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Figure 2. IL-17-~ donor T cells ameliorate cGVHD. Sublethally irradiated BALB/c recipients were transplanted from WT, IL-17-/~ B10.D2, or syngeneic BALB/c donors. (A) Gross
observation of the skin lesions from recipients of syngeneic, WT, and IL-17-/~ donors 28 days after BMT. The recipients were analyzed for body weight (B) and cGVHD skin scores (C); data
“from 2 independent experiments were combined (n = 14 per group). Pathology score of skin (D) and the longest diameter of the salivary gland (E) on day 35 of BMT are shown. Four to
6 recipients were examined in each group. (F-G) PLN cells of the recipients of syngeneic (white bar), WT (black bar), or IL-17~/~ {striped bar) donors were stained for intracellular IFN-y and
1L-17 on days 14 and 35 after BMT. The percentages and absolute numbers of IFN-y* cells (F) and IFN-y*/IL-17* cells (G) are shown. Data from 2 replicated experiments were combined
(n = 6-11 per group). (H) Representative staining for intracellular IFN-v and IL-17 on CD4* T cells of WT or IL-17~/~ mice on day 35 is shown. Data represent the means * SEs. *P =< 05,

*“*P=<.01,and"™*P = .001.

Administration of Am80 ameliorates cGVHD

Next, we examined whether ATRA or Am80 can down-regulate
cGVHD. BALB/c recipients were orally administered ATRA
(200 p.g/mouse) or Am80 from day 0 of BMT. We found that
ATRA tended to decrease the clinical cGVHD score (Figure 5A),
whereas Am80 significantly ameliorated the clinical score com-

pared with controls (P = .01; Figure 5B). Histopathologic examina-
tion of the skin on day 16 showed significantly reduced cGVHD
damage in Am80-treated animals (day 16, 4.8 = 0.4 vs 7.4 * 0.4;
P < .01; Figure 5C), No differences were observed in pathology
scores of the lung, liver, or colon between the 2 groups (Figure 5C).
Because it has been reported that Am80 can induce Treg cells,?® we
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Figure 3, Donor Th1 differentiation and IFN-y production are responsible for exacerbated cGVHD. (A-D) Sublethally iradiated BALB/c recipients were transplanted from WT or
IFN-y~/~ B10.D2 donors. Clinical skin cGVHD scores (A), pathology score of skin and lung (B), and the longest diameter of the salivary gland (C) on day 35 after BMT are shown. Four to
6 recipients were examined in each group. Data are from 1 representative of 3 independent experiments. (D) PLN cells of the recipients on day 35 were stained for intraceflular Foxp3. The
percentages and the absolute number of CD4 *Foxp3* Treg cells are shown. Four to 6 recipients were examined in each group. Data are from 1 representative of 2 independent experiments.
(E) Sublethally irradiated BALB/c recipients were transplanted 8 X 105 TCD-BM cells plus 2 X 10° total spleen T cells or CD25-depleted T cells from WT or IFN-y~/~ B10.D2 donors. The skin
cGVHD scores are shown {n = 6 per group). Data are from 1 representative of = 2 independent experiments. (F-H) Sublethally iradiated BALB/c recipients were transplanted from WT or
IL-17-/- B10.D2 donors. The recipients were injected with anti-IFN-y mAbs or rat IgG (160 pg/mouse) on days 0, 5, 10, and 15 after BMT and were assessed for the dlinical signs of cGVHD
every 3 days. The diinical skin cGVHD scores (F), histopathology, and pathology score of the skin (G) on day 35 of BMT from WT donors. Four mice per group were used. Data are from
1 representative of = 2 repeated experiments. (H) The clinical skin cGVHD scores after BMT from WT or IL-17/~ donors are shown. Six mice per group were used. Data are from
1 representative of 2 independent experiments. The means (+ SEs) of each group are shown; *P < .05.
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Figure 4. Am80 inhibits donor Th1 and Th17 cells in vitro and in vivo. Sublethally irradiated BALB/c recipients were transplanted from WT B10.D2 donors. (A-B) PLN celis
from recipients (n = 3-6 per group) on day 14 were treated with Am80 or vehicle solution for 24 hours, the supernatants were collected, and ELISA was performed to determine

the cytokine levels. Graphs represent the levels of cytokines secreted per 1 x 108

whole stimulated PLN cells. The data are from 1 representative of > 3 independent

experiments. {C-D) After BMT, recipients (n = 4-6 per group) were administered oral Am80 (1.0 mg/kg of body weight) or vehicle solution daily from day 0. PLNs of the
recipients were stained for intracellular IFN-y and IL-17. (C) The percentage and absolute number of IFN-y* and IL-17*-producing CD4" T cells. Data are from
1 representative of = 2 repeated experiments. (D) PLN cells from recipients (n = 3-6 per group) treated with Am80 or vehicle on day 16 were stimulated with PMA and
ionomycin. Five hours later, the supernatants were collected to determine cytokine levels by CBA. Graphs represent the levels of cytokines secreted per 1 x 108 whole
stimulated PLN cells. The data are from 1 representative of = 3 independent experiments. The means (= SEs) of each group are shown; *P < .05 and **P < .01.

quantified the frequency of Foxp3-expressing CD4* T cells in the
PLNs after BMT. Recipients administered Am80 showed a de-
creased frequency of Foxp3* cells (day 17, 12.3% * 2.5% vs
23.5% * 2.6%; P = .02; Figure 5D). Foxp3 mRNA expression of
the target organ (the ear) was also decreased in the Am80 recipients
(data not shown). To confirm that the effects of Am80 are

independent of Treg cells, mice were injected with whole T cells or
CD25-depleted T cells from donors. As shown in Figure 5E,
depletion of CD25* cells from the donor inoculum did not
exacerbate skin cGVHD in Am80-treated mice, thus suggesting
that the effects of Am80 treatment are not associated with
Treg cells.
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Figure 5. Administration of Am80 ameliorates cGVHD. (A-D) Sublethally irradiated BALB/c recipients were transplanted from WT B10.D2 donors. The recipients received
daily administration of ATRA (200 .g/mouse; A), Am80 (1.0 mg/kg of body weight; B), or vehicle solution orally after BMT and were assessed for clinical signs of cGVHD every
3 days. The skin cGVHD scores are shown, (C) Representative histopathology of skin and pathology score of skin, lung, fiver, and colon in each group (n = 5-6 per group) on
day 16 after BMT are shown. (D) PLN cells of the recipients on day 16 were stained for intracellular Foxp3. The percentages and absolute numbers of CD4 *Foxp3* Treg cells
are shown. Data are from 1 representative of = 2 independent experiments. (E) Sublethally irradiated BALB/c recipients were transplanted with 8 x 108 TCD-BM cells plus
2 x 105 total spleen T cells or CD25-depleted T cells from WT or IFN-y~/~ B10.D2 donors. After BMT, recipients were given Am80 or vehicle solution. The skin cGVHD scores
are shown. There were 6 recipients in each group; the data are from 1 representative of = 2 independent experiments. (F-K) Sublethally irradiated BALB/c recipients were
transplanted from WT (F), IL-17-/- (G), and IFN-y~/~ (H) donors. After BMT, recipients were given Am80 or vehicle solution. TGF-8 mRNA expression in the ears on day 35
after BMT (F-H) and skin cGVHD scores (I-J) are shown. Data are from 1 representative of = 2 independent experiments (n = 5 per group). (K) The skin cGVHD scores of BMT
recipients treated with AmBO or vehicle solution orally daily after day 21 of BMT, data from 3 independent experiments were combined (n = 12-14 per group). *P < .05,
**P < .01,and ***P < .005.

