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Linking PANSS negative symptom scores with the Clinical
Global Impressions Scale: understanding negative symptom
scores in schizophrenia
Stefan Leucht 1, Ágota Barabássy2, István Laszlovszky2, Balázs Szatmári2, Károly Acsai2, Erzsébet Szalai2, Judit Harsányi2,
Willie Earley3 and György Németh2

Understanding how rating scale improvement corresponds to a clinical impression in patients with negative symptoms of
schizophrenia may help define the clinical relevance of change in this patient population. We conducted post hoc equipercentile
linking analyses of Positive and Negative Syndrome Scale (PANSS) outcomes (e.g., PANSS-Factor Score for Negative Symptoms
[FSNS]) with Clinical Global Impressions-Improvement (CGI-I) and -Severity (CGI-S) ratings on data from patients treated with
cariprazine (n= 227) or risperidone (n= 229) in a clinical study evaluating negative symptoms in schizophrenia. Patients were
prospectively selected for persistent, predominant negative symptoms of schizophrenia (PNS), and minimal positive/depressive/
extrapyramidal symptoms. Linking results demonstrated that greater improvement on PANSS-derived measures corresponded to
clinical impressions of greater improvement, as measured by the CGI-I, and less severe disease states, as measured by the CGI-S. For
example, CGI-S scores of 1 (normal), 2, 3, 4, 5, and 6 (severely ill) corresponded to PANSS-FSNS scores of 7, 13, 19, 24, 29, and 35,
respectively. Likewise, CGI-I scores of minimally improved, much improved, and very much improved corresponded to a change
from baseline in PANSS-FSNS scores of −27%, −49%, and −100%, respectively. These are important findings for the interpretation
of the results of trials in patients with persistent negative symptoms.
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INTRODUCTION
Schizophrenia is a neuropsychiatric syndrome characterized by
positive (i.e., hallucinations, delusions) and negative (i.e., blunted
affect, anhedonia) symptoms, which reflect what is seen in the
clinic and allow for categorization of symptoms into distinct
symptom domains. Although positive symptoms are amenable to
treatment with antipsychotic medication, negative symptoms
are responsible for much long-term morbidity and functional
impairment in patients with schizophrenia; [1] in point of fact,
functioning and improvement in functioning have been shown to
be more strongly correlated with negative symptom factors than
with positive and other symptom factors [2]. Unfortunately,
finding effective treatment for negative symptoms has proven
to be a challenge. Since most negative symptom improvement
occurs in tandem with improvement in positive, depressive, or
extrapyramidal symptoms (EPS), evaluating genuine treatment
effect on negative symptoms requires a well-designed trial in a
patient population prospectively selected for primary and
persistent negative symptoms.
In drug research in schizophrenia, treatment effect is routinely

determined by mean change in score on a symptom-based rating
scale, such as the Positive and Negative Syndrome Scale (PANSS)
[3]. The PANSS total score is widely used to assess schizophrenia
psychopathology in clinical trials, with the thresholds for clinically
meaningful change already established by cutoff scores for

patients with acute exacerbation of schizophrenia [4]. However,
defining what qualifies as clinically meaningful change on this,
or any, rating scale is a methodological concern in trials evaluating
negative symptoms [5]. By definition, change is clinically mean-
ingful only if it improves patient functioning and quality of
life. Since most trials that assess negative symptoms also
include patients with positive symptoms, negative symptom
improvement that occurs secondarily to changes in positive or
depressive symptoms is prone to ambiguous interpretation [6].
Understanding negative symptoms that improve independently of
improvement in other symptom domains and represent genuine
treatment effect could help advance an understanding of
what constitutes clinically meaningful change in patients with
schizophrenia.
Cariprazine, a dopamine D3-preferring D3/D2 receptor partial

agonist and serotonin 5-HT1A receptor partial agonist, is approved
in Europe and the United States for the treatment of adults with
schizophrenia. In a prospective clinical trial in patients with stable
schizophrenia and persistent, predominant negative symptoms
(PNS) (EudraCT 2012-005485-36), the difference in negative
symptom improvement was statistically significant in favor of
cariprazine versus the active-comparator risperidone [7]. The
primary outcome measure was change from baseline to week 26
in the PANSS-Factor Score for Negative Symptoms (PANSS-FSNS)
[8], a PANSS-derived scale that is also referred to in the literature
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as the Marder Factor for Negative Symptoms. Patients were
specifically selected for PNS in schizophrenia, with no notable
positive symptoms, depressive symptoms, or EPS present at
baseline. This ensured that changes observed in negative
symptoms were genuine treatment effect and did not occur
secondarily to changes in these other symptom domains (i.e.,
pseudospecifically). Of note during the trial, changes in positive
and depressive symptoms, and EPS, were small and similar for
cariprazine and risperidone, further supporting the observation of
an actual treatment effect for cariprazine. As such, this prospec-
tively defined cariprazine trial provided us with a unique
opportunity to evaluate the clinical relevance of negative
symptom change that was not biased by the usual confounding
factors in most negative symptom trials.
The Clinical Global Impressions (CGI) Scale [9], which was an

additional outcome measure in the cariprazine negative symptom
trial, is a short rating scale that was designed to introduce clinical
meaning into drug trials by describing a patient’s overall clinical
state as a global impression. Since little is known about how
change in PANSS negative symptom outcomes correspond to
clinically judged CGI severity and improvement during treatment,
anchoring a PANSS negative scale to the CGI allows nominal
translation of data across the scales and gives us the ability to
clinically quantify negative symptom change.
Using equipercentile linking [10], a well-established statistical

method for linking rating scales [11], we conducted post hoc
analyses to determine what points on the PANSS corresponded to
specific CGI ratings so we could assess the clinical meaning of
negative symptom changes in the unique PNS patient population
from the cariprazine trial. These linking analyses could help
advance our understanding of negative symptoms and improve
the interpretation of clinical trial results for patients with
schizophrenia.

