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background

 

We conducted a randomized, placebo-controlled, double-blind trial to determine
whether the epidermal growth factor receptor inhibitor erlotinib prolongs survival in
non–small-cell lung cancer after the failure of first-line or second-line chemotherapy.

 

methods

 

Patients with stage IIIB or IV non–small-cell lung cancer, with performance status
from 0 to 3, were eligible if they had received one or two prior chemotherapy regimens.
The patients were stratified according to center, performance status, response to prior
chemotherapy, number of prior regimens, and prior platinum-based therapy and were
randomly assigned in a 2:1 ratio to receive oral erlotinib, at a dose of 150 mg daily,
or placebo.

 

results

 

The median age of the 731 patients who underwent randomization was 61.4 years;
49 percent had received two prior chemotherapy regimens, and 93 percent had re-
ceived platinum-based chemotherapy. The response rate was 8.9 percent in the erlo-
tinib group and less than 1 percent in the placebo group (P<0.001); the median duration
of the response was 7.9 months and 3.7 months, respectively. Progression-free sur-
vival was 2.2 months and 1.8 months, respectively (hazard ratio, 0.61, adjusted for
stratification categories; P<0.001). Overall survival was 6.7 months and 4.7
months, respectively (hazard ratio, 0.70; P<0.001), in favor of erlotinib. Five percent
of patients discontinued erlotinib because of toxic effects.

 

conclusions

 

Erlotinib can prolong survival in patients with non–small-cell lung cancer after first-
line or second-line chemotherapy.
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ung cancer is the leading cause of

 

cancer death among men and women in
North America.

 

1

 

 In advanced non–small-cell
lung cancer, chemotherapy offers symptomatic re-
lief and modest improvement in survival

 

2

 

; respons-
es are brief, with a median time to progression of
three to five months. Second-line chemotherapy
with docetaxel can prolong survival after platinum-
based therapy for non–small-cell lung cancer.

 

3,4

 

However, there is at present no defined role for
third-line chemotherapy. The futility of offering
third-line chemotherapy was demonstrated by Mas-
sarelli et al.,

 

5

 

 who reported a response rate of only
2 percent and a median survival of four months.
Shepherd et al.

 

6

 

 showed that among patients treat-
ed with docetaxel after the failure of two or more
chemotherapy regimens, survival was identical to
that among patients treated with supportive care.

The epidermal growth factor receptor (EGFR)
family is part of a complex signal-transduction net-
work that is central to several critical cellular pro-
cesses. Since EGFR is often found in non–small-
cell lung cancer cells,

 

7,8

 

 it has been the focus of
efforts to develop new agents that target the EGFR
pathway. Erlotinib (Tarceva, OSI Pharmaceuticals)
and gefitinib (Iressa, AstraZeneca) inhibit the ty-
rosine kinase activity of EGFR and have been stud-
ied extensively.

 

9-12

 

 In randomized phase 2 trials of
gefitinib (Iressa Dose Evaluation in Advanced Lung
Cancer [IDEAL] 1 and 2),

 

10,11

 

 the tumors of 10 to
20 percent of patients who were previously treat-
ed with platinum-based regimens responded, and
in a phase 2 trial of erlotinib among previously
treated patients with non–small-cell lung cancer in
which 10 percent or more of the cells expressed
EGFR, the response rate was 12.3 percent.

 

12

 

 These
promising rates are perhaps higher than those pos-
sible with other forms of chemotherapy,

 

3-6

 

 but it
is unknown whether treatment with an EGFR inhib-
itor prolongs survival. For this reason, the National
Cancer Institute of Canada Clinical Trials Group
(NCIC CTG) conducted a trial (BR.21) to compare
erlotinib with placebo after the failure of standard
chemotherapy for non–small-cell lung cancer. The
inclusion of a control group receiving placebo was
considered ethical in view of the lack of benefit from
further chemotherapy after the failure of standard
treatment.

 

5,6

 

study design

 

This international, phase 3, randomized, double-
blind, placebo-controlled trial of erlotinib after the
failure of first-line or second-line chemotherapy
for non–small-cell lung cancer was designed by the
NCIC CTG. Patients were randomly assigned in a
2:1 ratio to receive oral erlotinib at a dose of 150 mg
daily or placebo. Randomization was performed
centrally by Applied Logic Associates (Houston),
with the use of the minimization method.

