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Comparative effectiveness of valproic acid in different
serum concentrations for maintenance treatment of
bipolar disorder: A retrospective cohort study using
target trial emulation framework
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Summary

Background There is a lack of consensus on the optimal serum valproic acid (VPA) concentration for maintenance
therapy in bipolar disorder (BD). We aimed to investigate the association between serum VPA levels and risk of
mood episode recurrence.

Methods We enrolled patients with BD from multiple medical institutions in Taiwan between January 1, 2001 and
December 31, 2019. Patients were divided into three groups according to their serum VPA concentrations (< 50 pg/
ml, 50—74 pg/ml, and 75—104 pg/ml). Adjusted hazard ratios (aHR) with 95% confidence intervals (CIs) compared
times to mood episode recurrence using the < 50 wg/ml group as reference. A systematic review found relevant
articles published before February 2022 (PROSPERO: CRD42022309661), and corresponding results were
compared.

Findings This cohort included 896 patients for an intention-to-treat analysis. Compared with the < 50 pg/ml group,
a non-significantly lower risk of mood episode recurrence was found in the 50—74 pg/ml (aHR, 95% CI: 0-86, o-71
—1-05) and 75—104 pg/ml (0-91, 0-71—1-18) groups. A per-protocol analysis of 481 patients found a significant risk
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reduction in the 50—74 pg/ml group (076, 0-60—o0-97), with inconclusive results in the > 75 ug/ml group (1-03,
0-73—1-46). A meta-analysis including two studies (254 patients) and our cohort found a similar significantly lower
risk of mood episode recurrence in the 50—74 pg/ml group (HR, 95% CI: 0-83, 0-69—0-99), while risk reduction
in the 75—99 pg/ml group (0-62, 0-26—1-48) did not differ significantly from that in the < 50 pg/ml group or the

50—74 p.g/ml group.

Interpretation The combined results of this cohort and previous studies suggest that VPA between 50—74 pg/ml
may be a more effective concentration to prevent acute mood episodes during maintenance therapy in patients with
BD compared with VPA < 50 pg/ml.

Funding Ministry of Science and Technology, Taiwan, and Chang Gung Medical Research Project.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: Bipolar disorder; Effectiveness; Prophylaxis; Serum level; Valproate

Research in context

Evidence before this study

Valproic acid is a common drug of choice for the main-
tenance treatment of bipolar disorder for which routine
serum concentration monitoring is required. We
searched PubMed/MEDLINE, Embase, and Cochrane
CENTRAL using the terms ("valproate sodium" OR
"depakine" OR "valproic acid" OR "divalproex") and
("serum" OR "blood" OR "plasma") and ("level" OR "con-
centration") and ("bipolar") from the inception of each
database up to February 1, 2022. Current treatment
guidelines still lack recommendations for serum val-
proic acid concentrations to prevent mood episode
recurrence during the maintenance treatment of bipolar
disorder.

Added value of this study

This large-scale retrospective cohort and systematic
review and meta-analysis provides a comprehensive
survey of different serum valproic acid concentrations
and the risk of mood episode recurrence. Compared
with the < 50 wg/ml group, our cohort found a consis-
tently lower risk of recurrent mood episodes in the
50—74 pg/ml group across all analyses. Results
remained robust throughout the current meta-analysis.
Our cohort showed inconclusive and non-significant
results for risk of recurrent mood episodes in the 75—99
wg/ml group, and the meta-analysis found a non-signifi-
cant risk reduction.

Implications of all the available evidence

Our findings suggest that the trough levels of 50—74
pg/ml may be a more effective serum valproic acid con-
centration for preventing mood episode recurrences
compared with < 50 ug/ml.

Introduction
Bipolar disorder (BD) is a serious mental disorder asso-
ciated with high rates of disability, suicide, and mortal-
ity." Prevention of major depressive or manic episode
recurrence is a major challenge for the long-term man-
agement of BD." Therefore, maintenance treatment
after management of acute mood episodes is a crucial
step for the prevention of the recurrence of major affec-
tive episodes." Mood stabilisers such as valproic acid
(VPA) remain the mainstay treatment of choice during
the maintenance phase.”” Multiple studies have shown
VPA’s consistent effectiveness to prevent patients’
mood recurrence and improve patients’ quality of life
when used as maintenance treatment for BD, making it
a common drug choice for stable patients with BD.?
Although VPA may be effective in preventing the
recurrence of any mood episode during maintenance
treatment,* treatment with VPA requires routine moni-
toring of serum concentration due to its narrow thera-
peutic index and potential drug interaction.”® VPA has
been known to increase the sedative effects of neurolep-
tics and benzodiazepines, and also to inhibit the metab-
olism of lamotrigine.” Furthermore, VPA exhibits a
complex pharmacokinetic profile due to concentration-
dependent protein binding and clearance characteristics
that have been shown to vary among patients of differ-
ent age groups.” In the past, few studies have assessed
the optimal (i.e., the most efficacious) range of serum
VPA concentrations for the maintenance treatment of
patients with BD. Current major guidelines (e.g., the
British Association for Psychopharmacology (BAP)
guideline,” 2018 Canadian Network for Mood and Anxi-
ety Treatments (CANMAT) and International Society
for Bipolar Disorders (ISBD) guidelines,” and the
National Institute for Health and Care Excellence
(NICE) guideline") either lack suggestions for an opti-
mal serum VPA concentration or simply suggest
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Patients were diagnosed with bipolar disorder, used
valproic acid, and were followed up for serum valproic acid
concentrations in the outpatient clinic from 2001 to 2019
(N=1707)

