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Abstract

Introduction: The Clinical Global Impressions-Improvement (CGI-I) scale is widely used in clinical research to assess
symptoms and functioning in the context of treatment. The correlates of the CGI-I with efficacy scales for adolescent major
depressive disorder are poorly understood. This study focused on benchmarking CGI-I scores with changes in the Children’s
Depression Rating Scale-Revised (CDRS-R) and the Quick Inventory of Depressive Symptomatology-Adolescent (17-item)
Self-Report (QIDS-A17-SR).

Methods: We examined three datasets with the clinician-rated CDRS-R to ascertain equivalent percent changes in total scores
and CGI-I ratings. Exploratory analyses examined corresponding percentage changes in the QIDS-A17-SR and the CGI-I
ratings. The CGI-I was the reference scale for nonparametric equipercentile linking with the Equate package in R.
Results: CGI-I scores of 1 mapped to 278%—-95% change in CDRS-R scores at 4-6 weeks across three datasets. CGI-I scores
of 2 mapped to 56%—94% change in CDRS-R scores at 4—6 weeks across three studies. CGI-I scores of 3 mapped to 30%—68 %
changes in CDRS-R scores at 4—6 weeks across three studies. CGI-I scores of 4 mapped to a range of 29%—44% at 4—6 weeks
across three studies. There was no significant difference (p=0.6) between treatment groups in both the Treatment of
Adolescents with Depression and Treatment of Resistant Depression in Adolescents studies, for each CGI-I score (=1, or=2
or=3, or 24), associated mapping of total depression severity score, or associated percent change from baseline for corre-
sponding follow-up visits. There was no significant sex difference (p >0.2) in CGI-I linkages to CDRS-R total or percentage
changes.

Conclusions: These findings establish clear relationships among CGI-I scores and the CDRS-R and the QIDS-A17-SR. These
benchmarks have utility for clinical trial study design, inter-rater reliability training, and clinical implementation.
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LINKING CGI-I SCORES TO CDRS-R/QIDS-A17-SR

Introduction

THE CLINICAL GLOBAL IMPRESSION SCALE (CGI) is an arche-
typal rating sale in clinical trials for the global assessment of
transdiagnostic pathology (Guy 1976). This clinician-rated, seven-
point scale is used to assess the overall impairment and severity of a
psychiatric diagnosis with the Clinical Global Impression Severity
scale (CGI-S), while the Clinical Global Impression-Improvement
scale (CGI-I) measures illness improvement relative to a pretreat-
ment baseline. Despite decades of widespread use in clinical re-
search and practice, the psychometric properties of the CGI are not
well understood in the context of child and adolescent psycho-
pharmacology research. There is some controversy about the utility
of the CGl in clinical research and practice (Kadouri et al. 2007; de
Beurs et al. 2019).

Reliable, valid, and efficient outcome measures that assess
symptom severity and change in major depressive disorder (MDD)
or treatment-resistant depression (TRD) are an ongoing unmet need
for the practice of child and adolescent psychopharmacology. An
ideal assessment tool would be acceptable for both clinical and
research environments. This need is particularly important for the
treatment of adolescents with MDD. Prior work demonstrates the
limitations of adapting widely used assessments from clinical
practice to clinical research (Na et al. 2018; Nandakumar et al.
2019).

Furthermore, the clinical adaptation of standard clinical research
assessments such as the Children’s Depression Rating Scale-
Revised (CDRS-R) is implausible (Poznanski et al. 1984; Ri-
chardson et al. 2010). While definitions of remission are clear, there
are historical (Emslie et al. 1997) and contemporary (Athreya et al.
2022) challenges in defining response to treatment with the CDRS-
R. Response is typically characterized based on a percentage
change improvement in CDRS-R symptoms.

