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The majority of patients do not store their biologic
disease-modifying antirheumatic drugs within the
recommended temperature range
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Toine C. G. Egberts1,2 and Bart J. F. van den Bemt3,4

Abstract

Objective. To monitor whether biologic DMARD (bDMARD) home storage temperatures comply with the

manufacturers’ Summary of Product Characteristics (SmPC) recommendations.

Methods. This observational study included consenting adult patients from eight Dutch pharmacies who

received their bDMARDs with a validated temperature logger. Patients were instructed to store their

packages according to standard label instructions and to return the temperature logger(s) after use.

Primary outcome was defined as the proportion of patients that stored their bDMARDs within the

SmPC recommended temperature range. In addition, the proportion of patients storing bDMARDs

below 0�C or above 25 �C for longer than two consecutive hours was estimated.

Results. A total of 255 (87.0%) patients (mean age 53.2 (S.D.; 13.1) years, 51.4% female) returned their

temperature logger(s) to the pharmacy. Of these, 17 patients (6.7%) stored their bDMARD within the

recommended temperature range. The proportion of the patients that stored their bDMARD for more

than 2 h consecutive time below 0�C or above 25�C was respectively 24.3% (median duration: 3.7 h

(IQR 2.2 h; range 2.0�1,097.1 h) and 2.0% (median duration: 11.8 h (IQR 44.3 h; range 2.0�381.9 h).

Conclusion. The majority of patients do not store their bDMARDs within the SmPC-recommended

temperature range.
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Rheumatology key messages

. The majority of patients do not store biologic DMARDs within the summary of product characteristics recom-
mended temperature range.

. More research is required to investigate the relation between extreme storage temperatures and the effectiveness
of biologic DMARD treatment.

Introduction

The introduction of biologic DMARDs (bDMARDs) chan-

ged the treatment for patients with inflammatory rheum-

atic diseases dramatically. In 2013, etanercept and

adalimumab were among the best-selling biologic drugs

worldwide [1]. Although many patients benefit from using

bDMARDs, results from clinical trials suggest that

13�25% of patients discontinue treatment with
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bDMARDs within 1 year [2�5], which is slightly less than

what has been reported in observational studies (15�43%)

[6�8].

The formation of antidrug-antibodies (ADAs) to

bDMARDs is considered to be one of the possible mech-

anisms underlying treatment failure [9]. bDMARDs are

protein-based drugs and are generally more complex

and less stable than traditional small molecule drugs.

External factors such as vigorous shaking and extreme

temperature conditions can lead to protein denaturation

and may induce irreversible formation of protein aggre-

gates [10]. Protein aggregation can increase the immuno-

genicity, lead to the formation of ADAs and may contribute

to the risk of adverse drug reactions and decreasing

effectiveness [11�13].

Proper storage and controlled distribution of bDMARDs

are essential for ensuring the quality of these drugs.

bDMARDs should, according to the summary of product

characteristics (SmPC), ideally be stored between 2�C

and 8�C [14�18]. In accordance with good distribution

guidelines (GDP), drug transport between manufacturer,

wholesaler and pharmacy is monitored to guarantee prod-

uct quality until dispensing [19]. After the drug leaves the

controlled environment of the pharmacy, drug transport

and storage is taken over by the patient and the drug

enters an environment that is often not equipped for stor-

age of temperature-sensitive substances. Patients’ home

storage of temperature-sensitive drugs has been studied

sparsely and only in studies with short follow-up (<30

days) [20, 21]. These observational studies showed that

the home storage temperatures of bDMARDs often devi-

ated from the recommended temperature range. None of

these studies, however, have monitored home storage

temperatures for the complete storage time. Therefore,

the aim of this study was to monitor whether bDMARD

home storage temperatures comply with SmPC recom-

mendations for one complete dispense period.

