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Abstract

Purpose Postoperative delirium is the most common
postoperative complication in the elderly. The purpose of
this study was to evaluate the safety and effectiveness of
the preventive administration of low-dose haloperidol on
the development of postoperative delirium after abdominal
or orthopedic surgery in elderly patients.

Subjects A total of 119 patients aged 75 years or older
who underwent elective surgery for digestive or orthopedic
disease were included in this study.

Methods Patients were divided into those who did
(intervention group, n = 59) and did not (control group,
n = 60) receive 2.5 mg of haloperidol at 18:00 daily for
3 days after surgery; a randomized, open-label prospective
study was performed on these groups. The primary end-
point was the incidence of postoperative delirium during
the first 7 days after the operation.

Results The incidence of postoperative delirium in all
patients was 37.8 %. No side effects involving haloperidol
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were noted; however, the incidences of postoperative delirium
were 42.4 and 33.3 % in the intervention and control groups,
respectively, which were not significantly different
(»p = 0.309). No significant effect of the treatment was
observed on the severity or persistence of postoperative
delirium.

Conclusions The preventive administration of low-dose
haloperidol did not induce any adverse events, but also did
not significantly decrease the incidence or severity of
postoperative delirium or shorten its persistence.

Keywords Haloperidol prophylaxis - Postoperative
delirium - Elderly patients - Randomized open-label
prospective trial - NEECHAM

Introduction

The incidence of diseases in the elderly requiring surgery,
such as femoral neck fractures and colorectal cancer, has
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increased with the aging of the population in Japan [1, 2].
An advanced age is not considered to be a contraindication
for surgery worldwide, and surgery is actively performed
on patients in their 90 s [3]. However, postoperative
management of the elderly is accompanied by many risks.
In particular, postoperative delirium, which is the most
common postoperative complication [4], represents a major
issue in the postoperative treatment of the elderly. It is
characterized by a disturbance in consciousness/attentive-
ness/understanding/cognition and a disorder in the sleep—
wake rhythm. It develops suddenly and is likely to vary
over the course of a day, inducing various psychiatric
symptoms and abnormal behavior [5]. Since postoperative
delirium develops in the postoperative recovery phase, it
makes postoperative management difficult, disturbs post-
operative care and recovery, and is associated with various
risks, such as the disturbance of medical care due to the
removal of a drip infusion, electrodes and monitors. It also
puts an excess burden on medical care workers due to
frequent nurse calls and violence, and due to the trauma
and fractures caused by tumbles and falls. Moreover,
restlessness frequently occurs at night when the nursing
staff is shorthanded, which is a serious issue in ward
management, and causes excess labor and load on nurses
and the patients’ families. Postoperative delirium also costs
more because it delays the postoperative management and
prolongs the hospital stay [6].

Once postoperative delirium develops, only symptomatic
treatment with drugs (haloperidol) is currently available, and
the effect is insufficient in many cases. A high dose may be
necessary, which can markedly influence many patients’
physical condition. Therefore, methods to prevent postop-
erative delirium, to rapidly detect the signs of delirium, to
prevent progression to a more severe state and to reduce the
persistence of the condition need to be established.

Our previous studies confirmed that the NEECHAM
confusion scale (NEECHAM) is useful and objective for
the evaluation of postoperative delirium; the incidence of
postoperative delirium in 75-year-old or older surgical
patients was 55 % when evaluated using the NEECHAM
scale. Age, preoperative cognitive dysfunction (a low
Mini-Mental State Examination (MMSE) score) and a low
preoperative NEECHAM score, but not the surgical
department or anesthesia type, were significantly correlated
with the development of postoperative delirium, and the
incidence of postoperative delirium was higher than 80 %
in patients with MMSE and NEECHAM scores lower than
25 and 27 before surgery, respectively, which indicated
that these patients represent a high-risk group [7]. We
considered that the evaluation of the MMSE and NEE-
CHAM before surgery and the NEECHAM during the
postoperative course can facilitate the prevention and early
treatment of postoperative delirium in elderly patients.
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Pharmacological prevention of postoperative delirium by
prophylaxis with antipsychotic medication has been reported
in several studies [8]. Oral administration of risperidone and
olanzapine reduced the incidence of postoperative delirium
in patients undergoing cardiac surgery and hip or knee sur-
gery, respectively [9-11]. However, these drugs are not
applicable for many patients, because they are unable to have
oral intake for a period of time following surgery. In this
respect, either ondansetron or haloperidol, whose intrave-
nous injection has been shown to be effective for the treat-
ment of postoperative delirium [12], can be used. Since the
aim of our present study was to incorporate routine drug
prophylaxis for surgical patients, ondansetron, whose use is
not covered by the health insurance system in Japan, was
considered to be unfavorable, leaving haloperidol as the only
approved injectable medication that could be used. The
effects of haloperidol prophylaxis have already been exam-
ined in some studies [13-16], but its efficacy for decreasing
the occurrence of postoperative delirium, especially in the
elderly, is controversial [13-18].

On the basis of these considerations and the results of our
previous studies, we performed a randomized, open-label
prospective study to investigate the efficacy and safety of the
daily postoperative administration of low-dose haloperidol
on postoperative delirium in 75-year-old or older patients
who underwent abdominal or orthopedic surgery.

Subjects and methods
Ethical considerations

This study was performed in conformity to the ethical
principles based on the Declaration of Helsinki and the
‘Ethical Guidelines for Clinical Studies’ (notification of the
Ministry of Health, Labour and Welfare).

(1) The patients were only included in the study when
informed consent was obtained.

The patients’ privacy was respected, the secrecy of
the recorded results was strictly kept and no infor-
mation obtained from the study results was used for
objectives other than research. To prepare the patient
evaluation tables, the patients’ privacy protection was
sufficiently considered, and patients were identified
using identification codes.

@

Regarding the prophylactic intervention study for post-
operative delirium in elderly patients, approval had already
been obtained from the Ethics and Conflict of Interest
Committee of the National Center for Geriatrics and Ger-
ontology. Other study cooperative institutions started the
collection of patients after approval by their respective
ethics committee.
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Study design and objectives

This was a randomized, open-label prospective trial, and
the objective was to evaluate the effect of low-dose halo-
peridol (2.5 mg/day, for the first 3 days after surgery) on
the development, severity and persistence of postoperative
delirium, and to evaluate the safety of its preventive
intravenous administration to patients 75-year old or older
who underwent abdominal or orthopedic surgery.

Patients

The subjects consisted of 121 75-year-old or older patients
who underwent elective abdominal surgery under general
anesthesia or elective orthopedic surgery under general/
spinal anesthesia and gave consent to participate in this
study at one of five cooperative institutions (National
Center for Geriatrics and Gerontology, Tokyo Metropolitan
Geriatric Hospital, Yokohama City University Graduate
School of Medicine, Aichi-Saiseikai Hospital and Shi-
zuoka-Saiseikai Hospital) between January 2007 and
December 2012. Their age, gender, disease treated with
surgery, cognitive function (Mini-Mental State Examina-
tion: MMSE [19, 20] ), activities of daily living (ADL;
Barthel Index [21] ), NEECHAM confusion scale (NEE-
CHAM) [22-24], and the presence or absence of psycho-
neurological complications, urinary incontinence, excite-
ment/hyperkinesia during previous hospitalization and the
use of psychotropic drugs before admission were evaluated
prior to surgery. Patients, who underwent emergency sur-
gery, had a preoperative NEECHAM score below 20, and
with periodic dosing with newly added or switched anti-
psychotics, antidepressants, hypnotics or anti-Parkinson
agents within 2 weeks prior to surgery were regarded as
ineligible. Patients previously treated with haloperidol for
delirium after surgery before the initiation of postoperative
preventive haloperidol administration were also excluded.