Prior studies of adults with MDD characterized thresholds of
clinically meaningful improvement in the 17-item Hamilton De-
pression Rating Scale (HDRS-17) with CGI-I scores through
equipercentile linking (Hamilton 1960; Bobo et al. 2016). The
strength of this approach is that it links a symptom severity measure
consistently used as a primary outcome (HDRS-17) with a more
practical, secondary outcome measure (CGI-I) from clinical trials
for MDD. The findings validated standard consensus definition of
categorical outcomes and advanced the understanding of both
scales for future research efforts and clinical practice consider-
ations (Bobo et al. 2016). The CGI scales are traditional secondary
outcome measures in child and adolescent psychopharmacology
research, but surprisingly, few studies have characterized, vali-
dated, or used CGI measures as a primary outcome (Mayes et al.
2010; Strawn et al. 2017).

This study sought to characterize the CGI-I scale in the context
of standard primary outcome measures for clinical trials for MDD
in adolescents. We examined existing datasets from the Treatment
for Adolescents with Depression Study (TADS) (TADS 2009),
Adolescent Management of Depression (AMOD) (Vande Voort
et al. 2021), and the Treatment of SSRI-Resistant Depression in
Adolescents (TORDIA) (Brent et al. 2008) studies to benchmark
CGI-I scores with changes in CDRS-R and the Quick Inventory of
Depressive Symptomatology-Adolescent (17-item) Self-Report
(QIDS-A17-SR) (Bernstein et al. 2010).

There are various options to operationalize outcomes with the
CDRS-R to include using posttest scores, change scores, residual
change scores, and percentage change scores. Clinical definitions
of antidepressant response with the CDRS-R are often oper-
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ationalized based on percentage change thresholds from the base-
line score (as a relative change). This approach does have
limitations as prior work has demonstrated 100 x logarithmic ratio
of two measurements is more informative of relative change
(Tornqvist et al. 1985; Vickers et al. 2001). Other work suggests
that follow-up clinical scores and percentage change scores are
superior to change scores in describing clinical outcomes (Auste-
voll et al. 2019).

In this study, considering that CGI-I measures relative change in
depressive severity, corresponding relative change in the CDRS-R
and QID-A17-SR was operationalized as percentage changes rather
than raw changes with a broad goal of informing definitions of
response for future research. We hypothesized that the percentage
changes in the CDRS-R continuous outcome measures corre-
sponding with CGI-I thresholds would be consistent among studies.
It was also anticipated that there would be no sex difference among
CDRS-R and CGI-I correlates. It was further anticipated that similar
CGI-I benchmarks could be identified with the QIDS-A17-SR.

Materials and Methods
Rating scales and clinical outcomes

The CDRS-R, a 17-item clinician-administered rating scale, was
originally developed for assessing depressive symptoms in children
6—12 years of age (Mayes et al. 2010). The CDRS-R total scores
range from 17 to 113. A score of 240 is consistent with active
depression, a score <28 has been used to define remission (minimal
or no symptoms) in response to treatment, and an improvement in
CDRS-R total score 250% from baseline is defined as response
(Tao et al. 2009).

The QIDS-A17-SR is a 17-item self-report rating scale, which
yields total scores from O to 27 (Bernstein et al. 2010). In response
to treatment, QIDS-A17-SR <5 defines remission, and an im-
provement in QIDS-A17-SR total score 250% from baseline cor-
responds to response. In addition, QIDS-A17-SR total scores of
ranges 6 to 10, 11 to 15, 16 to 20, and =221 are generally considered
to represent mild, moderate, severe, and very severe depressive
symptom severity, respectively (Bernstein et al. 2010). The QIDS-
A17-SR was only available in the AMOD dataset.

The CGI-I is a one-item seven-point scale wherein a clinician
within the context of their clinical experience makes a global
judgment about the improvement in disease severity from initiation
of treatment (Guy 1976; Busner and Targum 2007). The CGI-I
ratings are in response to ‘‘rate the overall improvement in patient
since the beginning of treatment,” 1=very much improved,
2=much improved, 3=minimally improved, 4=no change,
5 =minimally worse, 6=much worse, and 7 =very much worse.

The CDRS-R and CGI-I measures were completed by blinded,
independent raters in all three studies.

