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Table 3 Costs

Base-case value  Range tested in sensitivity analyses  Source

21-gene RT-PCR* assay (Oncotype DX™ Breast Cancer Assay)  ¥450,000 Change by £50% 15, 17]
Adjuvant therapy

Endocrine therapy, per year ¥534,610 Change by +50% [15, 17, 27, 28]

Chemotherapy ¥343,001 Change by +50% (15, 17, 27, 28]

Trastuzumab, per year ¥3,105,120 Change by +50% [15, 17, 27, 28]
Treatment for toxicity

Major ¥173,352 Change by +50% [15, 17, 27-30]
Monitoring

After adjuvant therapy without recurrence, per year ¥25,340 Change by £50% (15, 17, 27, 28]
Treatment for distant recurrence

Endocrine therapy and chemotherapy, per year ¥558,458 Change by £50% 15, 17, 27, 28]

Trastuzumab, per year ¥3,105,120 Change by +50% [15, 17, 27, 28]
End-of-life, per year ¥1,315,143 Change by £50% [15, 31]

* Reverse transcriptase-polymerase chain reaction

other regimens. These cost ¥343,001 (US$3,430) per year.
Adjuvant trastuzumab costs ¥3,105,120 (US$31,051) per
year, of which administration is assumed to be 1 year.
There are three levels of toxicity in the decision tree.
However, the cost of major toxicity only is estimated as
¥173,352 (US$1,734), which includes an unplanned hos-
pitalisation for 1 month in two fifths of the cases and res-
cue treatment at outpatient clinic in three fifths of the cases
[29, 30]. For minor toxicity, from which 60% of patients
suffer, the cost is included in the cost of adjuvant chemo-
therapy, since prophylactic use of antiemetic, for example,
is routinely applied these days. And the clinical course of

ICER =

thereafter. For HER24 patients, trastuzumab is adminis-
tered continuously, so the cost comes up as the same as the
adjuvant therapy, ¥3,105,120 (US$31,051) per year.

The cost of the end-of-life treatments are ¥1,315,143
(US$13,151) per year [15, 31], which is also used as the
cost of treating fatal toxicity.

Costs are also discounted at a rate of 3% [26].

Comparison of scenarios

Incremental cost-effective ratios (ICER) are calculated for
two scenarios:

COStRS —guided treatment. — COSUSt Gallen 2009 criteria— guided treatment

EFFCC[RS guided treatment — EI:fe'::[StGallen 2009 criteria - guided treatment

fatal toxicity is so diverse and not fit to costing by mod-
elling here, therefore, its cost is assumed to be the same as
the end-of-life treatments cited from the literature [31].

After the completion of adjuvant therapy, patients are
assumed to visit their physician twice a year for the pur-
pose of monitoring, which costs ¥25,340 (US$253) per
year.

There are various options of treatments for the distant
recurrence depending on regimens used in the adjuvant
therapy. Yet, we assume crossover endocrine treatments
followed by capecitabine within the st year as typical Ist
line and 2nd line therapies for our hypothetical cohort,
which cost ¥558,458 (US$5,585) per year. We further
assume that this cost is applicable to 2nd year and
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Sensitivity analysis

In order to appraise the stability of ICERs against
assumptions made and uncertainty of adopted values of
probabilities, utility weights, and costs in our economic
model, one way sensitivity analyses are performed. The
age of cohort is changed to 45 and 65 years old. DFRS5s
and DFRS10s shown in Table 1 are changed according to
the reported 95% confidence interval. The use of adjuvant
chemotherapy in St Gallen 2009 criteria-guided treatment
is changed from 0 to 100% of no definitive indication
cases. The propensity to alter treatment among patients
classified as intermediate scores by RS criteria reclassifi-
cation is changed from 100 to 50%. As shown in Table 2,
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Table 4 Results of cost-effectiveness analysis

Scenario Treatment Cost (¥) Incremental Effect Incremental Incremental cost-
cost (¥) (QALY™) effect (QALY) effectiveness
ratio (¥/QALY)
Indication for LN— St Gallen 2009 criteria-guided 3,627,193 19.48
RS criteria-guided 3.867.876 240,683 20.11 0.63 384,828
Indication for LN—/4 St Gallen 2009 criteria-guided 3,818,952 18.82
RS criteria-guided 4,088,987 270,035 19.29 0.47 568,533

* Quality adjusted life year

RFS5 & RFS10 (St Gallen endocrine therapy alone to high RS) C
Ist - Sth year 0.826(0.981 0.671), Gth - 10th year 0.687 (0.879 0.495)
Cost of the 21-gene RT-PCR assay = i |
450,000 (225,000 675.000)
Discount rate —1

IR0 5)

Cost of end-ol-life

¥LAIS43(1.972.715 657.572)

[==]

Age of cohort =
i

O

[

O

O

55165 45)

Utility weight alter adjuvant therapy without distant recurrence

098 (1.0D0.78)

Relative risk reduction of distant recurrence by chemotherapy (intermediate RS)
39.0% (0.0 76.00

Cost of treatment for distant recurrence with endocrine therapy and chemotherapy
558,458 (837.687 279.22%)

Probability of death alter progression of disease (HER-)

40.0% (60.0 20.0)

Cost of trastuzumab

Y3105, 120 (4.657.680 1.552.560)

JUUUUHHUH

0 500,000 1,000,000 1,500,000 (¥/QALY)
(a) Indication for LN-
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Ist - Sth year 0.82610.981 0.67 1), dah - 10ih year 0.687 (0,379 0.495)
Cost of the 21-gene RT-PCR assay [ ]

¥450.000 (225,000 675.000)

Discount rate 1

3% (0 5)
Age of cohont
55 (65 45) :
==
=]

Cost of end-ol-life

¥L3S 14301972715 657.572)

Utility weight alter adjuvant therapy without distant recurrence

0.98 (1.000.78)

Relative risk reduction ol distant recurrence by chemotherapy (intermediate RS)
39.0% (0.0 76.00

Cost of treatment [or distant recurrence with endocrine therapy and chemotherapy
558,458 (837687 279.229)

Probability of death after progression of disease (HER-)

A0.0% (60.0 20.0)

Cost of adjuvam chemotherapy

¥343,001 (514,502 171.501)
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(b) Indication for LN-/+

Fig. 2 Results of sensitivity analyses. a Indication for LN—, b Indication for LN—/4. RT-PCR reverse transcriptase-polymerase reaction, RS
recurrence score

probabilities other than the relative risk reductions are  simulation assumes that the risk of recurrence and the
changed by +50%, while the relative risk reductions are  benefit from chemotherapy are indifferent between
changed according to the reported 95% confidence inter-  HER2+ cases and HER2— cases.
vals of each value. The effectiveness of adjuvant trast-
uzumab is extended to 5 years. Utility weights are all
changed by +20%. And as shown in Table 3, costs are all ~ Results
changed by £50%. Discount rate is also changed from 0 to
5%. Cost-effectiveness
Additionally, in order to simulate the effect of limiting
the indication of the assay to HER2— cases, we calculate  Table 4 shows the result of the cost-effective analysis of
the ICER with the probability of HER2+, 0%. This  the 21-gene RT-PCR assay. As to the indication for
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LN— scenario, the cost of RS criteria-guided treatment,
¥3,867.876 (US$38,679), exceeds that of St Gallen 2009
criteria-guided treatment, ¥3.627,193 (US$36,272), which
results in a positive incremental cost of ¥240,683
(US$2,407). The effect in QALYs of RS criteria-guided
treatment, 20.11 year, exceeds that of St Gallen 2009 cri-
teria-guided treatment, 19.48 year, which results in a
positive incremental effect of 0.63 year. The ICER is cal-
culated as ¥384,828 (US$3.,848) per QALY.

