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ABSTRACT
Purpose To explore whether and how longitudinal medical records could be used as a source of reference in the early phases of signal
detection and analysis of novel adverse drug reactions (ADRs) in a global pharmacovigilance database.
Methods Drug and ADR combinations from the routine signal detection process of VigiBase® in 2011 were matched to combinations in
The Health Improvement Network (THIN). The number and type of drugs and ADRs from the data sets were investigated. For unlabelled
combinations, graphical display of longitudinal event patterns (chronographs) in THIN was inspected to determine if the pattern supported
the VigiBase combination.
Results Of 458 combinations in the VigiBase data set, 190 matched to corresponding combinations in THIN (after excluding drugs with
less than 100 prescriptions in THIN). Eighteen percent of the VigiBase and 9% of the matched THIN combinations referred to new drugs
reported with serious reactions. Of the 112 unlabelled combinations matched to THIN, 52 chronographs were inconclusive mainly because
of lack of data; 34 lacked any outstanding pattern around the time of prescription; 24 had an elevation of events in the pre-prescription
period, hence weakened the suspicion of a drug relationship; two had an elevated pattern of events exclusively in the post-prescription period
that, after review of individual patient histories, did not support an association.
Conclusions Longitudinal medical records were useful in understanding the clinical context around a drug and suspected ADR
combination and the probability of a causal relationship. A drawback was the paucity of data for newly marketed drugs with serious reactions.
© 2015 The Authors. Pharmacoepidemiology and Drug Safety published by John Wiley & Sons, Ltd.
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INTRODUCTION

To evaluate the implications of suspected harm from a
drug, as in safety signal analysis,1,2 the fullest descrip-
tion of the clinical setting is essential. Too often, this in-
formation is incomplete in individual case safety reports
(ICSRs) of suspected adverse drug reactions (ADRs).
The identification of signals in large collections of

ICSRs often starts by selecting drug-ADR combina-
tions that are reported disproportionally more fre-
quently than expected.3–7 Decisions need to be made

whether the statistical signal should be subject to in-
depth investigation and whether a signal should be
communicated. Sometimes decisions in this process
must be based on dubious or very limited information
being available.8 Randomized clinical trials, on which
a drug’s marketing approval is based, are not always
publically available, and supportive published case re-
ports might not yet exist.
Electronic medical record (EMR) databases contain

clinical data—diagnoses, observations, laboratory re-
sults, treatments, and other useful information—col-
lected longitudinally over substantial parts of a
patient’s life. Longitudinal data might help us under-
stand the relative chronology of drug use and the rela-
tionships between clinical events. They present
opportunities for further insight into drug safety prob-
lems and have been used primarily in confirmatory
studies. Recently, several initiatives have investigated
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the feasibility of using EMRs in surveillance of ADRs
as a complement to ICSRs.9–12 In this study, we ex-
plored whether and how EMRs could be used as an ad-
ditional source of reference in the early phases of
signal detection and analysis.

METHODS

The study is descriptive. Statistics of Disproportionate
Reporting (SDRs) of drug-ADR combinations (hereaf-
ter referred to as combinations) highlighted in routine
signal detection of the WHO Global ICSR database,
VigiBase®,13 were reviewed, and a temporal pattern
discovery method14 on The Health Improvement Net-
work (THIN) was used as a source of reference.

Data sources

The VigiBase triaged data set. The triaged data set in
this study is based on VigiBase data from the third
quarter of 2011. Drugs are defined with the WHO
Drug Dictionary Enhanced™ (DDE) preferred base
level and adverse reactions with the WHO-Adverse
Reaction Terminology (ART) preferred terms. At the
time of study, VigiBase included 6.8 million ICSRs
from 106 national pharmacovigilance (PV) centres
within the WHO Programme for International Drug
Monitoring, who transfers anonymous electronic re-
ports to the Uppsala Monitoring Centre (UMC). The
national PV centres and the UMC use VigiBase for
signal detection and evaluation. The study at hand is
based on routine signal detection by UMC at the time,
using a triage algorithm to detect novel ADRs in
VigiBase.4,7 The triaged drug-ADR combinations that
became disproportionally reported for the first time
and fulfil one of two additional criteria: new drug (first
report with drug in VigiBase within most recent
5years) with serious reactions (WHO-ART critical
terms) or an increase in the information component
(IC) measure of disproportionality by at least 1 since
the previous quarter.3,6 The IC is computed as the log-
arithm of a shrunk observed-to-expected ratio, where
the observed value is the number of reports with a spe-
cific drug and adverse reaction. The expected value is
based on the total number of reports for the specific
drug, the adverse reaction, and the complete database,
respectively. If the IC is above 0, the combination is
reported more frequently than overall in the database.
SDRs are defined as combinations with a positive
lower limit of the 95% credibility interval of the IC.
AWHO-ART critical term is a reaction that is possibly
indicative of a serious disease state. The wording

