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Background: Precision medicine trials disrupted the paradigm of randomized controlled trials in large populations.
Patient selection may be based on molecular alterations rather than on primary tumor location. In small patient
populations, the growth modulation index (GMI) has been developed to evaluate treatment efficacy by using each
patient as its own control. The FFCD 0307 randomized phase Il trial compared two sequences of chemotherapy in
advanced gastric cancer, which represents a unique opportunity to evaluate the relevance of the GMI.

Patients and methods: In the FFCD 0307 trial, patients with advanced gastric cancer were randomized between two
chemotherapy sequences [ECX followed by FOLFIRI at disease progression (arm A) versus FOLFIRI followed by ECX
(arm B)]. GMI was defined as the ratio of the progression-free survival on second treatment (PFS2) to the time to
progression on first treatment (TTP1). Sequence benefit was defined as a GMI exceeding 1.3 (GMI-high). GMI was

correlated with overall survival (0S). 0S1 and OS2 were measured from first randomization and second-line failure
to death.

Results: Four hundred and sixteen patients were randomized (209 in arm A, 207 in arm B). One hundred and seventy-
five patients (42%) received the two sequences and were assessable for GMI (97 in arm A, 79 in arm B). The median
GMI was higher in arm A than in arm B (0.62 versus 0.47, P ¥4 0.04). Patients with a high GMI had a longer 0S1 (median
14.9 versus 11.5 months, NS). Median OS2 was doubled in the GMI-high group (3.4 versus 1.6 months, NS).
Conclusion: GMI analyses suggest that ECX followed by FOLFIRI might represent a better therapeutic strategy than
FOLFIRI followed by ECX. High GMI was associated with prolonged survival.
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INTRODUCTION

The marketing authorization of drugs in oncology has been
historically based on clinical benefit. The gold standard to
assess this benefit is to demonstrate an overall survival (OS)

benefit or an improvement of the quality of life. The
American Society of Clinical Oncology and European Society
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for Medical Oncology have created value scores for evalu-
ating the added value of novel anticancer drugs.l’3 A score

is associated with each treatment according to efficacy
endpoints, including OS, progression-free survival (PFS) and
overall response rate (ORR), costs and quality of life.

Precision medicine has challenged the traditional way of
drug development based on randomized trials for drug
approval, given the identification of rare molecular alter-
ations across cancer types that can be targeted with specific
therapies. The Food and Drug Administration has approved
several targeted therapies based on single-arm clinical tri-
als, such as crizotinib” or Iarotrectinib,5 whereas the Euro-
pean Medicines Agency usually mandates results of
randomized trials.
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In this context, there is an urgent need to develop novel
methods for evaluating anticancer treatments in small pa-
tient populations. Taking each patient as its own control
might be a way to overcome this challenge. The growth

modulation index (GMI), also called PFS ratio, was first
described by von Hoff and defined as the ratio of the PFS of
two consecutive treatment lines for one patient.6 The GMI
has been used in several precision medicine trials.” "

The single-arm STARTRK-1, ALKA-372-001 and STARTRK-2
trials of entrectinib in patients with neurotrophic tyrosine
receptor kinase fusions showed an ORR of 57% and a PFS of
11.2 months."” Consistently, the median GMI in patients
who had received preliminary prior line of treatment was
2.53, and 66% of patients had a ratio > 1.3.°

The evaluation of the GMI relies on the hypothesis that
tumor growth is consistent over time."*° In addition, tu-
mor assessment timings must be the same on all treatment
sequences, to avoid the evaluation time bias."”” The use of

the GMI as an efficacy endpoint therefore remains to be
validated. The FFCD 0307 trial (NCT00374036) is a unique
trial since it compared two sequences of chemotherapy,

administered as first- and second-line therapy in advanced
gastric cancer. ORRs and PFS were similar in both arms.”®
We aimed at taking advantage of this singular design to
evaluate the relevance of the GMI in this trial.

