
Abstract. Whether elderly patients with metastatic
esophageal, gastroesophageal, and gastric cancer do as well
with chemotherapy as their younger counterparts was
investigated in this pooled analysis. In total, 367 patients
from 8 consecutive, first-line trials were included: i)
etoposide + cisplatin; ii) 5-fluorourucil + leucovorin; iii) 5-
fluorouracil + levamisole; iv) irinotecan; v) docetaxel +
irinotecan; vi) oxaliplatin + capecitabine; vii) docetaxel +
capecitabine; and viii) bortezomib + paclitaxel + carboplatin.
One hundred and fifty-four (42%) patients were ≥65 years
old (range: 65-86), and 213 younger (range: 20-64). Elderly
patients had worse performance scores (2-3): 19 vs. 8%
(p<0.0001). Rates of grade 3+ adverse events across all chemo-
therapy cycles in univariate and multivariate analyses (adjusted
for gender, performance score, and stratified by individual
study) were higher among elderly patients. Rates of neutro-
penia, fatigue, infection, and stomatitis in elderly vs. younger
patients were 31 vs. 29% (p=0.02 by multivariate analyses);
15 vs. 5% (p=0.01); 9 vs. 4% (p=0.03); 6 vs. 1% (p=0.04).
In contrast, duration of chemotherapy, overall survival, and
progression-free survival were comparable. Although age
should not preclude trial entry, these adverse event rates
suggest a need to develop more tolerable regimens for older
patients with these malignancies.

Introduction

Cancer occurs predominantly in older patients (1). The
demographics surrounding esophageal, gastroesophageal,
and gastric cancer offer no exception to this observation.
These cancers occur predominantly in patients who are older
than 65 years of age (2), and, over time, the age-specific
incidence of these malignancies has shifted towards the
elderly (2).

Thus, it becomes increasingly more important to understand
how best to treat elderly patients who develop adenocarcinoma
of the esophagus, gastroesophageal junction, and stomach. The
majority of previous studies in patients with these malignancies
has examined age-based outcomes in surgical patients and in
those receiving other forms of potentially curative therapy;
but scant attention has been given to patients with metastatic
disease (3-9). Focusing on this latter group is relevant because
most patients diagnosed with these malignancies are found to
have metastatic cancer either at diagnosis or at some point in
their lives. 

In other cancer settings, elderly patients appear to derive
comparable therapeutic outcomes from chemotherapy in
exchange for higher rates of severe adverse events. In patients
with lung cancer, breast cancer and other gastrointestinal
cancers, elderly chemotherapy-treated patients suffer higher
rates of severe myelosuppression, bleeding, nausea, and fatigue
(10-12). Fewer such comparative studies have been conducted
in patients with metastatic esophageal, gastroesophageal, and
gastric cancer. 

Do such age-based differences in adverse events also
occur in patients receiving first-line chemotherapy for these
malignancies? The present study was undertaken to answer
this question. Utilizing data from eight consecutive phase II
trials, we sought to determine differences in adverse events and
other outcomes in older and younger patients with metastatic
esophageal, gastroesophageal, and gastric cancer. 
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Materials and methods

Overview. The present study was reviewed and approved by
the Mayo Clinic Institutional Review Board (IRB). In
addition, all eight of the NCCTG trials included in this study
had individually received IRB approval from the multiple
other institutions that had participated in patient accrual.

These eight studies were chosen because they comprise
all the NCCTG trials conducted in patients with metastatic
adenocarcinoma of the esophagus, gastroesophageal junction,
and stomach over the past 20 years within this National Cancer
Institute-funded, multi-institutional cancer cooperative group. 

