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Conclusions: The interpretation of study results is limited due to early stopping. Further study is
needed to confirm survival benefit of platinum-based chemotherapy for elderly non-small-cell
lung cancer [UMIN-CTR {www.umin.ac.jp/ctr/) ID: C000000146].
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Introduction

Non-small-cell lung cancer {NSCLC) remains the leading cause of
cancer-related death in most developed countries (1), The rapid expan-
sion of the elderly population in the majority of industrialized nations
has resulted in a significant increase in the number of older patients
diagnosed with NSCLC. Platinum-based doublet chemotherapy is
considered the standard of care for fit patients with advanced
NSCLC {2). Retrospective subser analyses of the trials involving
young and elderly patients with no upper age limir have reported
that elderly NSCLC patients with good performance status tolerate
platinim-based combination chemotherapy well and achieve survival
benefits similar to those of younger patients (3-6). However, elderly
patients are under-represented in these clinical trials, making it diffi-
cult ro extrapolate these results to elderly population, in general
(7,8). Aging is associared with a number of physiological changes,
such as deterioration of renal and liver function and decreased bone
marrow reserves, which affect the tolerability and outcomes of cyto-
toxic chemotherapy (9,10). In addition, the presence of comorbid ill-
nesses needs to be considered when caring for elderly patients (11).
The 2004 American Society of Clinical Oncology guidelines recom-
mended use of vinorelbine or gemcitabine monotherapy for elderly pa-
tients with advanced NSCLC {12} based on evidence from two Phase
I trials specific for elderly patients (13,14). In addition, a Japanese
Phase Il study evaluating the role of doceraxel (D} monotherapy for
elderly advanced NSCLC had demonstrated equivalence, if not super-
jority, for ) to vinorelbine (13). In an effort to develop more effecrive
treatments, the role of platinum-doublet has been evaluated employ-
ing attenuated platinum doses or carboplatin instead of ¢isplatin to
achieve feasible therapeutic indices in elderly patients (16-18). A Japa-
nese Phase 11 study evaluaring the combination of weekly D and cis-
platin in 33 patients 275 years old resulted in a response rate of
32%, median survival of 15.8 months, and an acceprable toxicity pro-
file (19). This promising result led us to plan the current randomized
Phase U study, We selected D, an agent used in the above-mentioned
Phase I study (19}, instead of vinorelbine or gemcitabine, as a-control
arm in order to evaluate clearly whether the addition of cisplatin to
single-agent chemotherapy could improve survival for elderly patiens,

Patients and methods
Study design

Parients who met all eligibility criveria were randomly allocated to re-
ceive one of the two regimens in equal proportion, as follows: arm A,
D 25 mg/n™ infused over 60 min on Days 1, 8 and 15; and arm B, D
20 mg/m” infused over 60 min plus cisplatin 25 mg/m® infused over
15~20 min on Days 1, 8 and 13.

Registration was made by relephone or fax to the Japan Clinical
Oneology Group (JCOG) Data Center. Patients were randomized by
the minimization method balancing the arms with institution, stage
of disease (IIT versus IV} and age (273 versus 574 years). Trear-
ment cycles for both treatment arms were repeated every 4 weeks

unti] unacceptable toxicity or disease progression. Guidelines for
dose adjustments were provided for chemotherapy-related toxicity.
Dexamethasone and 5-HT; anragonist as antiemetic agenrs and
1000--1500 m) fluid infusion were recommended for patients as-
signed DP. No other chemotherapy, radiotherapy or experimental
medication was permitted while the patient was under study and
appropriate supportive care was provided, Radiographic rumor
evaluation was carried out at least every two cycles and toxicity
was assessed before every cycle.

Fatient selection

Patients with histologically or cytologically confirmed diagnosis of
Stage IMAAIB {incligible for definitive radiotherapy) or Stage IV
NSCLC were enrolled in this study. All patients were required to be
270 years old with an ECOG pecformance status of 0 or 1, and ad-
equate hematological, renal {serum creatinine <1.2 mg/dl) hepatic
and respiratory functions. Previous surgéry was allowed if it had
been complered at least 4 weeks before inclusion. No prior radiother-
apy for primary lesion was allowed. Patienrs eligible for 1 day bolus
administration of cisplatin after considering renal and cardiac funcrion
and comorbid illnesses, or patients receiving prior chemotherapy were
excluded from participation. This study protocol was reviewed and
approved by the Protocol Review Commitree of JCOG and the insti-
rutional review board ar each participating institutions prior to iniri-
ation of the study, and the study was conducted in accordance with
the precepts established in the Declaration of Helsinki. Patients who
were eligible for participation provided written informed consent
before undergoing any study procedure,

Statistical analysis

The trial was designed as a multicenter, prospective, randomized
Phase 1T study. The primary endpoint for this trial was overall survival
{OS). Secondary endpoints included response rares, progression-free
survival (PFS), symptom score and toxicity.

The primary objective was to determine whether addition of cis-
platin to monotherapy could improve survival for elderly patients
with NSCLC, The study was designed with an 80% power using a
one-sided alpha of 0,025 to detect a 30% increase in median survival
from 7 months with I to 10.5 months with docetaxel plus cisplatin
(DP). As a result, 220 patients (110 patients per arm) accrued in a
3-year period with a l-year follow-up were required (20). Assuming
a proportion of ineligible and lost to follow-up of 5%, sample size
for the study was set ar 230 patients. OS, PFS and response were as-
sessed using the toral eligible popularion. 08§ was measured from the
date of randomization to the date of death from any cause and cen-
sored at the last follow-up date. PFS was measured from the date of
randomization to the date of the first observarion of disease progres-
sion, or the date of death from any cause if no progression had been
identified, If there was no progression and if the patient had not died,
data on PFS were censored as of the date on which the absence of pro-
gression was confirmed. Survival and PES curves were estimated using
the Kaplan-Meier method and compared using the stratified log-rank
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test with age and stage as stratification factors. Hazard ratios of treat-
ment effect were estimated using Cox proportional hazard modeling.

The ficst interim analysis was planned to confirm that response rate
for the control arm was sufficiencly high. Second and third interim
analyses were planned for the primary endpoint of OS with adjust-
ment for multiple comparisons taken into account according to the
method of Lan and DeMets (21). The O’Brien Fleming-type alpha
spending function was used. The second interim analysis was planned
for the date on which half of the planned number of patients had been
enrolled, and the third interim analysis was planned after the date on
which all patients had been enrolled.