Remaining patients were divided into 3 groups on serum
valproic acid concentrations

(N = 896 [intention-to-treat] / 481 [per-protocol])

1. <50 pg/ml (N = 404/ 216)

2. 50-74 pg/ml (N = 344 /203)

3. 275 pug/ml (N =148/62)

Primary analysis:

Excluded criteria: N = 811 [intention-to-treat] / 1226 [per-protocol]

Hospitalisation or emergency department treatment within 180
days before the index date (n = 449 / 449)

No prescription for the same valproic acid dose within 180
days before the index date (n = 137/ 137)

The valproic acid dose during follow-up was lower than the
valproic acid dose at the index date (n =0/ 451)

The difference in serum valproic acid concentration between
index date and follow-up was greater than 20 ug/ml (n = 0/ 142)
Patients’ valproic acid serum level was not a trough level

(n=225/47)

« Psychiatric hospitalisation or any increase in dosage of valproic acid or an adjunctive psychotropic drug (mood stabilisers,

antipsychotics, or antidepressants)
Sensitivity analyses:
 Patients with valproic acid monotherapy
» Exclude patients = 100 pg/ml

» Use the inverse-probability-of-treatment weighting (IPTW) method

Age group analysis:

* Repeat primary analysis in 3 different age groups (< 20, 20-59, and = 60 years old)

Figure 1. Flowchart of patient selection process for the study and outline of analytic procedures.

maintaining a serum VPA concentration within
accepted laboratory values, such as so—100 pg/ml,
highlighting the need for further research.

This study aimed to evaluate the therapeutic effec-
tiveness of various serum VPA concentrations for main-
tenance treatment and the association with the risk of
recurrence of major mood episodes in patients with BD.
We conducted a multicentre retrospective cohort study
to examine the association between different serum
VPA concentrations and the risk of mood episode recur-
rence during maintenance treatment in a large sample
of patients with BD. Given previous studies on optimal
serum concentrations of lithium, young and older
adults may be special populations in clinical practice
whose optimal serum levels of VPA may differ from
that for adults.” Therefore, we also investigated this
relationship among different age groups. Second, we
carried out a systematic review and meta-analysis to
integrate our results with those from previous studies
and to summarise the best evidence for this controver-
sial topic.

Method

Data source

This cohort study was conducted in line with the Decla-
ration of Helsinki and the REporting of studies Con-
ducted using Observational Routinely-collected Data
guidelines (Appendix 1).” Informed consent was not
required, as all data in the Chang Gung Research Data-
base (CGRD) available for research and analytic pur-
poses were retrospective with patient and provider
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information encrypted and de-identified by irreversibly
replacing direct identifiers for each individual with
unique numbers. The study protocol was approved by
the institutional review board of Chang Gung Memorial
Hospital (CGMH, No: 202100131B0). Data used in this
study were retrieved from CGRD from January 1, 2001
to December 31, 2019. The database contains multi-
institutional de-identified data, including patient demo-
graphics (age and sex), disease diagnoses, medications
(type, dosage, and duration), hospital visits (inpatient
and outpatient), laboratory data (serum VPA concentra-
tions), and examination reports, from the electronic
medical records of seven medical institutes of the
CGMH in Taiwan. From 1997—2010, the CGRD cov-
ered 12:4% and 21-2% of all inpatient and outpatient
data, respectively, in Taiwan.