‘serious reactions’ are used instead of WHO-ART crit-
ical terms in this paper.
Each quarter, UMC staff manually review the

triaged combinations and exclude those that are
labelled according to the product information or un-
likely to represent causal associations. The latter may
be events likely related to the underlying disease or
to co-reported drugs. Further evaluations ensue, in-
cluding ICSR causality assessment, after which a deci-
sion is made on whether the issue should be
communicated as a signal.

THIN and vigiTrace. THIN is a UK EMR data
resource, which in January 2011 covered more than
7.7 million individual patient records. The patients
registered in THIN are broadly representative of the
UK population.15

A software interface has been developed on THIN
data to screen for temporal associations of medical
events and drugs. The temporal pattern discovery
method, that is, vigiTrace, has previously been
described in detail.14 THIN prescription codes in the
interface are grouped according to the WHO DDE
preferred base level, that is, products containing the
same substance are grouped and constituted the
‘drug’ in this study). Combination products in THIN
have not yet been linked to the dictionary; therefore,
these were excluded in this analysis. Medical events
in THIN are registered with Read codes. Pre-defined
groupings of Read codes (‘Read group terms’) for
23 concept terms classified by Trifirò et al.16 were
also accessible.
The interface displays a listing of medical events

recorded after first prescription of drugs. A ‘first
prescription’ denotes prescriptions without any re-
cord of the same substance 13months prior to the
prescription in a patient’s record history. In the
‘chronographs’, the medical event pattern is graphi-
cally displayed over time around the first prescrip-
tion of a specific drug. Individual patient history
records can also be reviewed.
The strength of a temporal association is given for

each drug and event combination. Observed-to-
expected ratios in the 1 and 12month post-prescription
periods are contrasted with the corresponding value in
three pre-prescription periods (prescription day; month
prior to prescription; and in 13 to 36months prior to
prescription). The logarithm of the shrunk observed-
to-expected ratio is listed for the combination and
denoted ICΔ, where the positive lower bound of
the two-sided 95% credibility interval is used to
highlight temporal associations (ICΔ025). The
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chronographs display monthly observed and ex-
pected rates, as well as IC values with the two-
sided 95% credibility interval, 3 years before and
after first prescription of a drug. The observed
count represents the number of patients with at least
one occurrence of that medical event for that
month, and the expected count is based on the pro-
portion of patients in an external control group with
that medical event registered in relation to first pre-
scriptions of other medicines and on the number of
patients on the drug of interest ‘at risk’ in the same
time period.

Study process

Drugs in the VigiBase data set were matched to drugs
in THIN via the WHO DDE preferred base. WHO-
ART preferred terms were manually mapped to corre-
lating Read code terms. If similar Read codes were
available, a Read group term (defined in the preceding
texts) was used if relevant, and if not, the Read code
with the highest frequency following the prescription
was used.
VigiBase combinations with less than 100 first pre-

scriptions in THIN (less likely to be informative) were
excluded from the study and so were neonatal or preg-
nancy related events for lack of relevant control pe-
riod. For pregnancy-related events, the state of
pregnancy is a strong time-varying confounder that
may induce systematic differences in self-controlled
analyses such as the one in vigiTrace.
In the chronograph evaluation, combinations that

lacked statistical power in THIN were grouped sepa-
rately. To detect a temporal association with a relative
risk of 4 or more with at least 80% probability, the
expected number of events in the 12month post-
prescription period (with three pre-prescription pe-
riods) needed to be at least 1.98, which constituted
the cut-off for the statistical power.

