnosis was 9.38 years for men and 12.74
years for women. Regarding the underlying disease, 7
(8.6%) men and 4 (4.9%) women had PsA; 4 (4.9%) men
and 21 (25.9%) women had RA; and 28 (35%) men and
17 (21%) women had AS.
Of the 81 participants (Table 2), 67 (82.71%) recorded
temperature excursions. The remaining 14 (17.29%) had
no temperature excursions. Ten (12.3%) recorded at
least one negative temperature measured during the
period; among the cases with negative temperature readings, the mean was − 0.68 °C. For all measurements, the
maximum and minimum temperatures were 15.5 °C and
− 4.4 °C, respectively; the mean temperature was 5.6 °C.
Standard deviation for mean temperature is 2.8 °C; 52
participants (64.2%) recorded temperatures > 8 °C; 23
participants (28.4%) recorded a temperature < 2 °C. The
average duration of inadequate temperature for participants who had an inadequate temperature record was 8
h and 31 min. It was found that 64.2% of our sample recorded a temperature > 8 °C.

External variables versus temperature excursion

All variables described below were associated with a
temperature excursion.
Regarding the storage of food in the same refrigerator
as biopharmaceuticals, it was observed that all participants who stored their biopharmaceutical with food had
at least one temperature excursion, but no statistically
significant differences were found (p > 0.05).
Regarding the association between storage location of
the medication in the refrigerator (Table 3), here was a
greater chance of temperature excursion in some locations within the refrigerator, and this result was statistically significant (p < 0.05).
To evaluate the association between the storage location within the refrigerator and negative temperatures
(Table 4), the results show that there may be a greater
chance of negative temperatures, with statistical significance (p < 0.05), in some locations with the refrigerator.
Table 1 Profile of patients in the sample
Data

Male

Female

Number

39

42

Average age (years)

48.38

54.10

Standard deviation for age

10.69

15.27

Mean time since diagnosis (years)

9.38

12.74

Results

Standard deviation for time since diagnosis

6.15

8.38

Temperatures measurements

Psoriatic Arthritis Patients

7

4

Rheumatoid Arthritis Patients

4

21

Ankylosing Spondylitis Patients

28

17

Eighty one patients were included (Table 1). A total of
39 (48.14%) men and 42 (51.85%) women were selected.
The mean age of the men was 48.38 years old, and the
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Table 2 Patient proportion according to temperature measurements
Total
Patients who had Patient who had at least
number of temperature
one negative temperature
patients
excursion
measurement

Maximum
temperature
measured

Minimum
temperature
measured

Average
Patients whose
temperature of temperature
all patients
was> 8 °C

81 (100%)

15.5 °C

−4.4 °C

5.6 °C

67 (82.71%)

10 (12.3%)

The mean temperature by subgroups of storage location within the refrigerator was evaluated (Table 5). It
was found that sites 6 and 7 had a mean temperature
above that recommended by the manufacturers.
Other factors that did not impact the storage of medication, i.e., those that were not statistically significant (p >
0.05), include sound alarm in the refrigerator, number of
people in the house (p = 0.891), age of the patient (p =
0.860), ages of the household residents (p ranged from
0.280 to 1.000) and refrigerator model (p value ranged
from 0.722 to 1.000). The association between age and
gender [with temperature excursion] was not statistically
significant. In addition, there was no association between
food storage in the same refrigerator and temperature deviations (p = 0.582) and between temperature excursion
and power outages (p = 0.539); there was no statistical significance regarding the level of education of the patient;
family income was not associated with temperature excursion; there was no statistical significance regarding the
person who advised the patient (p = 0.954); and finally,
there was no association between the time the refrigerator
was opened and the temperature excursion times.

52 (64.2%)

Patients whose
temperature was
< 2 °C
23 (28.4%)

Discussion
Our results address a relevant but little understood subject by health professionals, managers and patients. One
of the most notable facts in our study is that patients do
not perceive temperature deviations because, in the case
of patients coming from the public health system, there
are no financial means and resources available to patients to measure the exact temperature of their refrigerators using an accurate thermometer. Therefore, they do
not know when to adjust the temperature of their refrigerator. Periods of inadequate drug storage usually go
undetected. It was observed that inadequate storage by
patients was unintentional.
Previous studies have shown that the conditions of domestic storage of thermolabile therapeutics are often not
adequate since less than 50% of patients stored their biopharmaceutical within the recommended temperature
range [1, 17, 18]. One study [1] revealed that the age of
the refrigerator is an important factor, that is, the older
the appliance, the greater the risk of inadequate storage
and the greater the likelihood of drug instability due to
temperature variation. So we can consider that there