Response evaluation was performed according to Response Evalu-
ation Criteria In Solid Tumors (22). Safety of the treatment regimens
was assessed by caleulating the percentage of patients experiencing
Grade 3 or 4 toxicity using Natienal Cancer Institute Common Tox-
icity Criteria version 2.0. Symptom score was assessed with the
seven-item disease-specific subscale in the FACT-L (Functional Assess-
ment of Cancer Therapy-Lung) (23) by patients themselves before
treatment and § weeks later, The sum of the scores for all seven
items was compared between the basceline and post-treatment assess-
ments. The maximum attainable score was 28, with which the patienr
was considered to be asymptomatic. We caleulated the difference be-
tween the baseline and post-treatment scores in each patient and
compared them across trearment groups by analysis of covariance
(ANCOVA) with baseline score as a covariate. If the post-treatment
score was above the baseline score, the symptom score for that patient
was judged as having shown improvement.

The P value for the primary analysis was presented one-sided in
accordance with the trial design, while other values were two-sided.
All analyses were carried out using SAS version 9.1 software {SAS,
Cary, NC, USA}.

Results

Figure 1 summarizes patient disposition in the trial. Encoliment into
the study began in April 2003 and the study was terminated in April
2006. A total of 126 patients from 20 institutions in JCOG were en-
rolled and randomly assigned. All patients received study treatmens;
thus, all 126 patients were included in the safety analysis population.

However, since one patieat in the D group was ineligible due to prior
radiotherapy for brain metastases within 2 weceks before accrual, that
patient was excluded from the efficacy analyses.

Patient characteristics

Baseline characteristics of patients were similar in the two treatment
groups as a whole except that more patients in the monotherapy
group had cerebrovascular diseases and diabetes as comorbid diseases
(Table 1). More patients with non-squamous histology were identified
in the DP arm than in the D arm especially in the subgroup between 70
and 74 years old, Whereas the percentage of patients with Stage III
without pleural effusion was larger in the D arm than in the DP arm
in the subgroup between 70 and 74 years old. Diabetes was signifi-
cantly more frequent in patients assigned to D arm than in those as-
signed to DP arm as a whole and in the subgroup berween 70 and
74 years old.

Dose administration

Overall, 30 (47.6%) of 63 patients in the D arm and 40 (63.5%) of 63
patients in the DP arm received four or more cycles of chemotherapy.
The median number of treatment cycles was 3.0 and 4.0 cycles, re-
spectively (D range 1-8 cycles; DP range 1-7 cycles). The percentages
of patients who received more than six cycles were 15.9% for D and
6.3% for DP arm. The major reasons for ending srearment in the D
and DP arms were disease progression (68 and 41%, respectively), ad-
verse events (13 and 19%, respectively) and patient refusal related to
toxicity (11 and 32%, respectively). The toxicities that did not meet
the criterion for stopping study treatment but led to study discontinu-
ation were mostly <Grade 3 fatigue, anorexia, nausea and diarrhea.
However, 40% of the patients who refused the treatment continuation
for some reasons related to toxicity completed four or more cycles and
70% of them completed three or more cycles.

Efficacy

The second planned interim analysis was performed on 112 assessable
patients (D/DP, n= 56 cach; <74 years/>75 years, 39/61%; male/
female, 77/23%; [TV, 30/70%) in March 2006. Information time,
defined as the proportion of interim events to the planned events,
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Figure 1, Patient disposition.
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Table 1. Patient characteristics

Doceraxel Docetaxel + cisplatin
Age, years <74 >75 All <74 >75 All
No. of patients 25 38 63 24 39 63
Characteristic
Age, years
Median 72 77 76 73 77 76
Range 70-74 75-88 70-88 70-74 75-86 70-86
Gender, 7 {%}
Male 20 (80} 29 (76) 49 (78) 15 {62) 331{83) 48 (76)
Female 5 {20} 9(24) 14 (22) 2{37} 6 (15) 15 (24)
Performance status, 2 (%)
0 11 {44) 12 {32) 23 (37} 12 {50) 14 {36) 26 {41)
1 14 {56) 26 {68) 40 (63} 12 {(50) 25{64) 37 (59)
Discase stage, n (%)
I 10 (40) 10 {26) 20 (32) 521 14 (36) 19 {(30)
With pleural effusion 3(12) 6(16) 9 (14} : 2(8) 3(8) 5(8)
Without pleural effusion 7(28) 4 (10) 11 (17} 3(12) 11{28) 14 (22)
v 15 (60} 28 (74) 43 (68} 19 {(79) 25 {64) 44 (70)
Histology,  {%)
Squamous 11 (44) 14 (37) 25 (40} 5 {21) 13 (33) 18 (29)
Non-squamous 14 (56) 24 (63) 38 (60} 12 {79) 26 167) 45 (71)
Weight loss, n (%) 5 (20) 11 (29) 16 {25} 6 (25) 1128} 17 27}
Prior surgery, n (%)
Primary lesion 2(8) 0 2(3) 1 (4) 6 (15) 71
Comorbid illness, » (%)
Cardiovascular 1(4) 21{5) 31{8) 2 (8} 2 (5} 4 {6)
Respiratory 3{12) 4 {10) 7 {11) 3{12) 4 (10) 7 (11}
Digestive/hepatic G (8 2 {3) 2(8) 2 {5} 4 {6)
Cerebrovascular 0 5(13) 5(8) 0 0 0
Diabetes 7 (28) 2(5) 9 {14) 2(8) 0 23

was 0.26 (49/191}. As the one-sided P value (P=0.00515} from
the stratified log-rank test by age and stage was nor fower than the
multiplicity-adjusted bound of 0.0000096 for interim analyses, the
formal criterion for suspending the trial was nor mer. However, sub-
group analyses of age, one of the adjustment factors for randomization
showed that OS was markediy worse in D than in DP (hazard ratio for
DP over D, 0.23; 35% confidence interval (CI), 0.09-0.62) for cthe
subgroup of 70-74 years old, although no significant difference be-
tween treatment arms was detected (hazard ratio, 0.72; 35%CI,
0.35-1,49) for patients >75 years old. The P value for interaction be-
tween subgroup by age and treatment arms was P = 0,077, indicating
that D may be disadvantageous for the subgroup between 70 and 74
years old {Fig. 2}. The Data and Safery Monitoring Committee
(DSMC, one of the standing committees of JCOG, 20 members except
for the investigators of this study participated the review) recom-
mended study rermination and disclosure of the results, although no
rule to reach this decision had been pre-specified in the protocol.
The final analysis was performed on 125 eligible parients in February
2007, Subgroup analyses of age in the final analyses also showed that
OS was worse in D than in DP {hazard ratio for DP over D, 0.508;
95% Cl, 0.258-0.997) for the subgroup of 70-74 years old, whereas
na significant difference between treatment arms was detected {(hazard
ratio 0.822; 95%CI, 0.483-1.400) for patients 275 years old. How-
ever, the P value for interaction between subgroup by age and treat-
ment arms became P =045,

Overall response rates in 121 patients significantly favored DP
(55.0%) over D (26.2%; P =0.0016 by Fisher’s exact test; Table 2).
The difference was larger in patients 70-74 years old (DP, 69.6%;
D, 16.7%]) than in patients 275 years old (DD, 45.3%; D, 32.4%).

