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Psychobiologic Correlates of Treatment 
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In studies conducted on largely treatment naive patients in 
their first episode of psychosis, we have found that 
treatment outcome is quite good and that most patients 
recover or at least achieve a substantial degree of symptom 
remission. However, over the course of their illness and in 
the context of subsequent psychotic episodes, they may 
experience some decrease in their treatment response from 
illness progression. In addition, the heterogeneity of 
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It is widely acknowledged that the treatment response 
and long-term outcome of schizophrenia are heteroge
neous (McGlashan 1988). Efforts to identify features of 
the illness or specific biologic measures that are predic
tive of outcome have been a major goal of research (Lie
berman and Sobel 1993; Lieberman and Koreen 1993). 
Although some variables have been shown to correlate 
with outcome, they account for only a limited propor
tion of the outcome variance and have not been consis
tently replicated. Thus, efforts to reduce the hetero
geneity of schizophrenia by identifying predictors of 
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treatment outcome is associated with specific clinical 
(gender, primary negative symptoms of the deficit state, 
duration of psychosis) and biological variables (pHVA, 
ventricular volume). It is unclear whether these variables 
represent aspects of discrete subtypes of schizophrenia or 
dimensional measures of pathology within the broad context 
of a unitary disease entity. [Neuropsychopharmacology 
14:13S-21S, 1996] 

treatment outcome and illness course have not been en
tirely successful. 

One reason that may have constrained the ability of 
previous studies to identify predictors of outcome was 
the fact that their samples have included patients at dif
ferent stages of their illness. Another reason may have 
been that studies involved largely cross-sectional as
sessments that were correlated retrospectively with the 
patients' illness and treatment histories. 

We have attempted to address the issue of heteroge
neity of treatment response and outcome in schizophre
nia by studying patients in their first episode of illness. 
First-episode patients offer some advantages in that 
they are relatively homogeneous in terms of their stage 
of illness, they are free of the effects of prior treatment 
exposure (which can produce confounding effects on 
variables being examined), and they can be followed 
prospectively over the critical early stages of their ill
ness to determine how measures correlate with illness 
progression and whether those measures change over 
time. The results of this work have been previously re
ported (Bilder et al. 1994; Chakos et al. 1992, 1994; De
greef et al. 1992; Koreen et al. 1994a,b, 1993; Lieberman 
et al. 1992 a,b, 1993a,b; Loebel et al. 1992; Mayerhoff et 
al. 1994; Szymanski et al. 1995). 
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METHODS 

The complete methods of the study have been previ
ously reported in detail (Lieberman et al. 1992, 1993a, 
b). Briefly, patients were ascertained when admitted to 
the hospital for their first episode of psychosis. After 
baseline assessments for psychopathology, neurologic 
and cognitive status, brain morphology (using mag
netic resonance imaging) (MRI) and measures of central 
nervous system (CNS) dopamine (DA) activity (includ
ing growth hormone (GH) secretory levels, plasma ho
movanillic acid (pHVA), and behavioral response to 
methylphenidate), patients received controlled treat
ment within a standardized protocol to a point of remis
sion. Patients were then followed for up to 5 years dur
ing which time the clinical and biologic assessments 
were repeated at specific time intervals including per
forming the MRis at 18-month intervals. If patients re
lapsed they were retreated with the same regimen to 
which they responded during their first (or prior) epi
sode and in the context of the standardized protocol. 

RESULTS 

The sample (N = 70) was 56% male, had a mean ::+: SD 
age of 24.3 ::+: 6 years, was 44% white, 32% black, 17% 
hispanic, and 7% asian. There was a range of socioeco
nomic classes and educational levels, but a predomi-
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nance of middle class and below. Patients had high lev
els of psychopathology at study entry; they were 
severely ill with a mean ::+: SD CGI of 5.6 ::+: 1.2 and GAS 
of 24.5 ::+: 9.3. The RDC diagnoses based upon SADS in
terviews were as follows: schizophrenia, N = 54 (19% 
paranoid, 54% undifferentiated, 3% disorganized, 1 % 
catatonic subtypes); schizoaffective disorder, mainly 
schizophrenic N = 16 (7% manic, 16% depressed sub
types). A minority of patients had received pharmaco
logic treatment prior to index hospital admission: 70% 
had no prior neuroleptics; 19% had less than 2 weeks of 
medication exposure (x = 5 days); and 11% had be
tween 2- and 12-week exposure (x = 6.8 weeks). Pa
tients were off all medication for 14 days before baseline 
procedures. 