As to the indication for LN—/4 scenario, the cost of RS
criteria-guided  treatment, ¥4,088,987  (US$40,890),
exceeds that of St Gallen 2009 criteria-guided treatment,
¥3.818,952 (US$38,190), which results in a positive
incremental cost of ¥270,035 (US$2,700). The effect in
QALYs of RS criteria-guided treatment, 19.29 year,
exceeds that of St Gallen 2009 criteria-guided treatment,
18.82 year, which results in a positive incremental effect of
0.47 year. The ICER is calculated as ¥568,533 (US$5,685)
per QALY.

Stability of ICER

Figure 2 shows the results of one way sensitivity analyses.
Ten items of each of the two scenarios are listed by the
order of the magnitudes of ICER change in terms of yen
per QALY.

Items with the largest ICER change up to the third
largest are common between the indication for LN— sce-
nario and the indication for LN—/+ scenario. ICER is most
sensitive to the change of DRF5 & DRFSI10 of patients
who are reclassified as high RS by the assay from endo-
crine therapy alone by St Gallen 2009 criteria, which
ranges from ¥161,716 (US$1,617) to ¥964,027
(US$9,640), and from ¥295,348 (US$2.953) to ¥1,270.006
(US$12,700), respectively. Second, it is sensitive to the
cost of the assay, which ranges from ¥25,660 (US$257) to
¥743,997 (US$7.440), and from ¥95.586 (US$956) to
¥1,041,480 (US$10,415), respectively. The ranges of ICER
changed by the discount rate are ¥398,773 (US$3,988) and
¥543,714 (US$5,437), respectively.

The ranges of ICER changed by the items featured are
less than ¥250,000 (US$2.500). Items include costs such as

Table 5 Results of simulation of limiting indication to HER2— cases

the cost of end-of-life, the cost of treatment for distant
recurrence with endocrine therapy and chemotherapy, the
cost of trastuzumab, and the cost of adjuvant chemother-
apy. They also include outcomes related items such as
relative risk reduction of distant recurrence with endocrine
therapy and chemotherapy, and the probability of death
after progression of disease. Age of cohort and utility
weight after adjuvant therapy without distant recurrence
are also included in the 10 items.

Overall, the range of ICERs by the change of assump-
tions and values is limited between ¥25,660 (US$257) and
¥964,027 (US$9,640) for the indication for LN— scenario
and between ¥95,586 (US$956) and ¥1,270,006
(US$12,700) for the indication for LN—/+ scenario.

Additionally, Table 5 shows the results of simulation of
limiting indication to HER2— cases. Incremental costs both
for the indication for LN— scenario and LN—/+ scenario
increased slightly compared to the base-cases results, while
incremental effects are about the same. These increased
ICER slightly to ¥434,096 (US$4,341) for the indication
for LN— scenario and to ¥614,765 (US$6,148) for the
indication for LN—/4 scenario.

Discussion

We evaluate the cost-effectiveness of the 21-gene RT-PCR
assay under Japan’s health care system with two scenarios
of including it into the benefit package of Japan’s social
health insurance: the indication for LN— scenario, under
which the assay is made available for LN—, ER+, ESBC
patients and the indication for LN—/4 scenario, under
which the assay is made available for LN—/4, ER+, ESBC
patients. Our economic model indicates that the use of the
assay gains more in terms of outcomes but costs more at
the same time. The estimated ICERs, ¥384,828 (US$3,848)
per QALY for the indication for LN— scenario and
¥568,533 (US$5.685) per QALY for the indication for
LN—/+ scenario are not more than a suggested social
willingness-to-pay for one QALY gain from an innovative
medical intervention in Japan, ¥5,000,000/QALY
(US$50,000 QALY) [32]. Sensitivity analyses show that

Scenario Treatment Cost (¥) Incremental Effect Incremental Incremental cost-
cost (¥) (QALY™  effect (QALY)  effectiveness ratio
(¥/QALY)
Indication for LN— St Gallen 2009 criteria-guided 3,280,456 19.48
RS criteria-guided 3,553,750 273,294 20.10 0.63 434,096
Indication for LN—/4 St Gallen 2009 criteria-guided 3,437,132 18.81
RS criteria-guided 3,731,159 294,027 19.28 0.48 614,765

* Quality adjusted life year
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this result is plausibly robust, since ICERs do not exceed
the threshold by various changes of assumptions made and
values employed. In this sense, the assay has good value
for money.

The results of the indication for LN—/4 scenario is the
first economic evidence of the assay in the literature to
include LN+ cases. Compared to the indication for
LN— scenario, the ICER for LN—/+ scenario is found less
favourable. The incremental effect of the indication for
LN—/+ scenario is less than the indication for LN— sce-
nario, which may correlate with the poorer prognosis of
LN+ cases than that of LN— cases. Although the propor-
tion of cases who undergo adjuvant chemotherapy reduce
more, 8.2%, under the indication for LN—/+ scenario than
6.8% under the indication for LN— scenario, the incre-
mental cost is found more, which could be explained by the
higher risk of recurrence of LN+ cases. The treatment of
such cases would consume substantial resources.

Our simulation of foreseeable limited indication for
HER2— cases suggests the same conclusion as our base-
cases analysis, that is, the use of the assay is cost-effective.
This depends on the assumption that the risk of recurrence
and the benefit from chemotherapy are indifferent between
HER2+ cases and HER2— cases. However, the proportion
of HER2+ cases among the patient population under
consideration, 9.3%, is relatively small. We consider our
simulation is reasonable.

Our sensitivity analysis reveals that the cost-effective-
ness of the assay depends on the change of DRF5 &
DRFS10 of patients who are reclassified as high RS by the
assay from endocrine therapy alone by St Gallen 2009
criteria. This suggests that the clinical benefit of the assay
to prolong outcomes is brought by identifying patients who
would have missed the benefit from adjuvant chemother-
apy without the assay. And as anticipated, the cost of the
assay is found to be influential to the cost-effectiveness.
+50% changes of the value result in neither cost-saving
nor cost-ineffectiveness.