By 13 February 2007, a total of 91 (72.8%) of the 125 eligible pa-
tients had died (DP, #=45; D, 1 = 46). For DP and D, median survival
times was 17.0 months and 10.7 months and 1-year survival rates
were 66.6 and 45,2%, respectively {two-sided P =0.0384, log-rank
test) (Fig. 3}, The difference was larger in patients 70-74 years old
{DP, 24.0 months, 78.9%; D, 9.9 months, 45.8%) than in patients
2>75 years old (DP, 13.6 months, 59.0%; D, 11.5 months, 44.7%)
(Table 2). Median progression-free times for DP and D were 6.2
months and 3.7 months, and one-year PFS rates were 10.9 and
5.0%, respectively (two-sided P =0.0004, log-rank test) (Fig. 3). The
difference was on the contrary larger in patients 275 years old (DP, 6.2
months, 12.7%; D, 3.6 months, 5.3%) than in patients 70-74 years
old (DP, 6.1 months, 8.3%; D, 4.1 months, 4.6%) (Table 2).

Toxicity
Grades 3 and 4 hematological and non-hematological events are sum-
marized in Table 3. No Grade 4 hemarological toxicity was encoun-
tered in either arm. Grade 4 hyponatremia occurred in only one
patient receiving D. Overall toxicity in both treatment arms was gen-
crally mild and well-tolerated in elderly patients,

One patient developed trearment-related interstitial pneumonia
after four cycles of DP; despite steroid treatmenr, the patient died
from this toxicity on Day 102 after the last treatment.

Symptom score

Baseline symptom score data were available for all 126 patients. Symp-
tom score data at § weeks later were missing in six surveys due to
death, severe impairment of general condition or refusal to participare.
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Figure 2, Overall survival by age subgroup at the second interim analysis. DP, docetaxel plus cisplatin; D, docetaxe!; Cl, confidence interval,

Table 2. Clinical efficacy data at final analysis

Docetaxel Docetaxel + cisplatin

Age, years <74 275 All <74 275 All
No. of parients 24 37 61 23 37 60
Response

Complete response 0 0 0 1 0 1

Partial response 4 12 16 15 17 32

Stable disease 13 $ 21 . 6 12 18

Progressive discase 6 15 21 ) 1 S 6

Not assessable 1 2 3 0 3 3

Overall response rate (%) 16.7 32.4 26.2 69.6 45.9 550

(95% CI)* (20.0-47.5) (52.5-80.1)

Progression-free survival {median, months) 4.1 3.6" 3.7 6.1¢ 6.2° 6.2f
Overall survival (median, months} 9.9 11.5" 10.7¢ 24.0¢4 13.6° 17.0

*P =0.0016.

by = 38.

‘n = 62.

4y = 24,

“n=39.

=63.

Deterioration of symptom score from baseline was observed in both
treatment arms; the least square mean scores at baseline and
8 weeks were 19.7 and 19.4 for D arm and 20.1 and 19.0 for DP
arm. There was no significant difference between the treatment arms
(two-sided, P = 0.564, ANCOVA with baseline score as a covariate).

Discussion

This randomized study was conducted based on promising response
and survival data from a Japanese Phase II study (19). A weekly D
schedule (24} was selecred as a contro} regimen instead of the tri-
weekly schedule widely used in our country to facilitate the interpret-
ation of study resuls, In addition, a previous study comparing the
two schedules of D for elderly patients with advanced NSCLC re-
ported a trend toward longer survival using a weekly regimen (25).
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The tolerability profile pasticularly in terms of hematological roxici-
ties, was also more favorable with the weekly regimen., Weekly D asa
second-line treatment for advanced NSCLC has been shown to offer
similar efficacy to the tri-weekly schedule, with significantly less fe-
brile neutropenia in a meta-analysis of five randomized trials (26). A
recently reported prospective trial compared D (38 mg/m®, on Day 1
and 8, every 3 weeks) with vinorelbine (25 mg/m®, on Day 1 and 8,
every 3 weeks) in 130 NSCLC parients aged >65 years (27). Al-
though this trial was closed prematurely because of low accrual, it
suggested that weekly D could have an efficacy comparable with
that of vinorelbine as first-line treatment in elderly patients with ad-
vanced NSCLC.

Weekly D was considered the most appropriate control regimen,
but, no published data from Phase II studies with the same dose
(25 mg/m?) were available at che time of planning this study, so, we
planned a fiest interim analysis to confirm that the dose of weekly D
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Figura 3. Overall survival {A) and progression-free survivai (B} at the final analysis.

Table 3, Toxicities

Type of toxicity Docetaxel (#=63) Docetaxel + cisplatin

(li’ = 63)

Grade3 Graded Grade3 Graded

741275 747275 <74027S <741275
Hemasologic events, (%)°
Leukopenia 0053 0 4279 ¢
Neurropenia 40/53 0 16.7/13.2°> ¢
Febrile neutropenia 0 0 4.2/5.1 0
Thrombaocytopenia 0 ¢] 0 0
Anemia 0026 © 20.8/13.2° 0
Non-hematologic events, {%)"
AST 4026 O 0 0
ALT 4.0/2.6 0 0 0
Creatinine 0 0 0 0
Nausea 8.0/5.3 - 12.5/7.7 -
Vomiting 4.0/0.0 0 0 0
Infection 12.0/105 0 42103 0
Diarrhea 0 0 4.201.7 0
Hyponatremia 12026 00/26 12579 0
Pneumonitis 0026 0O 4.2/2.6 0

*% Percentage for each age subgroups: docetaxel £74 (1= 25), 275 {n=38),
doceraxel + cisplatin 74 (1= 24), 275 (n=39).
"Data were not obtained from one parient.

was sufficiently efficacious to allow study continuation. The response
rate at the first interim analysis was superior to the pre-specified
threshold, at over 10%, so, the patient accrual was continued.

At the second interim analysis, an unexpectedly large difference in
0S was observed for the 70- to 74-year-old subgroup, one of the strata
in stratified log-rank test. The DSMC recommended early termination
of the study on ethical grounds to avoid possible disadvantages in 70-
te 74-year-old patients allocated to the D arm. This DSMC recom-
mendation was difficuit to agree for the group investigators, since
the decision was not based on a pre-specified rule, However, the
group investigators finally accepted the DSMC recommendarion be-
cause efficacy of the control arm may have been insufficient due to
low doses (25 mg/m>Aveek) of D for the subgroup of younger age.
Since the percentage of patients with diabetes was larger in the D
arm than that in the DP arm in the subgroup of 70- to 74-year old,
comorbid iliness might have influenced survival difference. Other pos-
sible reasons for the unexpectedly large difference in survival between
treatment arms for the subgroup of 70- to 74-year old may include: (i)

chance occurrences due to the small sample size; (ii) imbalances in un-
examined baseline prognostic factors, such as epidermal growth factor
recepror (EGFR) mutatiens; or {iif) imbalances in post-protocol treat-
ment, such as the use of gefitinib as a second-line treatment. As more
patients with non-squamous histology were identified in the DP arm
than in the D arm for the subgroup between 70 and 74 years old,
more patients harboring EGFR mutation might have been included
in the DP arm than in the D arm. The two retrospective analyses
showed that the patients with EGFR gene mutations, compared with
patients with wild-type EGFR, had increased survival and response
rates in the patients treated by gefitinib, bur also in those treated by
D (28,29). However, data for possibilities (i) and (iii} were not col-
lected in this study although those were important information, and
discriminating between these possibilities is difficuit withour future
clinical trials.