Following completion of baseline assessments, pa
tients were treated according to a standardized algo
rithm beginning with fluphenazine 20 mg/ day for 
6 weeks; after at least 6 months of treatment with differ
ent doses and drug types, patients could ultimately re
ceive clozapine on the basis of treatment refractoriness. 
The average antipsychotic drug dose in fluphenazine 
equivalents during the entire acute treatment period for 
the sample was 24 ( ::+: 15) mg/ day. The mean ::+: SE and 
median ::+: SE times to recovery for the sample were 36 ::+: 
7.8 weeks and 11 ::+: 1.4 weeks. The time course and rate 
of remission are shown in Figure 1. Eleven patients 
(16%) did not recover from their first episode. Seven of 
these patients were considered treatment refractory; 
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Weeks in Follow-Up 
Figure 1. Cumulative percentage of first-episode patients responding to treatment. Dotted lines represent 95% confidence 
intervals. 
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they failed to improve after all phases of the treatment 
algorithm and almost 1 year of treatment and were 
treated with clozapine. The remaining four patients 
were still undergoing acute treatment. The high recov
ery rate was not surprising for young first-episode pa
tients. However, the time to remission was surprisingly 
long. We believe this may be due in part to our conser
vative criteria for remission. Further, some patients had 
been ill for long periods prior to treatment. 

The degree of remission was evaluated in 66 pa
tients, excluding the four patients who were still under
going acute treatment as of the cutoff date. Seventy-four 
percent were considered to be fully remitted (no resid
ual symptoms and return to premorbid level of func
tion), 12% were considered to be partially remitted 
(mild residual positive or moderate negative symp
toms), and 14% were considered to be not remitted. 

Timing of onset of illness was classified in two ways: 
(1) the time at which the patient first exhibited behav
ioral changes, which (in retrospect) appeared to have 
been related to his/her illness; and (2) the time at which 
the patient first developed formal psychotic symptoms. 
By these definitions patients had been ill for 151 (177) 
weeks and 52 (82) weeks respectively. It was surprising 
that many patients had active psychotic symptoms for 
so long before coming to treatment. This issue is of con
siderable public health significance. 

The effect on time to remission of pretreatment vari
ables including duration of illness prior to study entry, 
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diagnosis and gender was determined using a Cox mul
tiple regression analysis. As has been previously de
scribed in the literature, males took longer to remit 
(mean/median 48/12 weeks vs 17 /9 weeks Mantel Cox= 
2.7, p = .l) and achieved a lower level of outcome than 
females (x2 = 5.7, p = .13). Similarly, schizoaffective dis
order was associated with better treatment response, 
but this failed to reach even the trend level of statistical 
significance (discussed later). However, duration of 
psychotic symptoms was the only variable significantly 
associated with time to remission after the variance ac
counted for by the other variables was removed (Cox 
stat = 4.4, p < .04) with longer pretreatment duration 
being associated with longer time to remission (see Fig
ure 2). These results are consistent with previous re
ports (May et al. 1982; Crow et al. 1986; Wyatt 1991) that 
found duration of illness prior to treatment to be corre
lated with poor outcome. They suggest that there is an 
active morbid process that occurs during periods of 
acute symptoms that, if not counteracted, produces 
some lasting effect and can impair patients' capacity to 
respond to treatment. 

Patients had substantial psychopathology at baseline 
including positive and negative symptoms. The effects 
of diagnosis and psychopathology on outcome were ex
amined. Patients with schizoaffective disorder remitted 
more quickly (mean/median = 12/11 weeks) and 
achieved a higher level of global outcome than schizo
phrenics (mean/median= 42/10 weeks). (Mantel Cox= 

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 

Week in Follow-Up 

Figure 2. Cumulative percentage of first-episode patients responding to treatment by duration of illness prior to study 
entry. Abbreviations: 10w, 10 weeks; 24w, 24 weeks; 1 y, 1 year; 2y, 2 years. 
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2.3, p = .14). All of the schizoaffectives remitted by 
week 26, whereas seven schizophrenic patients had not 
remitted by 52 weeks. 