METHODS
The cariprazine negative symptom study was a randomized,
double-blind, active-controlled study conducted in 11 European
countries in patients with schizophrenia and PNS; detailed
methods have been published previously (EudraCT number
2012-005485-36) [7]. The primary study was conducted in
accordance with good clinical practice guidelines and the
principles of the International Conference on Harmonisation; all
patients provided written informed consent. In brief, the study
consisted of a 4-week prospective lead-in period, a 26-week
double-blind treatment period (2-week up-titration and 24-week
continuation treatment), and a 2-week safety follow-up period.
Patients were randomized (1:1) to once-daily cariprazine or
risperidone; cariprazine 4.5 mg/d or risperidone 4mg/d were the
target doses.
Male and female patients (18–65 years of age, inclusive) had a

diagnosis of schizophrenia according to Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV-TR) [12] criteria, with an onset
of illness ≥2 years and a stable condition for at least 6 months.
Clinical inclusion criteria required patients to have PNS for
≥6 months, a PANSS-FSNS score ≥24, and a score ≥4 on at least
2 of 3 PANSS negative symptom items (blunted affect [N1],
passive/apathetic social withdrawal [N4], and lack of spontaneity
and flow of conversation [N6]). Several exclusion criteria were
applied, the most critical of which ensured that improvements in
negative symptoms were not secondary to improvements in other
psychopathological domains. Per these key criteria, patients were
excluded for (1) positive symptoms defined as a score ≥4 on at
least two of the positive PANSS items of delusions, hallucinatory
behavior, grandiosity, suspiciousness, or unusual thought content;
(2) moderate/severe depressive symptoms defined as a Calgary
Depression Scale for Schizophrenia [CDSS] [13] total score >6; and
3) clinically relevant parkinsonism judged by the investigator or a

score >3 on the sum of the first eight items of the Simpson-Angus
Scale (SAS) [14].

Rating scale measures for linking analysis
The PANSS-FSNS consists of 7 items: blunted affect (N1),
emotional withdrawal (N2), poor rapport (N3), passive/apathetic
social withdrawal (N4), lack of spontaneity/flow of conversation
(N6), motor retardation (G7), and active social avoidance (G16). In
addition to items N1, N2, N3, N4, and N6, the PANSS negative
symptom subscale (PANSS-NSS) includes items N5 (difficulty in
abstract thinking) and N7 (stereotyped thinking), and no general
items. PANSS items are rated on a 7-point scale (1=absent,
2=minimal, 3=mild, 4=moderate, 5=moderate severe, 6=severe,
and 7=extreme); because the absence of symptoms is equal to 1
point, the lowest possible total score on both PANSS scales is 7. To
provide clinical meaning to PANSS-derived outcomes from the
negative symptom trial, changes on these scales were linked to
the 2 companion scales of the CGI: CGI-Severity (CGI-S) and CGI-
Improvement (CGI-I) (Table 1). Given that patients admitted to the
study had PNS and very limited positive symptoms, CGI scores
most specifically reflected observed improvements and changes
in severity of negative symptoms of schizophrenia.

Equipercentile linking analysis
Data from patients in the cariprazine- and risperidone-treatment
arms were pooled for analyses; all patients with ≥1 postbaseline
visit (modified intent-to-treat [ITT] population) were included in
the analyses, and no missing values were imputed. Equipercentile
linking was used to examine corresponding scores on the CGI-I
and CGI-S, and the PANSS-FSNS and PANSS-NSS. The empirical
percentile rank functions were calculated from the observed score
distributions for the parameters to be equated; score values with
the same percentile ranks were determined and plotted against
each other using SAS program EQUIPERCENTILE [15]. To demon-
strate the feasibility of equating the different scales, Spearman
correlation coefficients were calculated to test the association
between CGI and PANSS scores for the population at baseline and

Table 1. CGI subscales and scoring

Subscale Score Clinical description
of score

Severity of Illness (CGI-S): considering your
total clinical experience with this
particular population, how mentally ill is
the patient at this time?

1 Normal

2 Borderline ill

3 Mildly ill

4 Moderately ill

5 Markedly ill

6 Severely ill

7 Among the most
extremely ill
patients

Improvement (CGI-I): compared to the
patient’s condition at admission to the
project (prior to medication initiation),
how much has this patient’s condition
changed?