Recent prospective Phase I trial reported by a French group
randomly assigned 451 WSCLC patients aged 7089 years to cither
carboplatin and weekly paclitaxel doublet chemotherapy or mono-
therapy {vinorelbine or gemcitabine) (30}, This is the first study to
demonstraze a benefit of platinum-based doublet therapy in elderly pa-
tients with advanced NSCLC. Based on the results, EORTC Elderly
Task Force, Lung Cancer Group and International Saciety of Geriatric
Oncology recommended that prospective trials support the use of
carboplatin-based doublets in fir elderly patients, while for less fit pa-
tients single-agent treatment represent a valid option (31).

The promising survival and response data and favorable toxicity
profile seen in the Phase II study {19) were reproduced with the DP
arm in this study again. As the evaluation of this modified platinum-
doublet regimen for elderly patients seemed to remain of interest, we
launched a new study to compare weekly D and cisplatin with tri-
weekly D, which has been demonstrated to be effective and tolerable
in elderly patients with advanced NSCLC in other Japanese Phase III
study (15). However, this trial was also terminated early after the first
planned interim analysis, based on the DSMC recommendation that
the predictive probability that weekly D and cisplatin would be super-
for o rri-weekly D at the time of the final analysis was very fow, and
failed to demonstrate any advantage of the addition of cisplatin to
single-agent D for elderly advanced NSCLC patients (32).

In conclusion, the interpretation of study results was limited, since
this study was prematurely closed based on a strong interaction that
cisplatin-doublet may be advantageous for the subgroup of patients
aged 70-74 years. No new dara regarding the superiority of cisplatin-
based doublets over monotherapy in fit elderly patients with advanced
NSCLC were published yer.
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med with the cooperation of the following institution and inves-
tigators: National Cancer Center Hospiral, Tokyo (T. Tamura,
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Niigata {A. Yokoyama, H. Tsukada), National Hospital Organization
Shikoku Cancer Center, Ehime{T. Shinkai, Y. Segawa), National Hos-
pital Organization Hokkaido Cancer Center, Hokkaido (H. Isobe,
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H. Sakai), Gifu City Hospital, Gifu (T. Sawa, T. Ishiguro), Kinki
University Medical School, Osaka (K. Nakagawa, I. Okamato), Na-
tional Kinki Central Thoracic Disease Center, Osaka (M. Kawahara,
S. Atagi}, Hyogo College of Medicine, Hyogo (T. Nakano,
M. Miyake}, Ibaraki Prefectural Central Hospital & Cancer Center,
Ibaraki (T. Kaburaki), National Hospital Organization Dohoku
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Medical Center, Kumamoto (H. Senba, S. Fujii), Yamagata Prefectural
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Purpose
This phase Il trial aimed to confirm the superiority of weekly docetaxel and cisplatin over

docetaxel monotherapy in elderly patients with advanced non-small-cell lung cancer (NSCLC).

Patients and Methods

Chemotherapy-naive patients with stage lll, stage IV, or recurrent NSCLC age = 70 years with
a performance status of 0 or 1 who were considered unsuitable for bolus cisplatin adminis-
tration were randomly assigned to receive docetaxel 60 mg/m?® on day 1, every 3 weeks, or docetaxel 20
mg/m? plus cisplatin 256 mg/m? on days 1, 8, and 15, every 4 weeks. The primary end point was overall
survival (OS).

Results

In the first interim analysis, OS of the doublet arm was inferior to that of the monotherapy anm
{hazard ratio [HR], 1.56; 95% Cl, 0.98 to 2.49), and the predictive probability that the doublet arm
would be statistically superior to the monotherapy arm on final analysis was 0.996%, which led to
sarly study termination. In total, 276 patients with a median age of 76 years (range, 70 10 87 years}
were enrolled. At the updated analysis, the median survival time was 14.8 months for the
monotherapy armand 13.3 months for the doublet arm (HR, 1.18; 95% Cl, 0.83 to 1.69). The rates
of grade = 3 neutropenia and febrile neutropenia were higher in the monotherapy arm, and those
of ancrexia and hyponatremia were higher in the doublet arm.

Conclusion
This study failed to demonsirate any survival advantage of weekly docetaxel plus cisplatin over
docetaxel monotherapy as first-line chemotherapy for advanced NSCLC in elderly patients.

J Clin Oncol 33:575-581. ® 2015 by American Soclety of Clinical Oncology

patients with advanced NSCLC.” In the Multicenter
Italian Lung Cancer in the Elderly Study, a combi-
nation of vinorelbine plus gemcitabine did not im-
prove survival over vinorelbine or gemcitabine
alone and only increased the toxicity frequency.’
Therefore, single-agent vinorelbine or gemcitabine
was established as the standard treatment for el-

Lung cancer is the leading cause of cancer-related
death in most developed countries. Non-small-cell
lung cancer (NSCLC) accounts for 85% of all lung
cancers, and more than 50% of patients with
NSCLC already have advanced disease at diagnosis.”

The number of elderly patients with lung cancer
has also increased, and the median age at diagno-
sis is 70 years.”

The Elderly Lung Cancer Vinorelbine Italian
Study, in which single-agent vinorelbine was com-
pared with the best supportive care, first demon-
strated the benefits of chemotherapy i elderly

derly patients with NSCLC. We compared do-
cetaxel (every 3 weeks) with vinorelbine in the
West Japan Thoracic Oncology Group (the for-
mer name of the West Japan Oncology Group
[WIOG]) 9904 study, which revealed significantly
superior responses and better survival in the do-
cetaxel arm.”