Comparing the results of this study with our last study,
the estimated ICERs, ¥384,828 (US$3.848) per QALY
for the indication for LN— scenario is more favourable
than our previous estimation, ¥1,239,055 (US$12,391)
per QALY. The difference is attributable to the differ-
ence in patient populations examined in the U.S. vali-
dation study, National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-14 study [33], and the
Japanese validation study, JBCRG-TRO3 study [16].
Arguably, the patient population in JBCRG-TRO3 study
represents Japanese patients’ population under consider-
ation better than NSABP B-14 study. We think that the
results of this study confirmed the cost-effectiveness of
the assay in Japanese context with a more sound esti-
mation of ICER.

140

However, this study has its own limitations. First, as to
the benefit from adjuvant chemotherapy, our estimation of
outcomes still depends on the validation study carried out
in the U.S. [5]. Although the evidences adopted are con-
sidered as the best available to date, it is needless to say
that there are differences in population and cancer care
practice between the U.S. and Japan. Secondly, utility
weights adopted are also derived from Western countries
due to the unavailability of data from Japan. Thirdly, our
model does not include potentially costly clinical stages
such as local recurrence or contralateral breast cancer due
to the lack of data in validation studies. In regards to these
shortcomings, reports that allow us to refine our model are
awaited.

Now that the clinical usefulness of the assay is con-
firmed by the Japanese validation study [16], Japanese
health manager inevitably needs to decide how to fit the
assay to the health care system. The results of this study
imply the possibility of coverage by the social health
insurance reimbursement. [f the manager gives much
importance to fiscal policy or cost containment, the selec-
tive indication of the assay for higher risk patients, which
results in an avoidance of adjuvant chemotherapy without
additional use among lower risk patients, might be a
potential option. Further analysis incorporating such sce-
narios may be useful.

In conclusion, the routine use of the 21-gene RT-PCR
assay for LN—/4, ER+, ESBC is indicated as cost-effec-
tive in Japan. The results could inform health managers in
developed countries where diffusion of the assay is under
consideration.

Acknowledgments The study was funded by Japan’s Ministry of
Health, Labour and Welfare research grant, a study on the construc-
tion of algorithm of multimodality therapy with biomarkers for pri-
mary breast cancer by a formulation of decision making process, led
by Masakazu Toi (H18-3JIGAN-IPPAN-007), and was also supported
by Grant-in-Aid for Scientific Research (C) by Japan's Ministry of
Education, Culture, Sports, Science and Technology (No. 22590451).

Conflict of interest None.

References

1. The Japanese Breast Cancer Society (2009) Zenkoku nyugan
kanjya touroku chousa houkoku—zanteiban—dai 38 gou 2007
nenji shourei (National breast cancer registry report—provisional
edition—No. 38 2007 cases). The Japanese Breast Cancer Soci-
ety, Tokyo

. Early Breast Cancer Trialists® Collaborative Group (EBCTCG)
(2005) Effects of chemotherapy and endocrine therapy for early
breast cancer on recurrence and 15-year survival: an overview of
the randomised trials. Lancet 365(9472):1687-1717

. Goldhirsch A, Ingle IN, Gelber RD, Coates AS, Thiirlimann B,
Senn HIJ, Panel members (2009) Thresholds for therapies:

@ Springer



748

Breast Cancer Res Treat (2011) 127:739-749

16.

highlights of the St Gallen International Expert Consensus on the
primary therapy of early breast cancer. Ann Oncol
20(8):1319-1329

. Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, Bachner FL,

Walker MG, Watson D, Park T, Hiller W, Fisher ER, Wickerham
DL, Bryant J, Wolmark N (2004) A multigene assay to predict
recurrence of tamoxifen-treated, node-negative breast cancer.
N Engl J Med 351(27):2817-2826

. Paik S, Tang G, Shak S, Kim C, Baker J, Kim W, Cronin M,

Baehner FL, Watson D, Bryant J, Costantino JP, Geyer CE Jr,
Wickerham DL, Wolmark N (2006) Gene expression and benefit
of chemotherapy in women with node-negative, estrogen recep-
tor-positive breast cancer. J Clin Oncol 24(23):3726-3734

. Habel LA, Shak S, Jacobs MK, Capra A, Alexander C, Pho M,

Baker J, Walker M, Watson D, Hackett J, Blick NT, Greenberg
D, Fehrenbacher L, Langholz B, Quesenberry CP (2006) A
population-based study of tumor gene expression and risk of
breast cancer death among lymph node-negative patients. Breast
Cancer Res 8(3):R25

. Harris L, Fritsche H, Mennel R, Norton L, Ravdin P, Taube S,

Somerfield MR, Hayes DF, Bast RC Jr, American Society of
Clinical Oncology (2007) American Society of Clinical Oncology
2007 update of recommendations for the use of tumor markers in
breast cancer. J Clin Oncol 25(33):5287-5312

. National Comprehensive Cancer Network (2008) NCCN clinical

practice guidelines in Oncology™ Breast Cancer V.2.2008

. Albain KS, Barlow WE, Shak S, Hortobagyi GN, Livingston RB,

Yeh IT, Ravdin P, Bugarini R, Baehner FL, Davidson NE, Sledge
GW, Winer EP, Hudis C, Ingle JN, Perez EA, Pritchard KI,
Shepherd L, Gralow JR, Yoshizawa C, Allred DC, Osborne CK,
Hayes DF, Breast Cancer Intergroup of North America (2010)
Prognostic and predictive value of the 21-gene recurrence score
assay in postmenopausal women with node-positive, estrogen-
receptor-positive breast cancer on chemotherapy: a retrospective
analysis of a randomised trial. Lancet Oncol 11(1):55-65

. Dowsett M, Cuzick J, Wale C, Forbes J, Mallon EA, Salter J,

Quinn E, Dunbier A, Baum M, Buzdar A, Howell A, Bugarini R,
Baehner FL, Shak S (2010) Prediction of risk of distant recur-
rence using the 21-gene recurrence score in node-negative and
node-positive postmenopausal patients with breast cancer treated
with anastrozole or tamoxifen: a TransATAC study. J Clin Oncol
28(11):1829-1834

. Hornberger I, Cosler LE, Lyman GH (2005) Economic analysis

of targeting chemotherapy using a 21-gene RT-PCR assay in
lymph-node-negative, estrogen-receptor-positive, early-stage
breast cancer. Am J Manag Care 11(5):313-324

. Lyman GH, Cosler LE, Kuderer NM, Hornberger J (2007) Impact

of a 21-gene RT-PCR assay on treatment decisions in early-stage
breast cancer: an economic analysis based on prognostic and
predictive validation studies. Cancer 109(6):1011-1018