1 Very much
improved

2 Much improved

3 Minimally
improved

4 No change from
baseline

5 Minimally worse

6 Much worse

7 Very much worse

CGI-I Clinical Global Impressions-Improvement, CGI-S Clinical Global
Impressions-Severity
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weeks 1, 2, 3, 4, 6, 10, 14, 18, 22, and 26; the total number of
observations were also pooled across timepoints. Since the lowest
PANSS-FSNS and -NSS subscale scores are 7, meaningful calcula-
tion of percentage change requires that 7 points be subtracted
from PANSS-FSNS and PANSS-NSS values (BSL −7) as recom-
mended in Obermeier et al. [16]. This adjustment was made for
each percentage change analysis presented (percentage change
results calculated without this adjustment are presented in
Figure S1, S2). All statistical procedures were carried out using
SAS 9.2.
To determine how the CGI-I and CGI-S corresponded to the

PANSS-FSNS and PANSS-NSS, the following linking analyses were
performed on data pooled by visit and treatment group using an
observed cases approach: (1) CGI-S score with PANSS-FSNS/-NSS
score; (2) CGI-I score with percentage change (BSL −7) on the
PANSS-FSNS/-NSS; (3) CGI-I score with PANSS-FSNS/ -NSS score
change; (4) CGI-S score change with PANSS-FSNS/-NSS score
change; and (5) CGI-S score change with percentage change from
baseline (BSL −7) on the PANSS-FSNS/-NSS. These same linking
analyses were also conducted using by-weekly data to evaluate
change over time and in subgroups of patients with PANSS-FSNS/-
NSS baseline values at median or below (lower illness severity) and
greater than median (higher illness severity) to evaluate the effect
of baseline severity of illness.

RESULTS
Patients
Analyses were conducted on data from 227 cariprazine-treated
and 229 risperidone-treated patients who were included in the
modified ITT population of the primary study. The mean age
was ~40 years and more than half of the patients in each
treatment group were men. The mean time since diagnosis of
schizophrenia was between 11 and 12 years, and the majority
of patients had <5 acute exacerbations of illness. Mean baseline
PANSS-FSNS scores indicated the presence of negative
symptoms of at least moderate severity (cariprazine=27.7;
risperidone=27.5) [7].

Correlation between the CGI and PANSS-FSNS/PANSS-NSS
Correlations between the PANSS and CGI for pooled observations
during the 26-week study were statistically significant for all
correlations (range, 0.534–0.762; P < 0.0001) across visits. Spear-
man correlation coefficients at every time point evaluated and
across all variables analyzed are presented in Table 2. Correlations
were smaller in weeks 1 and 2 when changes on the PANSS and
CGI were still small and not necessarily in sync; the size of the
correlations increased as the study progressed and changes on
the scales corresponded.

Linking CGI-S score with PANSS-FSNS and PANSS-NSS score
This analysis investigated what scores on the PANSS-FSNS/-NSS
linked to each CGI severity stage. When observations were pooled
by visit and treatment group, CGI-S scores of 1 (normal), 2
(borderline mentally ill), 3 (mildly ill), 4 (moderately ill), 5 (markedly
ill), and 6 (severely ill) corresponded to estimated PANSS-FSNS
scores of 7, 13, 19, 24, 29, and 35, respectively (Fig. 1). Similarly,
CGI-S scores of 1, 2, 3, 4, 5, and 6 corresponded to estimated
PANSS-NSS scores of 7, 14, 20, 25, 30, and 36.

Linking CGI-I score with PANSS-FSNS and PANSS-NSS percentage
change
This analysis investigated what percentage of PANSS-FSNS/-NSS
change from baseline is perceived as minimally improved, much
improved, or very much improved from baseline on the CGI scale; in
other words, for a patient to improve by a category on the CGI-I,
how many PANSS-FSNS/-NSS percentage points of improvement are
needed. A CGI-I score of 3 (minimally improved), 2 (much improved),

and 1 (very much improved) corresponded to a change from
baseline in estimated PANSS-FSNS scores of −27%, −49%, and
−100%, respectively (Fig. 2a). CGI-I scores of minimally improved (3),
much improved (2), and very much improved (1) corresponded to
an estimated PANSS-NSS percentage change from baseline of
−24%, −45%, and −100%, respectively.

Linking CGI-I score with PANSS-FSNS and PANSS-NSS score
change
This analysis investigated how much improvement in PANSS-
FSNS/-NSS score was needed for a clinician to judge a patient as
minimally improved, much improved, or very much improved on
the CGI-I scale. Lower CGI-I scores, indicating greater improve-
ment, corresponded to greater PANSS-FSNS score changes with a
CGI-I score of 3 (minimally improved), 2 (much improved), and 1
(very much improved) corresponding to estimated PANSS-FSNS
scores changes of −5, −10, and −27 (Fig. 2b). iSmilarly, CGI-I
scores of 3, 2, and 1 corresponded to estimated PANSS-NSS scores
of −5, −10, and −25.