Participants

Figure 1 shows the patient selection process for this ret-
rospective cohort study and the inclusion and exclusion
processes. We designed this observational study to pur-
sue a target trial emulation of a randomised controlled
trial (i.e., a hypothetical pragmatic trial) that would have
compared the effectiveness of different serum VPA con-
centrations for maintenance treatment of patients with
BD.™ The specifics of trial emulation are provided in
Appendix 2 (Table S2). We included patients diagnosed
with BD by using the diagnosis code of International
Classification of Diseases gth and 1oth edition: [ICD-9]
296-:0—296-8 (except 296-2 and 296-3) or [ICD-10]
F30 and F31, and those who received VPA with concur-
rent laboratory records of serum VPA concentrations.
The index date was defined as the first date when the
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patient’s serum VPA concentration was available. We
excluded patients by the following criteria to define the
intent-to-treat population: 1) patients with either inpa-
tient or emergency department treatment within
180 days before the index date; 2) patients who had not
taken the same VPA dosage within 180 days before the
index date; 3) patients’ data of serum VPA concentra-
tions were not a trough level.” Then, patients were
divided into three groups according to serum VPA con-
centrations: < 50 pg/ml, 50—74 pg/ml, and > 75 pg/
ml. For the last group, five patients had serum VPA con-
centrations of 100—104 ng/ml and they were merged
into the > 75 pg/ml group to accommodate for the
small sample sizes. These groups were chosen a priori,
based on a previous study design.'®"”

Additionally, we added two exclusion criteria to fur-
ther investigate the per-protocol population constituted
by patients who were able to adhere to the study proto-
col and receive a stable dose of VPA during the study: 1)
compared to the VPA dose taken at the index date, the
patients” VPA dose was reduced during the follow-up;
2) the difference in the serum concentration between
the index date and any follow-up was > 20 pg/ml
In the per-protocol population, two patients in the
> 75 ng/ml group had serum VPA concentrations of
100—102 pg/ml.

Follow up and outcome measures

The effectiveness outcome was the recurrence of any
major mood episode, defined as the event of psychiatric
hospitalisation or any increase in the dose of VPA or
adjunctive psychotropic medications (mood stabilisers,
antipsychotics, and antidepressants). These indicators
were based on previous studies."”"® We followed up
with patients from the index date for two years or until
the occurrence of an outcome event.

Covariates

We selected the following patient characteristics based
on literature review and experts’ opinions, ®"® including
age, sex, number of psychiatric hospitalisations within
the two years before the index date, medical comorbid-
ities (hypertension, diabetes mellitus, hyperlipidaemia,
rheumatic diseases, any cancer, heart diseases, periph-
eral vascular diseases, cerebral vascular diseases, pulmo-
nary diseases, liver diseases, peptic ulcer diseases, renal
diseases, and any bleeding), and concomitant medica-
tions (mood stabilisers, antipsychotics, antidepressants,
and benzodiazepines). Details regarding the medical
comorbidities and concomitant medications are pro-
vided in Appendix 3 (Table S3).

Statistical analysis

In this study, we analysed the intention-to-treat popula-
tion as the primary outcome and examined its robust-
ness using the per-protocol population. Continuous
variables were described by means with standard devia-
tions, and categorical variables by numbers and

proportions. Kaplan-Meier curves were used for survival
analysis (Figures 2 and Si1). When applicable, we per-
formed a multivariable Cox regression model to gener-
ate adjusted hazard ratios (aHRs) with 95% confidence
intervals (ClIs) to compare the risk of mood episode
recurrence among different groups by the levels of
serum VPA concentrations, with the adjustment of all
baseline covariates listed in Table 1 (intent-to-treat popu-
lation) or Appendix 4 (Table S4, per-protocol popula-
tion). The group with < 50 pg/ml serum concentration
was considered the reference group. There were no
missing values in this study, but patients were excluded
from both analyses, as indicated in Figure 1.

Sensitivity analyses

To determine the consistency of our findings, we per-
formed three sensitivity analyses by selecting patients
under different scenarios. The first scenario assessed
the outcomes of the patients treated with VPA mono-
therapy. Second, we used a new serum range of 75—99
pg/ml for the third group of patients, excluding the five
patients in intention-to-treat analysis (too—104 pg/ml)
or two patients in per-protocol analysis (10o—102 pg/
ml) with serum concentrations > 100 pg/ml. Most
treatment guidelines do not recommend serum VPA
concentrations greater than 100 pg/ml for the treat-
ment of acute mood episodes,”’ leading to the infer-
ence that the same should be true for serum VPA
concentrations during maintenance treatment. Lastly,
we reanalysed the original data using the inverse proba-
bility of treatment weighting (IPTW) method with pro-
pensity score. The propensity score was generated using
logistic regression conditioning on all covariates listed
in Table 1. The details of the IPTW approach have been
described elsewhere.” Briefly, the IPTW approach pro-
vided the average treatment effects of drugs based on
the entire study population. After IPTW adjustment,
the probability of being assigned to each group would
be the same, similar to a clinical trial in which
all groups have the same probability of treatment
assignment through randomisation (Appendix 5-—06,
Table S5—S6). Moreover, we conducted a stratification
analysis by age group (< 20, 20—59, and > Go years) to
examine the association between serum VPA concentra-
tions and prevention of mood episodes among the dif-
ferent age groups.”® We used the SAS Software version
9.4 (SAS Institute Inc., Cary, NC, USA) for all statistical
analyses. Statistical significance was defined as a two-
tailed p-value of < o-05.