TGF-B is a critical mediator of fibrosis in ¢cGVHD skin
lesions.3 TGF-8 mRNA expression was decreased in the ear of the

Am80 recipients (day 17, P = .02; Figure 5F). We then assessed
TGF-B mRNA expression in recipients of IL-17~/~ or IFN-y~/~
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donors treated with Am80. Am80 further reduced skin scores and
TGF-B expression in recipients of IL-17~/~ donors (Figure 5G-I)
but not in recipients of IFN-y~~ donors (Figure 5H.J). These
results suggest that the effects of Am80 are more dependent on
IFN-y than on IL-17.

Finally, we examined whether Am80 could be used for the
treatment of cGVHD. Am80 was orally administered to mice from
day 21 of BMT, when mice had developed clinical signs of
c¢GVHD. Am80 significantly improved clinical scores (P = .016;
Figure 5K).

Discussion

The results of the present study showed that Thl and Th17 cells
contribute to cGVHD with the use of a MHC-compatible, miHA-
incompatible model of cGVHD. In addition, we demonstrated that
Am80 down-regulates both Th1 and Th17 cells in vitro and in vivo,
resulting in attenuation of cGVHD.

For many years, the best defined subsets of effector T cells of
the CD4* Th lineage were the Th1 and Th2 cells. A third subset of
CD4+ effector cells was identified and named Th17 cells, because
the signature cytokine that they produce is TL-17.3! Although the
role of Th17 in acute GVHD has been evaluated by several groups
with inconsistent results,32-35 few studies have addressed the role of
Th17 in ¢cGVHD. Initially, cGVHD was hypothesized to be a
Th2-mediated disease on the basis of the results in a nonirradiated
P—F1 model of cGVHD. ¢cGVHD in this model is mediated by
host B-cell autoantibody production stimulated by donor Th2 cells.
Thi polarization of donor T cells activates donor CD8* CTLs to
kill host B cells, resulting in amelioration of cGVHD.36 However,
the relevance of this model is unclear in clinical BMT in which host
B cells are eliminated by conditioning. Such different effector
mechanisms between the models may be associated with distinct
requirement of Th subsets for cGVHD between the studies. In the
present study, we assessed the kinetics of Th1, Th2, and Th17 cells
during the development of ¢cGVHD in the B10.D2—BALB/c
model. Th1 and Th2 responses were up-regulated early after BMT,
followed by a subsequent up-regulation of Th17 cells. Significantly
greater numbers of Th17 cells were detected in the lung and liver
from allogeneic recipients than in those from syngeneic recipients.
We then evaluated the role of Th17 in cGVHD with the use of
IL-177/- mice as several groups had used,>3+373% although
interpretation of the results deserves caution because the Th17
lineage is uniquely regulated by ROR+t,!3!* and other cytokines
such as IL-21 and IL-22 produced by Thl7 cells may also
contribute to Th17-mediated GVHD. On transfer of IL-177/~
B10.D2 donor T cells, cGVHD was significantly ameliorated
compared with that in recipients of WT T cells, suggesting that
Th17 contributes to ¢cGVHD in this model. In particular, Th17
plays a significant role in skin cGVHD. This agrees with the recent
observation by Hill et al®” that donor pretreatment with G-CSF
induces Th17 differentiation of donor T cells and induces skin
GVHD after peripheral blood stem cell transplantation. In an
adoptive transfer model of autoimmune cGVHD, Th17 cells
infiltrated target tissues.>® However, a subsequent study showed the
absence of donor Th17 cells did not abrogate GVHD pathology,*
in contrast to our results. In the absence of donor IL-17, Thl
responses were preserved in that study but were reduced in our
study. Such difference in Thl responses may produce different
outcomes between the studies. In mouse models of acute GVHD,
Yi et al showed enhanced Thl differentiation of donor T cells by
increased production of IL-12 from dendritic cells in the absence of
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IL-17.3 By contrast, Kappel et al showed reduced numbers of
IFN-vy-positive CD4* T cells and IFN-v secretion in culture in the
absence of IL-17.3* These results together with our results suggest
that IL-17 may induce IFN-y, although such a hierarchy of
Th1/Th17 pathways may be context or model dependent or both
and will need to be studied in the future. Nonetheless, it should be
noted that cGVHD still developed in the absence of donor IL-17
cells in our study. Taken together, it is probable that Th17 is not an
absolute requirement for ¢cGVHD, and either Thl or Th17 is
sufficient to cause cGVHD.

We demonstrated that IFN-y~/~ donor mice and injecting
anti-IFN-y mAb ameliorated ¢cGVHD. Thus, Thl and Th17
responses play a pathogenic role in cGVHD in this model. These
results were consistent with a recent study reporting that cGVHD is
mediated by Th1 and Th17 responses because of the progressive
loss of CD4*CD25*Foxp3* T cells during acute GVHD in mice.?
These results were also consistent with clinical studies showing
that Thl cells and Th17 cells increased in patients with active
c¢GVHD.*#3 Increased transcription of IFN-y has also been
detected in the affected skin and oral mucosa of patients with
c¢GVHD.*# In this study, we found no differences in Th17 cells
between IFN-y~/~ and WT recipients, although significantly greater
numbers of Treg cells were detected in IFN-y~/~ recipients.
CD25-depleted T cells from IFN-y~/~ mice induced more severe
skin cGVHD compared with CD25-replete IFN-y~/~ T cells, but
still less severe cGVHD compared with CD25-depleted T cells
from WT mice (Figure 3E), suggesting that IFN-y contributes to
the pathogenesis of cGVHD by both Treg-independent and -depen-
dent pathways. Neutralization of IFN-y ameliorated cGVHD in the
absence of donor IL-17 (Figure 3H), suggesting again that both Th1
and Th17 responses contribute to the pathogenesis of cGVHD.

We found that donor-derived Th17 cells were generated in
recipients of syngeneic transplantation in addition to allogeneic
transplantation. However, the kinetics of Th17 development dif-
fered between the syngeneic and allogeneic settings; Th17 cells
developed in the early phase after syngeneic transplantation.
Kappel et al speculated that Th17 development may be the result of
increased immune reconstitution of syngeneic hosts compared with
allogeneic hosts with GVHD.* We additionally identified a
population of donor-derived IFN-y*IL-17% cells after allogeneic
BMT. It has been shown that a subset of IL-17-producing cells can
also produce IFN-v in vivo.3*45 Such CD4+IFN-y*IL-17+ T cells
have been postulated to play a causative role in the pathogenesis of
experimental autoimmune encephalomyelitis (EAE).* IFN-y*IL-
17* cells were only detected after allogeneic BMT, but not after
syngeneic BMT, suggesting that this population is generated by
allogeneic stimulation, but not because of lymphopenia-induced
proliferation. Further investigations are required to clarify the
difference in function between IL-17 single-positive and IFN-y/
IL-17 double-positive cells.