. Klang SH, Hammerman A, Liebermann N, Efrat N, Doberne J,

Hornberger J (2010) Economic implications of 21-gene breast
cancer risk assay from the perspective of an Israeli-managed
health-care organization. Value Health 13(4):381-387

. Tsoi DT, Inoue M, Kelly CM, Verma S, Pritchard KI (2010)

Cost-effectiveness analysis of recurrence score-guided treatment
using a 2l-gene assay in early breast cancer. Oncologist
15(5):457-465

. Kondo M, Hoshi SL, Ishiguro H, Yoshibayashi H, Toi M (2008)

Economic evaluation of 2i-gene reverse transcriptase-polymer-
ase chain reaction assay in lymph-node-negative, estrogen-
receptor-positive, early-stage breast cancer in Japan. Breast
Cancer Res Treat 112(1):175-187

Toi M, Iwata H, Yamanaka T, Masuda N, Ohno S, Nakamura S,
Nakayama T, Kashiwaba M, Kamigaki S, Kuroi K, the Japan
Breast Cancer Research Group-Translational Research Group

@ Springer

20.

21.

(2010) Clinical significance of the 21-gene signature (Oncotype
DX) in hormone receptor-positive early stage primary breast
cancer in the Japanese population. Cancer 116(13):3112-3118

. Iwata H, Saeki T (2006) Current practices in breast cancer

treatment in Japan—a questionnaire survey. Jpn J Breast Cancer
21(3):311-322

. Garnock-Jones KP, Keating GM, Scott LJ (2010) Trastuzumab: a

review of its use as adjuvant treatment in human epidermal
growth factor receptor 2 (HER2)-positive early breast cancer.
Drugs 70(2):215-239

. BElkin EB, Weinstein MC, Winer EP, Kuntz KM, Schnitt SJ,

Weeks JC (2004) HER-2 testing and trastuzumab therapy for
metastatic breast cancer: a cost-effectiveness analysis. J Clin
Oncol 22(5):854-863

Ministry of Health, Labour, Welfare (2007) The 20th life tables.
Health and Welfare Statistics Association, Tokyo

Mouridsen H, Gershanovich M, Sun Y, Perez-Carrion R, Boni C,
Monnier A, Apffelstaedt J, Smith R, Sleeboom HP, Jaenicke F,
Pluzanska A, Dank M, Becquart D, Bapsy PP, Salminen E,
Snyder R, Chaudri-Ross H, Lang R, Wyld P, Bhatnagar A (2003)
Phase 1T study of letrozole versus tamoxifen as first-line therapy
of advanced breast cancer in postmenopausal women: analysis of
survival and update of efficacy from the International Letrozole
Breast Cancer Group. J Clin Oncol 21(11):2101-2109

22. Hillner BE, Smith TJ (1991) Efficacy and cost effectiveness of

23.

24.

25.

26.

27.

28.

29.

30.

adjuvant chemotherapy in women with node-negative breast
cancer. A decision-analysis model. N Engl J Med 324(3):
160-168

Smith I, Procter M, Gelber RD, Guillaume S, Feyereislova A,
Dowsett M, Goldhirsch A, Untch M, Mariani G, Baselga J,
Kaufmann M, Cameron D, Bell R, Bergh J, Coleman R, Wardley
A, Harbeck N, Lopez RI, Mallmann P, Gelmon K, Wilcken N,
Wist E, Sanchez Rovira P, Piccart-Gebhart MJ, HERA study
team (2007) 2-Year follow-up of trastuzumab after adjuvant
chemotherapy in HER2-positive breast cancer: a randomised
controlled trial. Lancet 369(9555):29-36

Earle CC, Chapman RH, Baker CS, Bell CM, Stone PW, Sand-
berg EA, Neumann PJ (2000) Systematic overview of cost-utility
assessments in oncology. J Clin Oncol 18(18):3302-3317

Cole BF, Gelber RD, Gelber S, Coates AS, Goldhirsch A (2001)
Polychemotherapy for early breast cancer: an overview of the
randomised clinical trials with quality-adjusted survival analysis.
Lancet 358(9278):277-286

Gold MR, Siegel JE, Russell LB, Weinstein MC (eds) (1996)
Cost-effectiveness in health and medicine. Oxford University
Press, New York

Japan Society of Clinical Oncology (2005) Kouganzai tekisei-
shiyou no gaidorain: nyuugan (Guideline of appropriate use of
anti cancer drugs: breast cancer). Int J Clin Oncol 10(Suppl.):
15-55

Japanese Breast Cancer Society (2006) Kagakuteki konkyo ni
motozuku nyuugan shinryo gaidorain: 1 yakubutsu ryouhou 2006
nenban (Evidence-based breast cancer care guideline: 1 drug
treatments 2006 version). Kanehara Shuppan, Tokyo

Iwata H, Nakamura S, Toi M, Shin E, Masuda N, Ohno S,
Takatsuka Y, Hisamatsu K, Yamazaki K, Kusama M, Kaise H,
Sato Y, Kuroi K, Akiyama F, Tsuda H, Kurosumi M, Japan
Breast Cancer Research Group (2005) Interim analysis of a phase
IT trial of cyclophosphamide, epirubicin and 5-fluorouracil (CEF)
followed by docetaxel as preoperative chemotherapy for early
stage breast carcinoma. Breast Cancer 12(2):99-103

Papaldo P, Ferretti G, Di Cosimo S, Giannarelli D, Marolla P,
Lopez M, Cortesi E, Antimi M, Terzoli E, Carlini P, Vici P, Botti
C, Di Lauro L, Naso G, Nistico C, Mottolese M, Di Filippo F,
Ruggeri EM, Ceribelli A, Cognetti F (2006) Does granulocyte
colony-stimulating factor worsen anemia in early breast cancer



Breast Cancer Res Treat (2011) 127:739-749

749

31.

32.

patients treated with epirubicin and cyclophosphamide? J Clin
Oncol 24(19):3048-3055

Kondo M, Hoshi SL, Toi M (2009) Economic evaluation of
chemoprevention of breast cancer with tamoxifen and raloxifene
among high-risk women in Japan. Br J Cancer 100(2):281-290
Shiroiwa T, Sung YK, Fukuda T, Lang HC, Bae SC, Tsutani K
(2010) International survey on willingness-to-pay (WTP) for one
additional QALY gained: what is the threshold of cost effec-
tiveness? Health Econ 19(4):422-437

142

33. Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, Baehner FL,

Walker MG, Watson D, Bryant J, Wolmark N (2004) Risk
classification of breast cancer patients by the recurrence score
assay: comparison to guidelines based on patient age, tumor size,
and tumor grade. In: Abstracts of 27th annual San Antonio breast
cancer symposium, Texas, 811, December 2004

@ Springer



original article A O oS0 /amoncimioses

Published online 25 November 2010

FcyR2A and 3A polymorphisms predict clinical outcome
of trastuzumab in both neoadjuvant and metastatic
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Background: Antibody-dependent-mediated cytotoxicity (ADCC) is one of the modes of action for trastuzumab.
Recent data have suggested that fragment C y receptor (FcyR) polymorphisms have an effect on ADCC. This
prospective phase |l trial aimed to evaluate whether these polymorphisms are associated with clinical efficacies in
patients who received trastuzumab.