Methods

Setting and study population

This prospective multicentre observational follow-up

study was conducted in eight Dutch hospitals’ (one aca-

demic hospital, six general hospitals and one specialized

rheumatology clinic) outpatient pharmacies during

December 2013 � January 2015. For reimbursement rea-

sons, almost all bDMARDs are dispensed in the

Netherlands by the outpatient pharmacy of the hospital

where the patient has been treated by his/her rheumatolo-

gist. Patients were eligible for inclusion when treated with

any of the following bDMARDs: etanercept, adalimumab,

golimumab, certolizumab pegol or abatacept. Eligible pa-

tients received both written and verbal information and

were asked for a written informed consent. This study

was reviewed by the Medical Research and Ethics

Committee University Medical Center Utrecht (protocol

reference number 14-628/C), which concluded that the

study did not fall under the scope of the Dutch Medical

Research Involving Human Subjects Act and that ethical

approval was therefore not required.

Procedure

Patients who consented received their bDMARDs in the

original manufacturer’s packaging. Each package

dispensed to the patient in a single delivery was put in a

closed sealbag including a temperature logger

(Supplementary Fig. S1, available at Rheumatology

Online). Patients were instructed to store the medication

according to label instructions and received care-as-

usual, i.e. no additional storage advice was given in the

context of this study. Patients were asked to return the

temperature logger(s) to the pharmacy when the dis-

pensed medicine had been used. Patients who did not

return the temperature logger after three months received

a reminder by post including a pre-stamped return enve-

lope to return the temperature logger(s). If needed,

second and third reminders were given by telephone at

2 and 4 weeks after the first reminder.

Temperature loggers

The Safe-Rx temperature logger is a small (18 mm �

32 mm � 2 mm), temperature measurement device and

is validated according to international standards [22].

The device can store up to 500 000 temperature meas-

urements and was adjusted to measure temperature at

least every 10 min. All temperature measurements were

automatically stored in a protected online database.

Outcomes

The primary outcome was the proportion of patients that

stored bDMARDs within the SmPC-recommended stor-

age range. SmPC-recommended temperature storage

was defined as the total storage time between 2�C

and 8�C without excursions outside this range for 5
48 h in total or excursions below 0�C or above 25�C for

5 2 h consecutive time. Deviations from the SmPC-

recommended temperature storage conditions were

defined as: proportion of patients storing bDMARDs

below 0�C or above 25�C for 52 h; the longest episode

duration (consecutive time, hours) below 0�C or above

25�C; and the number of episodes 52 h (consecutive

time) below 0�C or above 25�C.

Data analysis

Demographic data was presented using means (S.D.), me-

dians [interquartile range (IQR)] or in percentages of the

study population. Total measurement time was the time (in

days) between the first and last temperature measure-

ment, and total storage time was defined as the total

measurement time minus the final 48 h of temperature

measurements. In case the storage temperature changed

from below 15�C to 15�C or higher for at least 12 h without

subsequent cooling below 15�C for at least 48 h, the total

measurement time was right-censored from the first 15�C

excursion time point. This definition is further illustrated in

Supplementary Figs S2�S4, available at Rheumatology

Online). The proportion of total storage time within the
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SmPC-recommended temperature range (2�8�C), below

0�C and above 25�C was calculated for all patients.

Patient characteristics (gender, age and type of

bDMARD) of patients lost to follow-up were compared

with patient characteristics of those included in the ana-

lysis by using the t-test for normally distributed continuous

variables and Pearson �2 test for differences in propor-

tions. Two-sided P-values < 0.05 were considered to in-

dicate a significant difference. Patient characteristics of

those storing bDMARDs within and not within the

SmPC-recommended temperature range and of those

who store their bDMARD below 0�C or above 25�C or

not were also compared. All calculations were made

with the statistical packages from SAS version 9.2 and

SPSS version 21.

Results

A total of 293 patients were included in the study, who

received 882 temperature loggers. Of these, 255 patients

(87.0%) returned 756 temperature loggers to the pharmacy

and were included in our study population. The study

population was 51.4% female, with a mean age of 53.2

(S.D.; 13.1) years (Table 1). More than 95% of patients

received treatment with etanercept or adalimumab. The

study population did not differ significantly from patients

who did not return their temperature loggers to the phar-

macy (68.4% female, mean age 52.4 (S.D.; 14.5) years).