Analysis

The number and type of drugs and adverse reactions in
the VigiBase data set, and that could be matched to
THIN, were investigated. Drugs were grouped by the
second-level therapeutic subgroup Anatomical Thera-
peutic Chemical (ATC) classification and adverse re-
actions by the WHO-ART System Organ Classes
(SOCs). The triaged unlabelled VigiBase combinations
that could be matched to THIN were screened to deter-
mine the existence of a temporal association, that is, if
ICΔ025 was positive. Three experts (RE, NN, KS) with
clinical or statistical background inspected each chro-
nograph and allocated them into groups. If an elevated
pattern was noted exclusively after prescription, it was
considered to support the VigiBase combination. If
the pattern was elevated in the months before or on
the day of prescription or if no elevation was noted in
either pre-prescription or post-prescription periods (or
in both), the pattern was considered to weaken the sus-
picion of a causal relationship.
Individual patient histories were assessed when

there were 10 or less events within the 12month
post-prescription period. The assessment focused on
whether clinically related events occurred before the
first prescription in question and whether the time be-
tween start of prescription and first record of the event
was feasible.

RESULTS

Nature of drugs and ADRs

After excluding 51 combination products and 13
drugs that had not been specified on a preferred base
level, the VigiBase data set included 246 unique
drugs. Figure 1 displays the number of unique drugs
and combinations in VigiBase and for the matched
THIN data set. Of the 246 drugs, antineoplastic
agents were the most frequent. Of the drugs in
VigiBase that were matched to THIN and included

Figure 1. Flow chart displaying the number of included drugs and drug-adverse drug reaction (ADR) combinations, NA = not applicable
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100 or more first prescriptions (n=119), diabetes
agents were the most frequent. Those drugs in
VigiBase and in the matched THIN data are
displayed in Figure 2.
The VigiBase drugs included 458 drug-ADR combi-

nations, where the most frequent ADRs were general
disorders, such as anaphylactic reactions and general-
ized oedema. For the 119 drugs matched to THIN,
there were 190 combinations, of which the most fre-
quent ADRs were related to metabolic and nutritional
disorders, such as hypercalcaemia and diabetic coma.
The most frequent ADRs by WHO-ART SOC among
the combinations in VigiBase and that could be
matched to THIN are presented in Table 1.
Of the VigiBase combinations, 176/458 (38%)

referred to serious reactions, and the corresponding
number for the matched combinations in THIN was
67/190 (35%). Of the VigiBase combinations, 83/458
(18%) referred to new drugs with serious reactions,
and the corresponding number for the matched combi-
nations in THIN was 17/190 (9%).

Evaluation of the chronograph

For the chronograph evaluation, 15 of the 190 combi-
nations that had been matched to THIN were excluded
because of terms relating to birth defects (n=6),
pregnancy disorders (n=6) and neonatal and infancy
disorders (n=3). Two additional combinations were ex-
cluded, as one concerned the term ‘posture abnormal’,
which is too unspecific for evaluation, and the other rep-
resented five duplicates of the same case, resulting in
only one evaluable VigiBase patient. Of the remaining
173 combinations, 61 were labelled ADRs.

Of the 112 unlabelled combinations, only one was
temporally associated in THIN. The positive ICΔ025
value (0.02) in the 12-month post-prescription period
was for aluminium hydroxide and ‘[D]Rash and other
nonspecific skin eruption’, classified as having an
overall similar pre-prescription and post-prescription
pattern when visually inspecting the chronograph.
In the graphical evaluation of the 112 combinations,

50 chronographs lacked statistical power and two had
Read codes that were too unspecific making a quanti-
tative evaluation inconclusive. For the remaining 60,
two chronographs displayed an elevated pattern of
medical events exclusively after prescription, 24 had
an elevation of events before and/or on the day of pre-
scription, and 34 referred to chronographs with no el-
evation in the pre-prescription or post-prescription
periods. The characteristics of these 60 combinations
are presented in Table 2. For 21/60 combinations, the
chronographs referred to few events recorded in both
the pre-prescription and post-prescription periods.
Figure 3 displays the distribution of the classified
chronograph patterns for the 112 combinations.
The two chronographs with an elevation exclusively

after prescription were fesoterodine and ‘Drug interac-
tion’ (matched to Read code ‘Medication stopped-
interaction’) and carbamazepine and ‘Hepatic neo-
plasm benign’ (matched to ‘Primary malignant
neoplasm of liver’). In THIN, medication stopped-
interaction was recorded for five cases within 5months
after more than 2200 fesoterodine prescriptions. There
were no explicit records in these individual patient his-
tories of which actual drug(s) had been stopped and
suspected to interact, and no specific outcome was re-
corded in connection to the event for these cases.