Measurements and procedures

Eligible patients were enrolled through an internet website
on the morning of postoperative day 1 after obtaining
consent, and were automatically assigned at that time to the
intervention or non-intervention group on a computer using
the age, gender and department as adjustment factors.
Haloperidol 0.5A (2.5 mg) was dissolved in 100 ml of
saline and intravenously administered by drip infusion once
daily at 18:00 from postoperative days 1 to 3 to the inter-
vention group. The dosing time-point of 18:00 was selected
because delirium is more likely to occur at night, and also to
recover and maintain the sleep—wake rhythm. Regarding the
administration method and dose of haloperidol, an intrave-
nous injection of 5~10 mg of haloperidol was recommended
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as the first-line treatment for orally untreatable delirious
patients in the Guidelines for the Treatment of Delirium
published by the Japanese Society of General Hospital
Psychiatry [25, 26]. The low dose was set in consideration of
the physical characteristics of the elderly and the prophy-
lactic nature of the intervention. The duration of adminis-
tration was decided based on the previous findings in which
the development of delirium increased after 24 h, and
because severe symptoms continued for approximately
3 days [7]. The development and severity of postoperative
delirium were evaluated for 8 days, from postoperative days
0 to 7, using the NEECHAM score.

The NEECHAM score includes the results of an eval-
uation of three categories: the cognitive information pro-
cessing function, behavior and physiological control, and
the most unfavorable condition over each 24-h period was
regarded as the condition on that day. The maximum score
of 30 points decreases as the severity of postoperative
delirium increases. Patients with a NEECHAM score of 27
or higher, 25-27, 20-24 and 19 or lower were considered
to be non-problematic, at high risk of delirium, with mild
delirium and with moderate to severe delirium, respec-
tively. This scale has high internal consistency and high
reliability regardless of differences among raters, and has
been correlated with the Diagnosis and Statistical Manual
of Mental Disorders 4th Edition (DSM-IV) diagnostic
criteria [27].

The non-intervention group did not receive preventive
treatment, and delirium was evaluated in the same way as
in the intervention group (Fig. 1).

When delirium developed, conventional treatments, such
as the administration of an intravenous antipsychotic drug
(such as haloperidol), were administered in both groups.

Assessment and outcomes

Patient data were collected through the internet website, and
the identification of personal information was prevented by
coding. After completing the data collection from 121
patients, exceeding the planned number of cases, study team
members not involved in the medical care of the patients
evaluated and analyzed all baseline data and the results. The
development and severity of postoperative delirium were
evaluated using the NEECHAM score. When the NEE-
CHAM score decreased to below 20 after surgery, the patient
was regarded as having developed postoperative delirium.
The primary endpoint was a lower incidence of postop-
erative delirium in the intervention group than in the non-
intervened control group. The secondary endpoints were the
severity and persistence of the postoperative delirium in a
time-course analysis of the NEECHAM score during the
observation period, and the presence or absence of adverse
events assumed to be associated with the intervention.
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Fig. 1 The study protocol.
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Discontinuation criteria were withdrawal of consent or a
change/discontinuation of treatment requested by the
patient or her/his legal representative, the development of
National Cancer Institute-Common Toxicity Criteria (NCI-
CTC) grade 2 or more severe adverse events associated
with haloperidol, difficulty continuing due to severe
physical postoperative complications, and judgment that
continuing the trial would be difficult by the physician in
charge.

Statistical analysis

Eligible patients were randomly assigned 1:1 to the
intervention or non-intervention group by the minimiza-
tion method according to age (<75/=75 years), gender
(female/male), MMSE score (<25/>25) and institution.
The proportions of patients with severe postoperative
delirium, defined as at least one episode of a NEECHAM
score <20, were compared between the treatment groups
using the Chi-square test. This study was designed to have
80 % power to detect a 25 % difference in the proportion
of severe postoperative delirium at a two-sided signifi-
cance level of 0.05. A multivariate logistic regression
including the patient age, gender, MMSE score and. the
preoperative NEECHAM score as covariates was per-
formed to evaluate the effects of the prophylactic halo-
peridol treatment after adjustment for potential
confounding factors. An odds ratio <1 indicated that the
factor was protective against severe postoperative delir-
ium. A supportive analysis using the generalized esti-
mating equation regression model was conducted to
compare the incidence of severe delirium between treat-
ment groups during the first 7 days after the operation.
The statistical analyses were performed using the SAS
software program, version 9.3 (SAS Institute, Cary, NC,
USA).
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Results

In total, 59 and 62 patients were allocated to the prophy-
lactic intervention and control groups, respectively (121
patients overall). The ages of the intervention and control
groups were 80.5 == 0.5 (mean =+ standard deviation) and
80.2 & 0.5 years, respectively. There were 64 male
patients (32 each in the intervention and control groups)
and 57 female patients (27 and 30, respectively). Abdom-
inal surgery was performed in 107 patients (52 and 55,
respectively); orthopedic surgery in nine patients (five and
four) and other surgeries (including vascular surgery) were
performed in five patients (two and three patients, respec-
tively, in the intervention and control groups). The preop-
erative MMSE scores in the intervention and control
groups were 23.3 & 0.7 and 23.0 £ 0.7, and the preoper-
ative Barthel Indices were 85.5 £ 3.1 and 84.0 & 3.0,
respectively, with no significant differences observed
between the two groups. The preoperative NEECHAM
scores were 27.3 &£ 0.4 and 28.1 % 0.4, respectively, with
the intervention group having a slightly lower score,
although not significant. No significant differences were
noted between the two groups in the presence or absence of
urinary incontinence, a past medical history of excitement/
hyperkinesia or the preoperative use of oral psychotropic
drugs, antidepressants, hypnotics or anti-Parkinson agents.
The preoperative baseline data of all patients are shown in
Tables 1 and 2.

Postoperative NEECHAM measurements were com-
pleted in 119 patients (59 and 60 in the intervention and
control groups, respectively) because haloperidol was
administered to treat delirium on the day of surgery in two
of the 62 patients in the control group (Fig. 2). Postoper-
ative delirium (NEECHAM score lower than 20) developed
in 45 patients (37.8 %); 20 (33.3 %; 95 %CI 21.746.7 %)
and 25 patients (42.4 %; 95 %CI 29.6-55.9 %) in the
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Table 1 The baseline data of the patients

Preoperative Prophylactic Control p value

demographics and intervention group

characteristics group (n:62)

(n:59)

Age, mean & SE 80.5 + 0.5 80.2 £ 0.5 0.723

Male/female ratio 32/27 32/30 0.773

Type of operation 0.852
Abdominal 52 55
Orthopedic 5 4
Other 2 3

MMSE, mean + SE 233+ 0.7 23.0 £ 0.7 0.740

NEECHAM score, 273 +04 28.1 £ 04 0.133
mean + SE

ADL (Barthel index), 85.6 £3.1 84.0 £ 3.0 0.736
mean + SE

Urinary incontinence, 9/50 8/54 0.710
yes/no

History of excitement, 1/58 3/59 0.334
yes/no

Use of anti-Parkinson 0/59 1/61 0.327
agents, yes/no

Use of antipsychotic 1/58 3/59 0.334
agents, yes/no

Use of antidepressants, 4/55 1/61 0.154
yes/no

Use of hypnotics, yes/no  10/49 7155 0.371

NEECHAM NEECHAM confusion scale, MMSE Mini-Mental State
Examination, ADL Activities of daily living, Barthel Index Repre-
sentative index of the ADL

Table 2 The underlying diseases and type of surgery

Diseases, surgery Prophylactic Control
intervention group
group (n:62)
(n:59)
Abdominal 52 55
Malignancy 36 39
Gastric, gastrectomy/others 11/0 1472
Colonic, colectomy/others 14/1 14/0
Rectal, LAR/APR/others 2/2/1 4/2/1
Hepatobiliary, 17172 1/0/1
hepatectomy/PD/others
Others 1 0
Benign 16 16
Cholelithiasis, 0/4 22
cholecystectomy/
choledochotomy
Abdominal aortic 6 7
aneurysm, graft
Others 6 5
Orthopedic 5 4
Others 2 3

LAR low anterior resection, APR abdominoperineal resection, Miles
operation, PD pancreatoduodenectomy

control and intervention groups, respectively. There was no
significant effect on the prevention of postoperative delir-
ium (p = 0.309).