Linking CGI-S score change with PANSS-FSNS and PANSS-NSS
score change
This analysis investigated the link between change from baseline
in CGI-S score and change from baseline on PANSS-FSNS/-NSS;
namely, how many PANSS-FSNS/-NSS points are necessary for a
patient to switch into another CGI-S severity category. CGI-S
absolute score changes of −1, −2, −3, and −4 were linked to
estimated PANSS-FSNS improvement of −9, −14, −20, and −27,
respectively (Fig. 3a). On the PANSS-NSS, CGI-S absolute score
changes of −1, −2, −3, and −4 were linked to estimated PANSS-
NSS improvement of −8, −14, −19, and −25, respectively.

Linking CGI-S score change with PANSS-FSNS and PANSS-NSS
percentage change
This analysis investigated the link between CGI-S score change
and PANSS-FSNS/-NSS percentage change to determine the
percentage of PANSS-FSNS/-NSS change that is needed for a
patient to switch into another CGI-S severity category. More CGI-S
category changes, indicating decreased illness severity, were
correlated with the greatest estimated percentage changes on the
PANSS-FSNS: changes of 0, 1, 2, 3, and 4 steps were correlated to
improvements of −11%, −41%, −68%, −89%, and −100%,
respectively (Fig. 3b). On the PANSS-NSS, a similar trend was
observed: changes of 0, 1, 2, 3, and 4 steps were correlated to
estimated improvements of −10%, −37%, −64%, −87%, and
−100%, respectively. Of note, no change in CGI-S still corre-
sponded to ~10% improvement on the adjusted PANSS-derived
scales, suggesting that some PANSS improvement preceded a
CGI-S category switch.

Linking analysis depending on baseline severity of illness
The effect of severity of illness at baseline as shown by linking
analyses in patients with baseline score ≤median (less severe
illness) or >median (more severe illness) did not appear to be an
important determinant of the amount of PANSS-FSNS or PANSS-
NSS change in these analyses of patients with PNS (Figure S3, S4).

By-week linking analysis
When CGI-S and PANSS-FSNS were linked at baseline, a CGI-S
score of 3 (mildly ill), 4 (moderately ill), 5 (markedly ill), and 6
(severely ill) corresponded to PANSS-FSNS scores of 24, 27, 30, and
35. PANSS-FSNS scores improved over time, with higher CGI-S
scores generally linked to higher estimated PANSS-FSNS scores
throughout the study; at week 26, CGI-S scores of 1 (normal), 2
(borderline ill), 3 (mildly ill), 4 (moderately ill), and 5 (markedly ill)
corresponded to PANSS-FSNS scores of 7, 12, 18, 22, and 27
(Figure S5A). The by-weekly pattern was similar for CGI-S and
PANSS-NSS (Figure S5B).

Linking PANSS negative symptom scores with the Clinical Global. . .
S Leucht et al.

1591

Neuropsychopharmacology (2019) 44:1589 – 1596



Ta
bl
e
2.

Sp
ea
rm

an
C
o
rr
el
at
io
n
C
o
ef
fi
ci
en

ts
:P
A
N
SS

-F
SN

S,
PA

N
SS

-N
SS

,a
n
d
C
G
I
Sc
o
re
s
(o
b
se
rv
ed

ca
se
s)

C
o
m
p
ar
is
o
n

B
as
el
in
e

n
=
45

6
W
ee

k
1

n
=
45

6
W
ee

k
2

n
=
45

1
W
ee

k
3

n
=
44

3
W
ee

k
4

n
=
43

6
W
ee

k
6

n
=
42

6
W
ee

k
10

n
=
40

6
W
ee

k
14

n
=
38

3
W
ee

k
18

n
=
37

3
W
ee

k
22

n
=
36

2
W
ee

k
26

n
=
34

3
Po

o
le
d
a

C
G
I-S

sc
o
re

vs
PA

N
SS

-F
SN

S
sc
o
re

0.
41

1
0.
45

2
0.
38

9
0.
45

2
0.
49

9
0.
48

5
0.
50

8
0.
51

4
0.
56

8
0.
58

6
0.
58

7
0.
58

7

C
G
I-S

sc
o
re

vs
PA

N
SS

-N
SS

sc
o
re

0.
27

4
0.
29

9
0.
27

3
0.
38

5
0.
42

8
0.
42

7
0.
46

3
0.
48

8
0.
51

5
0.
55

6
0.
57

0
0.
53

4

C
G
I-S

sc
o
re

ch
an

g
e
vs

PA
N
SS

-F
SN

S
ch

an
g
e

–
b

0.
18

5
0.
34

9
0.
54

0
0.
59

0
0.
58

8
0.
54

9
0.
59

2
0.
62

7
0.
61

8
0.
62

3
0.
66

8

C
G
I-S

sc
o
re

ch
an

g
e
vs

PA
N
SS

-N
SS

sc
o
re

ch
an

g
e

–
0.
20

2
0.
37

5
0.
52

0
0.
59

9
0.
59

1
0.
54

8
0.
57

2
0.
59

0
0.
62

1
0.
62

2
0.
66

3

C
G
I-I

sc
o
re

vs
PA

N
SS

-F
SN

S
sc
o
re

ch
an

g
e

–
0.
37

3
0.
53

0
0.
65

9
0.
67

9
0.
65

5
0.
65

8
0.
68

3
0.
71

8
0.
68

2
0.
68

6
0.
75

8

C
G
I-I

sc
o
re

vs
PA

N
SS

-N
SS

sc
o
re

ch
an

g
e

–
0.
38

4
0.
57

8
0.
67

4
0.
69

0
0.
66

3
0.
66

1
0.
64

7
0.
67

0
0.
67

2
0.
65

4
0.
75

3

C
G
I-S

sc
o
re

ch
an

g
e
vs

PA
N
SS

-F
SN

S
%

ch
an

g
e
(B
SL

−
7
p
o
in
ts
)