Table 3 Association between storage of biological medication within a refrigerator and occurrence of temperature excursions
Temperature excursion Total “p”
value
No

Storage location within the refrigerator

Yes
0 – Shelf/drawer just below the freezer
1 - Shelves: back side, close to the wall

2 - Shelves: front side

3 - Shelves: side, close to the wall

n

9

% 90.0%

10.0%

n

7

19

% 73.1%

26.9%

n

2

18

% 90.0%

10.0%

n

2

10

% 83.3%
4 – Shelf/drawer above the lowest drawer (lower part of your refrigerator - lid of the vegetable drawer) n
5 - Refrigerator door
6 – In the can dispenser, if available, on the door
7 - In the can dispenser, if available, below the freezer

1

7

1
12.5%

n

1

% 66.7%

33.3%

n

0

1

% 100.0%

0.0%

n

0

1

% 100.0%

0.011*

26

0.014*

20

< 0.001*

12

0.019*

8

0.035*

3

0.500

1

---**

1

---**

16.7%

% 87.5%
2

10

0.0%

* Statistical significance
** Sites 6 and 7 were not considered in the table because only one case was observed and, therefore, the statistical test was not applicable
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Table 4 Association between location of biological medications within a refrigerator and occurrence of negative temperatures
Storage location within the refrigerator

Negative temperature
measured
No

0 – Shelf/drawer just below the freezer

Yes

n 8

1 - Shelves: back side, close to the wall

2 - Shelves: front side

3 - Shelves: side, close to the wall

2

% 80.0%

20.0%

n 23

3

% 88.5%

11.5%

n 17

3

% 85.0%

15.0%

n 11

1

% 91.7%

8.3%

4 – Shelf/drawer above the lowest drawer (lower part of your refrigerator - lid of the vegetable drawer) n 7
5 - Refrigerator door

6 - In the can dispenser, if available, on the door

7 - In the can dispenser, if available, below the freezer

Total “p”
value
10

0.055

26

< 0.001*

20

0.001*

12

0.003*

8

0.035*

3

0.125

1

---**

1

% 87.5%

12.5%

n 3

0

% 100.0%

0.0%

n 1

0

% 100.0%

0.0%

n 1

0

1

---**

% 100.0%

0.0%

1

---**

* Statistical significance
** Sites 6 and 7 were not considered in the table because only one case was observed and, therefore, the statistical test is not applicable

may be intrinsic characteristics of refrigerators involved
in temperature deviations. However, these data were not
addressed or evaluated in the present study because it
would be necessary to assess technical parameters, such
as the operation of home appliances, which was not the
focus of our work. Patient perception and subjective
reporting would be limitations of these data because of
memory issues or uncertainty regarding refrigerator
specifications.
Although it was not found statistically significant results regarding the aspects that could change storage, it
was found that the location of the medication within the
refrigerator is very important for proper storage. Storage
in the refrigerator door exposes products to greater

temperature variations. Our findings show that participants who stored their medication in the can dispenser
on the door or below the freezer had a mean
temperature of 9.0 °C, which is above that recommended
by the manufacturers.
Products should be placed on shelves to allow air circulation; and for this reason, the boxes should be kept
away from the wall and with a minimum spacing of 2 to
3 cm between them. Products that tolerate negative temperatures, which is not the case for biopharmaceuticals,
should be placed on the upper shelf. To avoid freezing,
these drugs should be stored on lower shelves [19]. Several authors recommend that biopharmaceuticals be
stored on the middle shelf because it is believed that this

Table 5 Mean temperature by subgroups of storage location within the refrigerator
Storage location within the refrigerator

Patients included in analysis
(n = 81)

Mean
temperature

Standard
deviation

0 – Shelf/drawer just below the freezer

10

5.6

3.0

1 - Shelves: back side, close to the wall

26

4.8

2.4

2 - Shelves: front side

20

5.8

3.6

3 - Shelves: side, close to the wall

12

5.6

2.2

4 – Shelf/drawer above the lowest drawer (lower part of your refrigerator - lid of
the vegetable drawer)