We evaluated the prognostic value of the patients' 
symptom ratings at two time points: baseline pretreat
ment and at 20 weeks of treatment. Using the composite 
of positive and negative symptoms and individual 
items of the SADS-C + PD and SANS as the indepen
dent variables, the time course to remission of patients 
was projected using a Cox regression analysis. Neither 
individual symptoms nor ratings of global severity at 
baseline significantly predicted treatment response. Not 
surprisingly, as remission was defined largely on the 
basis of positive symptoms, positive symptom severity 
at 20 weeks was significantly related to time to remis
sion. Of more interest is the finding that higher levels of 
specific negative symptoms (affective flattening, alogia) 
at 20 weeks were associated with longer time to remis
sion. It could be argued that negative symptoms re
mained high in patients who took longer to remit be
cause they are, to some extent, secondary to persisting 
positive symptoms. In an effort to disentangle the two 
symptom constellations, we repeated the analysis of 
time to remission by negative symptom levels at 20 
weeks controlling for the (change in) positive symptom 
severity at 20 weeks. Affective flattening and alogia re
mained significant predictors of time to remission (p < 
.05). In contrast, attentional impairment, a negative 
symptom likely to be influenced by the level of positive 
symptoms, was not correlated with time to remission. 
These results demonstrate the interrelationship between 
positive and negative symptoms during the acute phase 
of schizophrenia. When positive symptom levels are 
high it may be impossible to identify primary negative 
symptoms, thus the assessment of negative symptoms 
following positive symptom remission may be more 
productive. 

To examine this further, we classified patients ac
cording to criteria for the deficit state, adapted from 
Carpenter (Mayerhoff et al. 1994). Ten percent of the 
sample met criteria for the deficit state subsequent to 
their first episode; 16% were classified as questionable 
and 74% as nondeficit state. No patient with a question
able or definite deficit state had a good or excellent out
come; 33% had a fair and 67% a poor outcome, whereas 
the outcomes for nondeficit state patients were 24% ex
cellent, 29% good, 36% fair, 12% poor (x2 = 23.4, p = 

.01). These results are consistent with the hypothesis 
that primary negative symptoms mark a specific patho
physiologic substrate and subtype of schizophrenia 
(Carpenter et al. 1988). 

Plasma HVA was examined at baseline by indwell
ing catheter serial sample collection and by weekly 
venipuncture during acute treatment under standard
ized conditions (Koreen et al. 1994) (see Figure 3). Fe
males had significantly higher HVA levels (F = 57, p < 
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.001). Subsequent analyses controlled for gender. Base
line HVA was not correlated with baseline psychopa
thology but was associated with residual negative 
symptoms following remission (r = -0.31, p = .049). 
Plasma HVA was significantly increased over baseline 
for the first 3 weeks of treatment and subsequently de
clined to, but not below, baseline levels. Baseline HVA 
predicted time to remission with those having higher 
levels responding sooner (x2 = 3.7, p = .06). 

Brain MRis of 62 patients and 42 healthy control sub
jects were evaluated by visual inspection under blind 
conditions by two psychiatrists trained in neuroanat
omy (Lieberman et al. 1992a). Using operational criteria 
and conservative classification, a consensus qualitative 
determination was made as to the presence or absence 
of abnormal morphology in each of four regions (lateral 
ventricles, third ventricle, frontal/parietal cortex, me
dial temporal cortex). Subjects with one or more areas 
classified as abnormal were called globally abnormal. 
By this definition patients had significantly higher ab
normal ratings than the control group with 31 % of the 
patients rated definitely abnormal, 36% questionable, 
and 33% normal, whereas the control group was 5% ab
normal, 38% questionable, and 57% normal (p = .01). 
The highest prevalence of pathomorphology was in the 
lateral ventricles followed (in descending order of fre
quency) by the medial temporal cortex (MTC), third 
ventricle, and cortex. The prevalence of abnormal rat
ings was greater in the patients than controls in all four 
regions. Sixteen patients (22%) had one area involved; 
13 (23%) had two areas; two (13%) had three areas, and 
one had all four areas of involvement. Patients with ab
normal morphology, particularly of the third ventricle, 
took longer to remit (mean/median 42/14 weeks vs 18/ 
6 weeks, Wilcoxin stat = 5.7, p = .02) and had a poorer 
level of outcome than patients with normal morphology. 