 

13

 

 Pa-
tients were stratified according to center, Eastern
Cooperative Oncology Group performance status
(0 or 1 vs. 2 or 3, with higher scores indicating
greater impairment), best response to prior thera-
py (complete or partial response vs. stable disease
vs. progressive disease), number of prior regimens
received (one vs. two), and exposure to prior plati-
num therapy (yes vs. no).

The primary end point was overall survival.
Secondary end points included progression-free
survival, overall response rate (complete and par-
tial), duration of response, toxic effects, and qual-
ity of life. Responses were assessed with the use of
the Response Evaluation Criteria in Solid Tumors
(RECIST),

 

14

 

 and toxic effects were assessed accord-
ing to the Common Toxicity Criteria of the Nation-
al Cancer Institute (version 2.0). The European Or-
ganization for Research and Treatment of Cancer
(EORTC) quality-of-life questionnaire (QLQ-C30)
and the quality-of-life questionnaire for patients
with lung cancer (QLQ-LC13) were used to evalu-
ate patients’ quality of life.

The protocol was approved by the ethics review
boards at all participating institutions, and all pa-
tients provided written informed consent. Support
was provided by the NCIC and OSI Pharmaceuti-
cals. Data were collected, managed, and analyzed
by the NCIC CTG, and the manuscript was written
by members of the NCIC CTG. OSI Pharmaceuti-
cals reviewed the final manuscript and provided
comments on it. Confidentiality was maintained by
both the NCIC CTG and OSI Pharmaceuticals. The
study chair, Dr. Shepherd, and the physician coordi-
nator, Dr. Seymour, reviewed all the data and con-
firmed their completeness and accuracy.

l
methods

The New England Journal of Medicine 
Downloaded from nejm.org on May 11, 2012. For personal use only. No other uses without permission. 

 Copyright © 2005 Massachusetts Medical Society. All rights reserved. 



 

n engl j med 

 

353;2

 

www.nejm.org july 

 

14, 2005

 

erlotinib in previously treated non–small-cell lung cancer

 

125

 

eligibility criteria

 

Patients 18 years of age or older with an Eastern
Cooperative Oncology Group (ECOG) performance
status between 0 and 3 were eligible in the presence
of documented pathological evidence of non–small-
cell lung cancer. The patients had to have received
one or two regimens of combination chemother-
apy and not be eligible for further chemotherapy.
Patients 70 years of age or older may have received
therapy with one or two single agents. Patients had
to have recovered from any toxic effects of therapy
and were randomly assigned to the study treatment
at least 21 days after chemotherapy (14 days after
treatment with vinca alkaloids or gemcitabine) and
7 days after radiation. Adequate hematologic and
biochemical values were required.

Patients with prior breast cancer, melanoma, or
hypernephroma were ineligible, as were those with
other malignant diseases (except basal-cell skin
cancers) within the preceding five years. Other ex-
clusion criteria were symptomatic brain metasta-
ses, clinically significant cardiac disease within one
year, ventricular arrhythmias requiring medication,
and clinically significant ophthalmologic or gastro-
intestinal abnormalities.

 

study procedures

 

Within seven days before randomization, a history
and physical examination were obtained and hema-
tologic and biochemical testing, chest radiography,
and assessments of toxic effects and quality of life
were obtained. Computed tomographic scans of
the chest and abdomen were obtained within 28
days before randomization. For a patient to be eval-
uated for a response, at least one measurable lesion
was required, but measurable disease was not man-
datory for eligibility. Only patients with measur-
able disease were included in the analyses of com-
plete or partial response.

Administration of the study medication was to
start within two days after randomization. For
grade 2 diarrhea, loperamide was recommended
without reduction of the dose of erlotinib. For
grade 3 diarrhea, the study treatment was with-
held until the diarrhea was grade 1 or less, and then
erlotinib at a dose of 100 mg daily was started. For
grade 1 or 2 rash, treatment modification was not
recommended. For grade 3 rash, treatment was
withheld, the rash was treated symptomatically, and
erlotinib at a dose of 100 mg daily was restarted
when the rash was grade 1 or less.