METHODS

Patients and study design

In the FFCD 0307 randomized phase Il trial, adult patients
with untreated unresectable locally advanced or metastatic
esogastric junction (EGJ) or gastric adenocarcinoma were
randomized between two chemotherapy sequences.

Randomization was stratified by center, Eastern Cooperative
Oncology Group (ECOG) performance status (PS), adjuvant
treatment, disease site and presence of a linitis. The trial
included patients with ECOG-PS of 0 to 2, and measurable
disease according to RECIST. All participants gave their
written informed consent before inclusion. Ethics commit-
tees approved the study.

Treatment arm and disease evaluation

First- and second-line treatments were predefined at
baseline. Arm A was the ECX regimen [epirubicin 50 mg/m2
day (D) 1b cisplatin 60 mg/m’ D1p capecitabine 2000 mg/
m’ D2 to D15, every 3 weeks] followed at disease pro-
gression by FOLFIRI (irinotecan 180 mg/m2 D1, leucovorin
400 mg/m2 D1, bolus 5FU 400 mg/m2 D1 and continuous 5
FU 2400 mg/m2 in 46 h, every 2 weeks), whereas arm B was
FOLFIRI followed at disease progression by ECX. Computed
tomography scan assessments were carried out every 8
weeks in arm A and every 9 weeks in arm B. The second line
of treatment could only start if the patient had clinically and

biologically recovered from first-line treatment toxicities,
and after a wash out of at least 3 weeks since the last dose
of chemotherapy.
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Statistical analysis

Time to progression (TTP) was defined as the time from the
date of randomization until the date of disease progression

for the first- (TTP1) and the second-line (TTP2) treatment.
The starting date of the second line of treatment was

defined as the date of disease progression of the first line

plus 1 day. PFS was defined as the time from the date of
randomization until the date of disease progression or

death for the first line (PFS1). PFS2 started the day after
first-line progression and ended at second-line failure (dis-
ease progression or death). The GMI was defined as the
ratio of PFS2 to TTP1. High GMI was defined as a GMI
exceeding 1.3 for a single patient. 0S1 was defined as the
time from first randomization to the date of death. The

post-progression 0S2 was defined as the time from disease
progression during the second line of treatment to the date

of death.

Survival endpoints were estimated by the KaplaneMeier
method and reported with their medians with 95% two-
sided confidence intervals (95% Cls). Wilcoxon rank sum
tests were used to compare GMlIs between the two arms.
Kendall rank correlation coefficients were measured to
compare the association between the GMI and survival
endpoints. All statistical analyses were carried out using R
software® (version 4.1.1).

RESULTS

Patients’ characteristics

Four hundred and sixteen patients were randomized in the
FFCD 0307 trial. Of these, 175 patients (97 in arm A, 78 in
arm B) were treated and progressed after the first and
second line of treatment and were therefore assessable for
the GMI (42%) (Figure 1). Baseline characteristics according
to GMI evaluability are summarized in Table 1. In the sub-
group assessable for GMI, there were more patients with a
PS of 0 rather than 1-2. There were also more primary tu-
mors located at the esogastric junction rather than the
stomach. Otherwise, the subgroup was quite representative
of the overall FFCD0307 trial population.

Survival analyses in the overall population according to
treatment sequence

A total of 416 patients were randomized in the FFCD 0307
trial: 209 patients in arm A (ECC as first line) and 207 pa-
tients in arm B (FOLFIRI as first line). In the whole popu-
lation, 319 of the 416 patients presented disease
progression during first-line therapy and were assessable for
TTP1, including 149 patients in arm A and 170 patients in
arm B. Median TTP1 were 5.4 months (95% Cl 4.7-6.7
months) and 6.0 months (95% CI 5.4-7.1 months), respec-
tively (P 14 0.41). One hundred and eighty-four (44.2%) of
the 416 patients received the second line of treatment as
planned by the study protocol, including 102 patients in
arm A and 82 patients in arm B. All of them were assessable
for PFS2. There was no statistical difference in terms of PFS2
between the two arms [3.0 months (95% Cl 2.4-3.8 months)
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Randomized patient population: n =416