Twenty-two patients whose first episode remitted 
subsequently relapsed, and six patients had a second 
relapse. The treatment regimens that patients had re
sponded to in their prior episode were reinstituted. If 
patients failed to respond to this, then the treatment al
gorithm was followed until they achieved remission. 
We examined the time to remission by episode for the 
22 patients who had two episodes and the six patients 
who had three episodes. The median ::':: SE times to re
mission for the two-episode group were 8.4 ::':: 1.3 weeks 
for the first and 11.9 ::':: 2.3 weeks for the second episode 
(Mantel Cox Stat = 3.4, df = l, p = .06). Whereas by def
inition all 22 of the patients remitted from their first epi
sode, only 20 have remitted so far from their second; 
one has gone on to receive clozapine. The median ::':: SE 
remission times for the six patients who had three epi
sodes were 4 ::':: 2.5 weeks, 7 ::':: 1.6 weeks and 24.1 ::':: 2.5 
weeks, respectively (Mantel Cox Stat = 14.1, df = 2, p = 
.001). Thus far, only four of six patients have remitted 
from the third episode. 
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Week2 Week3 Week4 

Figure 3. Plasma homovanillic acid (pHVA) level and response during a 4-week period. The top two lines indicate female 
patients; bottom two lines, male patients; solid lines, patients who met remission criteria (Clinical Global Impression scale score 
52, and Schedule for Affective Disorders and Schizophrenia score 53 on critical psychotic items) by week 4; and dashed lines, 
patients who did not remit by week 4. For male nonresponders, n = 8; male responders, n = 9; female nonresponders, n = 4; 
and female responders n = 6. 

These results are preliminary, and clearly many fac
tors can influence patients' treatment response and vul
nerability to relapse. However, there is a clear pattern of 
decreasing responsiveness to treatment over subse
quent episodes of illness. This is more striking consider
ing that some of the patients have not yet responded 
and in view of the marked differences in the duration of 
symptoms prior to beginning treatment between the 
first and subsequent episodes. This is similar to the lon
gitudinal course that has previously been described in 
major affective disorders (Post and Weiss 1992; Post 
1992). These data have several implications. First they 
suggest that there is progression (i.e., worsening of the 
illness) across episodes. Second, they indicate that treat
ment resistance evolves in some patients over the 
course of their illness and is not an "all or none" phe
nomenon that is present at the onset. Third, it is possi
ble, though we do not think likely, that they reflect the 
development of tolerance to the antipsychotic effects of 
standard neuroleptics. 

We have examined the longitudinal course of brain 
morphology in preliminary analyses of MRis at base
line and after 18 months of follow-up in the study (De
gree£ et al. 1991; Waddington and Lieberman 1994). The 
results indicated that there is no change in the mean 
volume of the cerebral cortex or lateral and third ventri-