Data sources

The data sources are described by the depression rating scales
(CDRS-R or QIDS-A17-SR) and relevant characteristics are tab-
ulated in Table 1. All studies considered in this work have been
previously published and were approved by Institutional Review
Boards (IRBs) of performance sites. All participants and their
parents gave written informed assent and consent in accordance
with local IRB regulations (Brent et al. 2008; TADS 2009; Vande
Voort et al. 2021). Data from participants who completed treatment
in each study (TADS, AMOD, and TORDIA) were analyzed for
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TABLE 1. SAMPLE CHARACTERISTICS
Study datasets
Variables TADS AMOD TORDIA
Total (N) 353 146 262
Mean age in years 14.53 (1.59) 15.38 (1.49) 15.76 (1.5)

(standard deviation)
Sex (male, female)

M: 149 (42%); F: 204 (58%)

M: 31 (21%); F: 115 (79%)

M: 76 (29%); F: 186 (71%)

Race, n (%)
White 266 (75.4%) 126 (86.3%) 229 (87.4%)
Black 40 (11.3%) 1 (0.7%) 7 (2.7%)
Hispanic 31 (8.8%) 0 (0%) 0 (0%)
Asian 3 (0.8%) 6 (4.1%) 6 (2.3%)
American Indian 2 (0.6%) 0 (0%) 2 (0.8%)
Multiple 11 3.1%) 0 (0%) 17 (6.5%)
Other 0 (0%) 12 (8.2%) 0 (0%)
Unknown 0 (0%) 1 (0.7%) 1 (0.3%)

Fluoxetine: 92; CBT: 85;
Fluoxetine with CBT:
88; Placebo: 88

CDRS-R

45:98 (59)

Treatment (s)

Rating Scale(s)
Baseline depression
severity (median)
Time points for assessing
treatment response

6 and 12 weeks

Assignments based on clinical
judgment or pharmacogenetic
testing

CDRS-R; QIDS-SR

CDRS-R: 41:82 (58)

QIDS-SR: 5:24 (15)

4 and 8 weeks

SSRI only: 60; SSRI+CBT: 41;
SNRI only: 81; SNRI+CBT: 80

CDRS-R
40:102 (61)

4, 8, and 12 weeks

AMOD, Adolescent Management of Depression; CBT, Cognitive Behavior Therapy; CDRS-R, Children’s Depression Rating Scale-Revised; SNRI,
Selective Norepinephrine Reuptake Inhibitor; SSRI, Selective Serotonin Reuptake Inhibitor; TADS, Treatment for Adolescents with Depression Study;

TORDIA, Treatment of SSRI-Resistant Depression in Adolescents.

this study, resulting in smaller sample sizes than what have been
documented in each parent study.

Exploratory analyses to study the linking of CGI-I scores to
depression symptom severity on a self-reported scale (e.g., QIDS-
A17-SR) were conducted on data from AMOD study. The QIDS-
A17-SR and CGI-I were assessed at baseline and 4 and 8 weeks.

Statistical analyses

Equipercentile links scores (e.g., total score or percent change)
on a given scale (e.g., CDRS-R or QIDS-A17-SR) to the scores on a
reference scale (CGI-I) that has the same percentile rank, under the
assumption that the two scales are correlated. In this study, CGI-I
was the reference scale as it is rated based on the improvement in
disease state as a global opinion based on experience and overall
assessment of the patient. Equipercentile linking is a nonparametric
method in that it does not assume any specific underlying distri-
bution of data (i.e., total scores, percent change or CGI-I scores)
and has shown to tolerate measurement artifacts [i.e., rating drift or
inter-rater variability (Kolen and Brennan 2014; Bobo et al. 2016)].
The analyses proceeded in two steps. Data for this study were
analyzed using the Equate package in R (Albano 2016).

First, we generated Spearman correlations between percent
change and absolute total scores on CDRS-R or QIDS-A17-SR
scales with CGI-I scores. Spearman correlations were used as it
checks for monotonic relationships between two variables. Second,
if the correlations were significant (Spearman correlation with
p<0.05), then equipercentile linkage was used to link percent
change of total scores on CDRS-R or QIDS-A17-SR to CGI-I
scores derived at each time point in the clinical trials. For each time
point (e.g., 4, 6, 8, or 12 weeks) and for a given depression symptom

severity rating scale (CDRS-R or QIDS-A17-SR), a CGI-I score
was mapped to a corresponding (1) percent change in total de-
pression score from baseline and (2) total depression score.