All were first-line, phase II studies that tested the following
regimens for the following indications (Table I): i) etoposide
and cisplatin for metastatic gastric cancer (NCCTG 874151);
ii) 5-fluorouracil and leucovorin for metastatic gastric cancer
(NCCTG 884801); iii) 5-fluorouracil and levamisole for
metastatic gastric cancer (NCCTG 914151); iv) irinotecan
for metastatic esophagogastric junction or gastric cancer
(NCCTG 964152); v) irinotecan and docetaxel for metastatic
lower esophageal, gastroesophageal, and gastric cardia
cancer (NCCTG N9941); vi) oxaliplatin and capecitabine
for metastatic lower esophageal, gastroesophageal, and
gastric cardia cancer (NCCTG N0149); vii) docetaxel and
capecitabine for metastatic adenocarcinoma of the gastro-
esophageal junction and stomach (NCCTG N0242); and
viii) bortezomib, carboplatin, and paclitaxel for metastatic
adenocarcinoma of the lower esophageal, gastroesophageal
junction, and stomach (NCCTG N044B).

Age cutoffs. The primary goal of the present study was to
compare differences in adverse events in patients ≥65 years
vs. those <65. This age cutoff was chosen a priori for two
reasons. First, it defines ‘elderly’ throughout a large portion
of the epidemiological literature (13). Second, the United
States Census Bureau and the United States Medicare
policy also utilize this cutoff in their definition of ‘elderly’
(14). Because other cancer cooperative groups have utilized
≥70 years, a secondary set of analyses were performed with
this other age cutoff. 

Definition of end-points and statistics. The primary end-point
of the present study was to compare the rates of grade 3 or
worse adverse events, as defined by the Common Terminology
Criteria (CTC), versions 1-3, in patients who were ≥65 years
of age vs. younger. Four studies had used CTC version 1,
three CTC version 2, and one CTC version 3. However, the
same criteria were used consistently within each study, and
criteria for each adverse event were easily translatable across
trials. Non-hematologic adverse event data consisted only of
those thought to be related to cancer therapy, but, in contrast,
all hematologic adverse events were attributed to cancer
therapy. A sample size of 362 patients enabled the study
team to detect a 15% difference in the rate of grade 3 or worse
adverse events, for example, from 40 to 55%, with a 2-sided
significance level of 0.05 and 80% power. 

Before pooling adverse event data, the Breslow-Day test
was used to confirm the homogeneity of the adverse events
from these 8 studies (p=0.74). Then univariate and multivariate
logistic regression models, stratified by individual study, were

used to assess whether age was predictive of adverse events in
the pooled data set. The score and likelihood ratio test p-values
were used to test the significance of age in these respective
models. 

¯2 or Fisher's exact tests were used to test for an association
between age and categorical variables, such as gender and
performance score. The Wilcoxan rank-sum test was used
to look for an association between age and the continuous
variable of interest. 

Overall survival and cancer progression-free survival were
calculated from date of study registration to death or date
of study registration to lack of cancer progression/death,
respectively. When the dates of death or cancer progression
were unknown, data were censored on the date of last follow-
up. Survival data were censored at 3 years. Again, prior to
pooling data across studies, the homogeneity assumption was
tested for age with the cutoffs of 65 and 70 years by using the
likelihood ratio test p-value for the individual study by age
interaction from a Cox regression model. Because pooling
was appropriate, only the pooled estimates are shown. 

Univariate and multivariate Cox proportional hazards
models were used to explore the association of age to overall
survival and cancer progression-free survival. The score and
likelihood ratio test p-values were used to test the significance
of age in the covariate in the univariate and multivariate
models, respectively. Graphical and statistical methods were
used to examine whether the underlying model assumptions
were satisfied. 

All statistical tests were 2-sided. A p<0.05 is considered
statistically significant. Statistical analyses were performed
with SAS (SAS Institute, Cary, NC, USA). 

Results

Baseline demographics. A total of 367 patients were included
in this pooled analysis, and adverse event data were available
in 362. The median age of the entire cohort was 61 years
(range: 20-86). A total of 154 patients (42%) were ≥65 years,
and 92 (25%) were ≥70 years of age. The majority, 318
(87%), were men. Eastern Cooperative Oncology Group
(ECOG) performance scores of 0, 1, 2, and 3 were observed
at study entry in 39, 49, 11, and 1% of patients, respectively.
Information on the primary tumor location had not been
acquired in 13% of the cohort, but in the remaining cohort
it consisted of esophagus, esophagogastric junction, and
stomach in 4, 33 and 50% of patients, respectively. 