Figure 2. Number of substances grouped by the second-level therapeutic subgroup ATC in the triaged VigiBase data set (246 drugs), the third quarter of
2011 (combination products excluded) and the number of substances matched to the THIN data set (119 drugs with at least 100 first prescriptions). The drug
groups are sorted according to the most frequently represented substances (five or more) in the VigiBase data set

medical record data as reference in signal work 489

© 2015 The Authors. Pharmacoepidemiology and Drug Safety
published by John Wiley & Sons, Ltd.

Pharmacoepidemiology and Drug Safety, 2015; 24: 486–494
DOI: 10.1002/pds



‘Primary malignant neoplasm of liver’ was recorded
for two cases, 2 and 43days (respectively), after more
than 82000 carbamazepine prescriptions. Support for
a possible causal association could not be found in ei-
ther of these individual patient histories.
The chronographs with an elevation immediately

before prescription most often referred to events
related to the underlying disease (Table 3). Two of
these combinations highlighted an elevated pattern be-
fore prescription that continued in the post-prescription
period, representing prednisolone and bronchiectasis
(Figure 4) and levothyroxine and fibromyalgia
(Figure 5).

Evaluating individual patient histories

Of the 112 combinations, 68 included at least one
event recorded within the 12month post-prescription
period in THIN, of which 35 combinations had 10
events or less and underwent review of individual pa-
tient histories. The combinations were assessed to be
unrelated for the majority of the reviewed individual
patient histories, commonly because of a noteworthy
gap between prescription start and duration and the
recorded onset of the event or because a similar event
had been recorded prior to first prescription.

DISCUSSION

Only around half of the unlabelled combinations
matched to VigiBase were powered for analysis in

Table 1. The 10 most frequently represented adverse reactions by WHO-
ART System Organ Class for the 458 drug and adverse reaction combina-
tions in VigiBase and the 190 matched pairs to THIN

System Organ Class

No. of
combinations
VigiBase

No. of combinations
(%) matched to THIN

Body as a whole—general
disorders

42 13 (31%)

Gastro-intestinal system
disorders

42 15 (36%)

Neoplasm 31 15 (48%)
Respiratory system
disorders

30 13 (43%)

Secondary terms 29 11 (38%)
Metabolic and nutritional
disorders

28 16 (57%)

Central and peripheral
nervous system disorders

24 10 (42%)

Platelet, bleeding and
clotting disorders

22 8 (36%)

Musculo-skeletal system
disorders

19 11 (58%)

Liver and biliary system
disorders

19 8 (42%)

WHO-ART =WHO-Adverse Reaction Terminology.
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THIN. Of these, a third included few events in the
12month surveillance period, making a chronograph
evaluation uncertain. Only in two chronographs was
causation a possibility, but individual patient histories
were not supportive. A majority of the informative
chronographs had a pattern that weakened any suspi-
cion of a causal association. Access to longitudinal

data when assessing potential signals from ICSRs
might be particularly relevant when considering possi-
ble biases and confounding.
The event pattern over time, before and after pre-

scription, as displayed in the chronographs, provided
complementary information to the focused description
of an event as given in ICSRs. The chronograph pat-
terns gave insight into specific problems and contrib-
uted with suggested explanations for why some
events might have been reported as suspected ADRs
in the first place. For bronchiectasis, an increased rela-
tive rate of event records was noted on the day of pre-
scription, indicating that prednisolone was used to
reduce air flow obstruction. Bronchiectasis was also
associated with an elevated pattern in the post-
prescription period, which could be because of wors-
ening of the underlying disease and/or a greater
susceptibility to infection.17 Fibromyalgia was recorded
commonly around the time of levothyroxine prescrip-
tion and to a persistently higher extent compared with
the background in the follow-up period. This finding is
interesting in the light of studies where thyroid autoim-
munity seems to worsen fibromyalgia and may predis-
pose to its development.18,19 In Figure 5, fibromyalgia
was increasingly recorded before patients were treated
with thyroxine and remained higher than baseline after