The mappings (Figs. 1 and 2) were then plotted using average
smoothing technique, with dashed lines mapping CGI-I (y-axis) to
corresponding scores on CDRS-R or QIDS-A17-SR (x-axis). We
also report the mapping of scores CGI-I=1, 2, 3, and >4 (due to
limited sample sizes with CGI-1=35, 6, or 7) to ranges of percent
change and absolute total scores on CDRS-R or QIDS-A17-SR.

We also conducted additional sensitivity analyses. First, equi-
percentile linking was compared across treatment arms. For each
study with multiple treatment arms with CDRS-R data and each
CGI-I value (=1,=2,=3, and >4), Kolmogorov-Smirnov tests
(KS-tests) were used to compare differences in percent change in
depression severity or the total depression severity score itself at
each follow-up time point, respectively.

The equipercentile linking among patients with MDD and TRD
was compared after 12 weeks of pharmacotherapy. As both TADS
and TORDIA were studies with acute-phase endpoints of 12 weeks,
if the range of baseline depression severity was comparable
(p-value of KS-test >0.05), then KS-tests were used to compare
differences in percent change in depression severity or the total
depression severity score.

As both TADS and TORDIA studies had sufficient sex repre-
sentation (sex with low samples >1/3rd of study size), with each
study, KS-tests were used to compare differences in percent change
in depression severity or the total depression severity score at
follow-up time points.

To avoid effects of high or low depression severity at baseline,
we repeated the equipercentile linkage of CGI-I and total depres-
sion severity score and associated percent change from baseline
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FIG. 1. Equipercentile linkage based on concordance between CGI-I score and percent change in CDRS-R total score from baseline,
and CDRS-R total score at follow-up time points in (A) TADS (patients receiving fluoxetine or fluoxetine+CBT), (B) AMOD, and
(C) TORDIA, including patients who received CBT+SSRI, CBT+SNRI, SNRI, and SSRI. AMOD, Adolescent Management of De-
pression; CBT, cognitive behavioral therapy; CDRS-R, Children’s Depression Rating Scale-Revised; CGI-I, Clinical Global
Impression-Improvement; TADS, Treatment for Adolescents with Depression Study; TORDIA, Treatment of SSRI-Resistant De-
pression in Adolescents.
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A AMOD: Unstratified analyses

AMOD: QIDS-5R Scale Equipercentile Linking
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FIG. 2. Equipercentile liking plotted as lines based on concordance between CGI-I (CGI-I and percent change in QIDS-A17-SR total
score from baseline) and CDRS-R total score at follow-up time points in AMOD study, wherein in (A), patients are not stratified, and in
(B), patients are stratified by median split. AMOD, Adolescent Management of Depression; CDRS-R, Children’s Depression Rating
Scale-Revised; CGI-I, Clinical Global Impression-Improvement; QIDS-A17-SR, Quick Inventory of Depressive Symptomatology-

Adolescent (17-item) Self-Report.

based on two depression severity groups split by median depression
severity scores (CDRS-R or QIDS-A17-SR) at baseline (higher
severity group: patients with baseline depression severity >2median
depression severity of cohort; and conversely for lower severity
group).

Finally, the equipercentile linking of CGI-I to CDRS-R =29 and
39 at follow-up visits was examined. A CDRS-R total score of <28
or 240 is considered remission or in active depression during
follow-up visits; we sought the linking of CDRS-R total score of 29
and 39 to a score on CGI-I scale.

Results

For each time point after baseline and in each rating scale, the
Spearman correlations between CGI-I and percent change in total
depression severity scores or total depression severity scores were
significant (p<0.05, Supplementary Table S1). Given these sig-
nificant correlations between measures of both rating scales and
CGI-I, subsequent equipercentile linkage analyses were conducted.

Equipercentile linking of CGI-1 with CDRS-R

In TADS, the following are the equipercentile linkages for CGI-
I=1, 2, 3, and 24 (Fig. 1A and “A” in Table 2): a CGI-I of 1
mapped to 280% (at 6 weeks) and >87% (at 12 weeks) change in
CDRS-R total score from baseline and CDRS-R total scores of <24
(at 6 weeks) and <23 (at 12 weeks).