The postoperative NEECHAM score showed a pattern
similar to that previously reported: the score decreased on
postoperative day 1 and then gradually increased and
returned to the preoperative level on postoperative days
5-7 [7]. The time-course changes in the mean NEECHAM
scores in the control and intervention groups are shown in
Fig. 3. The mean postoperative NEECHAM scores on
postoperative days 1-7 were lower in the intervention
group than in the control group, but no significant differ-
ences in the severity or incidence of delirium were noted in
the intervention group. The mean durations of the persis-
tence of delirium were 1.10 (95 % CI 0.58-1.62 days) and
1.38 days (95 %CI 0.83-1.95 days) in the control and
intervention groups, respectively, with no significant dif-
ference between them (p = 0.356). The incidences of
postoperative delirium were 43.2 % (95 %CI 27.1-60.5 %)
and 52.8 % (95 %CI 35.5-69.6 %), when the patients were
limited to those with a preoperative MMSE <25, and were
643 % (95 %CI 35.1-87.2 %) and 66.7 % (95 %CI
43.0-85.4 %), when limited to those with a preoperative
NEECHAM score <27, for the control and intervention
groups, respectively, which indicated that no significant
effect was noted even when patients were limited to those
at high risk for postoperative delirium (preoperative MMSE
<25 and preoperative NEECHAM <27; p = 0.415 and
0.884, respectively).

When a logistic multivariate analysis was performed
that included the presence or absence of the intervention as
a parameter (Table 3), the incidence of postoperative
delirium was significantly higher in patients at an advanced
age with low preoperative MMSE and NEECHAM scores
[age: odds ratio = 1.12 (for a l-year increase in age),
p = 0.043; preoperative MMSE: odds ratio = 1.15 (for a
1-point decrease in the MMSE score), p = 0.014; preop-
erative NEECHAM: odds ratio = 1.23 (for a 1-point
decrease in the NEECHAM score), p = 0.037]; however,
no significant differences associated with gender or the
presence or absence of the intervention were noted
(p = 0.953 and p = 0.558, respectively).

Furthermore, when the analysis was conducted after
additionally limiting the subjects to those who underwent
abdominal surgery, the odds ratio of the prophylactic
administration of haloperidol was 1.25 (95 %CI 0.50-3.12),
leading to the same conclusion as expected from our previ-
ous work which showed no significant difference in the
incidence of postoperative delirium between the patients in
the department of surgery and orthopedics [7].

To confirm the reliability of the results of the logistic
multivariate analysis, an analysis using the generalized
estimating equation was performed. The results are shown
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121 patients underwent randomization

v
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\

2 used haloperidol on POD 0 for therapeutic purposes

V.
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Fig. 2 A flow diagram of the study

24
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Fig. 3 The preoperative and postoperative changes in the NEE-
CHAM scores in the prophylactic intervention group and control
group The preoperative and postoperative (POD1-7) changes in the
NEECHAM score in the prophylactic intervention and control groups.
The percentages of patients with postoperative delirium (NEECHAM
<20) in the prophylactic intervention and the control groups were
424 and 33.3 %, respectively (95 % confidence intervals (CI)
29.6-55.9 and 21.7-46.7 %; p = 0.309). The duration of the delirium
(NEECHAM <20) was 1.38 versus 1.10 days in the intervention and
control  groups, respectively (95 %CI 0.83-1.95 days and
0.58-1.62 days; p = 0.356). Open circle shows the least-squares
mean score of the control group. Filled circle shows the least-squares
mean score of the prophylactic intervention group. The vertical line in
the least-squares mean score shows the 95 %CI

in Table 4, which are consistent with the data shown in
Table 3. The odds ratio of the prophylactic administration
of haloperidol was 1.48 (95 %CI 0.33-6.71), which indi-
cated no postoperative delirium-decreasing effect
(p = 0.611). The age, preoperative MMSE score and
number of days after surgery were significantly correlated
with the development of postoperative delirium.
Regarding postoperative adverse events, grade 2 events
were noted in two patients (convulsions and temporary loss
of consciousness 2 days after completing the preventive
administration of haloperidol and T-tube removal) and
grade 3 events occurred in one (no abnormality was noted
during haloperidol administration, but the patient fell on
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Table 3 The results of the multivariate analysis of the factors
affecting the development of postoperative delirium (logistic regres-
sion analysis)

Odds 95 % CI  p value
ratio
Prophylactic administration of 1.30 0.54-3.17 0.558
haloperidol
Age 1.12* 1.01-1.27 0.043
Gender (male) 1.03 0.41-2.60 0.953
Preoperative NEECHAM score 1.23° 1.01-1.51 0.037
Preoperative MMSE score 1.15° 1.03-1.30 0.014

The multivariate logistic regression analysis was performed to include
the patient age, gender, preoperative MMSE score and preoperative
NEECHAM score as covariates to evaluate the effects of prophylactic
haloperidol treatment after adjustments for potential confounding
factors. An odds ratio >1 indicated that the factor conferred a greater
risk of severe postoperative delirium

NEECHAM NEECHAM confusion scale, MMSE Mini-Mental State
Examination

# For each 1-year increase
® For each 1-point decrease in the score

day 7, leading to a femoral neck fracture) in the interven-
tion group. However, the grade 3 event was unlikely to
have had any causal relationship with the preventive hal-
operidol treatment, considering that the half-life of intra-
venous haloperidol is 14.1 & 3.2 h [28], and no other
adverse events of grade 3 or more were noted.

Discussion

No significant preventive effect of the daily administra-
tion of low-dose haloperidol on postoperative delirium
was noted in this randomized, open-label prospective
study. The incidence of postoperative delirium was not
significantly lower in the intervention group than in the
control group, and no significant effect was noted on the
severity or persistence of the delirium. Moreover, no
significant effect was observed even in the group at high
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Table 4 The results of the multivariate analysis of the factors
affecting the development of postoperative delirium (GEE analysis)

Odds 95 %CI  p value
ratio
Prophylactic administration of 1.48 0.33-6.71 0.611
haloperidol
Age 1.30% 1.07-1.58 0.008
Gender (male) 0.39 0.08-1.86 0.238
Preoperative NEECHAM score 1.05° 0.78-1.40 0.752
Preoperative MMSE 1.69° 1.05-2.73 0.032
Postoperative day 0.67° 0.52-0.85 0.001

(postoperative days 1-7)

A supportive analysis using the generalized estimating equation
regression model was conducted to compare the incidence of severe
delirium between the treatment groups throughout first 7 days after
the operation

GEE generalized estimating equation, NEECHAM NEECHAM con-
fusion scale, MMSE Mini-Mental State Examination

# For each 1-year increase
® For each 1-point decrease in the score
° For each 1-day increase

risk for postoperative delirium with preoperative MMSE
and NEECHAM scores below 25 and 27, respectively.

There have been several contradictory reports regarding
the efficacy of haloperidol in preventing delirium. Kaneko
et al. [13] reported that it significantly decreased the inci-
dence of delirium after surgery involving the digestive
organs in a small-scale clinical study, and Wang et al. [14]
reported that 12-h continuous preventive administration of
haloperidol significantly decreased the incidence of delirium
in elderly patients admitted to an ICU, excluding those after
cardiac surgery. In contrast, Kalisvaart et al. [15] reported
that haloperidol reduced the severity and persistence of
delirium, but did not decrease its incidence in patients fol-
lowing orthopedic surgery in a RCT where they received oral
preventive treatment with low-dose haloperidol.

The absence of a preventive effect of haloperidol on
postoperative delirium may have been due to the low dose
used and short administration period. However, although
the dose was lower than 5 mg/day for 5 days, as reported
by Kaneko et al., the preventive administration of the dose
of 2.5 mg/day for 3 days was still markedly higher than the
intravenous bolus injection of 0.5 mg of haloperidol, fol-
lowed by continuous infusion at a rate of 0.1 mg/h for 12 h
(total dose per day: 1.7 mg) reported by Wang et al. High-
dose haloperidol may be necessary for the primary pre-
vention of delirium, but such treatment may increase the
frequency and severity of adverse effects, particularly in
vulnerable patients. It has been suggested that haloperidol
should ideally be administered to elderly patients at a low
dose for a short time [29].
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It is also possible that the initiation of preventive
administration in the present study may have been too late.
In the time-course of the NEECHAM scores after surgery
(Fig. 3), the lowest score was noted on postoperative day 1
in both the intervention and control groups, and it slowly
improved thereafter. The NEECHAM score may have
rapidly decreased immediately after surgery within one
postoperative day. The drug was administered early after
surgery in the studies by Kaneko et al. and Wang et al., in
which an effect was observed. We performed our study on
the assumption that the intervention would be administered
in general wards of general hospitals, and decided to start
haloperidol administration on postoperative day 1 in con-
sideration of the patient safety; however, this timing was
not before the decrease in the NEECHAM score was
observed. This may have been the reason for the absence of
an effect due to the intervention. Although it may have
been better to initiate the intervention on the night after the
surgery, an intervention immediately after surgery to
patient in unstable general conditions is difficult unless it is
strictly monitored in the ICU, as reported by Wang et al.
When preventive administration is initiated immediately
after surgery, the influence of anesthesia remains, and the
respiratory and circulatory dynamics are unstable, which
may have a negative influence on the postoperative course
and increase the possibility of severe adverse events.