The mean total measurement time was 105.7 days (S.D.;

45.9). The mean storage time was 82.2 days (S.D.; 42.6),

with 54.8% of the total storage time falling within the

SmPC-recommended storage temperature range (Fig.

1). The proportion of the total storage time below 0�C

and above 25�C was 1.7% and 0.04%, respectively.

Various patterns of storage temperatures were observed

(Fig. 2). Only 6.7% of the patients stored all bDMARDs

packages within the defined SmPC-recommended tem-

perature range, whereas 24.3% of patients stored one

or more bDMARD packages for more than 2 h below

0�C. The median duration of an episode where a

bDMARD was stored at temperatures below 0�C was

3.7 h (IQR; 2.2 h, range; 2.0�1097.1 h), with a median

frequency of 3 episodes (IQR; 14) lasting longer than 2

h. The percentage of patients who stored bDMARDs at

above 25�C for episodes >2 h was 2.0%. The median

frequency of episodes longer than 2 h with storage tem-

perature above 25�C in these patients was 1 (IQR; 0.5),

with a median duration of 11.8 h consecutive time (IQR;

44.3 h, range; 2.0�381.9 h). A total of 35 patients (13.7%)

had three or more periods below 0�C for 2 h or longer

(median frequency of episodes; 12.5, IQR; 29.3, range;

3.0�211.0). The proportion of patients who stored

bDMARDs below 0�C for 24 h or longer consecutive

time was 5.9%.

No statistically significant differences were found in

gender, age and type of bDMARD of patients

who stored bDMARDs within and not within the SmPC-

recommended temperature range. The analysis also did

not show any statistically significant difference in the

gender, age and type of bDMARD in patients who did

and did not store bDMARDs below 0�C or above 25�C.

Discussion

This study demonstrates that the majority of patients with

inflammatory rheumatic diseases do not store their

bDMARDs within the manufacturer’s recommended tem-

perature range. In 26.3% of patients, bDMARDs were

stored at home at temperatures below 0�C or above

25�C for longer than 2 h (consecutive time). Our findings

were similar for males and females, across ages and

across type of bDMARD.

Our results are in line with previous publications on

home storage conditions for bDMARDs. These (short-

term) studies demonstrated that 50�58% of the patients

stored their bDMARDs outside the SmPC-recommended

storage temperature range [20, 21]. The aforementioned

studies report a slightly smaller proportion of patients

storing biologics outside the SmPC-recommended stor-

age temperatures than what is reported in our study.

However, we used a more strict definition for storing con-

ditions and had a longer follow-up period, which might

partly explain the higher percentage of patients storing

bDMARDs outside the recommended storage area.

TABLE 1 Patient characteristics (N = 293)

Patients included in analysis (N = 255) Patients lost to Follow up (N = 38) P values

Age, mean (S.D.) 53.2 (13.1) 52.4 (14.5) 0.74

Gender N % N %

Female 131 51.4 26 68.4 0.05

Type of bDMARD
Etanercept 108 42.4 17 44.7 0.78

Adalimumab 135 52.9 19 50.0 0.74

Golimumab 7 2.7 1 2.6 0.88a

Certolizumab Pegol 3 1.2 1 2.6

Abatacept 2 0.8 0 0.0

aPatients using Golimumab, Certolizumab Pegol and Abatacept tested as one group.

706 www.rheumatology.oxfordjournals.org

Nicolaas D. Vlieland et al.

 at U
niversity L

ibrary U
trecht on M

ay 20, 2016
http://rheum

atology.oxfordjournals.org/
D

ow
nloaded from

 

http://rheumatology.oxfordjournals.org/


Antibodies against bDMARDs have been found in

adalimumab (6�28%) [23�25], but less data is available

for the relatively newer bDMARDs abatacept, certolizu-

mab pegol and golimumab [26, 27]. Antibodies against

etanercept were all non-neutralizing and only detected in

a small proportion of patients or not detected at all, sug-

gesting that immunogenicity may be a less important

issue for etanercept [28, 29]. ADAs in reaction to

bDMARDs can reduce serum drug levels by directly

inhibiting binding of the drug with the target or by forma-

tion of drug immune complexes that accelerate drug

clearance. This may reduce its effectiveness and might

induce adverse events, such as a severe allergic reaction

or an immune response to the bDMARD that induces

autoimmunity [11].