–
0.
18

2
0.
34

5
0.
53

4
0.
58

1
0.
58

9
0.
54

5
0.
58

3
0.
61

3
0.
60

9
0.
61

4
0.
66

6

C
G
I-S

sc
o
re

ch
an

g
e
vs

PA
N
SS

-N
SS

%
ch

an
g
e
(B
SL

−
7
p
o
in
ts
)

–
0.
19

5
0.
37

0
0.
52

6
0.
60

4
0.
60

0
0.
57

1
0.
58

7
0.
60

2
0.
63

3
0.
63

0
0.
67

1

C
G
I-I

ch
an

g
e
vs

PA
N
SS

-F
SN

S
%

ch
an

g
e
(B
SL

−
7
p
o
in
ts
)

–
0.
36

8
0.
53

0
0.
65

7
0.
68

0
0.
66

2
0.
65

9
0.
67

4
0.
70

9
0.
67

9
0.
68

5
0.
75

8

C
G
I-I

ch
an

g
e
vs

PA
N
SS

-N
SS

%
ch

an
g
e
(B
SL

−
7
p
o
in
ts
)

–
0.
39

1
0.
58

1
0.
67

5
0.
69

6
0.
67

1
0.
67

6
0.
66

5
0.
68

5
0.
68

5
0.
67

0
0.
76

2

P
<
0.
00

01
fo
r
al
l
co

rr
el
at
io
n
s.

n
is
th
e
n
u
m
b
er

o
f
p
at
ie
n
ts

w
it
h
d
at
a
o
n
b
o
th

sc
al
es

at
ea
ch

an
al
ys
is
p
o
in
t.

BS
L
-7

po
in
ts
b
as
el
in
e
sc
o
re

m
in
u
s
7
p
o
in
ts
,C
G
I-I

C
lin

ic
al
G
lo
b
al
Im

p
re
ss
io
n
s-
Im

p
ro
ve

m
en

t,
CG

I-S
C
lin

ic
al
G
lo
b
al
Im

p
re
ss
io
n
s-
Se

ve
ri
ty
,O

C
o
b
se
rv
ed

ca
se
s,
PA

N
SS
-F
SN

S
Po

si
ti
ve

an
d
N
eg

at
iv
e
Sy
n
d
ro
m
e
Sc
al
e-
Fa
ct
o
r

Sc
o
re

fo
r
N
eg

at
iv
e
Sy
m
p
to
m
s,
PA

N
SS
-N
SS

PA
N
SS

N
eg

at
iv
e
Su

b
sc
al
e
Sc
o
re

a T
h
e
to
ta
l
n
u
m
b
er

o
f
p
o
o
le
d
o
b
se
rv
at
io
n
s
ac
ro
ss

vi
si
ts

fo
r
p
ar
am

et
er
s
w
it
h
n
o
b
as
el
in
e
va
lu
e
(ie

,c
h
an

g
e
fr
o
m

b
as
el
in
e
p
ar
am

et
er
s
o
r
C
G
I-I
)
is
40

79
;t
h
e
to
ta
l
n
u
m
b
er

o
f
p
o
o
le
d
o
b
se
rv
at
io
n
s
ac
ro
ss

vi
si
ts

fo
r

p
ar
am

et
er
s
w
it
h
va
lu
es

th
at

ca
n
ev

al
u
at
ed

at
b
as
el
in
e
is
45

35
b
Th

er
e
ar
e
n
o
b
as
el
in
e
va
lu
es

fo
r
sc
o
re

ch
an

g
es

o
r
C
G
I-I

sc
o
re
s

Linking PANSS negative symptom scores with the Clinical Global. . .
S Leucht et al.

1592

Neuropsychopharmacology (2019) 44:1589 – 1596



Fig. 1 Linking CGI-S with PANSS-FSNS and -NSS score (pooled observations, observed cases). In the embedded tables, the nonparenthetical
PANSS value is the average (best estimation) PANSS score that corresponds to a CGI-S score as a result of the equipercentile linking procedure;
these CGI-PANSS pairs can be seen as the intersections in the figure. In parentheses, the full range of PANSS scores associated with the actual
CGI-S score is presented. CGI-S Clinical Global Impressions-Severity, FSNS Factor Score for Negative Symptoms, NSS Negative Symptom
subscale, PANSS Positive and Negative Syndrome Scale