Systematic review and meta-analysis

We used a systematic review of past studies to investi-
gate the effectiveness of different serum VPA concentra-
tions in the maintenance treatment of patients with BD
and contextualised our results with those from previous
studies. The review was outlined by an a priori regis-
tered protocol (PROSPERO: CRD42022309661), which
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Figure 2. Survival analysis using Kaplan-Meier curves. A) Intention-to-treat population; B) Per-protocol population.
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Characteristics All participants (N = 896) < 50 pg/ml (n = 404) 50—-74 pug/ml (n = 344) 75—-104 pg/ml (n = 148)
Age, year 436 (15-5) 444 (15-4) 436 (15-8) 417 (15-4)
Sex
Female 444 (50%) 205 (50%) 155 (45%) 84 (57%)
Male 452 (50%) 199 (49%) 189 (55%) 64 (43%)
Psychiatry hospitalisations
0 689 (77%) 320 (79%) 257 (75%) 112 (76%)
1-2 178 (20%) 79 (20%) 71 (21%) 28 (19%)
>3 29 (3%) 5(1%) 16 (5%) 8 (5%)
Comorbidities
Hypertension 140 (16%) 54 (13%) 59 (17%) 27 (18%)
Diabetes mellitus 86 (10%) 34 (8%) 35 (10%) 17 (11%)
Hyperlipidaemia 91 (10%) 42 (10%) 34 (10%) 15 (10%)
Rheumatic diseases 6 (1%) 3 (1%) 3 (1%) 0 (0%)
Any cancer 17 (2%) 6 (1%) 6 (2%) 5(3%)
Heart diseases 10 (1%) 4 (1%) 2 (1%) 4 (3%)
Peripheral vascular diseases 3(<1%) 1 (< 1%) 0 (0%) 2 (1%)
Cerebral vascular diseases 32 (4%) 9 (2%) 20 (6%) 3(2%)
Pulmonary diseases 45 (5%) 17 (4%) 17 (5%) 11 (7%)
Liver diseases 57 (6%) 29 (7%) 14 (4%) 14 (9%)
Peptic ulcer diseases 62 (7%) 24 (6%) 26 (8%) 12 (8%)
Renal diseases 22 (2%) 8 (2%) 11 (3%) 3 (2%)
Any bleeding 91 (10%) 33 (8%) 40 (12%) 18 (12%)
Medications
Mood stabilizers
Lithium 215 (24%) 106 (26%) 80 (23%) 29 (20%)
Lamotrigine 42 (5%) 15 (4%) 19 (6%) 8 (5%)
Carbamazepine 10 (1%) 6 (1%) 4 (1%) 0 (0%)
Antipsychotics 662 (74%) 306 (76%) 245 (71%) 111 (75%)
Antidepressants 284 (32%) 147 (36%) 95 (28%) 42 (28%)
Benzodiazepines 654 (73%) 308 (76%) 245 (71%) 101 (68%)
Table 1: Characteristics of the intention-to-treat population and valproic acid groups from 2001 to 2019.
Data are expressed as N (%) or mean (standard deviation).

followed the guidelines recommended by the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
ysis (PRISMA, Appendix 10, Table S9).*" Two investiga-
tors (YCC and CWH) independently searched the
electronic databases PubMed/MEDLINE, Embase, and
Cochrane CENTRAL from the inception of each data-
base up to February 1, 2022, for studies that compared
the effectiveness of different serum VPA concentrations
on the maintenance treatment of BD patients. We also
searched grey literature databases and reference lists of
relevant reviews and articles.” No limits were set on the
study design or language of publication. The detailed
search strings and a flowchart of the study selection are
provided in Appendix 11 and Figure 3. We included orig-
inal papers that fulfilled the following criteria: (1)
included patients with BD and (2) received VPA mainte-
nance therapy for BD. The exclusion criteria were as fol-
lows: (1) patients who were not in BD remission or
maintenance therapy; (2) VPA serum concentrations
were not used for outcome comparison; and (3) the

study was not completed. Reviews, comments, letters-
to-editor, expert opinions, guidelines, non-peer-
reviewed articles, and conference papers were also
excluded by title/abstract screening.