des for the patient or control groups. However, on 
closer examination of the scatterplots of the data it was 
apparent that there was some variation in the degree of 
change in patients' cortical and ventricular volumes. 
This can be seen in Figure 4, where the scan volumes for 
the baseline and 18-month follow-up scans are plotted. 
If patients had no change, their values would fall on the 
diagonal. If they had an increase or decrease in volume, 
their values would fall above or below the diagonal. In
terestingly, most of the patients that exhibited an in
crease in ventricular volume and decrease in cortical 
volume were patients indicated by the letter N who had 
a poor outcome in terms of not recovering from their 
first episode or rapidly relapsing. This is shown by the 
bar graph that is inset in the scatterplot figure. Figure 5 
illustrates the relationships between outcome, as re
flected by time to remission, and the ventricular vol
umes at baseline and follow-up and the change values. 
Patients who had large ventricles at study entry had a 
poorer treatment outcome than patients who had 
smaller ventricles. Patients who entered the study with 
large ventricles or small ventricles that increased in vol
ume by the follow-up MRI had a poorer outcome than 
patients with small ventricles that do not increase in 
volume. Given the short timeframe of the follow-up (18 
months), the variability of when patients entered the 
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Figure 4. Scatterplot depicts the volume in cubic mm for cerebral cortex and the ventricular system at baseline (scan 1) and 
follow-up (scan 2) scans. The patient sample was classified into patients with good (R) and poor (N) treatment outcome. The 
bar graph inset indicates the volumes for each subgroup of patients for both scans. 
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Scan 1 Ventricular Volume as Predictor of Outcome 
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Figure 5. The top and bottom figures illustrate the outcome of patients from their first episode in the context of the stan
dardized protocol. In the top figure the sample has been divided into patients with large or small ventricles. Patients with 
small ventricles have a higher rate of remission. The lower figure depicts that patients with small ventricles at baseline and 
do not increase over the scanning interval have the best outcome. While patients with large ventricles at baseline and 
patients with small ventricles that increase in size have worse outcomes. 
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study in relation to their illness durations, and the small 
sample size, these results are clearly preliminary. How
ever, they are consistent with the results of the early 
pneumoencephalographic findings of Haug (1962) and 
Huber (1957) as well as more recent computed tomog
raphy (CT) and MRI studies and suggest that the ques
tion of whether the neuropathology of schizophrenia is 
progressive requires further investigation (Illowsky et 
al. 1988; Kemali et al. 1989; Woods et al. 1990; Degree£ et 
al. 1991). 

DISCUSSION 

These results have two major implications. First, that 
the treatment outcome of first-episode schizophrenia is 
quite good in that most patients recover or at least 
achieve a substantial degree of symptom remission. 
However, over the course of their illness and in the con
text of subsequent episodes of psychotic exacerbation, 
they may experience some decrease in their treatment 
response, either due to progression of their illness or the 
development of tolerance to antipsychotic treatment ef
fects. Second, the heterogeneity of treatment outcome 
is, to some degree, due to specific clinical and biologic 
variables. These include factors that appear to be trait 
specific (e.g., gender, deficit state) and others that are 
state dependent (e.g., duration of psychosis, pHVA). It 
is unclear whether these variables are aspects of dis
crete subtypes of schizophrenia (McGlashan and Fen
ton 1991) or represent dimensional measures of pathol
ogy within the broad context of a unitary disease entity 
(Carpenter and Buchanan 1989; Crow 1990). 

These results also bear on the question of whether 
schizophrenia is wholly a neurodevelopmental disorder 
as has been suggested (Weinberger 1987; Murray et al. 
1987) or may also involve a (neuro)degenerative pro
cess as well (Lieberman et al. 1990; Wyatt 1991). Clearly, 
the results of the longitudinal study of brain morphol
ogy must be regarded as preliminary, and several 
points can be made that qualify their interpretation. 
First, morphometric assessment of brain morphology is 
highly method dependent and error prone, so great em
phasis must be placed on the development and use of 
reliable and valid methods. Second, if there is neuro
pathologic progression in schizophrenia, it is likely to 
be of a small magnitude and to occur over a relatively 
brief and nonlinear time period. Thus, the timing of 
when patients are ascertained and studied becomes crit
ical. In our study patients were entered after a range of 
prior illness duration (52 weeks on average) and reex
amined after 18 months. Thus, they could have been as
certained after the putative progression had already oc
curred or restudied (at 18 months) before any progression 
had yet occurred. Moreover, given the measurement 
variance and the small magnitude of change, it is likely 
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that large sample sizes will be required to identify this 
process (if it develops). Nevertheless, the association 
between change in brain morphology in the direction 
that would be predicted (i.e., ventricular enlargement 
and cortical volume reduction) and treatment outcome 
is consistent with the hypothesis that schizophrenia is a 
degenerative disease in clinical and neurobiological 
terms. Additional studies are required to answer this 
question definitively. 
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