Patients and methods: Patients in a neoadjuvant (N) setting received Adriamycin and cyclophosphamide followed
by weekly paclitaxel/trastuzumab. Patients in a metastatic (M) setting received single trastuzumab until progression. In
total, 384 distinct single nucleotide polymorphisms of different FcyR, HER2, and fucosyltransferase loci were
assessed.

Results: Fifteen operable and 35 metastatic HER2-positive breast cancer patients were enrolled in each of the N and
M settings, respectively. The FcyR2A-131 H/H genotype was significantly correlated with the pathologically
documented response (pathological response) (P = 0.015) and the objective response (P = 0.043). The FcyR3A-158 VIV
genotype was not correlated with the pathological response, but exhibited a tendency to be correlated with the
objective response. Patients with the FcyR2A-131 H/H genotype had significantly longer progression-free survival in
the M setting (P = 0.034).

Conclusion: The FcyR2A-131 H/H polymorphism predicted the pathological response to trastuzumab-based
neoadjuvant chemotherapy in early-stage breast cancer, and the objective response to trastuzumab in metastatic
breast cancer.

Key words: ADCC, FcyR, trastuzumab

introduction activating receptors FcyR2A and 3A. A histidine (H)/arginine
(R) polymorphism at position 131 for FcyR2A and a valine

: ; 2 (V)/phenylalanine (F) polymorphism at position 158 for
monoclonal antibody (mAb}. Frastuzumab is an effective FcyR3A are two polymorphisms that affect the affinity of the
treatment of HER-2/neu-positive breast cancer. However, large receptors to human IgG [2-4]. Clinical studies have shown that

di‘ffcrcnccs in clinical outcome remain among patients treated FcyR2A-131 H/H and FcyR3A-158 V/V genotypes are
with trastuzumab. Identifying molecular markers that can select

patients who are to benefit from trastuzumab treatment is
crucial for avoiding chemotherapy toxicity and reducing
treatment costs.

Antibody-dependent cytotoxicity (ADCC) mediated by
fragment C v receptor (FcyR) on immune cells such as
macrophages and natural killer cells plays an important role in
the antitumor effect of IgG1 antibodies [1]. Genetic
polymorphisms have been identified in genes encoding the

The humanized HER-2/neu immunoglobulin G (IgG) 1

associated with better clinical outcomes following the
administration of rituximab as a first-line treatment of
follicular lyoma [5, 6] and diffuse large lyoma [7] and
cetuximab as a first-line treatment of metastatic colorectal
cancer [8].

FcyR-deficient mice show a significantly reduced antitumor
effect after trastuzumab treatment, with wild-type mice [9].
HER-2/neu-positive breast cancer cell lines are susceptible to
ADCC in the presence of trastuzumab [10-12]. The activity of

trastuzumab in vivo has also been correlated with a significant
*Correspondence fo: Dr K. Tamura, Department of Breast and Medical Oncology, 2 ) 5 5
National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku. Tokyo 104-0045, Japan. increase in the numbers of pemumoral lymnonocytes and in
Tel: +81-3-3542-2511; Fax: +81-3-3542-3815; E-mail: ketamura@nce.go.jp vitro ADCC [13]. In a clinical trial, Musolino et al. [14]

© The Author 2010. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org

113

€107 *S1 Aepy uo , 1e /S1o'spewmnolpioyxorououue//:dny wol) papeojumoq]



Annals of Oncology

demonstrated that a better response to trastuzumab-based
therapy in metastatic breast cancer (MBC) was associated with
the above two genotypes. In contrast, a recent large prospective
trial (BCIRG006) [15] showed that the two FcyR single
nucleotide polymorphisms (SNPs) did not predict disease-free
survival in early breast cancer or progression-free survival
(PFS) in MBC after trastuzumab-based therapy. Most of the
previous studies reporting that FcyR SNPs are correlated with
outcome [5-8, 14] have been under-powered, with the
exception of BCIRG006. However, this inconsistency might
have been influenced by the different modalities of therapeutic
use [i.e. adjuvant and metastatic (M) settings] or the
combinations of cytotoxic agents.

The goal of our prospective study was to determine the
predictive values of these two SNPs as biomarkers in predicting
the objective response to the single use of trastuzumab and to
these predictive values with other SNPs in FcyR, HER2 or
fucosyltransferase in MBC patients. We also analyzed their
potential as a predictive marker of pathological complete
response (pCR) in a neoadjuvant (N) setting with trastuzumab-
based chemotherapy.

materials and methods

eligibility criteria

Eligible patients had histologically confirmed breast cancer, operable stage
[I-ITIA disease (tumor size > 3 cm) in an N setting or stage IV disease in an
M setting (recurrent disease after curative surgery was also eligible), HER2-
positive (IHC 3+ or FISH positive), chemotherapy, measurable disease,
age = 20 years, Eastern Cooperative Oncology Group performance status of
0-2, and adequate organ function (white blood cell count = 4000/ul,
platelet count = 100 000/ul, hemoglobin concentration = 9.0 g/dl, serum
bilirubin < 2.0 mg/dl, aspartate aminotransferase and alanine
aminotransferase < 100 IU/], serum creatinine < institutional upper limit of
normal range, PaO, = 60 mmHg, baseline left ventricular ejection
fraction >50%). The main exclusion criteria were active concomitant
malignancy, congestive heart failure, uncontrolled angina pectoris, arrhythmia,
symptomatic infectious disease, severe bleeding, pulmonary fibrosis,
obstructive bowel disease or severe diarrhea, symptomatic peripheral or cardiac
effusion, and symptomatic brain metastasis. This study was conducted
according to a protocol approved by the institutional review board/
independent ethics committee, and informed consent was obtained from all
patients for the use of blood samples and the analysis of clinical information.