History taking, physical examination, and he-
matologic and biochemical testing were performed
every four weeks, and radiologic investigations ev-
ery eight weeks. Patients’ quality of life was evaluat-
ed every four weeks in countries with validated ver-
sions of the questionnaires.

 

egfr expression

 

Separate written consent for optional tissue bank-
ing and correlative studies was obtained. EGFR ex-
pression was determined with the use of immuno-
histochemistry in a central laboratory that used
Dako kits (DakoCytomation). Positivity was defined
as more than 10 percent of cells staining at any in-
tensity for EGFR.

 

statistical analysis

 

The trial was designed to detect, with 90 percent
power and a two-sided type I error of 5 percent, a
33 percent improvement in median survival from
four months as estimated in the placebo group. For
the final analysis, 582 deaths were required and
were projected to occur with a sample size of 700
patients enrolled over a period of 14 months with
6 months of follow-up. The required number of
deaths had occurred by January 2004, and the data-
base was locked as of April 23, 2004. There was no
interim analysis. Tumor responses were validated
centrally for the first 333 patients in the trial.

The stratified log-rank test, accounting for strat-
ification factors at randomization (except center)
and EGFR protein expression (positive vs. negative
vs. unknown), was used to compare progression-
free survival and overall survival between treatment
groups. Exploratory forward stepwise regression
analyses with the use of the Cox model were per-
formed to adjust for treatment effect and to iden-
tify prognostic factors for progression-free survival
and overall survival. Candidate covariates includ-
ed EGFR expression, stratification factors (except
center), sex, age (60 years or less vs. more than 60
years), race or ethnic group (Asian vs. others), prior
radiotherapy (yes vs. no), histologic subtype of can-
cer (adenocarcinoma vs. others), and smoking sta-
tus (smoker vs. nonsmoker vs. unknown). Race was
self-reported or determined by study personnel and
was not based on country of domicile. Fisher’s exact
test was used to compare response rates between
levels of potential predictors and rates of toxic ef-
fects between treatments. Times to deterioration
(a 10-point increase from the baseline score) for
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cough, dyspnea, and pain were identified prospec-
tively as the primary end points for the analysis of
quality of life

 

15

 

 and were analyzed with the use of
the log-rank test, with adjustment according to
the Hochberg method

 

16

 

 for the comparison of
multiple end points. All P values were two-sided.

 

patient characteristics

 

Between August 2001 and January 2003, 731 pa-
tients were randomly assigned to erlotinib (488) or
placebo (243). Twenty-two patients (12 assigned to
erlotinib and 10 assigned to placebo) were ineligi-
ble for the following reasons: three prior chemo-
therapy regimens (9); single-agent chemotherapy
for patients less than 70 years of age (2); inadequate
time since the last treatment (5); abnormal bio-
chemistry results (4); and symptomatic brain me-
tastases (2). All 731 patients were included in the
efficacy analyses, and 727 treated patients (485 as-
signed to erlotinib and 242 assigned to placebo)
were included in the safety analyses. Eight patients
assigned to erlotinib (1.6 percent) and 18 assigned
to placebo (7.4 percent) received other EGFR in-
hibitors after study medication was discontinued.
The groups were balanced with respect to base-
line characteristics and important prognostic var-
iables (Table 1).

 

response and survival

 

In patients with at least one target lesion, the le-
sions were evaluated according to RECIST (427
patients assigned to erlotinib and 211 assigned to
placebo). In the erlotinib group, the rates of com-
plete response and partial response were 0.7 per-
cent and 8.2 percent, respectively (median dura-
tion, 7.9 months); in the placebo group, the rate of
partial response was less than 1 percent (P<0.001),
but these responses were not externally validated.
In an intention-to-treat analysis of all patients ran-
domly assigned to treatment, the disease-control
rate (i.e., the rate of complete or partial responses
and stable disease) in the erlotinib group was 45
percent; 38 percent of the patients had progressive
disease, and among the remaining 17 percent pro-
gression was not confirmed. The likelihood of a re-
sponse to erlotinib (Table 2) among patients with
non–small-cell lung cancer was not significantly
altered by performance status, prior treatments,
prior response, or age, but it was higher among
women (P=0.006), nonsmokers (P<0.001), Asians

results

 

* Because of rounding, not all percentages sum to 100.
† Race or ethnic group was self-reported or determined by study personnel and 

was not based on country of domicile.
‡ A higher score indicates greater impairment.
§ Epidermal growth factor receptor (EGFR) expression was assessed by immu-

 

nohistochemistry.