ATRA suppresses Th17 differentiation and effector function by
RARa signaling,'® but ATRA can also bind to RARB and RARY,
which can form a variety of homodimers and heterodimers with
3 retinoid X receptors.!> Nonselective receptor binding is thought
to be a main cause of the side effects associated with the
administration of ATRA and other pan-RAR agonists. Am80 is a
synthetic RAR agonist that shows high affinity to RARw/R. In
addition to a greater specificity for RARa, Am80 offers several
other advantages over ATRA as a therapeutic agent, including less
toxicity, greater stability, fewer potential side effects, and superior
bioavailability. Am80 is effective in autoimmune disease models of
collagen-induced arthritis,?®*7 EAE,2'? 2 4-dinitrofluorobenzene~
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induced contact dermatitis,?? and atherosclerosis.?> Because reti-
noids can down-regulate Thl and Th17 cells and can ameliorate
autoimmune diseases, we hypothesized that these retinoids would
attenuate cGVHD. We demonstrated that Am80 down-regulated
Th1 and Th17 differentiation of donor T cells in BALB/c recipients
of B10.D2 donors, resulting in reduced ¢cGVHD. Our results
suggest that combined blockade of Th1 and Th17 responses may
represent a promising strategy to prevent or treat cGVHD, as has
been suggested for acute and chronic GVHD.32348 Most recently,
Yu et al used mice deficient for both T-bet and RORvyt as T-cell
donors and clearly showed that blockade of both Thl and Th17
differentiation is required to prevent acute GVHD.!* In addition,
TGF-f mRNA expression in the skin decreased in the Am80
recipients of WT and IL-17~/~ but not IFN-y~/~ donors. These
results suggest that Am80 down-regulates TGF-8 and that this
effect is more dependent on IFN-v than on IL-17. Unexpectedly,
those recipients administered Am80 had a significantly lower
frequency of Foxp3* cells. These results differ from those of in
vitro studies performed by Mucida et al,28 in which retinoic acids
were shown to be capable of inhibiting the IL-6—driven induction
of Th17 cells and to promote Treg cell differentiation. Thus,
retinoic acids enhance Treg differentiation and inhibit both Th17
and Thi in vitro; however, the effects of retinoids may be more
complex in vivo, because retinoids can affect not only T cells but
also other immunoregulatory cells. For example, previous in vivo
studies reported that Am80 suppressed Treg cells in experimental
models of EAE? and collagen-induced arthritis,*” similar to our
study. In our study, Am80 suppressed TGF-f expression, a key
cytokine in Treg development, which may have resulted in the
suppression of Treg.

In conclusion, both Thl and Th17 contribute to the development of
¢GVHD. Am80 down-regulates TGF-§ and also regulates both Th1 and
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Th17 cells in vitro and in vivo, resulting in attenuation of cGVHD. Thus,
administration of Am80, which is currently available as medication for
acute promyelocytic leukemia in Japan,® may represent effective
strategy for prevention and treatment of cGVHD.
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Purpose
This phase lll study compared treatment with weekly paclitaxel and biweekly irinotecan in patients

with advanced gastric cancer refractory to treatment with fluoropyrimidine plus platinum.

Patients and Methods

Patients were randomly assigned to receive either paclitaxel (80 mg/m? on days 1, 8, and 15, every
4 weeks) or irinotecan (150 mg/m? on days 1 and 15, every 4 weeks). Primary end point was
overall survival (OS), and secondary end points were progression-free survival (PFS), response
rate, adverse events, and proportion of patients who received third-line chemotherapy.

Results
Of 223 patients, 219 were eligible for analysis. Median OS was 9.5 months in 108 patients

allocated to the paclitaxe! group and 8.4 months in 111 patients allocated to the irinotecan group
(hazard ratio [HR], 1.13; 95% CI, 0.86 to 1.49; P = .38). Median PFS was 3.6 months in the
paclitaxel group and 2.3 months in the irinotecan group (HR, 1.14; 95% Ci, 0.88 to 1.49; P = .33).
Response rate was 20.9% in the paclitaxel group and 13.6% in the irinotecan group (P = .24).
Common grade 3 to 4 adverse events were neutropenia (paclitaxel group, 28.7%; irinotecan
group, 39.1%), anemia (21.3%; 30.0%), and anorexia (7.4%; 17.3%). Treatment-related deaths
occurred in two patients {1.8%) in the irinotecan group. Third-line chemotherapy was administered
in 97 patients (89.8%) after paclitaxel treatment and in 80 patients (72.1%) after irinotecan
treatment (P = .001).

Conclusion
No statistically significant difference was observed between paclitaxel and irinotecan for OS. Both

are reasonable second-line treatment options for advanced gastric cancer.

J Clin Oncol 31:4438-4444. © 2013 by American Society of Clinical Oncology

Since S-1 was approved for treatment of
advanced gastric cancer in Japan, several phase

The outcomes in patients with unresectable gastric
cancer are extremely poor; median survival times of
3 to 5 months have been reported with best support-
ive care (BSC) alone.'” In randomized studies con-
ducted in the 1990s, first-line chemotherapy for
advanced gastric cancer provided survival benefit
over BSC alone. After many clinical trials, at present,
fluoropyrimidine plus platinum with or without
epirubicin or docetaxel is regarded as standard first-
line chemotherapy in the treatment of gastric can-
cer worldwide.*”?

4438  © 2013 by American Society of Clinical Oncology
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IIT studies have been conducted, such as the
JCOG 9912 (Japan Clinical Oncology Group
9912; fluorouracil v S-1 v irinotecan plus cispla-
tin),'® SPIRITS (S-1 Plus Cisplatin Versus S-1
in a Randomized Controlled Trial in the Treat-
ment for Stomach Cancer; S-1 v S-1 plus cispla-
tin),” and GC0301/TOP-002 trials (Gastric
Cancer 0301/Topotecin-002; S-1 v S-1 plus iri-
notecan).'' On the basis of these study results,
S-1 plus cisplatin is accepted as standard first-
line chemotherapy for advanced gastric cancer

Copyright © 2013 American S6didi§7o283i28! Oncology. All rights reserved.
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in Japan. Despite no robust evidence of survival benefit,
> 70% of participants received second-line chemotherapy in
these studies.”!!

Many phase I studies of second-line chemotherapy for advanced
gastric cancer have been conducted.'*?° In evaluations of taxanes,
administration of both paclitaxel (210 mg/m?) and docetaxel (60
mg/m®) on a triweekly schedule resulted in high rates of grade 3 or 4
neutropenia (37% to 88%),'*'* whereas lower rates of severe neutro-
penia (3% to 32%) were observed with weekly administration of
paclitaxel (80 mg/m?).'*'® Regarding efficacy parameters, response
rate (RR) and progression-free survival (PFS) were similar for
patients on the triweekly and weekly schedules of paclitaxel. Two
reports evaluated weekly paclitaxel as second-line chemotherapy,
in which median overall survival (OS) was 5 and 6.9 months,
respectively.'>'® In other studies, combination chemotherapy in-
cluding biweekly administration of irinotecan (150 mg/m?) as
second-line chemotherapy resulted in median OS of 8 to 10
months,'*?" although toxicity seemed to be more severe than that
seen with weekly paclitaxel. Thus, weekly paclitaxel has become the
preferable second-line chemotherapy in Japan.