analysis of FcvR, HER2, and fucosyltransferase
polymorphisms

In a previous study [14], the authors focused only on the hot spot of SNPs
at FcyR2A-131 and FcyR3A-158. However, other loci of FcyR, including
2B-232 I/T, have already been reported [16] as potential markers for
predicting the response to trastuzumab. Additionally, FUTS is known to
transfer a fucose residue to N-linked oligosaccharides on glycoproteins
[17], and we reported that FUTS plays an important role in ADCC activity
[18). Goldgate Genotyping is a novel technique that can be used to
determine 384 SNPs quickly and simultaneously. Based on these
backgrounds, 384 SNPs harboring FcyR1, R2, R3, HER2, and
fucosyltransferase (FUT8) loci were custom designed using Goldgate
Genotyping [19] (Illumina Co., CA) in this study. Among them, 67 SNPs
were designed in exons. Genomic DNA was purified from peripheral blood
using QIAamp Micro kits (QIAGEN K.K., Tokyo, Japan). Genomic DNA
was isolated from specimens using QlAamp Micro kits. Genomic DNA
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(250 ng) was hybridized using a bead array and the Goldgate Genotyping
Assay manual [20]. The presence of SNPs was analyzed using a bead array
reader. Gene clustering was carried out automatically using a software
algorithm (Beadstudio) several times, and all the spots were confirmed by
visual inspection. When the separation of the clustering was poor or when
some samples provided inconsistent data, the assay was repeated to
confirm the results. We also combined standard DNA (HapMap) with the
assay as a control. Molecular data were independently interpreted by two
biologists (FK and KN} who were blinded to the clinical outcomes of the
study participants.

treatment and assessment

Treatment in the N setting consisted of Adriamycin and cyclophosphamide
(60/600 mg/m®) x 4 i.v. every 3 weeks followed by paclitaxel (80 mg/m?)
with trastuzumab (4 mg/kg followed by 2 mg/kg) % 12 i.v. every week.
Treatment of MBC consisted of trastuzumab (8 mg/kg, followed by 6 mg/
kg) every 3 weeks until disease progression. Routine clinical and laboratory
assessments were carried out every 3 weeks, and a CT or echo examination
of the target lesion was carried out every 2 months. The pathologically
documented response (pathological response) after N therapy was assessed
using the histopathological criteria of the Japanese Breast Cancer Society
[21]. The objective response was evaluated every month using the Response
Evaluation Criteria in Solid Tumors guidelines [22]. All the adverse effects
that occurred during treatment were reported, and the severity of each
adverse effect was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events, Version 3.0.

statistical analysis

The association of each polymorphism with either the pathological
response for the N setting or the objective tumor response for the M setting
was the primary end point of the analysis. The association of each
polymorphism with the PFS for the M setting and with a linkage analysis
between FeyR2A and 3A were the secondary end points. First, all genotypes
(wild, hetero and homo) of the 384 SNPs were assessed as to whether or not
a difference in the primary end points was present with a statistical power
<0.1. Second, the pathological responses and objective tumor responses of
the patients were according to the selected FcyR polymorphisms using

a two-tailed Fisher's exact test [23], chi-square test [23], linear correlation
test [24], and analysis of variance (ANOVA) test [24]. Linkage
disequilibrium was determined using a Fisher’s exact test, chi-square test,
and linear correlation test. The PFS was calculated as the length of time
between the first day of trastuzumab treatment and the first observation of
disease progression or death from any cause. If a patient had not progressed
or died, the PFS was censored at the time of the last follow-up examination.
The association of each polymorphism with PFS was analyzed using
Kaplan-Meier curves [25] and the log-rank test [26]. All tests of statistical
significance were two-tailed. The analyses were carried out using the SAS
statistical package, version 9.0 (SAS Institute Inc., Cary, NC).

results

patient characteristics

Between December 2005 and August 2008, 40 and 36 patients
were prospectively screened for N and M settings, respectively.
Out of the 40 patients in the N setting, 15 (37.5%) patients
were diagnosed as being HER2-positive using tissue samples
obtained during a core needle biopsy. One patient in an M
setting was ineligible because of an incorrect diagnosis of breast
cancer. The clinical and pathologic features of the patients are
presented in Table 1.
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genotypic frequencies of the polymorphisms

A total of 384 SNPs harboring FcyRI, RII, RIII, HER2 and
FUTS loci were custom designed and analyzed in all 50
patients (15 in an N setting and 35 in an M setting). After

a study to establish the correlations between the genotypes of
these SNPs and the clinical outcome, we found that only two
hot spots, FCYR2A-131 H/H and FCyR3A-158 V/V, among
the 384 loci were predictive markers of the response to
trastuzumab-based therapy. Forty-four percent (22 of 50)

of the patients were homozygous for the FCYR2A-131 H
allele, 48% (24 of 50) were heterozygous (H/R), and 8% (4
of 50) were homozygous(R/R) for the 131R allele (Tables 3
and 4). Forty-four percent (22 of 50) of the patients were
homozygous for the FCYR3A-158 F allele, 46% (23 of 50) were
heterozygous carriers (F/V), and 10% (5 of 50) were
homozygous for the 158V allele. The distribution of
genotypes between the N and M settings was similar and
was not significantly different from that would be expected if
each group was in Hardy-Weinberg equilibrium.

Table 1. Patient characteristics

No. of patients 15 35 100

Median age, years 44 58

Range 23-66 28-76
Menopausal status

Pre 9 60 14 40

Post 6 40 21 60
Eastern Cooperative Oncology Group performance status

0 12 80 18 51

1 3 20 16 46

2 0 0 1 3
Stage

1T 11 73 0 0

111 4 27 0 0

IV (+recurrence) 0 4] 35 100
Histological grade

1 3 20 2 6

2 5 33 9 26

3 7 47 24 68
Estrogen receptor status

Positive 6 40 12 34

Negative 9 60 23 66
Progesterone receptor status

Positive 5 33 7 20

Negative 10 67 28 80
Number of axillary lymph node

1 10 67 - =

1-3 5 33 = -

=4 0 0 - -
Number of metastatic sites

1 - = 16 46

2 - — 12 34

=3 - - 7 20

N, neoadjuvant; M, metastatic.
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clinical response to trastuzumab therapy and
FcvR polymorphisms

The pCR rate for the N setting was 33% [95% confidence
interval (CI), 11.6% to 61.6%] (Table 2). No significant
difference in the pretreatment features was observed between
the FCYR2A and R3A genotypes. The FcyR2A-131 H/H
genotype was significantly correlated with the pathological
response [71% (5/7) for H/H versus 0% (0/8) for H/R + R/R;
P = 0.015, Fisher’s exact test; P = 0.007, chi-square test;

P < 0.05, both linear correlation test and ANOVA test; Table 3].
The FcyR3A-158 V/V genotype was not correlated with the
pathological response.

The objective response rate for the M setting was 23% (95%
CI, 10.4% to 40.1%), and the disease control rate was 66%
(95% CI, 47.8% to 80.9%) (Table 2). The median duration
time of stable disease (n = 15) was 9.5 (5.3-17.7) months. A
significant difference in the objective response rate was
observed between patients with FcyR2A-131 H/H and those
with either the 131 H/R or the 131 R/R genotype (P = 0.043,
Fisher’s exact test; P < 0.05, both linear correlation test and
ANOVA test; Table 4). Although this difference did not reach
the level of statistical significance, patients with FcyR3A-158
V/V also showed an overall higher response rate than the other
two FcyR3A-158 genotypes [40% (6/15) for V/V versus 10%
(2/20) for F/V + F/F; P = 0.053, Fisher’s exact test; P = 0.051,
chi-square test].