A CGI-I of 2 mapped to 58%—-79% (at 6 weeks) and 63%—86%
(at 12 weeks) change in CDRS-R total score from baseline and
CDRS-R total scores of 25-34 (at 6 weeks) and 24-32 (at 12
weeks). A CGI-I of 3 mapped to 30%—57% (at 6 weeks) and 35%—
62% (at 12 weeks) change in CDRS-R total score from baseline and
CDRS-R total scores of 35-46 (at 6 weeks) and 33-43 (at 12
weeks). A CGI-I of >4 mapped to <29% (at 6 weeks) and <34%
(at 12 weeks) change in CDRS-R total score from baseline and
CDRS-R total scores of 247 (at 6 weeks) and >44 (at 12 weeks).

In AMOD, the following are the equipercentile linkages for
CGI-I=1, 2, 3, and 24 (Fig. 1B and ““A” in Table 2): a CGI-I of 1
mapped to =78% (at 4 weeks) and 282% (at 8 weeks) change in
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TABLE 2. EQUIPERCENTILE LINKING CGI-I wiTH CDRS-R AND QIDS-A17-SR SCORES
Linking to Linking to
Linking to Linking to Linking to  percent change  Linking to  percent change
Study/treatment CDRS-R total  percent change in ~ CDRS-R total in CDRS-R  CDRS-R total  in CDRS-R
arms CGI-1 score range  CDRS-R total score  score range total score score range total score
A. CDRS-R
6 Weeks 12 Weeks
TADS (FLX, or CBT 1 <24 >80 <23 >87
with FLX) 2 25-34 58-79 24-32 63-86
3 35-46 30-57 33-43 35-62
>4 247 <29 244 <34
4 Weeks 8 Weeks
AMOD 1 <26 >78 <24 >82
(All patients) 2 27-35 56-77 25-34 60-81
3 36-44 31-55 35-42 33-59
>4 245 <30 243 <32
4 Weeks 8 Weeks 12 Weeks
TORDIA 1 <18 >95 <19 >95 <21 290
(All patients) 2 19-29 69-94 20-28 73-94 22-31 68-89
3 30-40 45-68 29-41 43-72 32-43 44-67
>4 >41 <44 >42 <42 >44 <43
Linking to
Linking to Linking to Linking to  percent change
Study/treatment QIDS-SR total  percent change in  QIDS-SR total  in QIDS-SR
arms CGI-l  score range  QIDS-SR total score  score range total score
B. QIDS-
A17-SR
4 Weeks 8 Weeks
AMOD 1 <3 >74 <4 >71
2 4-8 48-73 5-8 40-70
3 9-13 13-47 9-13 10-39
>4 >14 <12 >14 <9

AMOD, Adolescent Management of Depression; CBT, Cognitive Behavior Therapy; CGI-I, Clinical Global Severity-Improvement; CDRS-R, Children
Depression Rating Scale-Revised; FLX, Fluoxetine; QIDS-A17-SR, Quick Inventory of Depressive Symptomatology-Adolescent (17-item) Self-
Reported; SNRI, Selective Norepinephrine Reuptake Inhibitor; SSRI, Selective Serotonin Reuptake Inhibitor; TADS, Treatment for Adolescents with
Depression Study; TORDIA, Treatment of SSRI-Resistant Depression in Adolescents.

CDRS-R total score from baseline and CDRS-R total scores of <26
(at 4 weeks) and <24 (at 8 weeks). A CGI-I of 2 mapped to 56%—
77% (at 4 weeks) and 60%—81% (at 8 weeks) change in CDRS-R
total score from baseline and CDRS-R total scores of 27-35 (at 4
weeks) and 25-34 (at 8 weeks).

A CGI-I of 3 mapped to 31%—-55% (at 4 weeks) and 33%—59%
(at 8 weeks) change in CDRS-R total score from baseline and
CDRS-R total scores of 3644 (at 4 weeks) and 35-42 (at 8 weeks).
A CGI-I of 24 mapped to <30% (at 4 weeks) and <32% (at 8 weeks)
change in CDRS-R total score from baseline and CDRS-R total
scores of >45 (at 4 weeks) and >43 (at 8 weeks).