It should be noted that we were unable to exclude the
possibility of a psychological effect arising from the patients’
awareness of having received a haloperidol drip infusion,
because this trial was not performed in a double-blinded
manner. However, a lack of blinding would introduce poten-
tial bias in favor of the haloperidol prophylactic group, which
was not observed in the present study. Therefore, the non-
double-blinded nature of the study does not appear to have
affected the conclusions regarding the treatment.

No severe adverse event corresponding to grade 3 or more
that was assumed to be associated with the preventive halo-
peridol administration was noted. Although high-dose halo-
peridol administration (from 5 mg to more than 20 mg) was
necessary when postoperative delirium developed, no adverse
event assumed to be induced by the haloperidol was noted
even in these cases, which suggested that haloperidol can be
relatively safely administered even during the unstable post-
operative period. The safety of haloperidol for postoperative
elderly patients has also been confirmed in other studies [13~
15]. Combining its high tolerability and low cost, expanding
the clinical experience using this antipsychotic drug will
broaden the range of applications for other conditions.

Nevertheless, this study suggests that intravenous
treatment with low-dose haloperidol is unlikely to be used
widely in hospital wards as prophylactic intervention to
prevent postoperative delirium in elderly surgical patients
who are not orally treatable. High-dose haloperidol may be
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effective, but it has been advised that haloperidol should be
administered to elderly patients at a low dose to prevent
adverse effects [25, 26, 29].

Several studies have shown various non-pharmacological
measures that can contribute to reducing the incidence of
delirium [30-33]. Inouye et al. [30] proposed a multifactorial
intervention that included specific protocols for cognitive
impairment, sleep deprivation, immobility, visual impair-
ment, hearing impairment and dehydration by showing sig-
nificant reductions in the number and duration of episodes of
delirium in hospitalized general medicine patients aged 70 or
older. Marcantonio et al. [32] reported that geriatric consul-
tation decreased delirium in elderly surgical patients after hip
fracture by over one-third. More recently, Colombo et al. [33]
showed that the timely use of a re-orientation strategy was
correlated with a significantly lower occurrence of delirium in
patients admitted to the ICU. In fact, the proportion of patients
who developed postoperative delirium in the present study
(38 % of all patients) was lower than that reported in our
previous study (55 %) [7]. This may have been due to the
protocol used in this study, in which patients who developed
delirium on the day of surgery or on the following morning
were not included. However, alternatively, it could have been
because the preceding studies on delirium motivated the
participating medical staff and nurses to be more aware of
postoperative delirium, thus promoting the care of patients at
risk and decreasing the incidence of delirium.

The NEECHAM score was employed to diagnose delirium
and to evaluate its severity. A pattern similar to that in our
previous report [7] was noted in the present study, which
confirmed its reproducibility and usefulness as a score to
evaluate delirium. The incidence of postoperative delirium
has been shown to vary markedly (10 % to higher than 50 %)
among reports [29, 34-38], and this may have been due to the
fact that many studies were retrospective, and the definition of
the development of delirium has been ambiguous or different
among these studies. The DMS-IV [39] and Delirium Rating
Scale (DRS) [40] are known as diagnostic criteria that can also
be used to evaluate delirium; however, it is difficult for nurses
who directly take care of patients with postoperative delirium
to judge delirium accurately using the DMS-IV and DRS. On
the other hand, the severity and condition of delirium can be
simply and objectively determined by general physicians and
nurses using the NEECHAM score. In this study, postopera-
tive delirium was continuously and prospectively evaluated in
consecutive cases using the NEECHAM score by nurses in
direct contact with patients all day at clinical sites. The effi-
cacy of the intervention was judged based on this evaluation,
and its reliability should have been high.
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Purpose
To investigate the efficacy of erlotinib versus docetaxel in previously treated patients with advanced

non-small-cell lung cancer (NSCLC) in an epidermal growth factor receptor (EGFR) —unselected
patient population.

Patients and Methods

The primary end point was progression-free survival (PFS). Secondary end points included overall
survival (OS), response rate, safety, and analyses on EGFR wild-type tumors. Patients with stage
IIIB or IV NSCLC, previous treatment with one or two chemotherapy regimens, evaluable or
measurable disease, and performance status of 0 to 2 were eligible.

Results
From August 2009 to July 2012, 150 and 151 patients were randomly assigned to erlotinib (150 mg

daily) and docetaxel (60 mg/m? every 3 weeks), respectively. EGFR wild-type NSCLC was present
in 109 and 90 patients in the erlotinib and docetaxel groups, respectively. Median PFS for erlotinib
versus docetaxel was 2.0 v 3.2 months (hazard ratio [HR], 1.22; 95% Cl, 0.97 to 1.55; P=.09), and
median OS was 14.8 v 12.2 months (HR, 0.91; 95% ClI, 0.68 to 1.22; P = .B3), respectively. In a
subset analysis of EGFR wild-type tumors, PFS for erlotinib versus docetaxel was 1.3 v2.9 months
(HR, 1.45; 95% Cl, 1.09 to 1.94; P = .01), and OS was 9.0 v10.1 months (HR, 0.98; 95% ClI, 0.69
to 1.39; P = .91), respectively.

Conclusion

Erlotinib failed to show an improvement in PFS or OS compared with docetaxel in an EGFR-
unselected patient population.

J Clin Oncol 32:1902-1908. © 2014 by American Society of Clinical Oncology

ously treated advanced NSCLC,>? in whom the me-
dian progression-free survival (PES) in response to

Lung cancer is the leading cause of cancer-related
deaths worldwide. Non-small-cell lung cancer
(NSCLC) comprises more than 80% of all lung tu-
mors. Approximately two thirds of NSCLC:s are di-
agnosed at advanced stages. The standard first-line
treatmentforNSCLC,platinum-baseddoubletchem-
otherapy, has a response rate of approximately 30%,
and the response usually lasts only 4 to 5 months.”
Second- and third-line chemotherapy has been used
to further improve survival. A standard regimen of
docetaxel has been established based on results from
randomized phase III studies of patients with previ-

1902 © 2014 by American Society of Clinical Oncology
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docetaxel was 2.0 to 2.5 months.

Epidermal growth factor receptor (EGFR) ty-
rosine kinase inhibitors (TKIs) are active against
previously treated NSCLC. Erlotinib, an EGFR-TKI,
showed a significant survival benefit in a placebo-
controlled phase I1I trial (BR21), with a median PFS
of 2.2 months and hazard ratio (HR) of 0.61.* The
noninferiority of gefitinib, another EGFR-TK]I, to
docetaxel in patients with previously treated NSCLC
was shown in terms of survival in a global phase III
study (Iressa NSCLC Trial Evaluating Response and
Survival Versus Taxotere [INTEREST], n = 1,433)°
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but not in a smaller phase III study in Japan (V15-32, n = 489).° A
global phase IV study of erlotinib (Tarceva Lung Cancer Survival
Treatment [TRUST], n = 6,580) showed a PFS of 3.3 months’ and a
much longer PFS (5.6 months) in an Asian subset.® Although both
erlotinib and docetaxel are considered standard therapies for previ-
ously treated NSCLC, given the favorable survival in erlotinib-treated
Asian patients, erlotinib might produce longer PFS than docetaxel
in Asian patients with previously treated NSCLC in an EGFR-
unselected population.

The Docetaxel and Erlotinib Lung Cancer Trial (DELTA) is a
multicenter, open-label, phase III study from Japan. Because gefitinib
failed to show noninferiority to docetaxel in the V15-32 trial, we
investigated the efficacy and tolerability of erlotinib versus do-
cetaxel as second- or third-line treatment for EGFR-unselected
patients with NSCLC.