Fig. 2 Linking CGI-I with PANSS-FSNS and -NSS (a) percentage change and (b) score change (pooled observations, observed cases). In the
embedded tables, the nonparenthetical PANSS value is the average (best estimation) PANSS (a) percentage change or (b) score change that
corresponds to a CGI-I score as a result of the equipercentile linking procedure; these CGI-PANSS pairs can be seen as the intersections in the
respective figures. In parentheses, the full range of values for PANSS percentage or score change associated with the actual CGI-I score is
presented. BSL −7 baseline score minus 7 points, CGI-I Clinical Global Impressions-Improvement, FSNS Factor Score for Negative Symptoms,
NSS Negative Symptom subscale, PANSS Positive and Negative Syndrome Scale
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When looking at percentage improvement by week (Figure S6),
linking CGI-I with the estimated PANSS-FSNS percentage improve-
ment at week 26 showed that a rating of minimally improved (3)
corresponded to 32%, much improved (2) corresponded to 52%,
and very much improved (1) corresponded to 100%. A time effect
was noted, indicating that smaller PANSS-FSNS reductions were
needed in earlier weeks than at later weeks for patients to be
considered improved according to the CGI–I. The pattern was
again similar for CGI-I and PANSS-NSS (Figure S6B). Additional by-
weekly analyses are presented in Figure S7, S8.

DISCUSSION
Linking ratings from a psychometric scale with a clinical global
impression can help clinicians interpret clinical trial results in a more
meaningful way. We performed post hoc equipercentile linking
analyses on data from a clinical trial of cariprazine versus risperidone
in patients specifically selected for having stable schizophrenia and
PNS. Our goal was to characterize how the PANSS-FSNS and PANSS-
NSS corresponded to the CGI in patients treated with cariprazine or
risperidone. Since prospective selection of patients with schizo-
phrenia and PNS is rare in clinical trials, this was a rich opportunity
for us to explore the clinical meaning of PANSS-derived negative
symptom scores in this exclusive patient population. Importantly,
safeguards taken to minimize the presence of positive symptoms
and other pseudospecific effects suggest that the observed negative

symptom improvement was likely related to genuine treatment
effect. In general, our results demonstrated that greater improve-
ment on the PANSS-FSNS and PANSS-NSS corresponded to a clinical
impression of greater improvement, as measured by the CGI-I, and
less severe disease states, as measured by the CGI-S. This is an
important consideration for clinical trials, as well as for everyday
practice where clinicians often rely on their own judgement to
assess and treat their patients.
Previous analyses have assessed linking the CGI to psychometric

rating scales in psychiatric patient populations (eg, acute
exacerbation of schizophrenia, depression) to determine the
clinical meaning of rating scale change [4, 17–21], but links
between the PANSS-FSNS/-NSS and CGI have not been previously
evaluated. Our analyses showed that a CGI-S score of moderately
ill corresponded to a PANSS-FSNS score of 24, suggesting that the
PANSS-FSNS baseline cutoff score of ≥24 used in the cariprazine
PNS trial adequately identified patients with moderate-to-severe
negative symptoms. Linking absolute change from baseline on
the CGI-S and the PANSS-FSNS found that a greater number of
CGI-S category reductions corresponded to greater PANSS-FSNS
improvement. When CGI-S category improvement and PANSS-
FSNS percentage change from baseline were linked, greater
PANSS-FSNS percentage improvements corresponded to more
steps of CGI-S category improvement.
Linking rating scale percentage change from baseline with the

CGI-I additionally helps to define a threshold of clinical relevance

Fig. 3 Linking CGI-S change from baseline with PANSS-FSNS and PANSS-NSS (a) change and (b) percentage change from baseline (pooled
observations, observed cases). In the embedded tables, the nonparenthetical PANSS value is the average (best estimation) PANSS (a) score
change or (b) percentage change value that corresponds to a CGI-S score change as a result of the equipercentile linking procedure; these
CGI-PANSS pairs can be seen as the intersections in the respective figures. In parentheses, the full range of values for PANSS change associated
with the actual CGI-S change is presented. BSL −7 baseline score minus 7 points, CGI-S Clinical Global Impressions-Severity, FSNS Factor Score
for Negative Symptoms, NSS Negative Symptom subscale, PANSS Positive and Negative Syndrome Scale
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since specific percentage decreases are often used to define
response to treatment in clinical trials. In our analyses, linking
PANSS-FSNS percentage change (adjusted by subtracting 7 points
to account for the minimum PANSS score) and CGI-I showed that
27% PANSS-FSNS improvement corresponded to a CGI-I rating of
minimally improved, while 49% improvement corresponded to a
CGI-I rating of much improved. This is of particular interest in the
context of interpreting the clinical relevance of treatment
response in the cariprazine PNS trial [7], where ≥20% decrease
from baseline in PANSS-FSNS score was the a priori definition of
response. Our results suggest that this ≥20% cutoff, as well as a
more stringent ≥30% threshold used in post hoc analysis, were
well chosen to determine a level of change that was clinically
relevant to patients in this negative symptom population.
Baseline severity of illness did not have a strong effect on the