In TORDIA (in patients across all arms), the following are the
equipercentile linkages for CGI-I=1, 2, 3, and 24 (Fig. 1C and
“A”” in Table 2). A CGI-I of 1 mapped to 295% (at 4 weeks), 295%
(at 8 weeks), and 290% (at 12 weeks) change in CDRS-R total score
from baseline and CDRS-R total scores of <18 (at 4 weeks), <19
(at 8 weeks), and <21 (at 12 weeks). A CGI-I of 2 mapped to 69%—
94% (at 4 weeks), 73%-94% (at 8 weeks), and 68%—-89% (at 12
weeks) change in CDRS-R total score from baseline and CDRS-R
total scores of 19-29 (at 4 weeks), 20-28 (at 8 weeks), and 22-31
(at 12 weeks).

A CGI-I of 3 mapped to 45%—68% (at 4 weeks), 43%—72% (at 8
weeks), and 44%—67% (at 12 weeks) change in CDRS-R total score

from baseline and CDRS-R total scores of 30—40 (at 4 weeks), 29—
41 (at 8 weeks), and 32—43 (at 12 weeks). A CGI-I of 24 mapped to
<44% (at 4 weeks), <42% (at 8 weeks), and <43% (at 12 weeks)
change in CDRS-R total score from baseline and CDRS-R total
scores of 241 (at 4 weeks), 242 (at 8 weeks), and >44 (at 12 weeks).

Within-arm (in TADS) linkages of CGl-I
and corresponding CDRS-R percent change
and range of scores

There were no significant differences (p=0.6) between treat-
ment groups in both TADS and TORDIA studies and for each CGI-
I score (=1, or=2, or=3, or 24) and associated mapping of total
depression severity score or associated percent change from base-
line for corresponding follow-up visits.

Comparing equipercentile linking of CGl-I to CDRS-R
between MDD (no TRD) and TRD patients
after 12 weeks of pharmacotherapy

Distributions of baseline CDRS-R total scores between TADS
and TORDIA patients were not statistically different (KS-test,
p=0.12). For all CGI-I=1, 2, 3, and >4, the respective ranges of
CDRS-R depression severity at baseline and 12 weeks were not
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statistically different (p >0.15) between TADS and TORDIA pa-
tients. For CGI-I=1 and >4, the distribution of linked percent
change in CDRS-R total score from baseline was not statistically
significant (p=0.49). For CGI-I=2 and 3, the associated percent
change in CDRS-R total score from baseline was statistically dif-
ferent (p <0.02). The median percent change was 33% (TADS) and
51% (TORDIA) for CGI-I=2, and 23% (TADS) and 35% (TOR-
DIA) for CGI-I1=3.

Equipercentile linking of CGI-I with QIDS-A17-SR

The following are equipercentile linkages for CGI-I1=1, 2, 3, and
>4 (“B” in Table 2) in AMOD study. A CGI-I of 1 mapped to
274% (at 4 weeks) and 271% (at 8 weeks) change in QIDS-A17-SR
total score from baseline and QIDS-A17-SR total scores of <3 (at 4
weeks) and <4 (at 8 weeks). CGI-I of 2 mapped to 48%—73% (at 4
weeks) and 40%—70% (at 8 weeks) change in QIDS-A17-SR total
score from baseline and QIDS-A17-SR total scores of 4-8 (at 4
weeks) and 5-8 (at 8 weeks).

CGI-I of 3 mapped to 13%—47% (at 4 weeks) and 10%—-39%
(at 8 weeks) change in QIDS-A17-SR total score from baseline and
QIDS-A17-SR total scores of 9-13 (at 4 and 8 weeks). CGI-I of >4
mapped to <12% (at 4 weeks) and <9% (at 8 weeks) change in
QIDS-A17-SR total score from baseline and QIDS-A17-SR total
scores of 214 (at 4 and 8 weeks).