 

Table 1. Baseline Characteristics of the Patients.*

Characteristic
Erlotinib
(N=488)

Placebo
(N=243)

 

Age (yr)

Median 62 59

Range 34–87 32–89

<60 (% of patients) 42.6 51.0

≥60 (% of patients) 57.4 49.0

Sex (% of patients)

Male 64.5 65.8

Female 35.5 34.2

Race or ethnic group (% of patients)†

Asian 12.9 12.2

Other 87.1 87.8

Performance status (% of patients)‡

0 13.1 14.0

1  52.5 54.3

2 25.8 23.0

3 8.6 8.6

Weight loss >10% (% of patients) 11.0 12.0

Pathological subtype (% of patients)

Adenocarcinoma 50.4 49.0

Squamous-cell carcinoma 29.5 32.1

Other 20.1 18.9

Prior chemotherapy (% of patients)

One regimen 50.6 50.2

Two or more regimens 49.4 49.8

Platinum-based therapy 92.0 91.8

Response to prior chemotherapy 
(% of patients)

Complete or partial response 38.1 37.9

Stable disease 34.0 34.2

Progressive disease 27.9 28.0

Smoking status (% of patients)

Current smoker or ever smoked 73.4 77.0

Never smoked 21.3 17.3

Unknown 5.3 5.8

EGFR protein expression (% of patients)§

Positive 24.0 27.6

Negative 19.1 19.8

Unknown 56.9 52.6
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(P=0.02), patients with adenocarcinoma (P<0.001),
and patients in whom 10 percent or more of the tu-
mor cells expressed EGFR (P=0.10). In multiple
logistic-regression analyses, never having smoked
(P<0.001), the presence of adenocarcinoma (P=
0.01), and EGFR expression (P=0.03) were associ-
ated with responsiveness to erlotinib.

At the time of analysis, 587 deaths had occurred
(378 in the erlotinib group and 209 in the placebo
group). Figure 1 shows Kaplan–Meier curves for
overall survival and progression-free survival. Me-
dian overall survival in the erlotinib group was 6.7
months, and in the placebo group it was 4.7
months (adjusted hazard ratio, 0.70; 95 percent
confidence interval, 0.58 to 0.85; P<0.001). In the
Cox regression analysis, erlotinib remained asso-
ciated with longer survival (P=0.002), as did Asian
origin (P=0.01), adenocarcinoma on histologic
examination (P=0.004), and never having smoked
(P=0.048 vs. current or past smoking). Table 3
shows the exploratory subgroup analyses. Although
the sample sizes may be inadequate to detect small
or moderate differences, a benefit from erlotinib
was apparent in most of the subgroups. The inter-
action between treatment and the covariate defin-
ing the subgroup was statistically significant only
for smoking status. At the time of analysis, 682 pa-
tients had had progression of disease (450 in the
erlotinib group and 232 in the placebo group). Me-
dian progression-free survival was 2.2 months in
the erlotinib group and 1.8 months in the placebo
group (adjusted hazard ratio, 0.61; 95 percent con-
fidence interval, 0.51 to 0.74; P<0.001). In the Cox
model, treatment with erlotinib (P<0.001) and nev-
er having smoked (P<0.01 for the comparison with
current or past smoking) were associated with long-
er progression-free survival.

 

toxic effects

 

Four patients who underwent randomization did
not receive treatment. Table 4 shows that 19 percent
of the erlotinib group required dose reductions be-
cause of drug-related toxic effects, as compared
with 2 percent of the placebo group, most frequent-
ly because of rash (12 percent) and diarrhea (5 per-
cent); 26 patients (5 percent) discontinued erlotinib
because of drug-related toxic effects, as compared
with 4 patients (2 percent) receiving placebo. There
was a higher incidence of infection among the er-
lotinib patients, which may reflect longer follow-
up (P<0.001). There were similar rates of pneu-
monitis and pulmonary fibrosis in the two groups.

 

* Responses were assessed according to the Response Evaluation Criteria in 
Solid Tumors in patients with one or more confirmed lesions and at least one 
follow-up radiologic examination.