PFS analysis according to FcyR polymorphisms
The median follow-up times for the N and M settings were 24.8
and 22.6 months, respectively. Six patients (four local, two
distant) had already relapsed as of July 2010. The PFS was
assessed at 1 year after the last patient’s enrollment in the study.

Table 2. Responses of patients in M or N settings

Neoadjuvant setting (n = 15)
Grade 3* (pathological CR) 5 33

Grade 2 (marked response) 5 33
Grade 1b (moderate response) 3 20
Grade 1a (mild response) 2 14
Grade 0 (no response) 0 0
Pathological CR rate 5 33
95% CI 11.6-61.6
M setting (n = 35)

Compete response 1 3
Partial response 7 20
Stable disease 15 43
Progressive disease 12 34
Objective response rate 8 23
95% CI 10.4-40.1

Disease control rate 23 66
95% CI 47.8-80.9

“Grade refers to the histopathological criteria for the assessment of
therapeutic response [21].

N, neoadjuvant; M, metastatic; CR, complete response; CI, confidence
interval.
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Table 3. FcyR polymorphisms and pathological responses to
trastuzumab in an N setting

Table 4. FcyR polymorphisms and tumor responses to trastuzumab in
an M setting

FeyR2A
H/H 7 0 00 02 29 5 71
H/R 6 1 173 5 33 0 0
R/R 2 1 50 0 01 50 0 0
Fisher’s exact 0.015
test: P
Chi-square test 0.007
(pCR versus
others): P*
Linear correlation 0.0076
test: P
ANOVA test: P 0.0088
FcyR3A
ViV 7 0 01 14 2 29 4 57
EIV 6 1 17252 33 2 351 17
F/F 2 1 1 bl LI g 1.0 0
Fisher’s exact 0.45
test: P
Chi-square test 012
(pCR versus
others): P*
Linear correlation 0.069
test: P
ANOVA test: P 0.16

FcyR2A
H/H 15 6 40 7 A7 12 13
H/R 18 2 12 8 4 8 44
R/R 2 0 0 0 Q.22 100
Fisher’s exact 0.043
test: P
Chi-square test 0.051
(CR/PR versus
SD/PD): P*
Linear correlation 0.0077
test: P
ANOVA test: P 0.029
FeyR3A
viv 15 40 5 33 27
FIV 17 6 10 59 35
F/F 3 33 0 0 67
Fisher’s exact 0.053
test: P
Chi-square test 0.051
(CR/PR versus
SD/PD): P°
Linear correlation 0.12
test: P
ANOVA test: P 016

*Comparison of H/H versus R carrier (H/R + R/R) or V/V versus F carrier
(FIV + F/E).

N, neoadjuvant; FcyR, fragment C y receptor; pCR, pathological complete
response; ANOVA, analysis of variance.

The median PES time was 6.4 months (95% CI, 3.9-8.6
months). The PFS of patients with FcyR2A-131 H/H was
significantly longer than that of patients with 131 H/R or R/R.
(Figure 1A: 9.2 versus 3.5 months, P = 0.034). In contrast, no
statistical difference in the PFS of patients with FcyR3A-158
V/V and that of patients with 158 F/V or F/F was observed
(Figure 1B: 8.5 versus 5.3 months, P = 0.37). Linkage
disequilibrium analyses were conducted among the two FcyR
polymorphisms (Table 5). The incidence of the FcyR2A-131
genotype was associated with that of the FcyR3A-158 genotype
according to a Fisher’s exact test, a chi-square test, and a linear
correlation test.

discussion

The overexpression of HER2 protein is observed in ~20-30%
of patients with breast cancer and is correlated with a poor
clinical outcome. Trastuzumab is an IgG1-type humanized
HER2 mADb that has been shown to exhibit significant clinical
efficacy as a treatment of MBC [27] and as an adjuvant
treatment of operable breast cancer [28]. However, the clinical
effectiveness of trastuzumab is somewhat limited: the response
rate to single-agent trastuzumab as a first-line treatment is 20—
309%; the pCR rate to neoadjuvant therapy including
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*Comparison between H/H versus R carrier (H/R + R/R) or V/V versus F
carrier (F/V + F/F).

M, metastatic; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; FcyR, fragment C v receptor; ANOVA,
analysis of variance.

trastuzumab is ~30%. A substantial numbers of HER2-positive
tumors exhibit de novo resistance to trastuzumab; therefore, the
development of biomarkers to select patients who might benefit
from trastuzumab is warranted, as a way of decreasing toxicity
and reducing unnecessary cost.

The principal mechanism of action of trastuzumab is HER2
blockade with the inactivation of the signal transduction
pathway, leading to apoptosis. ADCC is another not
insignificant and generally accepted mechanism of
trastuzumab action. In ADCC, the cytotoxicity of mAbs that
target tumor cells, is mediated by immune effector cells that
express FcyR. Recently, two FcyR gene polymorphisms have
been identified that affect the binding affinity of IgG, thus
changing the effectiveness of ADCC and affecting tumor
response. FcyR3A-158 V/V, either alone or in combination
with the FcyR2A-131 H/H genotype, was significantly
associated with a better response and PFS among patients
with follicular lyoma [5, 6] and among MBC patients [14]
treated with rituximab- or trastuzumab-based therapy,
respectively. [nconsistent data have been reported in metastatic
colorectal cancer patients who had not responded to
previous irinotecan- or oxaliplatin-based therapy and were
subsequently treated with single-agent cetuximab [29]. The
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Figure 1. Progression-free survival for patients with metastatic breast cancer receiving single-agent trastuzumab categorized according to fragment C y
receptor (FeyR) polymorphisms. (A) Progression-free survival (PFS) curves were plotted for FcyR2A-131 H/H and H/R or R/R carriers. (B) PFS curves were
plotted for FcyR3A-158 V/V and F/V or F/F carriers. V, valine allele; F, phenylalanine allele; H, histidine allele; R, arginine allele.

Table 5. Linkage analysis between FcyR2A and 3A alleles

FcyR2A

H/H 22 3 4594019 41 0 0

H/R 24 G R [ 54 3 13

R/IR 4 T Sl e 50
Total 50 22 44 23 46 5 10

Fisher’s exact test: P 0.030

Chi-square test (V/V 0.020

versus F carrier) P*
Linear correlation test: P 0.0067

*Comparison between H/H versus R carrier.
FcyR, fragment C 7y receptor.

influence of cytotoxic agents in combination with

antibody therapy or the retrospective natures of these analyses
might explain the previous inconsistencies. In the present
prospective study, the FcyR2A-131 H/H genotype was
significantly associated with a stronger tumor response and

a longer PFS, and the FcyR3A-158 V/V genotype tended to be
correlated with the tumor response after single-agent
trastuzumab therapy.