© 2015 by American Scciety of Clinical Dneology 575
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However, platinum-doublet chemotherapy has been recom-
mended for patients with NSCLC with a performance status (PS) of 0
or 1,°% and several retrospective subgroup analyses of large phase 111
trials have shown that the efficacy of platinum-doublet chemotherapy
is similar in sclected elderly patients and younger patients.”’® How-
ever, drug excretion or metabolic abilities generally decline because of
age-related insufficiencies, especially in renal function. Therefore,
modifications of anticancer drug dosages or schedules are recom-
mended in chemotherapy for elderly patients with cancer.' In Japan,
phase I'? and 11 trials of weekly docetaxel plus cisplatin (DP) were
conducted inelderly patients with NSCLC. The phase I1 study revealed
aresponse rate (RR) 0f52% (95% CI, 31% to 67%), a median survival
time of 15.8 months, and no grade 4 toxicity."”” On the basis of these
promising results, we conducted a randomized phase 111 trial, the
Japan Clinical Oncology Group (JCOG) 0207 trial, to compare DP
with single-agent docetaxel. For the control arm, we chose weekly split
docetaxel to investigate the effects of added cisplatin. In the second
interim analysis, the overall survival (OS8) seemed to be more favorable
in the DP arm; however, an unexpected large difference was observed
in the subgroup of patients age less than 75 years," Therefore, consid-
ering the potential disadvantage of single-agent docetaxel therapy in
this subgroup, we terminated the study and designed a new phase 111
trial in which the control arm received bolus infusions of docetaxel
every 3 weeks, based on the West Japan Thoracic Oncology Group
9904 study.”

Patients

Patients cligible for this study included chemotherapy-naive patients
with histologically or eytologically confirmed stage 11 (no indication for de-
finitive radiotherapy), stage IV, or recurrent NSCLC who were age 3 70 years,
withan Eastern Cooperative Oncology Group PS of O or 1 and adequate organ
functioning, but who were unsuitable for bolus cisplatin administration, Con-
sidering that the age group of 70 to 74 years included those who were suitable
and unsuitable for bolus cisplatin administration, we classified the reasons for
administration unsuitability in this age group into six categories and examined
patients for these conditions before enrollment. The pre-enroliment evalua-
tion is described in the Appendix and Appendix Table Al (online only). Priox
radiotherapy, except for the primary lesion, was permitted if it had been
completed at least 2 weeks before enrollment onto the study. Patients with
symptomatic brain metastasis, active malignancy within the previous 5 vears,
superior vena cava syndrome, massive pleural effusion or ascites, critical ver-
tebral metastasis, uncontrolled hypertension or diabetes, severe heart disease,
active infection, hepatitis virus B surface antigen seropositivity, pulmonary
fibrasis, polysorbate 80 hypersensitivity, or steroid dependence were excluded.

The study protocol was reviewed and approved by the JCOG Protocol
Review Committee, WJOG executive board, and institutional review boards of
each participating institution before study initiation. All patients provided
written informed consent before enrollment.

Study Design and Treatment Plan

Eligible patients were randomly assigned to either the docetaxel arm
(docetaxel 60 mg/ m? infused over 60 minutes on day 1 every 3 weeks) or the
DP arm (docetaxel 20 mg/m? infused over 60 minutes plus cisplatin 25 mg/m?
infused over 15 to 20 minutes ondays 1, 8, and 15 every 4 weeks). Patients were
randomly assigned via the minimization method to balance the arms with the
institution, disease stage (II1 vIV or recurrence), and age (2 v < 75 years). In
the DP arm, treatment was skipped under the following conditions: total
leukocyte count less than 2,000/ L, platelet count Jess than 50,000/ L, creat-
inine level 2 1.5 mg/dL, and presence of fever or grade 2 3 nonhematologic

576 © 2015 by American Sociely of Ciinical Oncology

toxicity (except constipation, weight loss, cough, hoarseness, and hyponatre-
mia) on day 8 or 15. In both arms, subsequent cycle treatment was adminis-
tered when the patients met the following conditions: total leukocyte count &=
3,000/4L., absolute neutrophil count & 1,500/.1, platelet count 2 100,000/
1l serum creatinine level less than 1.5 mg/dL, total bilirubin level less than 2.0
mg/dL, ALT/AST = 100 JU/L, and PS 0 to 2. Administration procedures, dose
reduction criteria, and methods are detailed in the Appendix. Both treatments
were repeated until the detection of disease progression or appearance of
unacceptable toxicity. Radiographic tumor evaluations were performed and
assessed, according to RECIST (version 1.0),'” by each investigator at Jeast
every two cycles, Laboratory examinations were peyformed atleast once aweek
in both arms, and toxicity was assessed before every cycle and classified in
accordance with the National Cancer Institute Common Terminology Crite-
ria for Adverse Bvents (version 3.0). Second-line treatment was administered
at the investigator’s discretion; however, cross-aver to the other treatment arm
was not permitted.

Guality-of-Life Assessment

Quality of life (QQOL) was assessed by symptom scores, using the seven
items of the Lung Cancer subscale of the Functional Assessment of Cancer
Therapy-Lung.'® The patients scored themselves immediately after providing
informed consent and after completing the second and third treatment cycles.
The proportions of patients with improved scores between the baseline and the
end ofthe third cycle in each arm were compared. Missing data after treatment
initiation were considered as indicating no improvement. In addition, we
compared least squared means of the total scores from repeated measures
analysis of variance with treatment arm, time, and their interaction and the
95% CI at each time point,

Supplementary Ad Hoc Analysis

Additional data collection and ad hoc analysis were performed, Data on
the active epidermal growth factor receptor (EGFR) mutation status {(exon 19
deletion or L858R point mutation) and poststudy treatments were collected
because these were cansidered factors that could potentially affect survival.

Statistical Analysis

QS was the primary trial end point. The secondary end points included
RRs, progression-free survival (PES), symptom scores, and toxicities. The
study was designed to provide results with g statistical power of 80%, usinga
one-sided o = .05 to detect a 33% increase in median survival from 10t0 13.3
maonths, A total of 364 patients was required, sccrued over a d-year period with
a {-year follow-up period. Assuming a 5% rate of ineligible patients and
patients lost to follow-up, the study sample size was set at 380 patients. OS,
PFS, and responses were assessed in all eligible patients on an intent-to-treat
basis. OS and PES, which are defined in the Appendix, were estimated using
the Kaplan-Meier method and were compared using the stratified log-rank
test, according to age. Hazard ratios (HRs) of the treatment effects were
estimated using the Cox proportional hazards model. RRs were compared
using Fisher’s exact test.

Twa interinm analyses were planned, the frst after 50% of the patients
were enrolled and the second after enrollment was completed. In these interim
analyses, the primary end point, O8, was evaluated after adjustment for mul-
tiple comparisons, according to the Lan and DeMets method.”” The (’Brien-
Fleming-type o spending function was used. P values presented for the
primary analysis were one-sided, in accordance with the trial design, whereas
the other analysis values were two-sided. All analyses were performed using
SAS software, release 9.1 (SAS Institute, Cary, NC). This study is registered
with University Hospital Medical Information Network Clinical Trials Regis-
try (www.umin.ac jp/ctif; identification No.: UMIN000001424).