Data extraction from articles, if available, included
characteristics of the study, study design, sample size,
definition of VPA maintenance treatment for BD
patients, age, range serum VPA concentration of each
group, follow-up duration, concomitant medication,
and definition of mood episode recurrences. The main
outcome was the effectiveness of different serum VPA
concentrations in preventing the recurrence of any
mood episodes during the maintenance treatment of
BD patients, such as HR. For studies that provided
Kaplan-Meier survival curves rather than HR data, we
estimated HR using a digitalised tool (Digitizelt soft-
ware: version 2.5; Braunschweig, Germany) and the sta-
tistical procedure described by Tierney et al.** The risk
of bias was assessed by two independent investigators
(YCC and CWH) using the Newcastle-Ottawa Scale for
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1037 Records identified through

database searching
PubMed (n = 405), Embase (n = 278),
Cochrane Library (n = 149)

758 Records identified through

registry or other sources
Previous related articles (n = 15), Grey
literature databases (n = 743)

1795 Records identified

1375 Records after

420 Duplicated records excluded

duplicates removed

26 Full-text articles

2
2
2
i

2 Studies included in
qualitative synthesis

assessed for eligibility

1349 Excluded by title and abstract

24 Articles excluded
1) No data on valproate concentration
(n=6)
2) Outcome not related to interest
(n=10)
3) Not maintenance treatment (n =7)
4) Study not completed (n = 1)

Figure 3. Flowchart of the selection process for the systematic review and meta-analysis.

cohort studies and the Cochrane risk-of-bias tool for
randomised trials. Any discrepancies or disagreements
between the two investigators during the processes of
study inclusion/exclusion, data extraction, and study
appraisal were resolved through discussion. We per-
formed meta-analyses with random-effects models, cal-
culated effect sizes using pooled HR and 95% Cls, and
assessed heterogeneity using I*. All analyses were per-
formed using Comprehensive Meta-analysis software
(version 3; Biostat, Englewood, NJ). A two-tailed p-value
<o0-05 was considered statistically significant.

Role of the funding source

The funders had no role in the study design, data collec-
tion, data analysis, data interpretation, or report prepa-
ration. All authors had full access to all data in the study
and the decision to submit for publication.

Results

Baseline characteristics of cohort patients

The intention-to-treat population included a total of 896
patients classified into the following three groups
according to serum VPA concentration, represented as
mean (standard deviation [SD]): < 50 pg/ml, n = 404,
332 (12:0); 50—74 pg/ml, n = 344, 62:0 (71); > 75
(75—104) ng/ml, n =148, 83-6 (7-1). Their basic charac-
teristics are shown in Table 1. In general, the patients’
mean age was 43-6 (SD = 15-5) years old, 50% (n = 452)
of patients were male, 23% (n = 207) of patients had
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been hospitalised for psychiatric disorders within the
two years before the index date, the most common
comorbidity was hypertension (16%, n = 140), and most
patients received concomitant medication with antipsy-
chotics (74%, n = 662) and benzodiazepines (73%,
n = 654). Details of the baseline characteristics of the
per-protocol population (n = 481) are provided in Appen-
dix 4 (Table S4). All characteristics after IPTW are
shown in Appendix 5—6 (Table S5—S6).

Outcomes of this cohort study

In the intention-to-treat and per-protocol analyses, 526
and 335 patients experienced recurrence of any kind of
mood episode at 820 and 314 person-years of follow-up,
respectively. Their results are presented in Table 2 and
Figure 2. Compared to patients with serum VPA con-
centration < 50 pg/ml, patients with serum VPA con-
centrations 50—74 pg/ml had a non-significantly lower
rate of mood episode recurrence in the primary analysis
(intention-to-treat aHR = 0-86, 95% CI = o-y1—1-05).
The per-protocol analysis showed similar findings, with
a significant benefit (aHR = 076, 95% CI = 0-60—o0-
97). Taking patients with serum VPA concentration
< 50 pg/ml as a reference, those with serum VPA con-
centrations > 75 ng/ml showed inconclusive risks in
mood episode recurrence (intention-to-treat aHR
0-91, 95% CI = o-71—1-18; per-protocol aHR = 1-03,
95% CI = 0-73—1-46). Neither analysis demonstrated
statistical differences. Furthermore, the above findings
were broadly similar across all sensitivity analyses (50
—74 pg/ml: intention-to-treat aHR between o-55 and o-
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Group

Incident/total Cases

Person—years Adjusted HR*

Intent-to-treat

< 50 pg/ml 249/404

50—74 pg/ml 190/344

75—104 pg/ml 87/148
Per-protocol

< 50 pg/ml 162/216

50—74 pg/ml 127/203

75—-102 wg/ml 46/62

354 1-00 [Reference]
330 0-86 (0-71—1-05)
135 0-91(0-71-1-18)
137 1-00 [Reference]
143 0-76 (0-60—0-97)*
35 1-03 (0-73—1-46)

model.