† Epidermal growth factor receptor (EGFR) expression was assessed by immu-

 

nohistochemistry.

 

Table 2. Analysis of Responses to the Study Treatment.*

Factor

No. of
Cases

Evaluated

No. of
Responses 
(Complete 
and Partial)

Overall 
Response 
Rate (%) P Value

 

Treatment

Erlotinib 427 38 8.9 <0.001

Placebo 211 2 <1

Age

<60 yr 177 19 10.7 0.30

≥60 yr 250 19 7.6

Sex

Male 281 17 6.0 0.006

Female 146 21 14.4

Pathological subtype

Adenocarcinoma 209 29 13.9 <0.001

Other 218 9 4.1

Performance status

0 or 1 274 21 7.7 0.29

2 or 3 153 17 11.1

Response to prior therapy

Complete and partial
responses

174 13 7.5 0.65

Progressive disease 87 9 10.3

Stable disease 166 16 9.6

Prior regimens

1 214 19 8.9 1.00

2 or 3 213 19 8.9

Prior platinum-based
therapy

Yes 396 36 9.1 1.00

No 31 2 6.5

EGFR expression†

Positive 106 12 11.3 0.10

Negative 80 3 3.8

Unknown 241 23 9.5

Smoking status

Current smoker or ever 
smoked

311 12 3.9 <0.001

Never smoked 93 23 24.7

Unknown 23 3 13.0

Race or ethnic group

Asian 53 10 18.9 0.02

Other 374 28 7.5
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Two patients died of pneumonitis (one in each
group).

 

quality of life

 

Compliance was similar in the two groups. Patients
who had responded to the quality-of-life question-
naire at baseline and had one follow-up assessment
were included in the analysis. The median time to
deterioration with regard to cough (4.9 months

among patients receiving erlotinib and 3.7 months
among those receiving placebo, P=0.04 with Hoch-
berg adjustment), dyspnea (4.7 months and 2.9
months, respectively; adjusted P=0.03), and pain
(2.8 months and 1.9 months, respectively; adjust-
ed P=0.04) in favor of erlotinib. These results are
consistent with response-based analyses of the
quality of life, which found that more patients re-
ceiving erlotinib had improvement in cough, pain,
and dyspnea and in the domain of overall physical
function (further information is in the Supplemen-
tary Appendix, available with the complete text of
this article at www.nejm.org ).

Docetaxel is the only agent known to prolong sur-
vival among patients with disease progression af-
ter cisplatin-based chemotherapy for non–small-
cell lung cancer.

 

3,4,17

 

 Few options are available for
the treatment of patients with disease progression
after docetaxel or those who are not eligible for sec-
ond-line chemotherapy.

 

5,6

 

 Clearly, new treatments
are needed for such patients.

Expression of EGFR is common in non–small-
cell lung cancer.

 

18-20

 

 Several agents that target
EGFR are in various phases of clinical evalua-
tion.

 

9,21

 

 The orally active EGFR tyrosine kinase in-
hibitors gefitinib and erlotinib have been evaluated
in several trials. In the IDEAL 1 trial,

 

10

 

 patients with
non–small-cell lung cancer with disease progres-
sion after platinum-based chemotherapy were ran-
domly assigned to receive gefitinib, at a dose of
250 mg or 500 mg daily. There were no differenc-
es between the two doses with respect to response
rate, time to progression, or median survival. The
response rates were also similar whether gefitinib
was used as second-line treatment (17.9 percent of
patients) or third-line treatment (19.8 percent of
patients). In the IDEAL 2 trial,

 

11

 

 which enrolled
symptomatic patients in whom two or more che-
motherapy regimens containing platinum and doc-
etaxel had failed, the response rates were 12 per-
cent and 9 percent, respectively, for the two dose
levels. More adverse events were seen with the dose
of 500 mg in both trials, but discontinuation of
treatment because of toxic effects was uncommon
at either dose. In a phase 2 trial of erlotinib, the re-
sponse rate was 12 percent, and response did not
correlate with level of EGFR in the tumor.