When this study was initiated, EGFR-TKIs were usually used
without testing for EGFR mutational status in clinical practice. Then,
the pivotal Iressa Pan-Asia Study (IPASS) study showed that gefitinib
was superior to carboplatin and paclitaxel in terms of PFS in patients
with EGFR mutant tumors (HR, 0.48; 95% CI, 0.36 to 0.64), whereas
the opposite results were observed in patients with EGFR wild-type
tumors (HR, 2.85; 95% CI, 2.05 to 3.98) in the first-line setting,” Given
the advancement of molecular knowledge, we preplanned an analysis
to examine the treatment effect in EGFR wild-type and EGFR mu-
tant disease.

Patients

This multicenter, open-label, randomized phase III study was sponsored
by the National Hospital Organization, an independent administrative agency
in Japan. Patients age 20 years or older were eligible if they met the following
criteria: pathologically or histologically proven NSCLC with stage IIIB or IV
disease (International Union Against Cancer, version 6); previous treatment
with one or two chemotherapy regimens, including at least one platinum
agent; evaluable or measurable disease by computed tomography (CT) or
magnetic resonance imaging; and Eastern Cooperative Oncology Group per-
formance status (PS) of 0 to 2. The main exclusion criteria were previous
exposure to EGFR-TKI or docetaxel, symptomatic brain metastasis, and a

second active cancer. Patients were also excluded from the study if they had
interstitial pneumonia or pulmonary fibrosis detected by chest CT. All en-
rolled patients provided written informed consent before entering the study.
The protocol was approved by the institutional review boards and ethics
committees of the National Hospital Organization.

Treatment

Erlotinib (150 mg per day) was administered orally. Docetaxel was ad-
ministered every 3 weeks as a 1-hour intravenous infusion of 60 mg/m? (ie, the
approved dose in Japan). Adverse events were monitored and graded accord-
ing to the Common Terminology Criteria for Adverse Events (version 3.0).
Patients received the study treatment until disease progression or intolerable
toxicities. Poststudy treatment was given at the discretion of the physician and
patient, and cross-over treatment was allowed in this trial.

Assessments

Tumors assessments were performed via CT, spiral CT, or magnetic
resonance imaging, and the same methods of measurement were used
throughout the study for each patient. PFS was defined as the time from
random assignment to the earliest occurrence of disease progression or death
from any cause; patients who had not experienced progression or died at data
cutoff were censored at the last tumor assessment. Overall survival (OS) was
assessed from the date of random assignment to the date of death as the result
of any cause, or data were censored at the last date the patient was confirmed to
be alive. Tumor response according to RECIST was assessed at baseline, every
month for the first 4 months, and every 2 months thereafter. Investigator
assessment of best overall tumor response was used for the analysis. Routine
laboratory assessments were performed at baseline, every week for the first
month, and every 2 to 4 weeks thereafter. EGFR mutations were examined in
exons 18 to 21 by a highly sensitive polymerase chain reaction (PCR) —based
method (ie, the PCR-invader method, peptide nucleic acid-locked nucleic
acid PCR clamp method, or cycleave method). These assays were performed in
commercial laboratories to which each institute sent the diagnostic tu-
mor samples.'°

Statistical Analysis

Eligible patients were randomly assigned 1:1 to erlotinib or docetaxel by
the minimization method according to sex, performance status, histology, and
institution. Efficacy analyses were completed for the intent-to-treat popula-
tion. Safety analyses were performed for the population who received at least
one dose of the trial medication after random assignment. The primary end
point was PES. Secondary end points were OS, response, safety, and analyses
on EGFR wild-type and mutant tumors. Median PFS was assumed to be 3.5
months and 2.5 months in patients receiving erlotinib and docetaxel, respec-
tively, based on data from previous clinical trials.>”® The present study was

Fig 1. CONSORT diagram.
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designed to assess the efficacy of erlotinib versus docetaxel in EGFR-unselected
patients and to have 80% power to detect a 1-month difference at a two-sided
significance level of P = .05. A sample size of 300 patients was planned based on
these assumptions. Final analysis was planned after 278 events. Survival curves
were calculated using the Kaplan-Meier method, and a log-rank test was used
to compare treatment groups. The 95% CI of the median survival time was
calculated by the method of Brookmeyer and Crowly.!' Estimates of the
treatment effect were expressed as HRs and two-sided 95% Cls from a Cox
regression model for erlotinib versus docetaxel.

Subgroup analyses for PES were performed to explore the potential
interaction effect of the treatment groups with sex (male v female), PS (0v 1 or
2), stage (IIIB v IV), histology (adenocarcinoma v other), and smoking status
(ever v never). Response, toxicity, and patient characteristics were compared
between the treatment groups using Fisher’s exact test, and age was compared
using the Wilcoxon rank sum test. As secondary end points, we performed
similar analyses for PES and OS in patients with EGFR wild-type and EGFR
mutant tumors. To assess the homogeneity of the treatment effect on PFS and
OS, an interaction term of treatment and EGFR mutation status (wild-type,
exon 19 deletion or L858R, or other) was evaluated in the Cox model using the
likelihood ratio test. To correct for potential confounding of patient charac-
teristics other than the EGFR mutation status in these subgroup analyses,

Table 1. Patient Demographics and Clinical Characteristics for All
Study Patients

Erlotinib Docetaxel
(n = 150) (n=151)
Demographic or Clinical No. of No. of

Characteristic Patients % Patients %
- Female 42 280 44 291
© o Male . 108 720 107 708
Age, years
Median 68 67
Range 37-82 31-85
B . 930200 29 192
Y 120800 122 80.8
Performance status
0 77 51.3 78 51.7
1 67 44.7 67 44.4
2 6 4.0 6 4.0
Smoking status” i S e -
~ Eversmoker . S 7400 114 758
Never-smoker = 39° 260 37 - 245
Histology
Adenocarcinoma 104 69.3 103 68.2
Squamous cell carcinoma 29 19.3 32 21.2
Others 17 11.3 16 10.6
Firstine treatment. i 150 100 - 151" . 100
Platinum doublet : 141 940 140 927
Platinum doublet + bevacizumab 6 40 10 66
. Other . =~ . 3 2.0 1 0.7
Second-line treatment 29 19.3 21 13.9
Platinum doublet 19 12.7 9 6.0
Platinum doublet + bevacizumab 3 2.0 3 2.0
Other 7 4.7 9 6.0
EGFR status - g G
Wild-type 109 - 727 90 - 596
Exon 19 deletion or L858R. 21140 30 19.9
‘Other mutations ‘ 213 3 20
Insufficient/not examined =~ 18 120 . - 28 . 186

Abbreviation: EGFR, epidermal growth factor receptor.

1904 © 2014 by American Society of Clinical Oncology
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adjusted HRs were also calculated using the Cox regression model, including
stratification factors with the exception of institution. Statistical analyses were
performed using SAS version 9.3 (SAS Institute, Cary, NC).

Patients

From August 2009 to July 2012, 301 patients were enrolled from
41 institutions belonging to the National Hospital Organization. In
the intent-to-treat population, 150 and 151 patients were randomly
assigned to erlotinib and docetaxel, respectively (Fig 1). The baseline
characteristics were well balanced between the treatment groups in
terms of age, sex, PS, smoking status, histology, first- and second-line
chemotherapy regimens, and EGER status (Table 1).