At present, taxanes and irinotecan are two main options for treat-
ment of advanced gastric cancer refractory to fluoropyrimidine plus plat-
inum. However, to our knowledge, no randomized study has directly
compared the efficacy of these two treatments. The West Japan Oncology
Group (WJOG) conducted a phase III trial (WJOG 4007) comparing
paclitaxel with irinotecan in patients with advanced gastric cancer.

Patients
Eligible patients were age 20 to 75 years with histologically confirmed
metastatic or recurrent gastric adenocarcinoma. Other inclusion criteria were

Eastern Cooperative Oncology Group performance status (ECOG PS) of 0 to
2; disease progression confirmed by computed tomography (CT), endoscopy,
or other imaging technique during or within 1 month after last dose of
first-line chemotherapy with fluoropyrimidine plus platinum; no prior chem-
otherapy with taxanes or irinotecan; and no severe peritoneal metastasis.
Severe peritoneal metastasis was defined as ileus or subileus suggested on
barium enema examination and moderate to severe ascites exceeding the
pelvic cavity on spine CT stan caused by peritoneal metastasis. In case of
treatment with adjuvant or neoadjuvant chemotherapy consisting of fluoro-
pyrimidine plus platinum, patients with disease progression during treatment
or within 6 months after treatment completion were eligible. Adequate bone
marrow, hepatic, and renal functions were also required.

Study Design

WJOG 4007 was a prospective, multicenter, randomized, open-label,
parallel-group phase III clinical trial conducted at 37 centers in Japan. The
protocol was approved by the independent ethics committee or institutional
review board of each participating institution. This trial was conducted in
accordance with the Declaration of Helsinki, All patients provided written
informed consent before study entry. The trial was registered with the Univer-
sity Hospital Medical Information Network.

After checking eligibility, patients were randomly assigned at a 1:1 ratio
to receive either paclitaxel or irinotecan. Random assignment was carried out
centrally at the data center using minimization method with the following |
adjustment factors: institution, ECOG PS (0 to 1 v 2), and measurable lesions
(presence v absence). Neither investigators nor patients were blinded to the
allocated treatment.

Treatment

Paclitaxel (80 mg/m?) was administered intravenously on days 1, 8, and
15, every 4 weeks. Patients were premedicated with histamine receptor-1 and
-2 blockers and dexamethasone for prophylaxis of allergic reactions 30 min-
utes before paclitaxel administration. Irinotecan (150 mg/m?) was adminis-
tered intravenously on days 1 and 15, every 4 weeks. Dose reduction and/or
cycle delays were permitted according to predefined toxicity criteria. Treat-
ment continued until disease progression, occurrence of unacceptable serious
toxicity, or patient refusal of further treatment. Subsequent chemotherapy was
not specified.

Fig 1. CONSORT diagram.

www.jco.org
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Assessments

Vital signs, ECOG PS, and laboratory tests were assessed within 7 days
before study entry. Physical examinations and hematology and biochemistry
tests were conducted during drug administration throughout the treatment
course. Tumor assessments using CT scans of the chest, abdomen, and pelvis
were performed within 28 days before study entry and repeated every 2
months after random assignment until discontinuation of protocol treatment.
RECIST (version 1.0) was used to evaluate treatment responses.*' Safety as-
sesstents were repeated every 2 weeks until initiation of subsequent chemo-
therapy or 6 weeks after the last protocol treatment. Severity of adverse events
was graded according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (version 3.0). The WJOG Data and Safety Moni-
toring Committee reviewed serious adverse events for trial safety during the
protocol treatment. Investigators assessed response, progression, and toxicities
in their patients; independent central assessments of response and disease
progression were not performed.

Statistical Analysis

The primary end point was OS, defined as time from random assign-
ment to death resulting from any cause. Secondary end points were PFS,
defined as time from random assignment to disease progression or death
resulting from any cause; RR; toxicity; and proportion of patients who
received subsequent chemotherapy.

Previous single-arm studies showed median OS of 5 and 6.9 months
in paclitaxel-'>'® and 8 and 10 months in irinotecan-containing regi-
men.'*?° Irinotecan was contraindicated for patients with severe perito-
neal metastasis, because its biliary-excreted metabolites caused severe

Table 1. Baseline Patient Demographic and Clinical Characteristics

Weekly
Paclitaxel
(n = 108)

Irinotecan
n=111)

Characteristic No. % No. %

e
. Female
Age, years
Median
Range
ECOGPS =~ .
e
o
Prior gastrectomy
Yes 37
No 71
hemotherapy - .

39 356.1
72 64.9

Yes 91 84.3 88 79.3
No
- Histology -
~ Intestin

Yes 28 25.9 28 25.2
No 80 74.1 83 74.8
No. of metastatic sites - ... G : i
: a7 s

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status.

4440  © 2013 by American Society of Clinical Oncology

toxicities. In gastric cancer, peritoneal metastasis often developed along
with disease progression, and we therefore speculated that subsequent
irinotecan after paclitaxel would be more difficult to apply in patients
compared with the reverse treatment sequence. On the basis of these
previous results and our assumption, this study was designed to detect 50%
improvement in median OS from 5 months in the paclitaxel group to 7.5
months in the irinotecan group (hazard ratio [HR], 0.67). Assuming
accrual and follow-up periods of 36 and 12 months, respectively, and using
a two-sided log-rank test with 5% o and 20% B errors, 220 patients were
required for the study. No interim analyses were planned.

A full analysis set (FAS) included all randomly assigned patients who met
the eligibility criteria (patients found to be ineligible after random assignment
were excluded). The safety analysis set (SAS) included all randomly assigned
patients who received = one dose of study medication. OS and PFS were
analyzed in the FAS and estimated using the Kaplan-Meier method. RR was
assessed in patients with = one measurable lesion at baseline. Toxicity was
analyzed in the SAS.

The primary analysis was planned for 1 year after enrollment of the
last patient or approximately 205 events, whichever came first. An inde-
pendent statistician and data analysis center performed the primary anal-
ysis for OS with unstratified log-rank test in the FAS population. All
investigators remained blinded to the data until the analysis was com-
pleted. Cox proportional hazards models were used to calculate HRs and
Cls. Fisher’s exact test was used to assess differences in RR, incidence of

== Weekly paclitaxel
=== jrinotecan

Log-rank P= .38

Overall Survival (%)

0 6 12 18 24 30 36
Time (months)
No. at risk
Weekly paclitaxel 108 80 36 10 2 i} 0
Irinotecan m 75 29 10 3 1 1

B

100 4,

w= Waekly paclitaxel
== [rinotecan

=
©
= 804 Log-rank P=.33
>
p
A
® 60 -
LY
-
s
[ 40 -
R
w
w»
2 204
= e,
“eh
& e
0 3 6 9 12 15 18 21 24
Time (months)
No. at risk
Weekly paclitaxel 108 66 16 9 3 2 2 0 0
Irinotecan m 46 18 8 6 2 1 0 0

Fig 2. Kaplan-Meier curves of (A) overall and (B) progression-free survival.
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adverse events, and proportion of patients who received third-line chem-
otherapy. Exploratory subgroup analyses of OS were performed using
stratification and prognostic variables.