link between CGI scores and PANSS-based scores, suggesting that
clinical changes in this patient population were adequately
measured regardless of the severity of illness at baseline. A lack
of effect for baseline severity in these analyses is different from
what has been seen in previous linking analyses where a clear
baseline severity effect was seen for absolute score change and
CGI improvement; namely, less severely ill patients needed less
absolute score change than more severely ill patients to be rated
as having the same CGI-I score [17–19]. Of note, this baseline
severity effect was not present in prior analyses when percentage
change was considered. In addition, when by-weekly data were
considered, a time effect was observed for percentage reduction,
suggesting that a somewhat smaller objectively measured PANSS-
FSNS percentage change was necessary in early weeks than in
later weeks for patients to be considered improved on the
subjectively rated CGI-I. This finding may reflect clinicians’
expectations of improvement after a short duration of treatment
than at later stages.
Our findings contribute to the ongoing discussion of what

constitutes a clinically meaningful response for patients with
negative symptoms of schizophrenia. In a previous analysis linking
CGI scores with the Scale for the Assessment of Negative
Symptoms (SANS) in patients with PNS [20], the relationship
between the CGI subscales and the SANS followed a linear trend,
with higher SANS scores linked to greater CGI severity and greater
percentage improvement linked to more CGI improvement.
Furthermore, in a pooled, post hoc linking analysis using data
from patients with acute exacerbation of schizophrenia, 20%
improvement in PANSS total score corresponded to a CGI-I score
between minimal improvement and unchanged at week 6 [4].
These analyses present novel findings describing the links

between PANSS-derived negative symptom scales and clinical
global impressions in a unique population of patients with
schizophrenia and persistent PNS. Since the equipercentile linking
method was used to describe the link between the PANSS and CGI,
results refer to the observed difference in a score or percentage
from baseline to endpoint (i.e., from before treatment to after
treatment). This does not allow us to make judgments on what
would be considered a meaningful difference between interven-
tions; rather, we can determine what amount of PANSS change is
considered clinically relevant after treatment. Data from the
cariprazine- and risperidone-treatment arms were pooled to create
a more robust dataset, so linking results were not treatment specific.
Although broad interpretation of these findings is limited

because data were taken from a single study of cariprazine versus
risperidone, our findings are particularly interesting given our
prospectively defined negative symptom population. The strict
inclusion/exclusion criteria applied in the PNS study, limit the
ability to generalize these findings to other patients with
schizophrenia. In addition, ceiling effects cannot be ruled out
since patients had to be well enough to cooperate with study
procedures. Correlation coefficients between these PANSS-derived
scales and the CGI scales were statistically significant; however,

linking any outcome measure that has strong psychometric
properties with a global impression scale may have inherent
limitations. Ongoing discussion about whether the PANSS is
addressing all aspects of negative symptoms adds to the
complexity and possible limitation of using this scale; although
newer psychometric scales are available to measure negative
symptoms, the PANSS is considered an appropriate measure for
use in current clinical trials [6].
Results of our analyses showed that greater improvements on

the PANSS-FSNS and -NSS were linked to clinical impressions of
greater illness improvement and less severe disease states in
patients with schizophrenia and PNS. Given that scientific dispute
remains regarding which rating scale most effectively measures
symptom changes in patients with schizophrenia and negative
symptoms, our data suggest that PANSS-derived scales ade-
quately measure clinical changes in this patient population. Since
the PANSS scale is widely used in clinical trials and is well known
among psychiatrists, these results may provide direction to help
define severity thresholds and levels of change that represent
clinically relevant improvement in patients with negative symp-
toms of schizophrenia.

FUNDING AND DISCLOSURE
The work was supported by funding from Gedeon Richter Plc. All
authors met ICMJE authorship criteria. Neither honoraria nor
payments were made for authorship. Gedeon Richter was involved
in the study design, collection (via contracted clinical investigator
sites), analysis, and interpretation of data, and decided to submit
for publication. Authors had full access to the study data and
complete discretion in the analysis of data and writing of this
report. In the last 3 years Stefan Leucht has received honoraria for
consulting from LB Pharma, Lundbeck, Otsuka, TEVA, LTS
Lohmann, Geodon Richter, Recordati, Boehringer Ingelheim, and
for lectures from Janssen, Lilly, Lundbeck, Otsuka, SanofiAventis
and Servier. Á. B., I. L., B.S., K.A., E.S., J.H., and G.N. are employees of
Gedeon Richter Plc and report personal fees from Gedeon Richter
Plc, outside the submitted work. G.N. and I.L. have patents issued
for cariprazine; B.S. has a patent pending for cariprazine. W.E. is an
employee of Allergan.

ACKNOWLEDGEMENTS
Writing support and editorial assistance were provided by Carol Brown, MS, ELS, of
Prescott Medical Communications Group (Chicago, IL).

AUTHOR CONTRIBUTIONS
Stefan Leucht, Ágota Barabássy, and István Laszlovszky conceived and/or designed
the work that led to this submission. S.L., Á.B., I.L., B.S., K.A., E.S., J.H., W.E., and G.N.
participated in acquiring data or played an important role in interpreting the results.
K.A. provided statistical analyses of the data. All authors participated in drafting and
revising the manuscript. All authors approved the final version.

ADDITIONAL INFORMATION
Supplementary Information accompanies this paper at (https://doi.org/10.1038/
s41386-019-0363-2).

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

REFERENCES
1. Buchanan RW. Persistent negative symptoms in schizophrenia: an overview.