Equipercentile linkage of CGl-I and depression
severity rating scales in patients stratified
by median split

Across all three studies and two rating scales, there were no
significant differences in linkages derived between CGI-I corre-
sponding ranges of total scores or percent change in total scores of
CDRS-R/QIDS-A17-SR from baseline (Fig. 2 and Supplementary
Tables S2 and S3). Just as in the unstratified analyses, TORDIA
subjects stratified by median split in baseline depression severity
had increased percent change in CDRS-R total scores at 12 weeks
in comparison with TADS subjects for CGI-I=2 or 3 linkages, with
no such difference for CGI-I1=1 or >4.

Sex differences in CGl-I linkage to CDRS-R total
scores or associated percent change

In both TADS and TORDIA and within sex-stratified groups and
respective follow-up time points, there was no statistical difference
(p>0.2) in CGI-I linkages to ranges of CDRS-R total scores or
associated percent change from baseline.

Equipercentile linking for CDRS-R total score
of 29 and 39 to CGl-I at follow-up visits

Across studies wherein MDD subjects received pharmacother-
apy (TADS and AMOD), CDRS-R of 29 and 39 linked to CGI-I=2
and 3, respectively. For this range of depression severity, majority
of subjects in TADS (patients receiving fluoxetine or fluoxetine
with CBT: 88% at week 6, 77.3% at week 12), AMOD (76.6% at
week 4, 81.4% at week 8) achieved CGI-1<2. In TORDIA subjects,
CDRS-R of 29 and 39 linked to CGI-I=2 and 3, respectively, at
week 4 and 12, and CGI-I=3 and 3, respectively at week 8. For this
range of depression severity in TORDIA subjects, 33.73%, 51.18%,
and 61.63% achieved CGI-1 <2 at week 4, week 8 and week 12
respectively.

ZHANG ET AL.

Discussion

This is the first and largest study to describe CGI-I thresholds in
the context of changes in CDRS-R scores. Demonstrating how
clinician-rated outcomes such as the CDRS-R corresponds with the
CGI-I has clinical utility. This work also presents insights for
planning and executing clinical trials for adolescents with depres-
sion as well as everyday utility for clinical practice. The CGI-I
score appears to have consistent correlations with a continuous
symptom severity measure that is a standard primary outcome
measure for clinical research. The CGI is typically a standard
secondary outcome measure in clinical research studies.

These findings provide a framework for reconsidering CGI-I as a
primary outcome measure. This could enhance the reliability of
ratings within studies and broadly would provide a strategic
translation for clinical practice. Given that the CGI-I can be rated
quickly, it could be acceptable for busy clinicians. The CDRS-R is
not routinely used in clinical practice in light of the time burden for
clinicians. Broad use of the CGI-I in clinical practice and pro-
spective clinical studies could advance clinical care, research, and
related translations.

The examination of heterogenous data sets and samples was the
strength of this study. It is noteworthy that the mapping of CGI-I
and percentage change in the CDRS-R scores are consistent across
the TADS and AMOD studies, despite difference in study design,
recruitment strategies, treatments, and sample characteristics. The
AMOD study was, by design, an effectiveness study positioned
within a clinical practice. The demonstrated reliability of the CGI-I
mapping is reassuring and underscores the translational opportu-
nities in implementation of the CGI-I scale. The consistent absence
of sex differences also increases the utility of our findings.

There was broad consensus that CDRS >28 and <40 maps to
CGI-1 L2 in adolescents with MDD. However, this was not the case
for adolescents with TRD. Although CGI-I to CDRS-R ranges at 12
weeks were consistent for TADS versus TORDIA, CGI-I=2 and 3
had different ranges of % improvements, despite patients having
comparable baseline depression severity. In CDRS-R, >28 and <40
maps to CGI-I <2 for >75% of patients in AMOD and TADS, but
<61% in TORDIA across 4, 8, and 12 weeks. This suggests that
adolescents with TRD require greater percent change in CDRS-R
symptoms for CGI-I benchmarks of improvement.

It is important to emphasize that although linkages did not di-
verge among treatment arms of TADS and TORDIA, differences in
tolerability were not considered in treatment response. Tolerability,
side effects, pharmacodynamic features, and pharmacokinetics are
infrequently considered prospectively in clinical pharmacology
trials for adolescents (Dobson et al. 2019). Recent modeling studies
demonstrate the importance of broader considerations for dosing
antidepressants and defining meaningful changes in symptom se-
verity (Poweleit et al. 2019; Strawn et al. 2019). Alternatively,
future studies should consider and examine use of the CGI efficacy
index (Guy 1976; Busner and Targum 2007; Busner et al. 2009).