Figure 3. Distribution of the classified chronograph patterns for 112
unlabelled VigiBase drug and adverse reaction combinations matched to
THIN data. ‘Elevation after’ = elevated records of event exclusively after
prescription. ‘Elevated before’ = elevated records of event in the months
before or on the day of prescription. ‘No elevation’ = no elevated records
of event in either pre-prescription or post-prescription periods (or in both).
The subgroups specified as ‘few events’ were based on few records of event
displayed in the chronograph. ‘Inconclusive’ = 50 combinations without
statistical power for an evaluation and two combinations with unspecific
Read codes

Table 3. Drug and event combinations with an elevated chronograph pattern before or on day of first prescription for matched VigiBase and THIN combi-
nations (combinations with few events in the chronograph were excluded)

Drug
Adverse reaction WHO-ART

preferred term Medical event Read code
No. of reports in

VigiBase**
No. of first

prescriptions *** in THIN
First-year
drug****

Alfuzosin Bladder discomfort Other bladder disorders 5 23 714 1991
Amisulpride Dementia Senile and presenile

psychotic conditions
8 7686 1989

Avena sativa Pruritus Pruritus NOS 7 40 641 2001
Azathioprine Bronchiectasis Bronchiectasis 5 18 856 1968
Haloperidol Gilles de la Tourette syndrome Tics 3 42 576 1968
Ibandronic acid Fracture pathological Pathological fracture 19 7412 1996
Insulin aspart Coma diabetic Hypoglycaemic coma 20 23 033 2000
Levothyroxine Fibromyalgia Fibromyalgia 29 189 757 1969
Liraglutide Diabetes mellitus aggravated Type 2 diabetes mellitus 8 1598 2009
Magnesium
hydroxide

Cholelithiasis Cholelithiasis 5 24 822 1972

Magnesium
hydroxide

Hypercalcaemia Disorders of calcium
metabolism

5 24 822 1972

Magnesium
hydroxide

Hypocalcaemia Disorders of calcium
metabolism

3 24 822 1972

Melphalan Spinal cord compression Backache, unspecified 3 123 1968
Prednisolone Bronchiectasis Bronchiectasis 14 884 258 1968
Repaglinide Hepatic failure cg_Acute Liver Injury* 7 2484 1999
Sodium
chloride

Incorrect technique in drug
usage process

Medication error 17 296 453 1973

WHO-ART =WHO-Adverse Reaction Terminology.
*Grouping of Read codes.
**The column displays the raw number of reports in VigiBase prior to any quality check or causality assessment.
***First prescriptions denote prescriptions without any record of the same substance 13months prior to the prescription in a patient’s record history.
****First year when drug was entered in VigiBase.
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treatment suggesting that the fibromyalgia might be re-
lated to autoimmune phenomena rather than low thy-
roxine levels.
Triaged combinations require causality assessment

of the individual reports before deciding if a signal
should be communicated. In this study, the clinical as-
sessment of individual patient histories in THIN
helped determine the plausibility of a causal relation-
ship for the two combinations with elevated patterns

of events following prescription. Previously, it has
been found that scrutinizing case details for appropri-
ate coding and quality was important in the prospective
Vaccine Safety Datalink project, where 9 of the 10
highlighted statistical signals were found to be spuri-
ous after in-depth review.20 Patient records are not
collected primarily for drug safety purposes, so infor-
mation important for causality assessment might not
be accessible in the EMR system, such as reasons

Figure 4. Chronograph for prednisolone and bronchiectasis (Read code H34). The top panel displays a shrunk logarithm of the observed-to-expected ratio
(moderated towards the baseline value of one, when the observed or expected counts are low) denoted IC = information component. The bottom panel displays
the underlying observed and expected counts