Baseline demographics revealed differences in performance
score based on age (Table II). Patients who were ≥65 years
had worse performance scores. Scores of 0, 1, and 2-3 were
observed in 25, 56  and 19%, respectively, for elderly patients
in contrast to 49, 44  and 8% for younger patients, respectively
(p<0.0001). Similar such differences were observed with an
age cutoff of 70 years (Table III). 

Duration of chemotherapy. All studies required that patients
remain on chemotherapy until cancer progression, especially
severe adverse events, or a general decline in patient status.
Among the age-defined groups, there were only slight dif-
ferences in duration of chemotherapy. For patients ≥65 years of
age, the mean time on chemotherapy was 3.3 months (standard
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Table I. Clinical trials in this pooled analysis.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Authors/(ref.) N Regimen
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Elliott, et al (19) 48 Etoposide 130 mg/m2/day intravenously x 3 days + cisplatin

45 mg/m2/day intravenously days 2 and 3 (cycle length = 28 days)

Rubin, et al (20) 42 5-fluorouracil 425 mg/m2 intravenously days 1-5 + leucovorin

20 mg/m2 intravenously days 1-5 (cycle length = 28 days)

Burch, et al (21) 44 5-fluorouracil 450 mg/m2 intravenously days 1-5 + levamisole 100 mg/m2 orally 3 times a day, 

days 1-3 and 50 mg/m2 orally 3 times a day on days 4 and 5 (cycle length = 35 days)

Erlichman, et al (22) 68 Irinotecan 260-320 mg/m2 intravenously on day 1 (cycle length = 21 days)

Jatoi, et al (23) 46 Docetaxel 50 mg/m2 intravenously on day 1 + irinotecan 

130 mg/m2 intravenously on day 1 (cycle length 21 days)

Jatoi, et al (24) 43 Oxaliplatin 130 mg/m2 intravenously on day 1 + capecitabine 

850-1000 mg/m2 orally twice a day x 14 days (cycle length = 21 days)

Giordano, et al (25) 44 Docetaxel 75 mg/m2 intravenously on day 1 + capecitabine 

825 mg/m2 orally twice a day on days 1-14 (cycle length = 21 days)

Jatoi, et al (26) 35 Bortezomib 1.2 mg/m2 intravenously on days 1, 4 and 8 + paclitaxel

175 mg/m2 intravenously on day 2 + carboplatin area under  

the curve of 2 intravenously on day 2 (cycle length = 21 days)
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Table II. Demographics based on the ≥65 years of age cutoff
(n=367).a

–––––––––––––––––––––––––––––––––––––––––––––––––
Older Younger P-value

(≥65 years)
N=154 N=213

–––––––––––––––––––––––––––––––––––––––––––––––––
Age, median (range) 71 (65, 86) 54 (20, 64) Not reported

Gender

Male 129 (84) 189 (89) 0.17

Female 25 (16) 24 (11)

Performance score

0 39 (25) 104 (49) <0.0001

1 86 (56) 93 (44)

2-3 29 (19) 16   (7)

Tumor locationb

Esophagus 6   (5) 10   (5) 0.57

Gastroesophageal 45 (34) 75 (40)

junction

Stomach 79 (61) 103 (55)
–––––––––––––––––––––––––––––––––––––––––––––––––
aNumbers in parentheses refer to percentages, unless otherwise
specified. bNot all trials reported on tumor location.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Demographics based on the ≥70 years of age
cutoff (n=367).a

–––––––––––––––––––––––––––––––––––––––––––––––––
Older Younger P-value

(≥70 years)
N=92 N=275

–––––––––––––––––––––––––––––––––––––––––––––––––
Age, median (range) Not reported