Patients

Between August 2007 and August 2010, 223 patients were en-
rolled from 37 centers in Japan. Of these patients, 111 were allocated to
the paclitaxel group and 112 to the irinotecan group (Fig 1). Four
patients, who either had received prior fluoropyrimidine mono-
therapy (paclitaxel group, n = 2; irinotecan group, n = 1) or had
radiologically unconfirmed disease progression (paclitaxel group,
n = 1), were ineligible for the study. Thus, the FAS consisted of 108
patients in the paclitaxel group and 111 patients in the irinotecan
group. After random assignment, three patients in the paclitaxel group
and two in the irinotecan group did not receive the protocol treat-
ment. Thus, the SAS consisted of 108 patients in the paclitaxel group
and 110 patients in the irinotecan group. Baseline characteristics of
patients in the FAS were well balanced between the two treatment
groups (Table 1). ECOG PS scores of 0 or 1 were found in a majority of
patients. The most common first-line chemotherapy was S-1 plus
cisplatin (88.6%), followed by capecitabine plus cisplatin with or with-

out anti—epidermal growth factor receptor or anti-vascular endothe-
lial growth factor antibodies (9.6%) and S-1 plus oxaliplatin (1.8%).
One or more measurable lesions were present in approximately 80%
of patients, and mild or moderate peritoneal metastasis was detected
in approximately 25% of patients in both groups. Two or more met-
astatic sites were found in < 50% of patients.

Exposure to Chemotherapy

- Median number of administrations was 11.5 (range, one to 46) in
the paclitaxel group and 4.5 (range, one to 39) in the irinotecan group.
Reasons for discontinuation of treatment included: disease progres-
sion (86.7%), adverse events (7.3%), withdrawal of consent (3.2%),
and other reasons (2.8%). The proportion of patients in whom treat-
ment was discontinued because of toxicity was 5.6% in the paclitaxel
group and 9.1% in the irinotecan group.

Third-line chemotherapy was administered to 97 patients
(89.8%) in the paclitaxel group and 80 patients (72.1%) in the irino-
tecan group (P = .001). In the paclitaxel group, third-line chemother-
apy containing irinotecan was used in 81 patients (75.0%), and in the
irinotecan group, a taxane-containing regimen was used in 67 patients
(60.4%). Including later lines, 87 patients (80.6%) in the paclitaxel
group received irinotecan, and 75 patients (67.6%) in the irinotecan
group received paclitaxel.

Patients Hazard Ratio 95% CI
Al 219 16— 1.13 0.86 to 1.49
Age, years
<65 109 +—o— 1.36 0.92 to 2.01
> 65 110 —6— 0.97 0.65 to 1.44
Sex
Male 171 —— 1.08 0.79 to 1.48
Female 48 —T— 1.38 0.76 to 2.49
ECOG PS
0-1 211 ~o— 1.12 0.85 to 1.49
2 8 ¢ 7.27 0.79 to 66.6
Gastrectomy
Yes 60 —— 1.05 0.61to 1.80
No 159 T 1.24 0.90to 1.71 Fig 3. Forest plot of subgroup analyses.
ECOG PS, Eastern Cooperative Oncology
Histology Group performance status.
Intestinal 108 —— 1.15 0.77 t0 1.71
Diffuse 110 —— 1.1 0.75 to 1.63
Measurable lesions
Presence 183 Té— 1.19 0.88to 1.61
Absence 36 $ 0.91 0.46t0 1.81
Peritoneal metastasis
Yes 56 -1 1.31 0.76 to 2.28
No 163 I 1.07 0.77 to 1.48
No. of metastasis sites
0-1 121 —o— 0.91 0.62 t0 1.33
>2 98 —— 1.64 1.08 to 2.49
i 1
0.1 1 10
Favors irinotecan Favors weekly paclitaxel
www.jco.org © 2013 by American Society of Clinical Oncology 4441
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Efficacy

In August 2011, after a median follow-up period of 17.6 months,
203 deaths (92.7%) were reported in the patient cohort. For the pri-
mary end point of OS, no statistically significant difference was ob-
served between paclitaxel and irinotecan groups (HR, 1.13; 95% CI,
0.86 to 1.49; two-sided P = .38). Median OS was 9.5 months (95% CI,
8.4 t0 10.7) in the paclitaxel group and 8.4 months (95% CI, 7.6 t0 9.8)
in the irinotecan group (Fig 2A). Median PFS was 3.6 months (95%
CI, 3.3 to 3.8) in the paclitaxel group and 2.3 months (95% CI, 2.2 to
3.1) in the irinotecan group. This difference was not statistically sig-
nificant (HR, 1.14; 95% CI, 0.88 to 1.49; two-sided P = .33; Fig 2B).
RR was 20.9% (19 of 91 patients) in the paclitaxel group and 13.6% (12
of 88) in the irinotecan group (Fisher’s exact P = .24).

Results of the subgroup analysis of OS are shown in Figure 3.
Although treatment with weekly paclitaxel conferred a slight survival
advantage in almost all subgroups, no significant interactions were
observed in any subgroup. In an exploratory analysis, OS was analyzed
in patients who received irinotecan and paclitaxel during second- and
later-line chemotherapies. Median OS was 10.1 months in each group,
and the survival curves of these two subgroups almost overlapped
(HR, 0.96; 95% CI, 0.69 to 1.32; two-sided P = .96).

Safety

Table 2 lists adverse events and the proportion of patients expe-
riencing adverse events during treatment in the SAS. The most com-
mon grade 3 or 4 adverse events were leukopenia (20.4%),
neutropenia (28.7%), and anemia (21.3%) in the paclitaxel group.
Leukopenia (19.1%), neutropenia (39.1%), anemia (30.0%), anorexia
(17.3%), and hyponatremia (15.5%) were common in the irinotecan
group. Grade 3 or 4 sensory neuropathy was observed in the paclitaxel
group (7.4%) only. Grade 3 or 4 febrile neutropenia was more preva-
lent in the irinotecan group (9.1%) than in the paclitaxel group
(2.8%). Three (2.7%) and four deaths (3.6%) resulting from any cause
occurred within 30 days after the last administration in the paclitaxel

Table 2. Adverse Events

Weekly Paclitaxel Irinotecan
(n = 108) (n = 110)
Grade 3 Grade 3
All Grade to 4 All Grade to 4
Adverse Event No. % No. % No. % No. %
LeUKocytopenia - “88- “81.4 22204 76 694 21 . 19:.1:

Neutropenia 8 787 31 287 77 700 43 391

- Hemoglobin . e 231213 -84 300
Thrombocytopen| .
“Febrile neutropenia - i
Nausea 2 k K
Vomiting "+ 220 328 3640 1090
Anorexia 50 8 7.4 701 19 173
Diarrhea S 21194 0.9 44557065 45
Neuropathy (sensory) 62 8 7.4 1.8 0 0
cBifirubing w100 98 0 B 2.8 1917 .4 . 436
AST 32 4 3.7 38.2 9 8.2
CALT s A 328 37.3 0 3527
Hyponatremia 21 4 3.7 318 17 155
- Treatment-elated.death’ - 0 0 0 0.2 18 218"
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and irinotecan groups, respectively. Treatment-related death con-
firmed by the independent data safety monitoring committee was
observed in two patients (1.8%) in the irinotecan group. Causes of
death included serious pneumonia in one patient and gastric perfora-
tion in the other.

