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Predicting treatment
resistance in
schizophrenia patients
Schizophrenia is a severe
and often debilitating mental
disorder. While antipsychotic
medications aim to alleviate
the symptoms, about a third of
patients with schizophrenia are
treatment-resistant. Dr Olesya
Ajnakina, a Research Fellow
at King’s College London,
combines state-of-the-art
methods in statistical analyses,
such as machine learning, to
develop prediction models
aiming to identify patients at
risk of developing treatmentresistant schizophrenia, in
order to adapt their care and
improve their outcomes.

S

chizophrenia is a severe longterm mental health condition
that causes psychotic symptoms
during which the person may not be
able to distinguish their own thoughts
and ideas from reality: people with
schizophrenia tend to have sensory
perceptions that are not based on
external stimuli (hallucinations),
persisting feelings of being under threat
(paranoia) and abnormal beliefs, all of
which lead to loneliness, isolation, and
inability to maintain their lives as they
were before the illness occurred. The
rate of suicide mortality is 4 to 13 times
higher in people with schizophrenia
than in the general population, and
their life expectancy is 20 years shorter.

Approximately one third of
patients with schizophrenia are
treatment-resistant.

Currently available antipsychotic
treatments aim to alleviate these
psychotic symptoms, but approximately
a third of patients with schizophrenia
do not respond to these medications.
This group of patients is known to have
treatment-resistant schizophrenia (TRS).
Patients with TRS have higher rates of
unemployment, worse quality of life,
and poorer social and occupational
functioning than those who respond to
treatment. There is therefore a need to
improve these patients’ outcomes.
TREATMENT-RESISTANT
SCHIZOPHRENIA (TRS): WHAT IT IS
AND HOW IT IS TREATED
Treatment-resistant schizophrenia (TRS)
is generally defined as insufficient
response to at least two sequential trials
with different antipsychotic medications
of adequate doses taken over an
adequate time period. Clozapine
is the only known antipsychotic
that is effective in people with TRS.
However, because of its adverse
effects, clozapine is recommended
as a third-line treatment, meaning
that it is used only when two other
antipsychotic treatments have proven
to be ineffective.
Sadly, TRS is often not detected,
which results in clozapine being
commenced after a delay of some
years, or not commenced at all. Indeed,
while treatment guidelines indicate
that patients can be diagnosed with
TRS and prescribed clozapine as
early as 12 weeks after the start of
antipsychotic treatment, the average
delay is actually 3.9 years – years
during which patients are inadequately
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Treatment-resistant schizophrenia is not a single entity

Late treatment-resistant (L-TR)
schizophrenia

treated, consequently exposing them
and their loved ones to a long period
of unnecessary suffering. In fact, Dr
Ajnakina and her team observed that
over a period of five years, barely a
half of patients with TRS commenced
treatment with clozapine. The other half
did not commence it, despite meeting
criteria for this treatment. Shortening
the period of inadequate treatment
before initiation of clozapine treatment
would be beneficial
to patients and
their loved ones,
especially as a
shorter delay is
associated with a
better response to
clozapine and subsequently improved
quality of lives. A way to do that is
to identify patients who are likely to
develop TRS earlier they in the course
of their illness and expedite their access
to clozapine treatment.

Early treatment-resistant (E-TR)

of why it develops. The limited
progress in research of TRS made
might be due to the fact that TRS was
being investigated as a single entity,
which may not be entirely accurate.
Indeed, Dr Ajnakina and her team
were among the first researchers to
demonstrate that treatment-resistant
schizophrenia may have different
subtypes with different underlying
causes. Specifically, they showed that

those patients with schizophrenia
who will be treatment-resistant, a
large proportion will not respond to
any treatments with non-clozapine
antipsychotic medications from the
very start of their treatment. Early
treatment-resistant (E-TR) patients will
initially favourably respond to nonclozapine antipsychotic medications
but gradually transition to treatment
resistance; this group is known as late
treatment-resistant (L-TR). The high
proportion of patients who display
E-TR highlights the importance of
reducing the delay in clozapine use,
as all these patients are inadequately
treated for too long. In the meantime,
the existence of L-TR further
complicates the detection of TRS, as
patients who respond to treatment
may stop responding.
PREDICTORS: WHAT ARE THEY?
Identifying risk factors related to
meeting criterion for TRS subtypes
allows a rapid assessment of an
individual risk for TRS subtypes, which
is at the core of more in-depth risk
assessment, follow-up monitoring
and individually tailored prevention
strategies. Predictors of TRS are risk
factors indicating that a patient with
schizophrenia is more at risk of being
resistant to treatment. Identifying such
predictors would be useful to identify
TRS patients earlier during treatment,
so that they can be prescribed
clozapine earlier. Besides, predictors
would also help scientists to understand
the causes of TRS. Different teams
of researchers,
including Dr
Ajnakina’s team,
have tried to identify
predictors of TRS
and its subtypes.

A crucial benefit of prediction models
is their ability to inform individuals of
their risk of an illness.