Abbreviations: HR, hazard ratio.
? Hazard ratio was adjusted for age, sex, psychiatry hospitalisation, all comorbidities, and all medications; * indicates p < 0-05.

Table 2: Comparing the adjusted effectiveness of all patients in different valproic acid groups through the Cox proportional hazard

Group by Study name Statistics for each study Hazard ratio and 95% CI
Target level Hazard Lower Upper  Sample size
ratio limit limit Target/ < 50 pg/ml
250 pug/ml Our study 0.86 0.73 1.02 492/ 404 =
Paholpak (2014) 0.52 0.20 1.37 85
Keck (2005) 0.63 041 0.98 158/ 11 &
078 061 0.99 <@
50-74 pg/ml Our study 084 070 1.02 344/ 404 i
Keck (2005) 062 029 1.32 45/ 11 e
083 069 0.99 L ¢
75-99 ug/ml Our study 090 071 1.16 143 /404 .
Keck (2005) 0.37 0.17 0.78 85/ 11 —
062 026 1.48 ——
2100 pg/ml Our study 165 053 514 5/404 —T
Keck (2005) 112 052 2.38 28/ 11 ——
126 067 236 -

Favours target level Favours < 50 ug/ml

Figure 4. Forest plots comparing groups with different serum valproic acid target levels and groups < 50 wg/ml.

86, per-protocol aHR between o-40 and 0-78; > 75 ng/
ml: intention-to-treat aHR between o0-62 and 0-90, per-
protocol aHR between 0-69 and 1-00) listed in Appen-
dix 7—8 (Table Sy and Figure S1).

Additionally, the 50—74 pg/ml group had a lower
risk compared with the > 75 ug/ml group, but the differ-
ence did not reach significance (intention-to-treat
aHR = 0.94, 95% CI = o-2—I-22; per-protocol
aHR = 074, 95% CI = o-52—1-05; data no shown).
Appendix 9 (Table S8) displays the results of the age-
stratified subgroup analysis. The findings for the adult
group (20—59 years old) were somewhat similar to the
results for the entire cohort (50—74 ng/ml intention-to-
treat/per-protocol aHR = 0-80/0-67; > 75 wg/ml inten-
tion-to-treat/per-protocol aHR = 0-89/1-01). Limited
sample sizes of the young (< 20 years old) and elderly
(= Go years old) groups prevented detailed commentary
due to very wide Cls.

Systematic review and meta-analysis
Figure 3 shows a flowchart of the study selection. We
found a total of 1795 references in the major databases
and grey literature and excluded 420 duplicate articles.
We further screened the remaining titles and abstracts
and excluded 1349 articles, leaving 26 remaining
articles for full-text review. An additional 24 articles
were excluded for reasons detailed in Appendix 12
(Table S10). Finally, we included two articles in our sys-
tematic review, one retrospective cohort study (85
patients), and one post-hoc analysis of data from a rando-
mised controlled trial (169 patients).">”” The character-
istics of each study are provided in Appendix 13, and the
risk-of-bias assessments are shown in Appendix 14.
Figure 4 shows the meta-analysis results using data
from our intention-to-treat outcome and the two studies
identified via the systematic review. Compared with
patients with serum VPA concentrations < 50 pg/ml,
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those with serum VPA concentrations > 50 pwg/ml had a
significantly lower rate of mood episode recurrence
(HR = 078, 95% CI = 0-61—0-99, I* = 22%)."°"7 More-
over, compared to those with serum VPA concentra-
tions < 50 pg/ml, a lower risk of recurrent mood
episode was found for the 50—74 pg/ml group (HR = o-
83, 95% CI = 0-69—0-99, I = 0%) and the 75—99
pg/ml group (HR = 0:62, 95% CI = 0-26—148,
I* = 80%), but only the 50—74 pg/ml group reached sta-
tistical significance.’® Finally, those with serum VPA
concentrations > 100 pg/ml had non-significantly
higher risk of recurrent mood episode (HR = 1-26, 95%
Cl=0-67—2-36, I* = 0%).

Discussion

To the best of our knowledge, this real-world retrospec-
tive cohort study is the largest to date relevant to the
topic of evaluating the therapeutic effectiveness of dif-
ferent serum VPA concentrations during maintenance
treatment of patients with BD for the prophylaxis of
mood episodes of any polarity. The primary (intention-
to-treat) outcome of our cohort and current meta-analy-
sis indicated that the 50—74 wg/ml and 75—99 pg/ml
groups had non-significantly lower risks of mood epi-
sode recurrence when compared to the < 50 pg/ml
group. However, only the 50—74 pg/ml group had
lower risk which reached significant differences in the
subsequent per-protocol analysis and current meta-anal-
ysis. Moreover, age subgroup analysis showed that 50
—74 pg/ml was an effective serum VPA concentration
range for the adult group (20—59 years old) compared
with < 50 pg/ml.