Gender

Male 73 (79) 245 (89)

Female 19 (21) 30 (11) 0.02

Performance score

0 22 (24) 121 (44) 0.0009

1 52 (56) 127 (46)

2-3 18 (20) 27 (10)

Tumor locationb

Esophagus 3   (4) 13   (5) 0.46

Gastroesophageal 25 (32) 95 (40)

junction

Stomach 49 (64) 133 (55)
–––––––––––––––––––––––––––––––––––––––––––––––––
aNumbers in parentheses refer to percentages, unless otherwise
specified. bNot all trials reported on tumor location.
–––––––––––––––––––––––––––––––––––––––––––––––––
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deviation: 4.1 months) in contrast to 3.4 months (standard
deviation 4.0 months) for younger patients; (p=0.21). For
patients ≥70 years of age, this interval was 2.9 months
(standard deviation: 4.3 months) in contrast to 3.5 months
(standard deviation 4 months); (p=0.04). There are no available
data on the use or duration of second- or third-line chemo-
therapy.

Adverse events. In general, 69% of all patients suffered a
grade 3 or worse adverse event, 33% a grade 4 or worse event,
and 2% died. Fatal adverse events were infection-related in
half of patients. 

As stated earlier, the primary end-point of this study was
a comparison of grade 3 or worse adverse events between
patients who were ≥65 years of age vs. younger patients. The
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Table IV. Adverse events in patients ≥65 years of age vs.
younger.a,b

–––––––––––––––––––––––––––––––––––––––––––––––––
Older Younger (%) P-value

(≥65 years)
–––––––––––––––––––––––––––––––––––––––––––––––––
Neutropenia 31 29 0.02

Fatigue 15 5 0.01

Infection 9 4 0.03

Stomatitis 6 1 0.04

Hypotension 2 0 0.04

Renal failure 2 0 0.02

Dyspnea 3 1 0.51

Thrombocytopenia 9 7 0.17

Vomiting 12 10 0.99

Diarrhea 13 10 0.39
–––––––––––––––––––––––––––––––––––––––––––––––––
aAll adverse events are grade 3 or greater unless otherwise specified.
bAdverse events over all chemotherapy cycles are reported. cP-values
are derived from logistic regression analyses, adjusted for perfor-
mance score and gender and stratified by individual study; no major
differing conclusions arose based on univariate analyses.
––––––––––––––––––––––––––––––––––––––––––––––––– 

Figure 1. Odds ratios demonstrate that older patients had a significantly higher rate of severe adverse events.

A

B

Figure 2. (A) Overall survival was not statistically different between patients
who were ≥65 years of age vs. younger: median survival of 6.0 months vs.
6.7 months (p=0.45). (B) Cancer progression-free survival was not statistically
different between patients who were ≥65 years of age vs. younger: median
survival of 3.3 months in both groups (p=0.46).
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incidence of such adverse events across all chemotherapy
treatment cycles was greater among older patients. Grade 3
or worse adverse events were observed in 73% of patients
≥65 years of age vs. 66% of younger patients (p=0.02), and
after adjustment for performance score and gender and after
stratification by individual study, this difference remained
statistically significant (p=0.04) (Table IV).

What types of severe adverse events occurred more
frequently in older patients? Rates of grade 3 or worse
neutropenia, fatigue, infection, stomatitis, renal failure, and
hypotension were statistically greater among patients who ≥65
years of age in both univariate and multivariate analyses
(Table IV and Fig. 1). 

In addition, grade 4 or worse adverse events were more
commonly observed in patients who were ≥65 years of age
compared to their younger counterparts: 40 vs. 28% (p=0.002
and 0.004, in univariate and multivariate analyses, respec-
tively). Death was also more commonly observed in elderly
patients, although results were not statistically significant:
4 vs. 1% (p=0.05 and 0.06 in univariate and multivariate
analyses, respectively).