ECX --> FOLFIRL: n = 209 (50%)

FOLFIRI --> ECX: n = 207 (50%)

NS

Patients with disease progression following first-line therapy

149 (71%)

170 (82%)

NS

Patients who actually started a second-line therapy as planned : n = 184

102 (49%)

82 (409%)

NS

Patients with disease progression following second-line therapy

81 (39%)

61 (29%)

NS

Patient assessahle for GMI

97 (46%)

78 (38%)

Figure 1. Identifying patients for GMI calculation.

GMI, growth modulation index.

Table 1. Baseline patient characteristics according to GMI evaluability
No (n [ 241) Yes (n [ 175)
Treatment arm ECX / FOLFIRI 112 (46.5%) 97 (55.4%)
FOLFIRI / ECX 129 (53.5%) 78 (44.6%)
Age [mean (SD)] 60.95 (11.9) 60.35 (10.4)
Gender Female 59 (24.5%) 48 (27.4%)
Male 182 (75.5%) 127 (72.6%)
ECOG performance status 0 57 (24.3%) 75 (44.1%)
1 132 (56.2%) 78 (45.9%)
2 46 (19.6%) 17 (10.0%)
Tumor location EGJ 67 (28.5%) 69 (40.1%)
Gastric 168 (71.5%) 103 (59.9%)
Linitis No 177 (75.6%) 132 (76.3%)
Yes 57 (24.4%) 41 (23.7%)
Stage Locally advanced 32 (13.9%) 20 (11.8%)
Metastatic 199 (86.1%) 150 (88.2%)
Primary tumor resected No 171 (73.1%) 132 (77.2%)
Yes 63 (26.9%) 39 (22.8%)
Residual tumor after primary surgery RO 44 (69.8%) 32 (84.2%)
R1 9 (14.3%) 2 (5.3%)
R2 10 (15.9%) 4 (10.5%)
Prior treatment No 209 (90.1%) 152 (88.4%)
Yes 23 (9.9%) 20 (11.6%)

Bold values highlight statistically significant difference between groups.
ECOG, Eastern Cooperative Oncology Group; EGJ, esophagogastric junction; GMI, growth modulation index; SD, standard deviation.
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>

=== ECX followed by FOLFIRI = = FOLFIRI followed by ECX

Progression-free survival probability

Months

Number at risk

ECX followed by FOLFIRI{ 102 1 2 1
FOLFIRI followed by ECX{ 81 5 0 0
0 10 20 30

Months

Overall survival probability

=== ECX followed by FOLFIRI = = FOLFIRI followed by ECX

15 20

Number at risk
ECX followed by FOLFIRI{ 92 16 4 1 1
FOLFIRI followed by ECX{ 74 16 3 1 0
0 5 15 20

10
Months

Figure 2. Benefit from the second-line therapy according to treatment sequence in the GMI-assessable patient population.

(A) PFS. (B) Overall survival after second-line failure (0S2).
GMI, growth modulation index; PFS, progression-free survival.

versus 2.9 months (95% Cl 2.3-3.5 months), B 0.3]
(Figure 2A).

Three hundred and fifty-five patients died, including 175
patients (84%) in arm A and 180 patients (87%) in arm B. In
the overall patient population, median 0S from first
randomization (OS1) was similar in both groups [9.5 months
(95% ClI 8.8-11.2 months) versus 9.7 months (95% ClI 8.6-
11.4 months), P1§.95]. Measured from the date of pro-
gression after second-line therapy, OS2 could be assessed in
166 patients. Median OS2 was 1.5 months in arm A (95% CI
1.1-2.4 months) and 1.8 months in arm B (95% Cl 1.5-3.0

months) (P ¥4 0.59) (Figure 2B).

