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Abstract

Cancer patients, especially the elderly, present with a highly variable susceptibility to toxicity from chemotherapy. To estimate

correctly a patient’s risk for toxicity, both the average toxicity of a chemotherapy regimen and patient-related variables need to be
assessed. However, treatment toxicities are typically reported item by item, not summarised per patient. We tested an index derived
from a pilot study, the MAX2, on the ECOG database. Studies including 20 or more patients aged 70 years and older per arm were

selected. Four studies were identified, representing 2526 patients, 410 (16%) being elderly. The association of the MAX2 index with
the per patient incidence of grade 4 haematological and/or grade 3 or 4 non-haematological toxicity was highly significant, both for
the overall group and for the elderly subgroup. The MAX2 index is a convenient and reproducible way of comparing the average

per patient risk for toxicity from chemotherapy across several regimens.
# 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Oncologists are increasingly called to treat older
patients. The challenge in treating this population is its
highly variable health status. Therefore, reliable tools to
predict the risk for toxicity from chemotherapy need
to be developed. Toxicity is essentially dependent on two
factors: the general toxicity of the chemotherapy regi-
men itself and various patient-related factors that may
increase or decrease toxicity, such as comorbidity,
functional status, depression, liver or kidney function
[1,2]. Unfortunately, the toxicity from chemotherapy is
mostly reported item by item and not summarised as a
per patient risk for severe toxicity. In order to be rea-
listic in daily practice, a predictive index should be
patient-centred and valid across several chemotherapy
regimens. Therefore, a way of ‘summarising’ and rank-
ing the toxicity of various chemotherapies per patient is
needed to create such an index. In a pilot study at H.
Lee Moffitt Cancer Center, we demonstrated that: (1)
both chemotherapy-related and patient-related factors
had an independent measurable effect; (2) a simple
index, called MAX2, seemed to be an effective way to
summarise the toxicity of a given regimen, and was
showing strong association with the degree of toxicity
experienced by the patients [3]. We therefore decided to test
the validity of the MAX2 on a larger scale in the Eastern
Cooperative Oncology group (ECOG) trial database.

The construction of the MAX2 index has been
described in detail elsewhere [3]. Its name derives from
the fact that it considers the two most frequent severe
toxicities reported: one haematological and one non-
haematological. The way it is calculated is shown in
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Table 1. After our 60-patient pilot study, two hypoth-
eses could be made: either most of the patients experi-
encing severe toxicity from chemotherapy would
experience one of the two most frequent toxicities
included in the MAX2, in which case, the index would
have a high association with the risk of severe toxicity;
or severe toxicities would be experienced in a fairly
random way, and therefore the MAX2 would have a
lesser association with the risk of severe toxicity.
2. Methods

We extracted eligible studies from the ECOG trials
database according to the following criteria: prospective
phase II or III trials started after 1980; at least 20
patients aged 70 years and older per treatment arm;
evaluation of toxicity according to NCI common toxi-
city criteria. Once a trial was identified, we reviewed
individual toxicity data and extracted the table of the
most severe toxicities per category (e.g. neutropenia,
diarrhoea, neuropathy) and per patient. We repeated
the analysis in the subgroup of patients aged 70 years
and older. The MAX2 index was calculated for each
treatment arm over all patients, as in Table 1. The
association of the MAX2 index with the percentage of
patients experiencing at least one grade 4 haematologi-
cal and/or one grade 3 or 4 non-haematological toxicity
(this combined endpoint will be referred to as ‘severe
toxicity’) was evaluated using a simple linear-regression
model and a logistic regression analysis. This toxicity
endpoint was chosen because these are the grades of
toxicities that prompt a treatment modification in most
chemotherapy trials.
3. Results

Four trials met our eligibility criteria: a metastatic
breast cancer trial (E 1193) [4], an advanced lung cancer
trial (E 5592) [5,6], and two metastatic colon cancer
trials (E 2290 and E6293) [7,8]. These trials included
2526 patients, 2515 eligible for analysis; 16% or 410
patients, were aged 70 years or older. Twelve different
treatment regimens were tested (Table 2). The MAX2 of
each regimen and the percentage of patients experien-
cing severe toxicity are presented in Table 3. Fig. 1
shows the results of fitting a simple linear-regression
Table 1

The MAX2 indexa

Most frequent grade 4 haematological toxicityþmost frequent grade 3þ 4 non-haematological toxicity

2

Example

25% grade 4 neutropenia MAX2 ¼
0:25 þ 0:13

2
¼ 0:19

13% grade 3+4 diarrhoea

Notes

Alopecia is not counted

When only white blood cell nadirs are reported, ANC is extracted as follows:

0.6* G3+4 leucopenia, if G4 leukopenia <30%

0.8* G3+4 leucopenia, if 30% and above

a An index that allows adjustment for the toxicity of different chemotherapy regimens for comparison [3].
Table 2

Trials’ characteristics
Trial
 No. of patients
 No. 70 years and older
 Regimen used
 Doses (mg/m2)
E1193
 739
 69 (9%)
 Doxorubicin
 60
Paclitaxel
 175–3 h
AT+G-CSF
 50/150-3 h+G-CSF
E2290
 1099
 230 (21%)
 5-FU
 2600–24 h
PALA-5-FU
 550/2600–24 h
5-FU-LV oral
 600/125
5-FU-LV intravenous
 500/500
5-FU-IFN-a
 750/9 MIO
E5592
 588
 87 (15%)
 Cisplatin-etoposide
 75/100�3
Cisplatin-paclitaxel 250
 75/250–24 h+G-CSF
Cisplatin-paclitaxel 135
 75/135–24 h
E6293
 100
 24 (24%)
 Raltitrexed
 3
All
 2526
 410 (16%)
AT, doxorubicin-paclitaxel; 5-FU, 5-fluouracil; G-CSF, granulocyte-colony-stimulating factor; LV, leucovorin; IFN, interferon.
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model to the individual observations to describe the
association between MAX2 and the incidence of severe
toxicity. The linear-regression equation is Prob=0.30+
1.26�MAX2 for all patients and Prob=0.33+1.38�
MAX2 for elderly patients. The R2 from the two
regressions were 0.16 and 0.20. Note that fitting a sim-
ple linear regression to binary data is possible if the
probabilities are far enough from the extreme values of
zero and one, as a logistic curve is likely to be suffi-
ciently linear in the range of interest. The regression
should be fit using unweighted least squares on the
individual observations. The R2 obtained from such a
regression should, however, be interpreted with caution,
as the binary nature of the outcome variable is such that
the maximum possible R2 is likely to be much smaller
than one, as shown by Cox and Wermuth [9]. In our
setting, the data are such that the conditional prob-
ability of toxicity is approximately uniformly dis-
tributed in the range (0.3, 0.9) ((0.3, 1) for the elderly).
By following the arguments of Cox and Wermuth [9],
one can show that in this condition the maximum pos-
sible R2 in the two groups are approximately 0.22 and
0.26. In other words, the R2 found in this study corre-
spond to 73% and 77% of the maximum possible.

Fig. 2 shows the results of fitting the more refined
logistic-regression model, separately for the whole
group of patients and for the elderly subgroup. The fit-
ted logistic-regression equations were

Prob ¼
exp �0:94 þ 6:16 �MAX2ð Þ

1 þ exp �0:94 þ 6:16 �MAX2ð Þ

for all patients and

Prob ¼
exp �0:946 þ 8:30 �MAX2ð Þ

1 þ exp �0:96 þ 8:30 �MAX2ð Þ

for patients aged 70 and above.
All parameters for both regressions were highly sig-

nificant (P<0.001). The residual deviance for the two
models is equal to 18.94 and 22.85, respectively (both
with 10 degrees of freedom), corresponding to P-values
of 0.04 and 0.01, respectively. This indicates that even
though the fit appears to be rather informative (see
Fig. 2), it can be improved substantially by the inclusion
of treatment-specific or patient-specific characteristics.
Fitting of a logistic regression on all patients with the
addition of a covariate measuring the proportion of
elderly (>70 years) in each treatment arm did not
improve the fit (goodness-of-fit P-value=0.03).

Overall, there was no significant difference in the
incidence of toxicity between elderly and younger
patients: 0.64 (95% confidence interval (CI) 0.60–0.69)
versus 0.63 (95% CI 0.61–0.65) (P=0.54). It should,
however, be noted that there was some heterogeneity
between studies. In the lower range of toxicities the results
were closer between subgroups, whereas at the upper
end the older subgroups tended to have higher incidences
of toxicity.
4. Discussion

This study demonstrated the high association between
the MAX2 index and the global incidence of severe
Table 3