In patients who were ≥70 years of age, grade 3 or worse
adverse events occurred more commonly: 73 vs. 68%, but this
difference did not reach statistical significance (p=0.24 and
0.37 in univariate and multivariate analyses, respectively).
Similarly, although grade 4 or worse adverse events occurred
more often in older as opposed to younger patients at 35
and 33%, respectively (p=0.39 and 0.63 in univariate and
multivariate analyses, respectively) and although grade 5
events also occurred more commonly 4 and 1.5%, respectively
(p=0.09 and 0.17 in univariate and multivariate analyses,
respectively), as noted, none of these differences reached
statistical significance.

Overall and progression-free survival. In terms of other clinical
outcomes, no notable age-related differences were observed.
Overall survival was not statistically different in patients
who were ≥65 years of age compared to younger patients:
6.0 months median survival vs. 6.7 months (p=0.45 in a
univariate analysis) (Fig. 2A). Moreover, cancer progression-
free survival was also not statistically different: median survival
of 3.3 months in both groups (p=0.46 in a univariate analysis)
(Fig. 2B). Multivariate models yielded similar results. Identical
conclusions were generated when utilizing an age cutoff of
70 years.

Discussion

The present study focused on 8 consecutive clinical trials
from the NCCTG, and a total of 367 patients were included.
In evaluating differences in adverse events and other clinical
outcomes in patients with metastatic adenocarcinoma of
the esophagus, gastroesophageal junction, and stomach,
this study provided some important age-based observations:
the number and severity of adverse events were increased
among elderly patients compared to their younger counterparts,
but survival appeared comparable. These observations are
best illustrated with an age cutoff of 65 years; diminished
statistical power may explain the absence of statistically
significant findings with an age cutoff of 70 years. To our
knowledge, this present study represents one of the few pooled

analyses to examine the ramifications of age in patients with
metastatic cancer of the esophagus, gastroesophageal junction,
and stomach. It underscores the importance of considering
age when choosing a chemotherapy regimen for an older
patient, and it suggests a need for designing age-specific
chemotherapy clinical trials.

However, this study is not the first to comment on a
designing tailored, age-specific therapy in patients with
this group of malignancies. Al Batram and others performed
a subgroup analysis of 94 patients who were treated with either
a combination of 5-fluorouracil, leucovorin, and oxaliplatin
or a combination of 5-fluorouracil, leucovorin, and cisplatin
for metastatic gastroesophageal cancer (15). Making direct
comparisons based on chemotherapy regimen among patients
who were exclusively ≥65 years of age, these investigators
observed that the former regimen was associated with an
improvement in cancer progression-free survival and lower
toxicity rates. They concluded that their results ‘underline the
need to design and conduct trials for gastric cancer targeted
specifically at older adult patients’, thereby emphasizing further
the implications of the present NCCTG pooled analysis.

Finally, two other points relevant to study design merit
mention. First, this study included patients with esophageal
cancer, gastroesophageal junction cancer, and gastric cancer.
Although focusing on only one of these cancer types would
have been ideal, this amalgamated approach is not unprece-
dented (16-18); and, clearly, to date, there has been substantial
overlap in chemotherapy options for patients with these
malignancies. Therefore, the approach of aggregating patients
with these cancer types, as done here, can be easily justified. 

Second, the elderly patients who participated in all eight of
these NCCTG trials may represent a culled group of relatively
fit elderly patients, as the 8 phase II trials in this pooled analysis
were not specifically designed for older cancer patients.
Hence, the more frequent and severe adverse events of older
patients observed in this study may in fact underestimate
what might actually occur in a non-study setting. This last
point serves to highlight the importance of studying how best
to treat older patients with this group of malignancies.

In conclusion, the present study suggests that older patients
with metastatic adenocarcinoma of the esophagus, gastro-
esophageal junction, and stomach derive higher rates of
severe toxicity with chemotherapy. Admittedly, age should
not be a factor in deciding whether or not to administer
chemotherapy, but less toxic cancer treatment regimens
should be considered for older patients.
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