The first interim analysis was performed in September 2010 and
included data from 221 patients. Information time, defined as the

JouRNaL oF CLINICAL ONSOLOGY

Information downloaded from joo.ascopubs,.org and provided by at NAGOYA DAIGAKU FUZOKU TOSHOKAN on February
Copyright © 2015 Amersbr28t6iEtyruliGBiecar indBlogy. All rights reservad.

—184—



Docetaxel Plus Cisplatin v Docetaxel Monotherapy in Elderly NSCLC

Fig 1. CONSORT diagram.

proportion of the interim events to the planned events, was 0.24 (73 of
304 events). Survival in the DP arm was inferior to that in the docetaxel
arm (HR for DP to docetaxel arm, 1.56; 95% CI, 0.98 to 2.49;
-multiplicity-adjusted 99.99% CI, 0.62 to 3.88; one-sided P = 97 and
two-sided P = .06 by stratified log-rank test), and the predictive
probability that DP would be statistically superior to docetaxel on final
analysis was 0.996% (< 1%). These results led to early study termina-
tion based on the recommendation of the Data and Safety Monitoring
Commitiee, in accordance with the stopping guidelines prespecified
in the protocol,

Patient Characteristics

Between October 2008 and September 2010, 276 patients (215
patients from JCOG and 61 patients from WJOG) were enrolled
from 56 institutions (36 institutions affiliated with JCOG and 20
institutions affiliated with WJOG). Of these patients, 137 and 139
patients were assigned to the docetaxel and DP-arms, respectively.
All patients received the study treatments; therefore, all 276 pa-
tients were included in the safety analysis set. Three patients in the
docetaxel arm and one patient in the DP arm were ineligible
because of uncontrolled diabetes (ie, dependence on insulin injec-
tions) or previous malignancy, Therefore, these patients were ex-
cluded from survival analyses (Fig 1). Although the proportions of
female patients and patients with adenocarcinoma were slightly
higher in the docetaxel arm than in the DP arm, the patients’
baseline characteristics were generally well balanced between the
treatment arms (Table 1).

Treatment Delivery

The median number of treatment cycles was four (range, one to
18 cycles) in the docetaxel arm and three (range, one to six cycles) in
the DP arm, and the proportion of patients in whom treatment con-
timued for five or more cycles was higher in the docetaxel arm than in
the DP arm (31% v 8%, respectively). In the docetaxel and DP arms,

WWWAJEO, 07g

37% and 4% of patients required one-step dose reductions, respec-
tively, Furthermore, 19% of patients required two-step dose reduc-
tions in the docetaxel arm. In the DP arm, 19% of patients had one or
more skipped treatments on day 8 or 15. The major reasons for

Table 1. Patient Demographics and Clininal Charagieristics
Docetaxel Docetaxel/Cisplatin
Demographic in = 137 {n o= 138)
or Clinical
Charseteristic No. of Patiems % No. of Patients %
Age, years ‘
\ : 78 8
7087 7086
<ih e I 32028
106 77 107 77
Male a5 68 M 73
Femaie 42 31 38 27
Smoking stetus® S . G :
tever. - 38 28 36 - 26
. Seoker 98 72 107 74
ECOG PS
0 50 36 48 35
1 87 64 4 65
o G ‘A2 o3 430 31
IV orfecurrence 85 e 9 BY
Histology*
Adenocarcinoma 91 67 86 683
Sguamous 32 24 39 28
Others 13 10 12 9
Abbraviation: ECOG PS, Eastern Cooperative Oncology Group performance
status,
“Data for one patient in the docetaxel monotherapy s and two patients in
the docetaxel plus clsplatin arm were missing.
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Fig 2. Kaplen-Meier curves for (A) overall survival and (B) progression-free survival. Tick marks indicate censored patients at the data cutoff point (November 2010}

D, docetaxel; DP, docetaxel plus cisplating HR, hazard ratio.

treatment discontinuation in the docetaxel versus DP arms were dis-
ease progression (51% v 42%, respectively), adverse events (35% v
28%, respectively), and patient refusal to continue treatment as a
result of toxicity (12% v 21%, respectively).

Efficacy

The overall RRs were 24.6% in the docetaxel arm (95% CI, 17.4%
10 33.1%) and 34.4% in the DP arm (95% Cl, 26.3% to 43.2%). The
difference was not statistically significant (P = .10).

By November 22, 2010, 124 (45.6%) of the 272 cligible
patients had died (docetaxel arm, n = 59; DP arm, n = 65). The
median follow-up time for all eligible patients was 9.6 months.
The 1-year survival rates were 58.2% and 54.5% in the docetaxel
and DP arms, respectively. The HR for OS was 1.18 (95% CI,
.83 to 1.69; Fig 2A). The HR for PES was 0.92 (95% CI, 0.71 to
1.20; Big 2B).

Toxicity :

Hematologic and nonhematologic toxicities arc listed in Table 2.
Grade = 3 leukopenia and neutropenia occurred more frequently in
the docetaxel arm. The incidence of grade 4 neutropenia was 67.9% in
the docetaxe] arm but only 0.8% in the DP arm, Febrile neutropenia
was observed only in the docetaxel arm at an incidence of 15.2%.
Grade 2 3 apemia, hyponatremia, and anorexia were observed in
more than 10% of patients in the DP arm. Four treatment-related
deaths occurred, all in the DP arm (2.9%), including three patients
who died of pneumonitis and one patient who died of unclassified
sudden death.

QoL

Symptom score questionnaire responses were collected from 271
(98.2%) of 276 patients at baseline, 258 patients (93.5%) after the
second cycle, and 247 patients (89.5%) after the third cycle. The

Table 2, Toxichies
Docetaxel (n = 137) Docetaxel/Cispiatin (n = 139)
Adverse Event Grade 3 or 4 (%) Grade 4 (%) Missing (No.) Grade 3 or 4 (%) Grade 4 {%) Migsing (No.J .
Hematologic™ i
 leukopenia’ 62.7 82 3 54 0 0
Neutropenia 888 879 3 10.1 0.8 10
Anemia’ 37 0.7 3 163 08 10
Thrombocytopenia 0 0 3 0.8 0 10
Nonhematojogic®
Febrile neutropenia 182 0 5 0 4] 8
Hyponatremia 52 0.7 3 147 0.8 10
Hyposlbuminemia 1.5 - 4] 4.7 e 10
Infection 7.8 0 5 8.4 0.8 8
Anorexia 1.5 0 5 107 0 8
Nausea 0.8 0 5 38 a 8
Diarthea 3.8 0 8 0.8 ] 9
Fatigue 3.0 3] 5 5.3 ¢ g
Preurmonitis 53 4] 5 2.3 0.8 B
NOTE. There were four treatmentrelated deaths {2.9%), all in the docetaxel plus cisplatin arm, including three desths resulting from pneumonitis and one
unciassified sudden death, :
“Each value was caloulated while excluding patients with missing data.
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numbers of patients with missing data because of death or severe
deterioration of the patient’s general condition in the docetaxel and
DP arms were one and six patients, respectively, after the second cycle
and six and nine patients, respectively, after the third cycle. In the
docetaxel and DP arms, 39.3% (53 of 135 patients) and 36.8% (50 of
136 patients) of patients had scores that improved from baseline to the
end of the third cycle, which did not constitute a significant differ-
ence. Although the mean total score remained near its baseline
value in the docetaxel arm, it declined gradually in the DP arm,
changing in a statistically significant manner between baseline and
cycle 3 (P << .01; Fig 3).