Growth modulation index calculation

The median GMI in the GMI-assessable patient population
was 0.53 (95% Cl 0.47-0.63). Among these patients, 26 had
a GMI exceeding 1.3, including 18 patients (19%) in arm A
and 8 patients (10%) in arm B. The proportion of patients
with a GMI < 0.7 was 54% in arm A and 71% in arm B. The
proportion of patients with a GMI of 0.7-1.3 was 28% and
19%, respectively.

The median GMI was higher in arm A [0.62 (95% CI 0.52-
0.84)] than in arm B [0.48 (95% CI 0.41-0.57)], P 14 0.04,
according to the KaplaneMeyer distribution (Figure 3). But
the Wilcoxon test did not confirm these results (P ¥4 0.15).

We carried out a sensitivity analysis by removing the
censored patients, namely those who only progressed after
first line. This subpopulation included 142 patients, 81 in
arm A and 61 in arm B. The median GMI was significantly
higher in arm A than in arm B [0.75 (95% CI 0.60-0.87)
versus 0.51 (95% Cl 0.42-0.63), P ¥4 0.03].

Correlation of the GMI with overall survival

0S, whether measured from the first randomization (0S1)
or from progression after second line (0S2), seemed to be

4 https://doi.org/10.1016/j.esmoop.2023.101616

prolonged in patients with a GMI exceeding 1.3, although it
did not reach statistical significances. Median 0S1 was 14.9
months if GMI > 1.3 (95% Cl 11.7-20.9) versus 11.5 months
if GMI < 1.3 (95% Cl 10.3-12.9), P 14 0.2. Median OS2 was
3.4 months if GMI > 1.3 (95% Cl 1.7-54) and 1.6 months if
GMI < 1.3 (95% Cl 1.4-2.2), P &5 (Figure 4).

The Kendall rank correlation coefficient measure showed
a significant association between GMI and OS2 (& 0.0.04),
although the association was weak (tau 0.11). Using
other cut-offs for GMI such as 1.0, 1.5 or 2.0 did not change
the results.

The correlation analysis of paired data was as follows:

Kendall rank correlation coefficients between GMI and 0S1

== ECX followed by FOLFIRI === FOLFIRI followed by ECX

Number at risk

ECX followed by FOLFIRI{ 97 9 3 2 0
FOLFIRI followed by ECX{ 78 2 1 0 0
0 25 5 75 10

GMI

Figure 3. GMI distribution according to the treatment sequence in the GMI-
assessable patient population.
GMI, growth modulation index.
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Figure 4. OS according to the GMI.
(A) OS1. (B) 0S2.
GMI, growth modulation index; OS, overall survival.

or GMI and 0S2 was 0.11. Kendall rank correlation co-
efficients between PFS2 and 0S1 was 0.52. Kendall rank
correlation coefficients between PFS2 and OS2 was 0.24.
Thus, the correlation between PFS2 and OS is stronger than
that between GMI and OS. In other words, PFS2 predicted
OS better than GMI.

DISCUSSION

We assessed the relevance of GMI in the FFCD0307 trial,
which showed no clear difference between two chemo-
therapy sequences. Four hundred and sixteen patients were
randomized between two reverse chemotherapy se-
quences: ECX followed by FOLFIRI (arm A) or FOLFIRI fol-
lowed by ECX (arm B). The GMI evaluation was possible in
42% of patients (m/475). Patients who were assessable for
the GMI had a better prognosis (illustrated by ECOG-PS)
than the overall population. GMI was globally low in the
study population (median 0.53). Only 26 (6.25%) of the
whole population have a GMI > 1.3, i.e. a PFS which in-
creases by 30% or more in the second-line therapy. The GMI
was significantly higher in arm A than in arm B, whereas
ORR, PFS and OS were similar in both groups.