PFS, OS, and Response Rate in
EGFR-Unselected Population

Median PFS time was 2.0 months (95% CI, 1.3 to 2.8 months) for
erlotinib and 3.2 months (95% CI, 2.8 to 4.0 months) for docetaxel
(Fig 2A), but this difference was not significant (HR, 1.22; 95% CI,
0.97 to 1.55; P = .09). At data cutoff (January 17, 2013) with median
follow-up of 8.9 months, 141 patients (94.0%) in the erlotinib group
and 138 patients (91.4%) in the docetaxel group experienced disease

é 1.0 4 3 == Erlotinib {n = 150); median, 2.0 months
g % == Docetaxel (n = 151); median, 3.2 months
E 0.8 1 % HR, 1.22; 95% Cl, 0.97 to 1.55; Log-rank P= .09
= !
»= 1
® o
[
™
L s

o
S 9
7=
w —
[t}
e
o
o
S
o. T T

36 40
No. at risk Time Since Random Assignment (months)
Erlotinib 150 29 8 2 1
Docetaxel 151 28 8 5 0
1.0 4 == Erlotinib (n = 150); median, 14.8 months
. == Docetaxel {n = 151); median, 12.2 months
_ 0.8 HR, 0.91; 95% Cl, 0.68 to 1.22; Log-rank P= .53
©
> —
= o
E S 06+
ZRS
= & 04
| U
=
g
o 0.2 4
0 4 8 12 16 20 24 28 32 36 40

No. at risk Time Since Random Assignment {months)
Erlotinib 150 80 41 17 8
Docetaxel 151 84 39 19 4

Fig 2. (A) Progression-free survival {all patients). (B) Overall survival {all patients).
HR, hazard ratio.
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Subgroup Hazard Ratio 95% ClI
All patients —6— 1.22 0.97 to 1.55
Sex
Female & 1.15 0.72 10 1.85
" Male +—E— 1.30 0.98t0 1.71
Age, years
<70 —— 1.33 0.98t0 1.81
270 s 1.03 0.71t0 1.49
Stage
B & 1.05 0.61 to 1.81
v e 1.25 0.96to 1.63 Fig 3. Progression-free survival in clinical
PS subgroups (all patients). PS, performance
0 —_——— 1.23 0.88t0 1.72 status.
1-2 — 1.27 0.91to 1.78
Smoking status
Ever smoker — e 1.20 0.91to 1.56
Never smoker & 1.37 0.83t0 2.23
Histology
Adenocarcinoma —&— 1.14 0.85 to 1.52
Nonadenocarcinoma & 1.60 1.05 to 2.43
0.5 1 2
< Favors erlotinib | l Favors docetaxel>

progression or death. The median OS time was 14.8 months (95% CI,
9.0 to 19.4 months) for erlotinib and 12.2 months (95% CI, 9.0 to 15.5
months) for docetaxel (HR, 0.91; 95% CI, 0.68 to 1.22; P = .53; Fig
2B). The number of patients with tumor response was similar in both
groups; 25 patients (17.0%; 95% CI, 11.3% to 24.1%) responded in
the erlotinib group, and 26 patients (17.9%; 95% CI, 12.1% to 25.2%)
responded in the docetaxel group (P = .88). A complete response was
reported in the erlotinib group in one patient with unknown EGFR
status. As shown in Figure 3, subgroup analyses for PFS revealed that
there was no significant difference between the two drugs, with the
exception of nonadenocarcinoma histology (HR, 1.60; 95% CI, 1.05
t0 2.43; P = .03). All factors numerically favored docetaxel.

PFS, OS, and Response Rate in EGFR Wild-Type and
Mutant Tumors

EGER status was determined in 255 (84.7%) of 301 patients,
including 199 patients with wild-type EGFR NSCLC and 51 patients
with active mutant EGFR NSCLC. The interaction term between
treatment and EGFR mutation status was significant for PES but not
for OS (P = .03 and P = .20, respectively). In patients with EGFR
wild-type disease, there was no significant difference between the
erlotinib and docetaxel groups regarding sex (men and women: 85
and 24 v 68 and 22 patients, respectively; P = .74), age (median age, 68
v 67 years, respectively; P = .96), PS (0, 1, and 2: 52, 52, and five v 38,
49, and three patients, respectively; P = .66), histology (adenocarci-
noma and nonadenocarcinoma: 72 and 37 v 58 and 32 patients,
respectively; P = .88), stage (IIIB and IV: 26 and 83 v 20 and 70
patients, respectively; P = .87), and smoking status (ever-smoker and
never-smoker: 87 and 22 v 76 and 14 patients, respectively; P = .46).In
patients with EGFR wild-type tumors, the docetaxel group had a
significantly longer PFS (2.9 months; 95% CI, 2.1 to 3.3 months) than
the erlotinib group (1.3 months; 95% CI, 1.1 to 2.0 months; Fig 4A). A
supportive Cox analysis with stratification factors confirmed the sig-
nificant difference (adjusted HR, 1.57; 95% CI, 1.18 to 2.11; P < .01).
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However, the difference in OS was not statistically significant. The
median OS was 9.0 months (95% CI, 7.8 to 14.5 months) in the
erlotinib group compared with 10.1 months (95% CI, 7.3 to 12.4
months) in the docetaxel group (P = .91; Fig 4B). In terms of tumor
response, six patients (5.6%; 95% CI, 2.1% to 11.9%) responded to
erlotinib, and 17 patients (20.0%; 95% CI, 12.1% to 30.1%) re-
sponded to docetaxel (P < .01).

In patients with EGFR mutations, median PFS and median OS
were longer in the erlotinib group than in the docetaxel group (PFS:
9.3 v 7.0 months, respectively; OS: not reached v 27.8 months, respec-
tively). However, these differences in PFS (Fig 4C) and OS (Fig 4D)
were not statistically significant.

Safety

The safety population included 300 patients: 150 in each group
(Table 2). The most common adverse event with erlotinib was rash
(92.7%), whereas docetaxel was associated with fatigue (71.3%), nau-
sea (50.0%), and hematologic toxicities. Grade 3 to 4 leukopenia,
neutropenia, and febrile neutropenia were significantly more frequent
with docetaxel compared with erlotinib (0.7% v 64.0%, 0.7% v 80.0%,
and none v 15.3%, respectively; Table 2). Two patients in the erlotinib
group died of interstitial lung disease, and one patient in the docetaxel
group died as a result of infection.

Poststudy Treatment

The number of patients who received further treatment was
similar in the two groups (P = .22). Sixty-one patients (42.3%) in
the erlotinib group received docetaxel, and 55 patients (37.9%) in
the docetaxel group received EGFR-TKIs. Other drugs were ad-
ministered to 45 patients (31.3%) in the erlotinib group and 41
patients (28.3%) in the docetaxel group. In the unselected popula-
tion, no difference in OS was observed between the erlotinib and
docetaxel arms when comparing patients who went on to receive
subsequent chemotherapy (HR, 0.96; 95% CI, 0.62 to 1.49; P = .84).
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Fig 4. (A) Progression-free survival (PFS) in epidermal growth factor receptor (EGFR) wild-type tumors. (B) Overall survival (OS) in EGFR wild-type tumors. (C) PFS in
EGFR mutant tumors (exon 19 deletion or L858R). (D) OS in EGFR mutant tumors (exon 19 deletion or L858R). HR, hazard ratio.

Similarly, no difference was observed in the unselected population
between the two arms when comparing patients who did not go on
to receive subsequent chemotherapy (HR, 1.28; 95% ClI, 0.77 to
2.12; P = .34). However, patients with EGFR wild-type tumors

who were treated with docetaxel and did not receive subsequent
therapy had a trend toward longer OS when compared with pa-
tients treated with erlotinib (HR, 1.79; 95% CI, 0.95 to 3.35; P =
.06). However, no significant difference in OS was seen between the

Table 2. Common Adverse Events
All Grades Grade 3 or 4
Erlotinib (n = 150) Docetaxel (n = 150) Erlotinib (n = 150) Docetaxel (n = 150)
Toxicity No. of Patients % No. of Patients % P No. of Patients % No. of Patients % P
| Rash S9N ST 220 AT 0N 20 18300t 00T
Nausea 46 30.7 75 50.0 <.01 3 2.0 5 3.3 72
Vomiting. "~ . 18 87 0 250 0 187 .06 sk 0.7 v O a0 0000
Diarrhea 57 38.0 31 20.7 <.01 2 1.3 2 1.3 1.00
_Fatigue =~~~ . . 8 .. . B33 107 713 <01 8 53. 7 S 47 100
Anemia 120 80.0 141 94.0 <.01 6 4.0 12 8.0 22
Thrombocytopenia- = ©31 .0 207 48 320 .04 0 : & EUGET 0 04k
Leukopenia 19 12.7 140 93.3 < .01 1 0.7 96 64.0 <.01
‘Neutropenia - 15 100 - 186 1907 . <01 b 07.0  ..120 . 800 0 <01
Neutropenic fever 0 23 15.3 <.01
AST o . - 43 287 0 3. 240 43 .3 2000 2B
ALT 39 26.0 35 233 .69 5 3.3 1 0.7 .21
“Prieumonitis 100 7 e B3 8T 2 REiE 20 1.00

1906 © 2014 by American Society of Clinical Oncology

284

JOURNAL OF CLINICAL ONCOLOGY



Erlotinib v Docetaxel for Non-Smali-Cell Lung Cancer

erlotinib and docetaxel arms in patients who received any subse-
quent treatment (HR, 0.91; 95% CI, 0.63 to 1.32; P = .62).