Supplementary Ad Hoc Analysis

Data forms were collected from 275 patients (except one patient
from the docetaxel arm). EGFR mutation testing was performedin 79
patients (58%) and 74 patients (53%) in the docetaxel and DP arms,
respectively; the results revealed active EGFR mutations in 22 patients
in the docetaxel arm (16% overall and 28% of those tested) and 16
patients in the DP arm (12% overall and 22% of those tested). After
protocol treatment completion, further drug treatment was adminis-
tered to 74 patients (54%) in the docetaxel arm and 70 patients (50%)
in the DP arm. During this treatment, EGFR tyrosine kinase inhibitor
was administered to 35 patients (26%) and 23 patients (17%) in the
docetaxel and DP arms, respectively.

Figure 4 shows the survival HRs according to subgroup analyses
of the baseline and ad hoc characteristics. No significant differences
between the two treatment groups were observed in any subgroup.

The standard treatment for fit patients with advanced NSCLC is
platinum-doublet chemotherapy.®” Several retrospective subgroup
analyses have shown that platinum-doublet chemotherapy is similarly
effective in elderly and younger patientsand is well tolerated despite an
increased incidence of toxicity.>'® These retrospective analyses, how-
ever, were performed in highly selected elderly populations. Generally,
elderly patients are often unsuitable candidates for bolus cisplatin
administration because of comorbid illnesses and/or organ dysfunc-
tion. Therefore, we considered it important to conduct a prospective
investigation to determine whether the addition of a modified plati-
num agent might improve survival in elderly patients with NSCLC.

Characteristic n (D/DP} HR 95%CI
Age, years
<78 30/32 & 1.47 0.62 to 3.50
> 75 104/106 as & e 1.13 0.77t0 1.67
Stage
HAANB 41/43 et & 1.18 05910 2.25
Virecurrencs 93/95 R s 1.21 0.781t0 1.84
Sax
Male 92/100 D i s 1.18 0.78t0 1.73
Female 42/38 & 0.98 0.4510 2,13
ECOG PS
o] 49/47 sesesnensonmsioofficefemessin 0.80 0.4210 1.50
1 85/91 e 146  0.85t02.25 Fig 4. Subgroup analysis of overall sur-
Smoking vival, D, docetaxel; DP, docetexel nplus
Never 38/36 2 1.88 0.80 to 4.40 cigplating ECOG PS, Eastern Cooperative
Smoker 957100 1‘04 0'70 to 1"53 Oneology Group performance status; MR,
' ’ : hazard ratio,
Histology
Squamous 29/38 0.92 0.48t01.72
Adeno 91/86 s Gmmonemies 1.24 07810 1.97
Other 13112 5 1.83 05310 6.29
EGFR mutation
Wild type 56/58 o 1.08 0.6310 1.90
Mutated 22/16 % 278 066t 11.87
Unknown 56/64. e et 0.96 05810 1.57
Overall 134/138 e i 118 0.8310 1.69
025 05 1 2 4 8 16
Favors DP Favors D

WIS, jeo, org

4 2015 by American Sosiety of Clinical Oreology 578

information downloaded from jco.ascopubs.org and provided by at NAGOYA DAIGAKU FUZOKU TOSHOKAN on February
Copyright @ 2015 AmerbiiR808iEtyrofiGEic 8T DndBlogy. All rights reserved.

—187—



Abe et al

In the phase I and previous phase 111 trials, we demonstrated that
weekly split docetaxel and additional cisplatin reduced myelotoxicity
and increased RRs.'*! In this study, we analyzed the add-on effect of
weekly cisplatin over docetaxel monotherapy. Although the DP arm
tended to have higher RRs than the docetaxel arm, this was reflected in
neither the PFS nor the OS.

Although we collected information on comorbid illnesses, we
did not assess the Charlson comorbidity index. Comprehensive
geriatric assessments, including basic activities of daily living
(ADLs), instrumental ADLs, Mini-Mental State Examination, and
Geriatric Depression Scale evaluation, were also conducted for
exploratory purposes. Although the prognostic values of these
assessments have not been validated for elderly patients with lung
cancer, it was suggested that ADLs and Mini-Mental State Exami-
nation can be useful.™® In future rescarch, we should evaluate these
factors prospectively.

The proportions of female patients and patients with adeno-
carcinoma were slightly higher in the docetaxel arm than in the DP
arm. In eastern Asia, including Japan, active EGFR mutations are
often observed in such patients and have been reported as a favor-
able prognostic factor in patients with NSCLC."* According to a
subgroup analysis, the median survival time was 12.8 months in the
114 patients (in the docetaxel plus DP arms) without EGFR muta-
tion and 24.1 months in the 38 mutation-positive patients. The
proportion of patients with active EGFR mutations was slightly
higher in the docetaxel arm than in the DP arm. However, it would
have been difficult to demonstrate the superiority of the DP arm in
OS, considering the slight difference in PES, even if there were no
such imbalances.

In the docetaxel arm, a higher proportion of patients required
dose reductions, yet these appropriate reductions lengthened treat-
ment. In contrast, the DP arm included fewer patients who were
able to continue treatment, despite the lower proportion of dose
reductions and skipped treatments. We believe that declining
QOL was an important cause of treatment discontinuation in
the DP arm.

The toxicity profiles also differed between the two arms. Inthe
docetaxel arm, neutropenia was most prominent, and grade 4
neutropenia occurred in up 1o 68% of the patients. Consequently,
febrile neutropenia was observed in 15% of the patients in the
docetaxel arm, whereas no patients experienced febrile neutrope-
nia in the DP arm. The frequency of febrile neutropenia in the
docetaxel arm was similar to that seen in a previous Japanese
docetaxel study for elderly patients.” However, because febrile
neutropenia was successfully managed with appropriate support-
ive treatments, there were no treatment-related deaths in the do-
cetaxel arm. However, the DP arm had higher incidences of grade
2 3 anemia, hyponatremia, and anorexia. We suppose that these
were the main causes of the decline in the QOL score in the DP arm.
The median number of treatment cycles and the proportion of
patients in whom treatment could be continued for five or more
cycles in the DP arm were smaller than those in the docetaxel arm.
These findings could be associated with the decline in QOL and
might have affected OS in the DP arm. Three of four treatment-
related deaths in the DP arm were caused by pneumonitis. It was
reported that weekly docetaxel administration increases the fre-
quency of pneumonitis.?"** In this study, there were few differ-

580 © 2015 by American Saciety of Clinigal Onoclogy

ences in the frequencies of pneumonitis between the two arms;
however, more severe pneumonitis was observed in the DP arm.