Storage outside the recommended temperature range

could be due to a number of reasons. Patients can store

their bDMARD in the refrigerator as instructed, but con-

sumer refrigerators are usually not equipped with a tem-

perature control alarm system and are not solely used for

medication storage. Furthermore, older refrigerators or re-

frigerators with a less advanced cooling system and low

airflow could have a greater variation in temperature con-

trol [30] (Fig. 2A). The bottom and upper shelf of the fridge

might be cooler or warmer than other central parts of the

refrigerator [31]. Our findings also suggest that bDMARDs

are sometimes stored outside a refrigerator for short or

longer periods (Fig. 2B and C), which is in line with what

others have reported [32]. Information regarding the con-

sequences of storage outside the SmPC-recommended

temperature range for the product is limited and difficult

to obtain for patients and caregivers [33]. It has been

widely acknowledged that temperature fluctuations

increase the formation of protein aggregates and affect the

product quality [34]. We found that 24.3% of patients

store bDMARDs below 0�C with a median duration of

3.7 h and with median number of excursions below 0�C

of 3, which would expose bDMARDs to very low tempera-

tures for a long time.

To our knowledge, this is the first study that monitors

temperature-sensitive drugs for the complete storage time

FIG. 1 Proportion of total storage time per temperature

The proportion of total storage time between 2� and 8�C

(54.8%) is indicated by dark grey and the proportion

below 0�C (1.7%) and above 25�C (0.04%) by light grey.

FIG. 2 Storage temperature patterns among patients that

stored bDMARDs at home

Examples of deviation patterns from the SmPC-

recommended temperature range among patients who

did not store bDMARDs within the SmPC-recommended

temperature range (depicted by the horizontal lines). (A) A

saw-tooth graph with multiple cycles of temperature rise

and drop. This is in contrast with the examples B and C,

which represent longer storage periods below 0�C (B) and

at room temperature or above 25�C (C) before returning to

storage temperatures close to or between 2�C and 8�C.

bDMARD: biologic DMARD; SmPC: summary of product

characteristics.
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of a single dispensing at home. Patients included were

representative of the bDMARDs user population because

bDMARDS are only dispensed from hospital-based phar-

macies in the Netherlands, and only 13% of patients were

lost to follow-up. Patient characteristics of those lost to

follow-up did not differ from the study population.

Limitations of this study were first the lack of information

on patients’ reasons for storing bDMARDs outside the

recommended temperature range, such as due to travel-

ling or accidental storage in the freezer. We also had no

information on the exact moment of drug administration.

The temperature logger was fixed to the secondary

packaging and did not measure temperatures of each in-

dividual syringe or prefilled pen. Patients could have taken

out one or more syringes or prefilled pens and had these

stored elsewhere before injection. This would result in an

underestimation of the number of patients who stored

bDMARDs outside the SmPC-recommended temperature

range. Further, storage time was defined as a period of

the whole measurement time. Our definition allowed for

less than 48 h outside the 2�C and 8�C temperature range

without excursions of 2 h or longer below 0�C or above

25�C. This could have excluded actual storage time for a

longer period than 12 h above 15�C. Our definition cor-

rected for a subsequent period of cool storage of at least

48 h, which could have underestimated the duration of

storage time outside the SmPC-recommended storage

time. Last, the fact that measured temperature changes

may not reflect the product temperature inside the pack-

age is a limitation. The insulation properties of the pack-

age, syringe and prefilled pen protect from short-term

exposure to high and low temperatures. To account for

possible delay in temperatures becoming equal between

package and product, we applied the criterion that the

bDMARD had to be stored for at least 2 h below 0�C or

above 25�C.

In conclusion, storage conditions of bDMARDs outside

the SmPC-recommended storage temperature range

were observed in the majority of patients. To what

extent moderate and extreme deviations in storage tem-

peratures could affect product quality and influence effi-

cacy and the occurrence of side-effects of the bDMARDs

needs further investigation.
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