Figure 5. Chronograph for levothyroxine and fibromyalgia (Read code N248). The top panel displays a shrunk logarithm of the observed-to-expected ratio
(moderated towards the baseline value of one, when the observed or expected counts are low) denoted IC = information component. The bottom panel displays
the underlying observed and expected counts
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for stopping a drug. For adequate evaluation of poten-
tial signals in EMRs, the original patient chart might
need to be examined to confirm the coded records
and retrieve supplementary information. A systematic
approach to the review of individual patient histories
needs to be developed to determine whether and what
kind of pertinent information for causality assessment
is in fact available in EMRs and how and when such
an assessment should be performed relative to statisti-
cally highlighted signals.
A plausible temporal relationship between the start of

a drug and the onset of an event is an important indicator
in support of a possible causal relationship and is a ma-
jor variable to aid detection of potential ADRs in the cur-
rently used method.14 However, the method could be
improved to quantitatively include other aspects indica-
tive of high likelihood of a causal relationship, similar to
the recently proposed vigiRank method for ICSRs.21

More work could be done to highlight groups of patients
having stopped a drug in connection to an event or
having repeat prescriptions of a specific drug with the
same event recorded after subsequent prescriptions,
any of which might indicate drug-related problems.
One third of the drugs in the VigiBase data set could

not be identified in THIN. Few of the VigiBase combi-
nations with new drugs and serious reactions could be
matched to THIN. Some drugs might not have been
launched in the UK, and others are used mostly in
the hospital. The EMRs in our study were based on
primary care data, and more matches might have been
seen if hospital data had been used.
EMRs might have been shown more useful if a

larger database had been used. With that said, only
1% of the drugs for over 19000000 individuals in
the study of Coloma et al. were powered detect associ-
ations of rare ADRs, such as rhabdomyolysis.22 EMRs
might be a more appropriate source to use in the detec-
tion and analysis of more commonly occurring events
such as myocardial infarction, gastrointestinal bleed-
ing22 and pneumonia.23.
None of the matched VigiBase and THIN combina-

tions was communicated as signals. The high number
of VigiBase combinations that seemed unrelated to
the drug or related to the underlying disease could re-
flect the general experience of reviewing combination
listings based solely on disproportionality measures.
Method developments to capture potential signals with
greater precision in VigiBase have been developed and
are being implemented in routine use.21

If EMRs are to be used as a reference in routine
signal detection and analysis, the terminology needs
to be compatible with the terminology used in the
pharmacovigilance database. In this study, much

time was spent to manually match the WHO-ART
term to a Read code, and a perfect match was not al-
ways found. A closely related Read code could be
found for many combinations, but for some matches,
the term chosen was more or less specific than the
WHO-ART term.
Allocating chronograph patterns to the three defined

groups by visual inspection was not clear cut, particu-
larly when the graph included few events, which was
the case in one third of the evaluated chronographs.
However, the purpose of the classifications used in this
study was only to present a rough sense of the patterns
represented among the matched combinations.
The temporal pattern discovery method on EMRs

was useful in understanding the clinical context
around a drug and suspected ADR combination and
the probability of a causal relationship, especially as
it relates to confounding by underlying disease. A
drawback was the paucity of data, especially for newly
marketed drugs reported with serious reactions. Infor-
mation from full hospital discharge summaries re-
corded in longitudinal primary care data may be
useful in the future. As the assessment of individual
patient histories was important to support or not sup-
port an association, a process for causality assessment
of individual EMRs should be developed. More
studies are needed to position the best use of EMRs
in routine signal detection and analysis.

CONFLICT OF INTEREST

The authors have no conflict of interest to declare
relevant for this study.

KEY POINTS

• Longitudinal electronic medical records provide
useful clinical context for potential signals, which
have been highlighted by individual case safety
reports.

• Only a small number of the potential signals de-
tected in globally collected individual case safety
reports could be evaluated in the electronic med-
ical records because of paucity of data.

• Lack of data for combinations on new drugs re-
ported with serious reactions was a particular
weakness.

• Temporal pattern discovery on longitudinal med-
ical records helped identification of drug and ad-
verse reaction combinations from individual case
safety reports that were most likely associated
with the underlying disease.
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