To our knowledge, this was the first randomized phase III trial com-
paring paclitaxel and irinotecan in second-line chemotherapy for ad-
vanced gastric cancer. No statistically significant differences were
observed between paclitaxel and irinotecan for the primary end point
of OS or for other parameters evaluated in this study, including PFS
and RR. Activity, feasibility, and tolerability of paclitaxel and irinote-
can were comparable for second-line treatment of advanced gas-
tric cancer.

When we planned this study, OS in patients who received
second-line chemotherapy seemed to be longer than OS in patients
who received BSC alone in previous trials.'*'*'*?° Because > 70% of
patients were receiving second-line chemotherapy as part of routine
clinical practice at that time, conducting a trial of second-line chemo-
therapy compared with BSC alone was difficult in Japan. Since then,
the survival benefit of second-line chemotherapy over BSC has been
demonstrated in two randomized trials*»?*; the AIO (Arbeitsgemein-
schaft Internistische Onkologie) trial using irinotecan and Korean trial
using irinotecan or docetaxel during the same time period as this
WJOG 4007 study. On the basis of these results, second-line chemo-
therapy using irinotecan or docetaxel has been recognized as the
standard of care for patients with gastric cancer. However, further
comparison between irinotecan and taxane regimens would be valu-
able for strategic planning of treatment in patients with advanced
gastric cancer.

In the Korean trial, choice of chemotherapy regimen— docetaxel
or irinotecan—depended on investigator discretion. A subgroup
analysis showed no significant difference in survival between regimens
(median OS: docetaxel, 5.2 months v irinotecan, 6.6 months; P =
.116).% In addition, Ji et al** conducted a retrospective analysis of 725
patients with gastric cancer treated with second-line chemotherapy;
they found no relevant difference in OS between taxane and irinotecan
treatment. In our exploratory subgroup analysis, no interaction was
observed among several clinical factors; results favored neither pacli-
taxel nor irinotecan. Thus, either taxane or irinotecan can be recom-
mended as a treatment option for second-line chemotherapy in
patients with advanced gastric cancer.

Longer OS was achieved in this study than in previous phase I
studies.”>*> Many patients in good condition with small tumor bur-
dens were enrolled onto our study. ECOG PS of 0 or 1 was recorded in
almost all patients, and only one metastatic site was detected in > half
of all patients. Additionally, excluding patients with severe peritoneal
metastasis resulted in a lower proportion of patients (25.6%) with
peritoneal metastasis, compared with those in the AIO (43%) and
Korean (45%) trials.”>** These are well known as prognostic factors in
advanced gastric cancer, and these patient-selection biases might have
led to longer survival in our study.

In gastric cancer, peritoneal metastasis often develops along with
disease progression, and irinotecan would be toxic for patients with
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severe peritoneal metastasis. Indeed, the proportion of patients receiv-
ing subsequent irinotecan after second-line paclitaxel was only 24% in
the previous report.'® In this study, excluding patients with severe
peritoneal metastasis seemed to result in a high proportion of patients
(> 70%) receiving third-line chemotherapy, whereas 30% to 40% of
patients did so in previous studies.”** Although evidence is limited
with regard to the efficacy of third-line chemotherapy in advanced
gastric cancer, this therapy may have contributed to prolonged OS,
and the unexpected higher proportion of those receiving third-line
chemotherapy might have diluted a difference in OS between the
paclitaxel and irinotecan groups.

Overall toxicity in both treatment arms was acceptable for
second-line chemotherapy. In the paclitaxel group, common grade 3
or 4 toxicities (= 10%) included leukocytopenia, neutropenia, and
anemia. Grade 3 sensory neuropathy, which was specific to paclitaxel,
occurred at an incidence < 10% in this study. These toxicity profiles
and severity levels are consistent with those in previous reports.'>'® In
the irinotecan group, leukocytopenia, neutropenia, anemia, anorexia,
and hyponatremia were commonly observed. Frequency and severity
of these toxicities were also consistent with those in previous re-
ports.”>? Severe diarrhea, which is a well-known adverse reaction to
irinotecan, generally occurs less frequently in Asian patients than in
Western patients. In fact, grade 3 or 4 diarrhea was observed in 4.5% of
patients in this trial, 8% of those in the Korean trial,” and 26% of those
in the AIO trial** Although ethnic diversity in metabolism of irinote-
can has been suggested, the dosage of irinotecan is commonly higher
in Western countries than in Asian countries. This may explain the
different incidence of severe diarrhea between this and other studies.

Our study has several limitations. Participants were all Japa-
nese; tumor biology may differ from that in Western patients.”® In
addition, a majority of patients received S-1 plus cisplatin as first-
line chemotherapy, whereas S-1 is not popular in Western coun-
tries. However, a large, global phase III study (FLAGS [First-Line
Therapy in Patients With Advanced Gastric Cancer Study] trial)
demonstrated S-1 plus cisplatin to be similar in efficacy to fluorou-
racil plus cisplatin.” This difference in regimens used as first-line
chemotherapy may have had little influence on interpretation of
results of our study. Because patients with severe peritoneal metas-
tasis were excluded from our study to avoid confounding effects of
serious adverse events resulting from irinotecan, our results are not
applicable to patients with severe peritoneal metastasis. Another
trial is needed to determine the most appropriate treatment in such
patients. As for statistical consideration, our hypothesis was 50%
improvement in median OS in the irinotecan group over weekly
paclitaxel group, and this resulted in a relatively small sample size.
Therefore, if a small but true benefit existed in either group, this
study may have been underpowered to detect it.

In conclusion, no difference in OS between paclitaxel and
irinotecan groups was observed in this study. Both are considered
reasonable second-line treatment options. The differences in tox-
icity profile and treatment schedule between both treatments will
help in choosing either irinotecan or paclitaxel. Currently, several
randomized trials investigating additional benefits of molecular
targeting agents in second-line chemotherapy are planned or being
conducted using weekly paclitaxel or irinotecan as a platform or
reference regimen. The findings of our study are relevant to these
future trials.
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Background: Given the growing number of drugs available for non-small-cell lung cancer (NSCLC), an effect of first-
line chemotherapy on overall survival (OS) might be confounded by subsequent therapies. We examined the relation
between postprogression survival (PPS) and OS in phase lll trials of first-line chemotherapy for advanced NSCLC.
Patients and methods: A literature search identified 69 trials that were published during the past decade. We
partitioned OS into progression-free survival (PFS) and PPS and evaluated the relation between OS and either PFS or
PPS. We also examined whether any association might be affected by the year of completion of trial enroliment.
Results: The average PPS was longer in recent trials than in older trials (6.5 versus 4.4 months, P < 0.0001). For all
trials, PPS was strongly associated with OS (r = 0.82), whereas PFS was moderately associated with OS (r = 0.43). The
correlation between OS and PPS in recent trials was stronger than that in older trials {r = 0.89 and 0.66).
Conclusions: Our findings indicate that, especially for recent trials, PPS is highly associated with OS in first-line
chemotherapy for advanced NSCLC, whereas PFS is only moderately associated with OS.