 

12

 

In our trial, the response rate of 8.9 percent
was similar to rates reported for erlotinib and ge-

discussion

 

Figure 1. Kaplan–Meier Curves for Overall Survival (Panel A) and Progression-
free Survival (Panel B) among All Patients Randomly Assigned to Erlotinib 
or Placebo.

 

P values were adjusted for stratification factors (except center) and epidermal 
growth factor receptor expression.
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* CI denotes confidence interval, NI not included in the final model, and NA not applicable as a stratification factor.
† The univariate hazard ratio was derived from a Cox model with a single treatment covariate.
‡ The hazard ratio between levels of respective covariates was derived from the final stratified Cox regression model.
§ P values are for the comparison of patients who had never smoked and those whose history of smoking was unknown 

 

with those who were smokers.

 

Table 3. Analysis of Survival.*

Factor
No. of 

Patients

Univariate
Hazard Ratio

(95% CI)† P Value
Multivariate

Hazard Ratio (CI)‡ P Value§

 

Treatment group

Erlotinib 488 0.7 (0.6–0.9) <0.001 0.7 (0.6–0.9) 0.002

Placebo 243

Age NI

<60 yr 332 0.8 (0.6–1.0) 0.04

≥60 yr 399 0.8 (0.6–1.0) 0.02

Sex NI

Male 475 0.8 (0.6–0.9) 0.01

Female 256 0.8 (0.6–1.1) 0.13

Pathological subtype 

Adenocarcinoma 365 0.7 (0.6–0.9) 0.008 0.8 (0.6–0.9) 0.004

Other 366 0.8 (0.6–1.0) 0.07

Performance status NA

0 or 1 486 0.7 (0.6–0.9) 0.003

2 182 0.8 (0.5–1.1) 0.11

3 63 0.8 (0.4–1.3) 0.33

Response to prior therapy NA

Complete response or partial 
response

292 0.7 (0.5–0.9) 0.004

Stable disease 287 0.8 (0.6–1.1) 0.18

Progressive disease 152 0.9 (0.6–1.2) 0.34

Prior regimens NA

1 369 0.8 (0.6–1.1) 0.03

2 or 3 362 0.8 (0.6–1.1) 0.02

Prior platinum-based therapy NA

Yes 672 0.7 (0.6–0.9) <0.001

No 59 1.7 (0.7–2.7) 0.30

EGFR expression NA

Positive 184 0.7 (0.5–0.9) 0.02

Negative 141 0.9 (0.6–1.4) 0.70

Unknown 406 0.8 (0.6–1.0) 0.03

Smoking status

Current smoker or ever smoked 545 0.9 (0.7–1.0) 0.14 Reference group

Never smoked 146 0.4 (0.3–0.6) <0.001 0.8 (0.6–1.0) 0.048

Unknown 40 1.1 (0.5–2.6) 0.80 1.0 (0.7–1.5) 0.89

Race or ethnic group

Asian 91 0.6 (0.4–1.0) 0.06 0.7 (0.5–0.9) 0.01

Other 640 0.8 (0.7–0.9) 0.01
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fitinib.

 

10-12

 

 Some investigators have reported that
responsiveness to EGFR inhibitors correlates with
sex, histologic type, race or ethnic origin, and
smoking status.

 

10,11,21

 

 We also found that response
was higher among Asians, women, patients with
adenocarcinoma, and lifetime nonsmokers. Con-
trary to previous reports,

 

12

 

 the response rate in our
trial was higher when 10 percent or more of tumor
cells expressed EGFR.

Activating mutations in the 

 

EGFR

 

 gene have

been found to predict a response to gefitinib.

 

22-27

 

The results of our assays for the number of copies
and mutation status of the 

 

EGFR

 

 gene are published
in this issue of the 

 

Journal

 

.

 

28

 

 Higher response rates
were found among patients with high numbers of
gene copies and mutations, but the difference was
significant only for gene copies.

Because none of the early trials

 

10-12

 

 had a pla-
cebo control group, it is not possible to determine
whether EGFR-inhibitor therapy was superior to

 

* All cases designated “pneumonitis” were reviewed by a study physician. Cases of “pneumonia” were also reviewed and 

 

reclassified as pneumonitis, if appropriate. 

 

Table 4. Toxic Effects and Dose Modifications among 727 Patients Receiving the Study Drugs.