Our cohort showed that the risk of mood recurrence
was consistently lower in the 50—74 pg/ml group than
in the < 50 wg/ml group by both the intention-to-treat
and per-protocol analyses and their sensitivity tests, but
only the per-protocol analysis reached significance. The
differences between the results obtained from the analy-
sis of the two populations could be explained by the
selection of our subjects. Our intention-to-treat popula-
tion included patients with VPA dose reduction during
the follow-up period, while these patients were excluded
from the per-protocol population by the additional
exclusion criterion 1. Some of these patients may have
been initially assigned to the 50—74 pg/ml group but
ended the study with serum VPA concentration < 50
pwg/ml due to VPA dose reduction. Meanwhile, the 50
—74 pg/ml group of the per-protocol group would not
suffer from this problem, and the patients would have
more constant levels of VPA dosing and serum concen-
tration. Based on this notion, it is reasonable to find a
greater risk reduction for the 50—74 pg/ml group com-
pared to the < 50 wg/ml group, with the per-protocol
analysis. Moreover, the > 75 pg/ml group had inconclu-
sive and non-significant results for risk of mood recur-
rence in the intention-to-treat and per-protocol analyses.

www.thelancet.com Vol 54 December, 2022

The pharmacokinetics of VPA may explain this phe-
nomenon. At the current standard therapeutic range for
VPA, most of the drug (approximately 9o0%) binds to
serum proteins.> In vitro and animal®*# studies have
shown that the serum VPA concentration reaches the
threshold for binding sites at 7o pg/ml and 8o png/ml,
respectively, coinciding with our upper limit cut-off
point for the maintenance serum VPA concentration of
75 mg/ml. Past this threshold, free serum VPA concen-
tration as a function of serum VPA concentration trans-
forms from linear to quadratic growth.” This non-
linearly increasing VPA concentration might have
unpredictable effects (beneficial or adverse) in patients
treated above 75 ug/ml, thus leading to reduced case
numbers in the > 75 pg/ml group and inconsistent risk
results (as revealed by the analyses in our cohort and
the high heterogeneity in our meta-analysis). Finally,
although we found that the 50—74 pg/ml group had a
lower point-estimated risk than the > 75 ug/ml group,
the difference has not been proven. Therefore, our
cohort could not conclude which of these two VPA con-
centrations was more effective in preventing recurrent
mood episodes.

While examining for missing data in our cohort, we
noticed that many patients were not tested for trough
VPA concentration and therefore could not be included
for analysis. This may reflect the lack of VPA concentra-
tion recommendations for maintenance therapy of BD
in the current treatment guidelines. The optimal VPA
concentration is uncertain; therefore, clinicians may
check a rough serum VPA concentration for toxicity (>
100 pg/ml) or ineffectiveness (< 50 pg/ml). In fact,
measuring trough levels is an important concept in
therapeutic drug monitoring as the trough levels are
less likely to be influenced by absorption and distribu-
tion problems.>® Past studies have proven that a trough
VPA concentration of at least 50 pg/ml is required to
achieve therapeutic efficacy in the treatment of BD.*”
Therefore, given these missing values and the reasons
mentioned above, our study may also alert clinicians to
ensure that therapeutic drug monitoring in VPA is
at a trough level. Furthermore, our subgroup analy-
sis with stratification by age showed that only adults
(20—59 years old) treated with VPA concentrations
of 50—74 pg/ml had a significantly lower risk of
mood episode recurrence when compared to the <
50 pg/ml group. The current findings do not show
any consistent trends or benefits for any specific
VPA serum concentration in the other age groups.
The relatively small sample sizes of the young (<
20 years old) and elderly (> Go years old) groups
resulted in lower power to detect statistical signifi-
cance. In this study, we report these preliminary
data and hope to increase research interest in these
areas to benefit future large trials investigating the
effective serum VPA concentrations in young and
elderly patients with BD.
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We found only two studies in our systematic review,
Paholpak et al. and Keck et al.'®"”7 This reflects the cur-
rent weak consensus on the optimal serum VPA con-
centration required for the maintenance treatment of
BD patients. For example, the 2018 CANMAT and
ISBD guidelines'® simply recommended a VPA concen-
tration within the accepted laboratory range values,
most commonly 50—100 pg/ml,’ during the mainte-
nance treatment of patients with BD, and the 2013
World Federation of Societies of Biological Psychiatry
(WFSBP) Guideline’” recommended a VPA concentra-
tion of 45—100 pg/ml. Our findings support the results
of Paholpak et al."”” which showed that patients with
serum VPA concentrations > 50 wg/ml had a lower risk
of recurrence of mood episodes than those with serum
VPA concentrations < 50 wg/ml. However, our finding
is inconsistent with the result from Keck et al."® which
found 75—99 pg/ml to be the better serum VPA con-
centration for the prophylactic treatment of patients
with BD to prevent mood episode recurrence. There are
two possible reasons for this finding. First, the follow-
up period for Keck et al.”® was one year, while our fol-
low-up period was two years, and their patients were
started on maintenance treatment with an average of
74-2 days from the last mood episode, while our
patients had been in remission for at least 180 days.
The stricter patient selection in our study could mean
that our patients had been in a more stable condition
with VPA treatment before the initiation of the study
period and outcome observation. Second, except for lim-
ited lorazepam and haloperidol, all other medications
were discontinued before maintenance treatment in the
study by Keck et al."® while many of our patients were
concomitantly administered antipsychotics, antidepres-
sants, and/or benzodiazepines.