Key words: chemotherapy, non-smali-cell lung cancer, overall survival, phase il trial, progression-free survival

introduction

Lung cancer remains the leading cause of cancer death
worldwide [1, 2], with non-small-cell lung cancer (NSCLC)
accounting for ~85% of lung cancer cases. Most individuals
with NSCLC have metastatic disease at the time of diagnosis
and therefore have a poor prognosis. The standard treatment of
advanced NSCLC over the past decade has been platinum-
based chemotherapy because of the moderate improvement in
survival it confers [3-6]. Although many patients initially
achieve clinical remission or disease stabilization with first-line
chemotherapy, nearly all subsequently experience disease
progression and eventually die of advanced NSCLC.

Overall survival (OS) has been traditionally recognized as the
most important therapeutic objective for NSCLC patients.
However, in view of the growing number of drugs and
combinations thereof that are available for the treatment of
such patients, any effect of first-line chemotherapy on OS
might be confounded by subsequent therapies [7]. Indeed, an
improvement in progression-free survival (PFS) has not
necessarily resulted in an improved OS in recent randomized
trials in patients with NSCLC [8, 9].

The effect of therapies instituted after disease progression on
survival in clinical trials is thus of interest. However, little is
known about postprogression survival (PPS) in NSCLC. In the

*Correspondence to: Dr |. Okamoto, Department of Medical Oncology, Kinki University
Faculty of Medicine, 377-2 Ohno-higashi, Osaka-Sayama, Osaka 589-8511, Japan.
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present study, we partitioned OS of phase III trials for
chemotherapy-naive patients with NSCLC into PFS and PPS
and assessed the association of each with OS.

methods

search strategy and selection of trials

An independent review of PubMed citations from 1 January 2000 to 31
October 2010 was carried out. Key words included in the search were ‘non-
small cell lung cancer’, “clinical trial’, ‘advanced’, and ‘chemotherapy’. The
search was limited to randomized controlled phase III trials and articles
published in English. We reviewed each publication, and phase III studies
that compared two or more first-line systemic chemotherapies (including
treatment with molecularly targeted agents) for advanced or metastatic
NSCLC were selected. To find any additional trials, we searched the
reference lists of included trials as well as of large systematic reviews. We
also checked articles that were in press at leading journals and searched
websites listing abstracts from conferences (organized by the American
Society of Clinical Oncology or the Federation of European Cancer
Societies). We included trials that provided data for both OS and either PFS
or time to progression (TTP), whether or not these parameters were
explicitly defined. Trials were excluded if they investigated only
immunotherapy regimens or hormonal therapies. Trials that were designed
to assess combined modality treatments, including radiation therapy and
surgery, were also excluded. To avoid bias, two observers (HH and 10)
independently abstracted the data from the trials.

data abstraction
We analyzed in detail the primary and secondary efficacy end points,
following the definitions of the authors of each trial. When not specifically
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stated by the authors, we considered the primary end point to be that used
for calculation of sample size. For the sake of simplicity, two end points
(PFS and TTP) based on tumor assessment are collectively referred to as
PES in the present study, similar to the approach adopted in a recent report
[10]. Median OS and median PFS were extracted from all trials that
provided data for each treatment group. Median PPS was defined as median
OS minus median PFS for each trial. We also obtained the following
information from each report: year of completion of trial enrollment,
number of patients randomized, number of patients in each treatment arm,
number of treatment arms in each trial, proportion of patients who were
male or had adenocarcinoma, and median age of the patients.

data analysis

We summarized the survival data (median OS, median PFS, median PPS,
and median PFS/median OS) as the average and standard error (SE) for
trial arms. SE was calculated on the basis of previously described models
[11]. We also calculated the percentage of OS accounted for by PPS for each
trial arm as: 100 — (100 x median PFS/median OS). To assess the relation
between median OS and either median PFS or median PPS, we used
Spearman’s rank correlation coefficient. To account for differences in
sample size among trial arms, we weighted all analyses by the number of
patients in each arm. In addition, all trials were divided into two groups on
the basis of the year in which trial enrollment was completed. Given that the
median year for completion of enrollment in the 69 analyzed trials was
2002, we dichotomized at year 2002 (older trials, up to and including 2002;
recent trials, 2003 and later) in order to evaluate a possible change in PPS,
and we assessed whether the evaluated relations might be dependent on
the year of completion of trial enrollment. We examined differences in
the survival data between older and recent trials by normal approximation
of the average survival data (z test). All reported P-values correspond to
two-sided tests, and those of P-values <0.05 were considered statistically
significant. Analyses were carried out with SAS for Windows release

9.2 (SAS Institute, Cary, NC).

Potentially relevant trials screened for retrieval analysis

Annals of Oncology

results

characteristics of the trials

Our search yielded a total of 467 potentially relevant
publications. Initially, 366 studies were excluded for at least one
of the following reasons: they examined other malignancies or
combined modality treatments, they were not randomized, they
were phase I or II trials, they were review articles, they
represented subgroup analyses, or they were duplicates. The
selection process for the randomized controlled trials is shown
in Figure 1. Review of the remaining 101 publications yielded
69 trials that were considered to be highly relevant for the
present study. The main characteristics of the 69 phase III trials
included in the analysis are listed in Table 1. A total of 37 986
patients with advanced NSCLC were enrolled, with a median
number of patients per study of 433 (range 153-1725). Most of
the trials had a high proportion of male patients and of patients

with adenocarcinoma. The average median age of the patients’

was 62.3 years. Ten trials used an end point based on tumor
assessment (PFS or TTP) as the primary end point, whereas OS
was assessed as the primary end point in 53 trials. The other six
trials used response rate or quality of life as the primary end
point.

median OS, PFS, and PPS in all trials and in
subgroups based on year of completion of trial
enroliment

The survival data for trial arms according to the year in which
trial enrollment was completed are shown in Table 2. Although
the average median PFS in older (up to and including 2002)
trials was the same (4.9 months) as that in recent (2003 and
later) trials, the average median PPS was ~50% longer in the

(n=467)
Studies excluded
Reasons: othermalignancies, combined modalities,

.| non randomized trials, phase I/Il trials, review arficles,
subgroup analyses, duplicatereferences
(n=366) )
A4

Selected trials

(r=101)
Trials excluded

Reason: phase I1I trials in the second-line setting (2 =16)

Potentially appropriate trials to beincludes in our study
(n=285)

A4

Trials excluded

7

Trials with adequate information
| (n=69)

»| Reasons: trials without any information about time end
points based on tumor assessment (TTP or PFS)
(n=14 ) survival datanot shown (n=2)