MAX2 and percentage of patients experiencing severe toxicity
Study
 Regimen
 MAX2
 Risk of toxicity
 Risk in patients >70 years
E1193
 Doxorubicin
 0.26
 0.66
 0.75
Paclitaxel
 0.42
 0.86
 0.95
AT+G-CSF
 0.30
 0.72
 0.95
E2290
 5-FU
 0.07
 0.34
 0.37
PALA-5-FU
 0.03
 0.37
 0.42
5-FU intravenous
 0.17
 0.49
 0.55
5-FU-interferon-a-LV orally
 0.19
 0.50
 0.51
5-FU-LV
 0.12
 0.53
 0.64
E5592
 Cisplatin-etoposide
 0.38
 0.76
 0.95
Cisplatin-paclitaxel 250
 0.47
 0.90
 0.91
Cisplatin-paclitaxel 135
 0.50
 0.90
 1.00
E6293
 Tomudex
 0.14
 0.42
 0.33
AT, doxorubicin-paclitaxel; 5-FU, 5-fluouracil; G-CSF, granulocyte-colony-stimulating factor; LV, leucovorin.
Fig. 1. Association between MAX2 and incidence of severe toxicity:

linear regression. Comparison between the whole group (regression

line dotted) and patients 70 years and older (regression line dashed).
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toxicity from a chemotherapy regimen. This confirms
the data from our pilot trial [3]. We were able to extract
a regression equation that can be used to estimate the
probability of toxicity from a published regimen. This
index will also be a very helpful instrument in studies
comparing the toxicity of several regimens. It will nota-
bly allow the development of an individualised risk
score valid across several chemotherapy regimens, inte-
grating also patient-related variables. Having a single
index applicable to several regimens will certainly be
most helpful in daily clinical practice. It should be
noticed that in our analysis above for the elderly groups
we used MAX2 that had been computed on the whole
patient population, and not on the elderly only.

To confirm the validity of the index, two other ele-
ments can be explored. How stable is the index across
several publications of a same regimen? And how sensi-
tive is the index to modifications of the dose of a
chemotherapeutic agent? To address these questions,
we reviewed recently published studies with regimens
Fig. 2. Association between MAX2 and incidence of severe toxicity: logistic regression (a) all patients, (b) elderly patients.
1196 M. Extermann et al. / European Journal of Cancer 40 (2004) 1193–1198



comparable to the ones studied here. The results are
presented in Table 4. It can be seen that MAX2 is well
reproducible across studies. The toxicity of chemo-
therapy seems also to be rather stable across various
types of tumour. For example, the MAX2 of gemcita-
bine given as 1.25 g day 1,8,15 q4 weeks is 0.03 and 0.09
in non-small cell lung cancer, 0.065 in non-Hodgkin’s
lymphoma, and 0.07 in Hodgkin’s disease [10–13].
Results from studies with cisplatin-etoposide demon-
strate a dose sensitivity (Table 4).

Some limitations apply to this index. The first is that
it has only been validated with well-defined modern
toxicity rating systems, such as the NCI common toxi-
city criteria or the World Health Organisation toxicity
criteria. Caution should be paid to the definition of
toxicity used by individual studies, notably those pub-
lished before the mid-1990s. The definition of grade 4
neutropenia as <500 is, for example, crucial. Addition-
ally, major changes in supportive regimens may affect
the MAX2. For example, the introduction of 5-hydro-
xytryptamine3 inhibitors around 1990 dramatically
decreased the incidence of severe nausea, asking for
caution in interpreting results from trials started before
this date. The MAX2 also provides a global picture of
the toxicity risk. It is not intended to replace the
reporting of specific toxicities, which are very important
to recognise in clinical practice. The extraction of the
MAX2 is dependent of a structured description of the
toxicities. This is not always available in published
studies. Editors and authors should strive to present
tables detailing each grade of at least the most frequent
toxicities (such as in e.g. Refs. 14 and 15).

As noted above, there was no overall difference in
toxicity between older and younger patients. Since these
are cooperative group trials, the elderly patients enrol-
led are likely to have been selected healthy elderly.
However, there is a trend in the upper range of toxicities
toward a higher incidence in older patients. Larger
numbers of patients will need to be studied to achieve a
firm conclusion. Some confounding may also come
from individual patient factors, which would be con-
sistent with the results of our pilot, where individual
patient-related factors were associated with toxicity
independently from MAX2 [3]. This, together with the
room for improving the fit of the models, again suggests
that the construction of an individualised risk score with
both chemotherapy and patient-related variables should
also be pursued. Such a project is being undertaken at
present. It should also be noted that despite the high
incidence of severe toxicity, elderly patients appear to
tolerate chemotherapy rather well in terms of function
[16,17].

In conclusion, the MAX2 is a very reliable way of
summarising the toxicity from a chemotherapy regimen
on a per patient basis. It can be used in models to ana-
lyse this toxicity, or to control for this variable in the
analysis of cancer databases.
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