TREATMENT-RESISTANT
SCHIZOPHRENIA IS NOT A
SINGLE ENTITY
TRS is a complex phenomenon;
decades of researchers shed only a
limited light on our understanding

around 70% of TRS patients did not
respond to antipsychotic medications
from the very first treatment for their
symptoms (i.e., early treatmentresistant (E-TR) schizophrenia);
whereas, the remaining 30% of TRS
patients, broadly defined as late
treatment-resistant (L-TR) schizophrenia,
gradually transition to treatment
resistance having initially responded
to antipsychotic medications. These
findings were ground-breaking as they
were the first to show that among

For example, in a longitudinal study, Dr
Ajnakina and her team reported that
patients treated with clozapine were
those that, at the time of the first contact
with health services for schizophrenia,
had the most severe psychopathology.
This finding indicates that a clinician may
be more likely to prescribe clozapine
when the symptomatic presentation
of the illness is more severe. Another
difference noted between patients
with TRS who commenced clozapine
treatment and those who did not was
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PREDICTION MODELS AND WHY
THEY ARE IMPORTANT
A crucial benefit of prediction models is
their ability to inform individuals of their
risk of an illness. For those who have
developed an illness, prediction models
can instruct of their most likely illness
trajectory. Reliable prediction models
can thus guide clinicians’ decisions to
implement preventive interventions or
personalised medicine strategies, to
improve patients’ outcomes.
To estimate even more precisely a
patient’s risk of developing treatment
resistance, it is imperative to employ
statistical learning algorithms that are
recognised as optimal for personalised
risk prediction. This is because they will
enable the development of accurate
prediction models for estimating
individual, rather than average, risk for
a disorder outcome during the illness,
based on available patient characteristics
and clinical findings. These methods
achieve this by, instead of looking at
individual predictors one at a time, which
significantly increases a risk of producing
unrealisable results, simultaneously
taking into account all the predictors
while adjusting for any biases that may
be present, such as correlated between
the variables and multiple testing.
PREDICTING TREATMENT
RESISTANCE
Despite the vast personal and
societal impact of schizophrenia, the
preventive measures for people at
risk of developing the disease, and
personalised curative treatment options
for people who have developed the
illness, were lacking. Therefore, Dr
Ajnakina and her team are developing
reliable prediction models for estimating
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There is a need to improve outcomes
for patients with treatment-resistant
schizophrenia (TRS).
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that patients treated with clozapine
were more likely to be living with family
members or friends, suggesting that
the start of clozapine treatment might
depend on family support and stable
living arrangements. Reports from other
teams indicate that various factors
such as male gender, autumn or winter
birth, poor pre-morbid functioning and
rural upbringing may also contribute
to treatment resistance, although more
data would be needed to confirm the
role of these factors as predictors for
TRS.

Dr Olesya Ajnakina
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Detail

an individual risk for E-TR and L-TR,
with the aim of understanding patients’
risk of developing treatment resistance,
especially after a period of favourable
response to the ongoing treatment with
antipsychotic medications.
Having focused on factors known to
be associated with poor schizophrenia
outcomes, such as adverse childhood
experiences, substance use and lack of
social support, they employed computer

now included in clinical guidelines for
therapeutic management. Moreover,
the developed prediction models
for estimating an individual risk for
developing E-TR and L-TR following
onset of schizophrenia showed a strong
ability to identify those schizophrenia
patients who will not develop these
TRS subtypes in the following 5
years; whereas, the high specificity
implies these models are likely to
correctly classify a higher proportion of

For those who have developed an illness,
prediction models can estimate their
most likely illness trajectory.
intensive statistical learning methods,
particularly regularised regression
methods, have been suggested as
optimal methods for clinical and
personalised risk prediction.
The developed models had good
discriminative ability to identify those
schizophrenia patients who were at a
greater vs lesser risk to meet criteria
for E-TR and L-TR. The obtained
discriminative ability for each model
was on par with prediction models for
coronary heart disease, breast cancer
and cardiovascular disease, which are

schizophrenia patients as high risk for
TRS subtypes in the following 5 years.
Thus, utilising these models in practice
can reduce the chances for newly
diagnosed schizophrenia patients being
exposed to inappropriate intervention
plans designed for treatment resistant
schizophrenia.
Although further work is needed to
improve them, these prediction models
allow a rapid assessment of an individual
risk for TRS subtypes, which can be
useful to implement individually-tailored
prevention strategies.
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Personal Response
What was a challenge that you faced while conducting
this research and how did you overcome it?
When researchers and clinicians talk about treatment
resistance in schizophrenia, they often, unintentionally
or not, create a picture of unescapable doom for the
affected patients and their loved one. This is not the
case! The challenging part of this work was to provide
a balance between the severity of this illness and
hope for better outcomes for those affected. We have
reached an era when with the right tools, we can create
personalised risk prediction tools for schizophrenia
that would lead to better intervention and prevention
strategies. I dealt with this challenge by critically
reviewing the current evidence and included a word of
caution for overoptimism. Yes, our work still needs to be
improved by using a larger sample, but the first step is
the hardest, and we certainly did it in this work.
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