Schizophr Bull. 2007;33:1013–22.
2. Rabinowitz J, Levine SZ, Garibaldi G, Bugarski-Kirola D, Berardo CG, Kapur

S. Negative symptoms have greater impact on functioning than positive
symptoms in schizophrenia: analysis of CATIE data. Schizophr Res.
2012;137:147–50.

Linking PANSS negative symptom scores with the Clinical Global. . .
S Leucht et al.

1595

Neuropsychopharmacology (2019) 44:1589 – 1596

https://doi.org/10.1038/s41386-019-0363-2
https://doi.org/10.1038/s41386-019-0363-2


3. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale (PANSS)
for schizophrenia. Schizophr Bull. 1987;13:261–76.

4. Leucht S, Kane JM, Kissling W, Hamann J, Etschel E, Engel RR. What does the
PANSS mean? Schizophr Res. 2005;79:231–8.

5. Marder SR, Daniel DG, Alphs L, Awad AG, Keefe RS. Methodological issues in
negative symptom trials. Schizophr Bull. 2011;37:250–4.

6. Kirkpatrick B, Fenton WS, Carpenter WT Jr., Marder SR. The NIMH-MATRICS con-
sensus statement on negative symptoms. Schizophr Bull. 2006;32:214–9.

7. Németh G, Laszlovszky I, Czobor P, Szalai E, Szatmári B, Harsányi J, et al. Car-
iprazine versus risperidone monotherapy for treatment of predominant negative
symptoms in patients with schizophrenia: a randomised, double-blind, controlled
trial. Lancet. 2017;389:1103–13.

8. Marder SR, Davis JM, Chouinard G. The effects of risperidone on the five
dimensions of schizophrenia derived by factor analysis: combined results of the
North American trials. J Clin Psychiatry. 1997;58:538–46.

9. Guy W. Clinical Global Impressions. In: Guy W, ed.. ECDEU Assessment Manual for
Psychopharmacology: Publication ADM 76-338.. Rockville, MD: National Institute
of Mental Health, Psychopharmacology Research Branch; 1976. p. 217–22.

10. Lim RL. Linking results of distinct assessments. Appl Meas Educ. 1993;6:83–102.
11. Kolen MJ, Brennan RL. Test equating, scaling, and linking. New York, NY: Springer;

2004.
12. Diagnostic and Statistical Manual of Mental Disorders. Washington, DC: American

Psychiatric Association; 2000.
13. Addington D, Addington J, Schissel B. A depression rating scale for schizo-

phrenics. Schizophr Res. 1990;3:247–51.
14. Simpson GM, Angus JW. A rating scale for extrapyramidal side effects. Acta

Psychiatr Scand. 1970;212(Suppl):11–19.
15. Price LR, Lurie A, Wilkins C. EQUIPERCENT: a SAS program for calculating equivalent

scores using the equipercentile method. Appl Psychol Meas. 2001;25:332
16. Obermeier M, Schennach-Wolff R, Meyer S, Moller HJ, Riedel M, Krause D, et al. Is

the PANSS used correctly? a systematic review. BMC Psychiatry. 2011;11:113.

17. Leucht S, Fennema H, Engel R, Kaspers-Janssen M, Lepping P, Szegedi A. What
does the HAMD mean? J Affect Disord. 2013;148:243–8.

18. Leucht S, Fennema H, Engel RR, Kaspers-Janssen M, Lepping P, Szegedi A.
What does the MADRS mean? Equipercentile linking with the CGI using a
company database of mirtazapine studies. J Affect Disord. 2017;210:
287–93.

19. Leucht S, Kane JM, Etschel E, Kissling W, Hamann J, Engel RR. Linking the
PANSS, BPRS, and CGI: clinical implications. Neuropsychopharmacology.
2006;31:2318–25.

20. Levine SZ, Leucht S. Identifying clinically meaningful symptom response cut-off
values on the SANS in predominant negative symptoms. Schizophr Res.
2013;145:125–7.

21. Levine SZ, Rabinowitz J, Engel R, Etschel E, Leucht S. Extrapolation between
measures of symptom severity and change: an examination of the PANSS and
CGI. Schizophr Res. 2008;98:318–22.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2019

Linking PANSS negative symptom scores with the Clinical Global. . .
S Leucht et al.

1596

Neuropsychopharmacology (2019) 44:1589 – 1596

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Linking PANSS negative symptom scores with the Clinical Global Impressions Scale: understanding negative symptom scores in schizophrenia
	Introduction
	Methods
	Rating scale measures for linking analysis
	Equipercentile linking analysis

	Results
	Patients
	Correlation between the CGI and PANSS-FSNS/PANSS-NSS
	Linking CGI-S score with PANSS-FSNS and PANSS-NSS score
	Linking CGI-I score with PANSS-FSNS and PANSS-NSS percentage change
	Linking CGI-I score with PANSS-FSNS and PANSS-NSS score change
	Linking CGI-S score change with PANSS-FSNS and PANSS-NSS score change
	Linking CGI-S score change with PANSS-FSNS and PANSS-NSS percentage change
	Linking analysis depending on baseline severity of illness
	By-week linking analysis

	Discussion
	Funding and disclosure
	Acknowledgements
	Author contributions
	Supplementary information
	ACKNOWLEDGMENTS