Toxic Effect Erlotinib (N=485) Placebo (N=242) P Value

 

All
Grades
3 to 5 All

Grades
3 to 5 All

Grades
3 to 5

 

percent

 

Rash 76 9 17 0 <0.001 <0.001

Anorexia 69 9 56 5 <0.001 0.06

Nausea 40 3 34  <1 0.12 0.07

Vomiting 25 3 23 2 0.52 0.45

Stomatitis 19 <1 3 0 <0.001 0.31

Diarrhea 55 6 19 <1 <0.001 <0.001

Dehydration 7 4 6 3 0.64 0.67

Ocular toxic effect 28 1 9 <1 <0.001 0.67

Fatigue 79 19 74 23 0.22 0.33

Infection 34 2 21 5 <0.001 0.03

Pulmonary fibrosis 3 <1 3 0 1.0 1.0

Pneumonitis or pulmonary 
infiltrates*

3 <1 3 <1 0.64 1.0

Death from pneumonitis 1 patient 1 patient

Reason for dose reduction

Any toxic effect 19 2 <0.001

Diarrhea 5 0 <0.001

Rash 12 0 <0.001

Conjunctivitis 1 0 0.19

Vomiting 1 0 0.55

Stomatitis <1 0 1.0

Reason for treatment interruption

Any toxic effect 27 5 <0.001

Diarrhea 6 <1

Rash 14 0 <0.001

Conjunctivitis 1 0 0.19

Vomiting 2 <1 0.11

Stomatitis <1 <1 1.0

Treatment discontinued because 
of any toxic effect

5 2 0.02
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palliative treatment. In our placebo-controlled trial,
erlotinib did provide clinically meaningful prolon-
gation of survival. According to the Kaplan–Meier
estimates, the median survival was prolonged by
two months, and 31 percent of patients treated with
erlotinib were alive at one year, as compared with
22 percent in the placebo group. The two-month
prolongation of survival is similar to that achieved
with docetaxel in the setting of second-line chemo-
therapy,

 

3,4

 

 even though half the patients in our trial
were treated after both first-line and second-line
chemotherapy. In this trial and another trial,

 

3

 

 a sig-
nificant prolongation of survival was achieved de-
spite response rates of less than 10 percent, perhaps
because a high proportion of the patients had du-
rable stable disease while receiving treatment. Sur-
vival in this trial appears to be longer than what was
achieved in a similar trial of gefitinib, although the
response rates were similar in both studies. The
characteristics of the patients in these two trials,
however, may have differed somewhat.

 

29

 

Exploratory multivariate analyses showed that
only Asian origin, adenocarcinoma on histologic
examination, and a history of not smoking were
significant independent predictors of survival af-
ter adjustment for treatment and other potential
predictors. Erlotinib had a beneficial effect on sur-
vival in almost all subgroups tested, but only the in-
teraction between smoking status and treatment
was significantly predictive of a differential effect
on survival. Notably, the presence of 

 

EGFR

 

 gene
mutations was not predictive of a survival benefit
from erlotinib in our study.

 

28

 

In the IDEAL 2 trial,

 

11

 

 gefitinib rapidly reduced
symptoms in 35 percent to 43 percent of patients.
In our trial, significantly more patients in the erlo-
tinib group than in the placebo group had reduc-
tions in dyspnea, pain, and cough. Furthermore, the
time to exacerbation of these symptoms was sig-
nificantly longer in the erlotinib group. The analy-
sis of the quality of life showed that symptom im-
provement was also associated with significantly
improved physical function.

Rash

 

30

 

 and diarrhea are the main toxic effects
of EGFR inhibitors.

 

9

 

 They led to dose reduction in
12 percent and 5 percent of patients, respectively,
in our trial. Pneumonitis has been reported mainly
in Japan following treatment with gefitinib.

 

31

 

 How-
ever, four trials of gefitinib or erlotinib combined
with chemotherapy for non–small-cell lung cancer
reported similar rates of pneumonitis in active-
treatment and placebo groups.

 

32-35

 

 We rarely en-
countered pneumonitis or pulmonary fibrosis.

In summary, this trial shows that erlotinib, an
oral tyrosine kinase inhibitor of EGFR, prolongs
survival and decreases symptoms, as compared with
placebo, in previously treated patients with non–
small-cell lung cancer.
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