8

6.7

2.9

5 - Refrigerator door

3

6.1

1.4

6 - In the can dispenser, if available, on the door

1

9.0

---*

7 - In the can dispenser, if available, below the freezer

1

9.1

---*

* Standard deviation in sites 6 and 7 was not considered because only one case was observed and, therefore, this is not applicable
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is the best place in the refrigerator for maintaining the
temperature between 2 and 8 °C. It was found that the
majority (90%) of participants who stored medication at
the front of the shelves recorded a temperature excursion, with statistical significance (p < 0.001). This may be
due to the occurrence of exchanging hot and cold air in
the opening of the refrigerator door, which causes the
temperature to oscillate and, therefore, increase the incidence of temperature excursions.
For “duplex” and “frost-free” refrigerators, there must
be communication between the freezing system and the
storage chamber for better medication storage [19]. It
was observed that 88.9% of the participants with a “duplex” refrigerator recorded a temperature excursion;
however, this result was not statistically significant (p =
0.722). In the case of frost-free refrigerators, 76.9% recorded a temperature excursion, without statistical significance (p = 0.687). It was observed that some
participants who stored their biopharmaceutical near the
refrigerator wall, at the back part, recorded a negative
temperature (p < 0.001), which may be because the cold
air in the refrigerator may penetrate the walls, leading to
freezing of items nearby.
Many participants had a sound alarm system in the refrigerator, which is activated when the refrigerator door
remains open after a period of time, determined by each
manufacturer, but this seems to be a nonrelevant factor
for maintaining the appropriate temperature.
James et al. [20] found that many refrigerators around
the world operate at temperatures higher than those recommended. Our findings show that 64.2% of our sample
recorded a temperature > 8 °C.
The reasons for patients not complying with manufacturers’ storage recommendations are, to a large extent, unknown. It is essential that patients receive information
about the adequate storage of medications at the time of
dispensing. Although most patients receive these guidelines, they expose the drugs to various unfavorable storage
conditions. Patients are not always able to determine adequate storage in their homes and have problems independently administering their medications at home [21].
Because most patients did not store medications properly, in theory, it would be possible for physicians to adjust prescriptions so that they could be dispensed
according to their treatment regimen (weekly, biweekly
or monthly) and not for prolonged periods, as occurs
with the Unified Public System, to minimize the storage
time.
Another relevant factor is the existence of centers specialized in high-cost medication that aim to ensure the
comprehensiveness of drug treatment at the outpatient
level and, in addition, to perform the dispensing and administration of patient medication. According to the
Brazilian Ministry of Health [22], the reference centers
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used for the administration of biological medications
have greater rationality of use and monitor the effectiveness of these drugs. The rational use and monitoring of
the effectiveness of these drugs can also avoid the incorrect use of these medications. Pharmacists can play a
key role in promoting good storage practices, providing
supervision and training patients. Since 2010, The HighCost Medication Dispensing Center (CEDMAC for its
Portuguese acronym) of the Clinics Hospital of the State
University of Campinas (HC-UNICAMP for its Portuguese acronym), located in the state of São Paulo, has
been a reference for treatment using immunobiological
agents in rheumatologic diseases; when indicated, these
agents are dispensed and applied at the center so that
improper or incorrect use of these medications is
avoided [23].
There are no data in the literature comparing inadequate storage with adverse events and there are no evidences that inadequate storage specifically increases
failure or adverse events. A full discussion of if inadequate storage can change the outcome of the patient’s
treatment is beyond the scope of this article. It has been
widely acknowledged that temperature fluctuations increase the formation of protein aggregates and this can
enhance immunogenicity by inducing the production of
ADA [24, 25]. Several studies have related the presence
of ADA with adverse reaction. In other words, drug immunogenicity may also affect drug safety, increasing the
risk of adverse events [26–31].
In this study, the temperature excursion was similar to
that of developed countries, as it was found results similar to those of the studies discussed herein. Therefore,
temperature excursion is not characterized as an independent cultural or socioeconomic factor.
It must bear in mind that patients have different levels
of education and understanding; thus, one way to improve home storage would be through explanatory materials that can be provided to patients through clear and
concise language, with illustrations and short text. This
material may include explanations such as, the most appropriate place to store the medication within the refrigerator, the importance of keeping the medication in
its primary packaging and guidelines on the medication
conditions before applying it.
The strategies discussed above are very important and
require mastery of the subject by the professionals involved through knowledge, training, development of new
guidelines and implementation of innovations of storage
systems (temperature monitoring devices). All this
should be done to inform patients and ensure they can
better control home storage conditions.
More research in home storage area is required to
evaluate the relation between inadequate storage and the
effectiveness of biologic treatment.
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Conclusion
We concluded from this study that the majority of participants included (82.71%) did not maintain adequate
home storage conditions for their biological medication
and that intrinsic characteristics of home refrigerators
may be involved in the temperature deviations.
Temperature excursions cannot be characterized as a
cultural or socioeconomic factor because our findings
are similar to those of developed countries.
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