Figure 1. Flow chart showing the progress of trials through the selection process.
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recent trials than in the older trials (6.5 and 4.4 months,
respectively, P < 0.0001). The average proportion of median OS
accounted for by median PPS significantly increased from
45.9% in older trials to 54.9% in recent trials (P < 0.0001).

relation between OS and either PFS or PPS

The relation between median OS and either median PES or
median PPS for the 151 treatment arms of the 69 trials is shown
in Figures 2 and 3, respectively. We found that median PPS was
strongly associated with median OS (r = 0.82, P < 0.0001) on the
basis of Spearman’s correlation coefficient, whereas median PFS
was more moderately correlated with median OS (r = 0.43, P <
0.0001). The association between median OS and median PPS in
recent trials (r = 0.89, P < 0.0001) was stronger than that in older
trials (r = 0.66, P < 0.0001), whereas the correlation between
median OS and median PFS in recent trials (r = 0.55, P < 0.0001)
was similar to that in older trials (r = 0.44, P < 0.0001),

Table 1. Characteristics of the 69 phase III trials for advanced non-
small-cell lung cancer included in the present analysis

433 (153—1725)

PES or TTP -
Response rate . :
Quahty of life or to;uclty

*One trial was excluded (data were not shown).

bFive trials were excluded (data were not shown).

‘One trial was excluded (data were not shown).

OS, overall survival; PFS, progression-free survival; TTP, time to
progression.

original articles

discussion

In the present study, we defined median PPS as median OS
minus median PFS for each treatment arm of phase III trials
for chemotherapy-naive patients with advanced NSCLC, as
previously described [10, 12]. We also investigated the
relation between median OS and either median PPS or
median PFS by correlation analysis and found that median OS
was more strongly associated with median PPS than with
median PFS. Moreover, we also found that the correlation
between median PPS and median OS was more pronounced
in recent trials than in older trials and that median PPS was
longer in recent trials than in older trials. This recent
prolongation of PPS is likely the result of the increasing
number of active compounds, such as docetaxel, pemetrexed,
and epidermal growth factor receptor—tyrosine kinase
inhibitors (EGFR-TKIs), which are available for second- or
third-line chemotherapy in advanced NSCLC. One trial from
a decade ago, when pemetrexed and EGFR-TKIs were not
available, reported that only ~20% of patients received
second-line chemotherapy [13]. In contrast, in the AVAIL
trial, a recent large phase III trial that investigated the efficacy
of cisplatin-gemcitabine with or without bevacizumab,
second-line chemotherapy was administered in >60% of
patients [8, 9]. Clinical trials of chemotherapy for patients
with refractory NSCLC yielded a median OS of 5-8 months
[14-17], which is similar to the median PPS for recent trials in
our analysis. The recent widespread use of active second- and
third-line therapies thus appears to have contributed to
a prolongation of PPS in patients with advanced NSCLC.
Broglio and Berry [12] recently focused on PPS, which they
termed survival postprogression (SPP) and defined as OS
minus PFS, in a hypothetical clinical trial setting under the
assumption that there was a treatment difference in PFS but not
in PPS [12]. As the median PPS increased, the probability of
detecting a statistically significant difference in OS decreased
substantially. Even for a trial with an observed P value for
improvement in PFS of 0.001, whereas there was a >90%
probability for statistical significance of the difference in OS if
the median PPS was 2 months, this probability decreased to
only ~50% if the median PPS was 6 months. In the present
study, we found that median PPS constituted more than half of
median OS and that median PPS was >6 months in recent trials
for NSCLC.

Table 2. Average median PFS, OS, and PPS as well as the average proportion of OS accounted for by PPS for trial arms in all trials or in trials according to

year of completion of trial enrollment

5.4 (0.22)
6.5:(0.37)
4.4%(0.16):

50.1 (1.00):
549 (131) - 8
45.9% (1.33)

Values in brackets are standard errors.
P < 0.0001 versus the corresponding value for recent trials (z test).

OS, overall survival; PFS, progression-free survival; PPS, postprogression survival; TTP, time to progression.
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Figure 2. Relation between median overall survival (OS) and median progression-free survival (PFS) for 151 arms of 69 phase III trials for advanced non-
small-cell lung cancer. (A) All trials. (B) Older trials (trial enrollment finished between 1996 and 2002). (C) Recent trials (trial enrollment finished between
2003 and 2006). The area of each circle is proportional to the number of patients in each trial arm. The r values represent Spearman’s rank correlation
coefficient.
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Figure 3. Relation between median overall survival (OS) and median progression-free survival (PPS) for 151 arms of 69 phase III trials for advanced non-small-
cell lung cancer. (A) All trials. (B) Older trials (trial enrollment finished between 1996 and 2002). (C) Recent trials (trial enrollment finished between 2003 and

2006). The area of each circle is proportional to the number of patients in each trial arm. The r values represent Spearman’s rank correlation coefficient.

Surrogacy of PES for OS has often been assessed by
quantifying the strength of the association between these end
points at the individual level (referred to as individual-level
surrogacy) and of that between the effects of treatment on these
end points (trial-level surrogacy) [18-21]. Our examination of
the correlation between PFS and OS was not an exercise in
surrogate validation because of the lack of investigation into the
correlation between the effects of chemotherapy on these end
points. However, the present study has yielded the key finding
that PPS, not PFS, is highly associated with OS.

The present study has several limitations. First, our analysis
was based on abstracted data. The use of individual patient data
might be expected to allow a better characterization of the
relation between OS and other end points based on tumor
assessment, including PFS and TTP. However, such an
approach would restrict the analysis to a small number of trials
and would hinder its replication by independent researchers.
Second, the results of our study potentially have several
confounders due to selection of many heterogeneous trials for
analysis. The results are generally unaccountable without
appropriate adjustment for patient characteristics dependent
on differences in predefined eligibility criteria for enrollment in
the clinical trials. Third, the assessment of disease progression is
potentially subject to measurement error and bias in individual
patients, and the quality of measurement for end points based

1540 | Hayashi et al.

on tumor assessment can vary between centers and trials.
Finally, two end points (PFS and TTP) based on tumor
assessment are considered as the same parameter, following the
example of a previous report for advanced breast cancer [10].
PFS is defined as the time from randomization to tumor
progression or death, whereas TTP is defined similarly but
considers death as a time point when censoring occurs. TTP is
the same as PFS if death does not occur during treatment.
Given that death rarely occurs before disease progression in
advanced NSCLC, we reasonably considered PES to be the same
as TTP for our analysis. Indeed, we separately analyzed clinical
trials providing PES (n = 63 arms) or TTP (n = 88 arms), and
we found a consistent association between OS and PPS (data
not shown). These data thus support our approach in which
these two end points (PES and TTP) are collectively referred to
as PFS in the present analysis.

As far as we are aware, our study is the first to analyze PPS in
advanced NSCLC. Our findings indicate that, especially for
recent trials, PPS is highly associated with OS for first-line
chemotherapy in patients with advanced NSCLC, whereas PFS
is only moderately associated with OS. Therefore, OS remains
an appropriate end point of clinical trials for chemotherapy-
naive patients with advanced NSCLC. Given the great effect of
PPS on OS, we propose a precise assessment of clinical course
after disease progression in each clinical trial.
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