This study showed that there was no significant difference in PES when
comparing erlotinib versus docetaxel as second- or third-line treat-
ment for an EGFR-unselected population with NSCLC. In the pre-
planned subgroup analysis, PES and response rate were significantly
better with docetaxel than erlotinib in EGFR wild-type tumors. In
contrast, patients with EGFR mutant tumors showed longer PFS and
OS in the erlotinib group than in the docetaxel group, although these
differences did not reach statistical significance, possibly because of the
small sample size.

To date, five phase III trials have compared EGFR-TKI and
chemotherapy in patients with previously treated and EGFR-
unselected NSCLC.>%'2"1* INTEREST was the largest study and ex-
amined gefitinib versus docetaxel, but there was no significant
difference between these two agents in terms of median PES (2.2 v 2.7
months, respectively) and median OS (7.6 v 8.0 months, respec-
tively).” This trend was also confirmed for Japanese patients in the
V15-32 trial.’ Other drugs examined included erlotinib versus pem-
etrexed by the Hellenic Oncology Research Group™ and erlotinib
versus docetaxel/pemetrexed in the Tarceva in Treatment of Ad-
vanced NSCLC (TITAN) study,'* and similar results were obtained;
there was no difference in PFS and OS between EGFR-TKI and chem-
otherapy. The findings of DELTA are consistent with the results from
these phase III trials in EGFR-unselected patients with NSCLC.

Therapy can now be individualized based on the molecular pro-
file of the tumor. Convincing evidence that EGFR-TKIs have marked
antitumor activity in patients with activating mutations of exons 19
and 21 of the EGFR gene has accumulated.™>'¢ This genotyping-
guided treatment has been effective in clinical practice. Along with
these achievements, the role of EGFR-TKIs in patients with EGFR
wild-type NSCLC has been discussed.”” Our prospectively defined
analyses included an examination of EGFR wild-type NSCLC, reveal-
ing 199 patients with wild-type EGFR disease (66.1%) among the 255
patients (84.7%) who were assessed for EGFR mutations, which is a
higher proportion than that assessed in previous studies.’>'*'® The
present analysis showed that docetaxel was superior to erlotinib in
terms of PES in the subset analysis for EGFR wild-type NSCLC. To
date, three randomized studies have compared EGFR-TKIs and chem-
otherapy focusing on wild-type EGER tumors.'*'® However, our data
are inconsistent with the subset analyses of the INTEREST"® and
TITAN trials,"* both of which showed no significant difference in PFS
when comparing EGFR-TKIs and chemotherapy. Another recent
phase III study, the Tarceva Italian Lung Optimization Trial
(TAILOR)," in which all the patients had EGFR wild-type disease,
reported the same results as ours. Because the sample size of the four
studies is approximately 200 patients, the discrepancy in PES among
studies might partly be attributable to the methods used for EGFR
analysis. For example, INTEREST and TITAN used direct sequencing,
whereas the TAILOR study used restriction fragment length polymor-
phism and Sanger sequencing. DELTA adopted highly sensitive PCR-
based assays. The TAILOR and DELTA studies used likely more
sensitive methods to detect mutations than direct sequencing, partic-
ularly for diagnostic tumor samples.?® The response rates for EGFR-
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TKI versus docetaxel were 6.6% v 9.8%, respectively, in INTEREST;
3.0% v 15.5%, respectively, in TAILOR; and 5.6% v. 20.0%, respec-
tively, in DELTA (no data available for TITAN). These data support
our observations regarding the PFS benefit in the docetaxel group
of DELTA.

In contrast to PFS and response rate, there were no differences in
OS when comparing EGFR-TKI and chemotherapy in our study as
well as in the subset analysis of INTEREST and TITAN. Only the
TAILOR study, which did not allow cross-over therapy, showed that
docetaxel was better than erlotinib in terms of PFS and OS. In the
DELTA study, approximately 40% of patients received cross-over
treatments, and other subsequent therapies were similarly delivered in
both groups. Therefore, unlike PFS, OS may not be affected by subse-
quent therapies. In fact, we found a trend toward better OS in the
docetaxel group than in the erlotinib group in EGFR wild-type
patients who received no subsequent chemotherapy in our subset
analysis. Given the active drugs available for poststudy chemother-
apy that might confer prolonged survival after progression, PFS
can be a clinically relevant end point, and further research and
discussion are required.*"**

The response rate of 20% in the docetaxel arm was higher and
hematologic toxicities were more severe compared with the response
rate and hematologic toxicities seen in phase III trials in Western
countries. There might be some ethnic differences in efficacy and
toxicity between white and Asian patients.”>** For example, in the
Common Arm Trial, which compared clinical outcomes between US
and Japanese patients treated with carboplatin and paclitaxel accord-
ing to identical study design, eligibility criteria, and staging system,”®
the PES and OS were longer and adverse effects of neutropenia and
anemia were more severe in Japanese patients. Although 75 mg/m’ of
docetaxel is more commonly used in Western populations, the abso-
lute response rate and survival in DELTA do not suggest underdosing,

This study has several limitations. First, we failed to detect a
significant difference in PFS in the unselected population, which may
have been a result of the small sample size. Second, the trial was
nonblinded, and the primary end point of PES was assessed by the
individual investigator at each institution. Therefore, caution should
be used when comparing our results with those of other studies in
which PFS was centrally assessed.

In summary, the present study showed no significant difference
in PFS and OS when comparing docetaxel and erlotinib in EGFR-
unselected patients with NSCLC. However, docetaxel was superior to
erlotinib in terms of PES and response rate (but not OS) in patients
with EGFR wild-type disease.
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B

epidermal growth factor receptor (EGFR): also
known as HERI. Belongs to a family of receptors (HER2, HER3,
HER4 are other members of the family) and binds to the EGF,
TGF-a, and other related proteins, leading to the generation of
proliferative and survival signals within the cell. It also belongs to
the larger family of tyrosine kinase receptors and is generally
overexpressed in several solid tumors of epithelial origin.

erlotinib: also known as Tarceva (Genentech, South San Francisco,
CA). Erlotinib is a small molecule that inhibits the tyrosine kinase activ-
ity of epidermal growth factor receptor/HER1 and has been evaluated
extensively in clinical trials in patients with non—small-cell lung cancer,
pancreatic cancer, and glioblastoma multiforme.
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Abstract

Background The population of elderly patients with lung
cancer is increasing worldwide. Although first-line gefitinib
is one of the standard treatments for advanced non-small
cell lung cancer (NSCLC) harboring epidermal growth fac-
tor receptor (EGFR) mutation, few data have been reported
regarding gefitinib and elderly patients.

Patients and methods Chemotherapy-naive patients aged
70 years or older with stage IIIB or IV NSCLC harboring
EGFR-activating mutation were enrolled and treated with
250 mg of gefitinib daily until disease progression. The

This trial is registered at UMIN-CTR, Number UMIN000001863.
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primary end point was response rate, and secondary end
points were survival, safety, and quality of life.

Results Twenty patients were enrolled, and the median
age was 79.5 years (range 72-90). Overall response rate
was 70 % (95 % CI 45.7-88.1 %), and the disease control
rate was 90 % (95 % CI 68.3-98.7 %). The median pro-
gression-free survival and overall survival time were 10.0
and 26.4 months, respectively. The Functional Assess-
ment of Cancer Therapy-Lung Cancer Subscale (FACT-
LCS) scores improved significantly 4 weeks after the ini-
tiation of gefitinib (P = 0.037) and maintained favorably
over a 12-week assessment period. Among the seven items
of FACT-LCS, shortness of breath and cough improved
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significantly after 4 weeks of treatment (P = 0.046 and
P = 0.008, respectively). The most common adverse events
were rash and liver dysfunction. Although Grade 1 pneu-
monitis developed in one patient, no treatment-related
death was observed.

Conclusion First-line gefitinib therapy is effective and
feasible for elderly patients harboring EGFR mutation, and
improves disease-related symptoms, especially pulmonary
symptoms like shortness of breath and cough.