Quoix et al'® demonstrated the superiority of carboplatin plus
weekly paclitaxel over conventional standard therapy, namely vinore-
lbine or gemcitabine monotherapy, in the Intergroupe Francophone
de Cancerologie Thoracique 0501 study. The usefulness of platinum-
based treatments in elderly patients was first shown in a prospective
study. For elderly patients with NSCLC, carboplatin combination
therapy may be preferable to a split cisplatin combination. However,
the high incidence oftoxicity could not be ignored, because treatment-
related deaths occurred in 4.4% of patients in the doublet arm but only
in 1.3% of patients in the monotherapy arm.'® In contrast, a phase I
trial of combined carboplatin plus pemetrexed (PEM), followed by
maintenance PEM, showed good tolerability in elderly patients with
nonsquamous NSCLC.** We consider that the combination of carbo-
platin plus PEM should be compared with docetaxel monotherapy.

In conclusion, this study failed to demonstrate any advantages
of weekly DP over docetaxel monotherapy as first-line chemother-
apy for elderly patients with advanced NSCLC, and docetaxel every 3
weeks remains the standard treatment for elderly patients with ad-
vanced NSCLC.
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e

bers of this class,

cisplatin: an inorganic platinum agent (cis-
diamminedichloroplatinum) with antineoplastic activity, Cis-
platin forms highly reactive, charged, platinum complexes, which
bind to nucleophilic groups such as GC-rich sites in DNA, induc-
ing intrastrand and interstrand DNA cross-Jinks as well as DNA-
protein cross-links. These cross-links result in apoptosis and cell
growth inhibition. Carboplatin and oxaliplatin are other mem-

carcinoma.

docetaxel: a member of the taxane group of antimitotic chemother-
apy medications whose mode of action is to bind and stabilize microtu-
bules and thus disrupt cell division.

non-small-cell lung cancer (NSCLC): a type of lung cancer
that includes squamous cell carcinomas, adenocarcinoma, and large-cell
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Appendix

Reasons for Bolus Cisplatin Administration Unsuitability

Patients age 70 (o 74 years were exaniined before enrollment for the following six conditions, which defined them as unsuitable for
bolus cisplatin administration (Appendix Table A1): a combination of more than one mild organ dysfunction, but violating none of the
inclusion criteria; a combination of comorbid illness and mild organ dysfunction, but violating none of the inclusion criteria; organ
dysfunction not specified by the inclusion/exclusion criteria; a combination of more than one comorbid illness; a comorbid illness not
specified by the exclusion criteria; or any other condition.

Procedures of Administration

In the docetaxel monotherapy arm, docetaxel was diluted with 250 to 500 mL of 5% glucose solution or physioclogic saline and
administered by intravenous infusion over 60 minutes,

In the docetaxel plus cisplatin (DP) arm, docetaxel was diluted with 250 mlL of 5% glucose solution or 200 mL of physiologic saline
and administered by intravenous infusion over 60 minutes. Cisplatin was administered by intravenous infusion over 15 to 20 minutes,
directly or afier being diluted with physiologic saline, after docetaxel administration. A total of 1,000 to 1,500 mL of fluid was administered
before and after the administration of cisplatin, During treatment with cisplatin, careful attention was paid to urinary output, and diuretics
such as mannitol and furosemide were administered if necessary. Antiemetics such as 5-hydroxytryptamine-3 receptor antagonists and
steroids were also administered if necessary.

Dose Reduction Criteria and Methods

In both arms, the presence of grade 4 neutropenia, febrile neutropenia, or grade = 3 nonhematologic toxicity (except anorexia,
nausea, vomiting, hyponatremia, constipation, and hyperglycemia) necessitated dose reduction (docetaxel arm levels —1 and —2:
docetaxel 50 and 40 mg/m?, respectively; DP arm level ~1: docetaxel 15 mg/m® and cisplatin 20 mg/m?). In addition, if serum creatinine
levels exceeded 2.0 mg/dL, the administration of cisplatin was stopped in subsequent cycles in the DP arm. The persistence of these
toxicities after two dose-reduction steps in the docetaxel arm or one dose-reduction step of each drug in the DP arm prompted
treatment discontinuation.

Definition of Overall and Progression-Free Survival

Overall survival was measured from the date of random assignment to death from any cause and was censored at the last follow-up
date. Progression-free survival was measured from the date of random assignment to the first observation of disease progression or death
from any cause if there was no progression. If there was no progression and the patient did not die, progression-free survival data were
censored at the date an which the absence of progression was confirmed.

Table A1. Conditions Defining Patients As Unsuitable for Bolus Cisplatin Administration
No. of Patients
Condition Docetaxel {n = 31} Docetaxel/Cisplatin {n = 32)
Combination of more than one mild organ dysfunction, but violating none of the inclusion criteria 6 4
Combination of comorbid iliness and mild organ dysfunction, but violating none of the inclusion criteria 5 8
Organ dysfunction not specified by the inclusionfexclusion criteria 8 3
Combination of more than one comorbid illness 1 7
Comorbid illness not specified by the exclusion criteria 2 2
Any other condition 9 8
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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,
i = 60) receive 2.5 mg of haloperido] 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 [[, 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 delifum 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.

@ Springer

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-
zucka-Sajseikai 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/hiyperkinesia 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 moming 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 {23, 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
deliium 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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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 <[ 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,
UsaA).
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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 35,
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 4 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 ali 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) becanse 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 21.7-46.7 %)
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 (m:62)

n:39)

Age, mean & SE 805 £ 0.5 80,2 £05 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 (Baithel 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 0334
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 1161 0.154
yesho

Use of hypnotics, yesfno  10/49 7/55 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

Discases, surgery Prophylactic Control
intervention group
group (m:62)
(1:59)
Abdominal 52 55
Malignancy 36 39
Gastric, gastrectomy/others 1170 1472
Colonic, colectomy/others 14/1 1470
Rectal, LAR/APR/others 2121 42/
Hepatobiliary, 1172 1/0/1
hepatectomy/PD/others
Others 1 0
Benign 16 16
Cholelithiasis, 0/4 202
cholecystectomy/
choledochotomy
Abdominal aortic 6 7
aneurysmi, graft
Others 6 5
Orthopedic 5 4
Others 2 3

LAR low anterior resection, APR abdominoperineal resection, Miles
operation, PD pancreatoduodenectomy
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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
retuned 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 I-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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