GMI exceeding 1.3 correlated with prolonged OS
measured from randomization and OS from second-line

failure (0S2). In the high GMI group (GMI > 1.3)
compared to the low GMI group, OS seems to be pro-

longed: first that measured from the first randomization
(14.9 versus 11.5 months) which is much higher than the
expected OS of 9 months in the study population. This is
probably because the assessable population has a better
prognosis than the intention-to-treat population. At the
time of second-line disease progression, the prognosis of
patients with advanced gastric cancer is very poor. In our

study, this survival is more than doubled in the ‘GMI > 1.3’
group compared to the ‘GMI < 1.3’ group regardless of

Volume 8 m Issue 4 = 2023

treatment arm (3.4 versus 1.6 months). Nevertheless, PFS2
predicted survival better than did GMI. These results sup-
port the evaluation of GMI as a prognostic factor for post-
progression survival studies.

The FFCD 0307 trial was perfectly designed to evaluate
the relevance of the GMI applied to a chemotherapy
sequence. The possible biases for GMI assessment have
been cleverly avoided: each patient theoretically had to
receive ECX and FOLFIRI treatments in a sequence pre-

defined at the time of first randomization. The rhythm of
disease assessments was regular as scheduled, but slightly
different, every 8 or 9 weeks.

The low proportion of patients assessable for GMI is
explained by the poor prognosis of metastatic gastric can-
cer.”” The median PFS according to the published trials does
not exceed 3-6 months, and the OS from diagnosis is W9

months. After first-line failure, salvage chemotherapy is
feasible, globally well tolerated and may slightly prolonged
OS over best supportive care.”’ Unfortunately, many pa-
tients are not fit enough to receive a second line of treat-
ment. The choice of the first therapeutic line then becomes
fundamental. This is reflected in our study. Twenty-four

percent of patients discontinued first line for a reason
other than disease progression and were therefore not

assessable for the GMI. In the second line, a similar pro-
portion of patients (23%) stopped for a reason other than
progression and were censored for PFS2.

Regarding the cause of first-line failure, there is less dis-
ease progression in arm A than in arm B. So, by analogy,
there is more treatment discontinuation related to toxicity
in arm A than in arm B. Indeed, the first publication of this
trial showed higher toxicity in arm A. Nevertheless, more
patients in arm A than in arm B access the second line as
planned by the protocol. This supports the idea of offering
the most toxic treatment from the first line, which is
generally the case in oncology.
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When looking at GMI impact on OS endpoints, the
assessable population seems to effectively have a better
prognosis. Two criteria seem to be predictive of evaluability
for the GMI: very good clinical condition (ECOG-Pg 0) and
primary tumor location at the esogastric junction rather

than the stomach. ECOG-PS is already clearly identified as a
prognostic marker for cancer survival, including for
advanced gastric cancers.”’

This study is a retrospective post hoc analysis of the
previously reported FFCD0307 randomized phase Il trial
and presents some limitations. Indeed, to be eligible for
GMI evaluation, patients must have received and pro-
gressed on two consecutive lines of treatment. This ex-

cludes patients who died after the first line or were not well
enough to receive a second line. In other words, the use of
GMI induces a selection bias by selecting a more favorable
population. These results are not applicable to the entire
study population.

Conclusion

Our study analyzed the contribution of GMI in the FFCD
0307 trial, which compared two sequences of chemo-

therapy used consecutively as first- and second-line therapy
in advanced gastric cancer. GMI evaluation highlighted a
difference between the two groups that was not shown by
ORR, PFS or OS. The GMI analysis seems to select a popu-
lation with a more favorable prognosis. A GMI exceeding
1.3 appears to predict better OS, whether measured from
initial randomization or after second-line failure, but not

significantly. The correlation of GMI with survival remains
lower than that between PFS from second line and OS.
Because of the unfavorable prognosis of the pathology
studied, the overall GMI is very low in this study. Its analysis
is therefore limited and should be repeated in other patient
cohorts with other types of cancer and treatment.
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