Keywords Non-small cell lung cancer - EGFR mutation -
Elderly - Gefitinib - Quality of life - First-line treatment

Introduction

Lung cancer is the leading cause of cancer mortality. Non-
small cell lung cancer (NSCLC) accounts for 85 % of
lung cancer cases, with at least 40 % of the patients at an
advanced stage. The population of elderly patients with
lung cancer is increasing worldwide. Two-thirds of the lung
cancer cases are diagnosed in patients over the age of 65,
and the median age at diagnosis is 70 years [1, 2].

Aging is associated with physiologic changes in organ
function and altered drug pharmacokinetics. Furthermore,
the presence of comorbidities and polypharmacy is frequent
in elderly populations. Elderly patients are more likely to
experience severe hematologic and non-hematologic tox-
icity from conventional chemotherapy than their younger
counterparts [3]. Before the discovery of driver mutations
including epidermal growth factor receptor (EGFR) muta-
tion, single-agent chemotherapy was considered to be a
standard of care for elderly patients with advanced NSCLC
[4-6]. Although carboplatin and weekly paclitaxel doublet
chemotherapy improved overall survival compared with
vinorelbine or gemcitabine monotherapy in the IFCT-0501
trial, accompanying toxicity such as Grade 3 or Grade 4
neutropenia, febrile neutropenia, and asthenia was more
frequent in the doublet chemotherapy arm [7]. Therefore,
investigations of effective treatments with less toxicity are
needed for this population.

Gefitinib is an orally administered EGFR tyrosine kinase
inhibitor (TKI) that blocks signal transduction pathways
implicated in the proliferation and survival of cancer cells.
Since EGFR somatic mutation was reported to be strongly
related to the response of EGFR-TKI therapy, several stud-
ies have demonstrated the efficacy of gefitinib for NSCLC
harboring EGFR-activating mutation [8—11]. Two phase III
studies comparing gefitinib with platinum doublet chemo-
therapy as a first-line treatment for NSCLC patients with
EGFR mutation showed that the gefitinib group had a
higher response and longer progression-free survival than
a standard chemotherapy group [12, 13]. However, these
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studies targeted patients aged 75 years or younger, and
few data were available on the efficacy and feasibility of
first-line gefitinib therapy for elderly NSCLC patients with
EGFR mutation. Therefore, we started our current study of
this population. The present study included the assessment
of quality of life (QOL) besides the efficacy and feasibility
of treatment.

Patients and methods
Patient eligibility

Patients aged 70 years or older with a histologically or
cytologically proven diagnosis of non-small cell lung can-
cer were eligible for this study. Other eligibility criteria
included the following: EGFR-activating mutation (either
exon 19 deletion or L858R in exon 21); measurable dis-
ease; stage IIIB/IV or postoperative recurrence; no prior
therapy including chemotherapy or radiotherapy of the
primary tumor; Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2; an adequate organ
function defined as leukocyte count >3,000/mm>, plate-
let count leO,OOO/mm3, hemoglobin >9.0 g/dl, aspartate
aminotransferase and alanine aminotransferase <100 IU/I,
total bilirubin <1.5 mg/dl, serum creatinine <1.5 mg/dl,
and PaO, at rest >60 mmHg. Patients with any of the fol-
lowing criteria were ineligible: superior vena caval syn-
drome; history of serious drug allergy; massive pleural or
pericardial effusion or ascites that required drainage; inter-
stitial lung disease or pulmonary fibrosis detected by con-
ventional computed tomography of the chest; symptomatic
brain metastasis; other concurrent active malignancy;
pregnancy, lactation, or other concomitant serious medi-
cal conditions. All patients gave written informed con-
sent before enrollment. The study protocol was approved
by each institutional review board and was carried out
in accordance with the Declaration of Helsinki 1964 (as
revised 2000).

Study design and treatment

This was a single-arm, prospective, multicenter, phase II
trial. Patients were treated with 250 mg of oral gefitinib
daily. Therapy was continued unless there was evidence of
disease progression, unacceptable toxicity, or withdrawal
of consent. If Grade 3 toxicity other than pneumonitis was
observed, gefitinib was discontinued for a maximum of
4 weeks. After the toxicity recovered to the level of Grade
2, gefitinib was given every other day. If toxicity further
improved, gefitinib was given daily. If Grade >1 pneu-
monitis or Grade 4 toxicity other than pneumonitis was
observed, the patient was removed from the study.
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Evaluation of response and toxicity

The pretreatment baseline evaluation included a complete
medical history and physical examination, complete blood cell
count, blood chemistry studies, computed tomography scan of
the chest and abdomen, computed tomography or magnetic
resonance imaging of the brain, bone scintigraphy or positron
emission tomography, arterial blood gas analysis, pulmonary
function tests, and electrocardiography. Tumor response was
assessed every 2 months during the first year after enrollment
and every 3 months between 12 and 18 months. Thereafter,
the interval was at the physician’s discretion.

The Response Evaluation Criteria in Solid Tumors
(RECIST) were used for response assessment [14]. Dis-
ease control rate (DCR) was defined as the rate of complete
response (CR) plus partial response (PR) plus stable dis-
ease (SD). An extramural review was conducted to validate
staging and response. Toxicity was evaluated according to
the National Cancer Institute Common Terminology Crite-
ria (version 3.0).

Quality of life (QOL) was assessed with the Functional
Assessment of Cancer Therapy-Lung Cancer Subscale (FACT-
LCS) questionnaire version 4. The maximum attainable score
on the FACT-LCS was 28, with which the patient was consid-
ered to be asymptomatic. Patients were asked to complete the
FACT-LCS questionnaire at the time of enrollment and at 4, 8,
and 12 weeks after the initiation of treatment.

Mutational analysis of EGFR

Epidermal growth factor receptor (EGFR) genetic testing
methods included either direct sequencing, PCR invader,
peptide nucleic acid-locked nucleic acid PCR clamp, or the
combination of fragment analysis and the Cycleave method.

Statistical analyses

The primary end point of this study was the response rate.
We calculated the sample size based on Simon’s two-
stage design of the phase II study [15]. Assuming that a
response rate of 60 % from eligible patients would indicate
potential usefulness, and that a rate of 30 % would be the
lower limit of interest (with a power of 0.8 at a one-sided
significance level of 0.05), accrual of 17 eligible patients
was required. Therefore, we planned to accrue a total of 19
patients, assuming there would be a 10 % dropout rate. The
duration of survival was measured from the day of enroll-
ment, and the overall survival curve and progression-free
survival curve were calculated according to the method
of Kaplan and Meier [16]. Repeated-measures analysis of
variance was used to assess the differences in the FACT-
LCS between baseline and each point during the treatment.
Comparisons of the FACT-LCS scores with the baseline
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scores were adjusted for multiple comparisons using the
Dunnett-Hsu test. The software SAS/Proc Mixed version
9.2 (SAS Institute Inc., Cary, NC) was used for statistical
analysis. All comparisons were two-sided, and the statisti-
cal significance level was set at P < 0.05.

Results
Patient characteristics

Between April 2009 and March 2011, 20 patients were
enrolled in this study. Sixteen patients (80 %) were aged
75 years or older, and the median age was 79.5 years (range
72-90 years old) (Table 1). All of the 20 patients had ade-
nocarcinoma, 13 (65 %) were female, two (10 %) had an
ECOG performance status of 2, and 12 (60 %) had exon 19
deletion mutations.

Tumor responses and survival

Overall response rate was 70 % (95 % CI 45.7-88.1 %),
and the disease control rate was 90 % (95 % CI 68.3—
98.7 %) (Table 2). Although the response of one patient
who developed pneumonitis was not evaluable, progressive
disease was observed in only one patient. The median pro-
gression-free survival and overall survival time were 10.0
and 26.4 months, respectively (Figs. 1, 2).

Table 1 Patient characteristics

Characteristics N=20 (%)
Age, years
Median (range) 79.5 (72-90)
Sex
Male 7 35
Female 13 65
Smoking status
Never smoker 14 70
Former/current smoker 6 30
ECOG performance status
0 13 65
1 5 25
2 2 10
Stage
1B 4 20
v 15 75
Postoperative recurrence 1 5
Type of EGFR mutation
Exon 19 deletion 12 60
L858R 8 40
ECOG Eastern Cooperative Oncology Group
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