These findings are also instructive in broadening the under-
standing of self-report measures such as the QIDS-A17-SR. Based
on CGI-I linking to range of QIDS-A17-SR definitions at 4 or 8
weeks, CGI-1=1 mapped to remission or near absence of depres-
sive symptoms, CGI-I=2 mapped to mild depressive symptom
severity, CGI-I=3 mapped to moderate depressive symptom se-
verity, and CGI-I 24 mapped to severe or very severe symptoms
severity (Bernstein et al. 2010).

The findings from the stratified analyses did not identify con-
sistent differences in CGI-I linkages among patients with high or
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low symptom severity based on the CDRS-R or QIDS-A17-SR at
baseline. The TORDIA subjects did have a greater percentage
change in CDRS-R total scores at 12 weeks in comparison to TADS
for CGI-1=2 or 3 linkages, but not 1 or 4. This is aligned with our
hypothesis and suggests that raters and patients designate a greater
symptom severity change for minimal and moderate improvement
in the context of TRD.

Prior work focused on adolescents in treatment for depression
demonstrates that a significant improvement in depressive symp-
toms (around 50%) at 4 weeks is a good standard of response and
frequently demonstrated in patients who have remission of de-
pressive symptoms with acute treatment (Tao et al. 2009). This also
suggests that based on clinical efficacy measures of symptom se-
verity, dose adjustments should be considered earlier during
treatment than what is typical in clinical practice (Shippee et al.
2018).

This study has a number of limitations to consider in the inter-
pretation of findings and planning for future studies. The study used
data from completers only and did not assess the effects of early
dropouts or noncompleters of therapy. The datasets had variability
in patient samples, methodology, treatments, time points, and rater
characteristics. This study did not consider tolerability or side ef-
fects. Quality of life, functional impairment, and specific symptom
measurements were not considered. Given the public health impact
of suicidality, individual measures of suicidality would be worth
considering in future studies. The QIDS-A17-SR rating scale was
only available in one study (AMOD), limiting the generalizability
of associated findings in this rating scale across other treatment
settings.

Improvement of the CDRS-R and QIDS-A17-SR was oper-
ationalized as percentage change with the intent of informing re-
search focused on future definitions of response. This approach had
limitations as it attempted to equate two distinct constructs (a single
assessment of improvement after treatment with a percentage
change between pretest and posttest severity scores). This approach
likely had statistical inefficiencies (Vickers et al. 2001; Zhang et al.
2014). The use of raw change scores might have been a more valid
approach. The sample size and homogenous demographics were
not sufficient for sensitivity analyses by race.

Finally, depression in children and adolescents is heterogenous
and improvements related to nonspecific factors may not be ade-
quately captured by CGI-I ratings. In clinical trials, CGI-I measures
are often completed in conjunction with CDRS-R scores and ex-
pectedly highly correlated. However, if the CGI-I was used alone as
a primary outcome, without access to assessments of changes in
specific symptoms, ratings could be more difficult to assess.

Conclusions

In summary, this study demonstrates well-defined and consistent
relationships among CGI-I scores and continuous measures of de-
pressive symptom severity change assessed with the CDRS-R and
QIDS-A17-SR. Future studies could examine the predictive va-
lidity of the CGI-L utility as a primary outcome measure in clinical
trials for MDD in adolescents, and implementation in clinical
practice.

Clinical Significance

These findings provide a compelling opportunity to advance the
treatment of depression in adolescents. The CGI-I is a clinician-
friendly, efficient assessment that could be easily implemented as a
standard assessment tool at each patient contact. The linkage
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findings suggest that the CGI-I benchmarks correspond with stan-
dard research assessments for depressive symptom severity. Im-
plementation of the CGI-I has the prospect of advancing clinical
care of adolescents, providing opportunities for practice-based re-
search, and catalyzing the translation of research findings.
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