The strength of the study is that we included a larger
sample of patients compared with previous studies'®'”
to improve the representativeness and statistical power
and reduce random errors for a more definitive conclu-
sion. This study has some limitations. First, the study
may be subject to indication bias (i.e. patients with
higher VPA dosage may have had more severe illness,
which may have increased risk of relapse) and residual
confounding because of non-random allocation through
retrospective data from registry-based electronic health
records.”® We considered a large number of covariates,
such as concomitant psychotropic agents, in the regres-
sion model to minimise the potential confounding
effects. However, some patients lacked data on serum
concentrations of concomitant mood stabilisers for
model adjustment (no data were available for 38 of 215
lithium users, 42 of 42 lamotrigine users, and 5 of 10
carbamazepine users). Second, studies have shown that
serum albumin level may affect a patient’s serum VPA-
free fraction,”® which is a better indicator of drug activ-
ity. However, very few clinical laboratories routinely
analyse free serum VPA concentration. Data based on

total serum VPA concentrations may be more practical
in a real-world setting. Future studies are warranted to
examine the correlation between free serum VPA con-
centration and total serum VPA concentration or
whether serum albumin level affects the therapeutic
effectiveness of VPA in patients with BD. Third, the reg-
istry-based data led to some limitations. The CGRD did
not provide information regarding validated rating
scales for depressive or mania symptoms (e.g., Young
Mania Rating Scale or Hamilton Depression Rating
Scale), so we were unable to differentiate recurrent
mood episodes as mania or depressive. Moreover, BD
patients identified in CGRD were included over a long
period of time (from 2001 to 2019), came from different
medical institutions, were evaluated by different clini-
cians, and used two different diagnostic systems (ICD-9
and ICD-10). Under these circumstances, CGRD has
not yet demonstrated the validity or reliability of these
BD diagnoses. However, a post-hoc analysis indicated
that all patients in our study were diagnosed by psychia-
trists, and psychiatrists in Taiwan are well trained by
the Taiwanese Society of Psychiatry to make standard
and consistent coding behaviours. Accordingly, the
diagnosis of BD we defined should be relatively sound.
Fourth, information outside the CGRD system was
unavailable, and we may have underestimated the inci-
dence of mood episode recurrences. However, we con-
sidered this situation to be non-differential among the
groups and, as a result, the potential bias was not infor-
mative. Fifth, it is noteworthy that our findings are only
valid for VPA use in BD patients and do not provide any
inference for off-label use of VPA in patients with other
diseases. Besides, our study did not address the benefit-
risk of VPA prescription; hence, a reminder of the tera-
togenic risks associated with VPA in women of child-
bearing age is warranted,”® especially given that its
prescription in this population remains an issue in
many countries.’ Finally, our study design used exclu-
sion criteria that referenced previous studies on lithium
and VPA,>"® but findings in patients remaining after
these exclusion criteria may not be generalisable to the
general patient population. Furthermore, we did not
adjust for statistical significance when performing mul-
tiple tests in this study (50—74 pg/ml vs. < 50 pg/ml
and > 75 pg/ml vs. < 50 pg/ml), which might have
resulted in the significance no longer being the nominal
5%. To this end, we performed several sensitivity analy-
ses and a meta-analysis, and the 50—74 pg/ml group
showed the most consistent trends.

This large retrospective cohort study based on real-
world situations showed that compared to those with <
50 wg/ml serum VPA concentration, BD patients with
50—74 pg/ml serum VPA concentrations for mainte-
nance treatment had a consistently lower risk of mood
episode across all analyses. Results remained robust
throughout the current meta-analysis. However, our
study did not prove any difference between serum VPA
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concentrations 75—99 pg/ml and < 50 pg/ml for the
maintenance treatment. These results may serve as the
basis for future large prospective studies to confirm
these findings.
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