Metastatic cancer patients mostly have suppressed immune
function. Thus, early-stage breast patients treated with
trastuzumab might be more sensitive to ADCC activity. In the
current study, we have demonstrated for the first time that
the FCYR2A-131 H/H genotype was significantly correlated with
the pathological response after neoadjuvant trastuzumab-based
treatment. Our data suggest that this genotype was correlated
with not only the pCR rate but also the gradation of the response
based on a precise assessment of pathological responses using
established histopathological criteria (grade la—3; Table 3). A
recent large adjuvant trial with trastuzumab-based therapy [15]
has raised questions regarding the usefulness of the two FcyR
SNPs as predictive biomarkers for recurrence. The sample size of
this trial was relatively large; thus, the results seemed to be

1306 | Tamura et al.

confirmatory. However, one possible explanation for this
difference is that ADCC might be influenced by the existence of
a target tumor volume. Another possible explanation is that the
cytotoxic agents might influence outcome. Theoretically, the
clinical efficacy of trastuzumab is based on both the direct
blockade of signal transduction and its indirect effect, ADCC.
On the other hand, the efficacy of cytotoxic agents is based on
the direct DNA damaging effect and not on ADCC. Thus, the
change in ADCC induced by different SNPs might be diluted in
cases where trastuzumab and cytotoxic agents are combined,
with cases in trastuzumab is used singly.

In this study, we examined 384 SNPs at FcyRI, RII, RIIL, HER2
and FUTS8 loci. Our findings demonstrated that only two SNP hot
spots were correlated with the clinical efficacy of trastuzumab,
indicating a high specificity. Our finding that the incidences of
the two FCYR2A-131 H/H and FcyR3A-158 V/V genotypes were
moderately linked with each other is inconsistent with a previous
report [14]. One possible explanation for this discrepancy might
be ethnical differences in SNP frequency. Zhang et al. [29]
showed that the FCYR2A-131 H/H and FcyR3A-158 V/V
genotypes were more frequent among Asian populations than
among Western populations. Statistical approaches, including
alinear correlation or ANOVA test, suggested that heterozygosity
for the two SNPs might have a minimal effect on ADCC activity.
Additional studies evaluating the relationship between ADCC
activity and the SNP status are needed.

In conclusion, this study supports the hypothesis that FcyR
polymorphisms play a role in trastuzumab-mediated ADCC
and can predict the clinical outcome of patients with both early
and MBC in Asian populations.
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Purpose

Thep primary goal of this open-label, multicenter, randomized phase Il trial was to determine
whether treatment with carboplatin plus the oral fluoropyrimidine derivative S-1 was noninferior
versus that with carboplatin plus paclitaxel with regard to overall survival (OS) in chemotherapy-
naive patients with advanced non-small-cell lung cancer (NSCLC).

Patients and Methods

A total of 564 patients were randomly assigned to receive either carboplatin (area under the curve,
5) on day 1 plus oral S-1 (40 mg/m? twice per day) on days 1 to 14 or carboplatin (area under the
curve, 6) plus paclitaxel (200 mg/m?) on day 1 every 21 days.

Results

At the planned interim analysis, with a total of 268 death events available, the study passed the
O'Brien-Fleming boundary of 0.0080 for a positive result and noninferiority of carboplatin and S-1
compared with carboplatin and paclitaxel was confirmed for OS (hazard ratio, 0.928; 99.2% Cl,
0.671 to 1.283). Median OS was 15.2 months in the carboplatin and S-1 arm and 13.3 months in
the carboplatin and paclitaxel arm, with 1-year survival rates of 57.3% and 55.5%, respectively.
Rates of leukopenia or neutropenia of grade 3/4, febrile neutropenia, alopecia, and neuropathy
were more frequent in the carboplatin and paclitaxel arm, whereas thrombocytopenia, nausea,
vomiting, and diarrhea were more common in the carboplatin and S-1 arm. The carboplatin and S-1
arm had significantly more dose delays than the carboplatin and paclitaxel arm.

Conclusion
Oral S-1 with carboplatin was noninferior in terms of OS compared with carboplatin and paclitaxel
in patients with advanced NSCLC, and is thus a valid treatment option.

J Clin Oncol 28:5240-5246. © 2010 by American Society of Clinical Oncology

~ INTRODUCTION

Lung cancer is the leading cause of death related to
cancer worldwide,' with non-small-cell lung cancer
(NSCLC) accounting for 85% of lung cancer cases. For

consists of tegafur, 5-chloro-2,4-dihydroxypyridine,
and potassium oxonate in a molar ratio of 1:0.4:1.%7
A phase II trial of oral S-1 as a single agent for the
treatment of advanced NSCLC yielded a response
rate of 22% and a median survival time of 10.2

individuals with advanced or metastatic NSCLC,
platinum-based chemotherapy is the mainstay of first-
line treatment on the basis of the moderate improve-
ment in survival and quality of life it affords compared
with best supportive care alone.” Thus, there is still a
need for new treatment regimens to ameliorate symp-
toms and prolong survival in patients with advanced
NSCLC in a manner that is both convenient and safe.
S-1 (TS-1; Taiho Pharmaceutical Co Ltd, To-
kyo, Japan) is an oral fluoropyrimidine agent that

5240 © 2010 by American Society of Clinical Oncology
Information downloaded from jco.ascopubs.org and provided by at KINKI DAIGAKU IGAKUBU TOSHOKAN on May 15,
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monthsin 59 patients without prior chemotherapy.®
We previously performed a phase I/II study of
carboplatin/S-1 combination therapy and found
that administration of S-1 (40 mg/m? twice per day)
ondays 1 to 14 in combination with carboplatin (area
under the curve [AUC], 5) on day 1 of every 3-week
cycle yielded efficacy results similar to those of other
platinum doublets.” The carboplatin and S-1 com-
bination had a more favorable toxicity profile than
that typically seen with platinum-based regimens,

Copyright © 2010 Americdr Sdweiysdf Clhita2 @62ology. All rights reserved.
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Randomly assigned (n = 564}
Lost to follow-up n=1)
| |
Carboplatin/paciitaxel arm  (n = 281) Carboplatin/5-1 arm (n =282}
Not treated Not treated
with chemotherapy with chemotherapy
(n=2) (n=3)
Treated with Treated with
carboplatin/paclitaxel (n=279) carboplatin/S-1 {n = 279)
| |
Discontinued treatment  (n = 158) Discontinued treatment  (n = 173)
Progression (n = 82) Progression {n = 105}
Toxicity (n =39} Toxicity {n = 30}
Withdrawal of consent  (n=13) Withdrawal of consent  (n = 16)
Protocol violation {n =0} Protocol violation (n=1)
Investigator decision {n = 24) Investigator decision {n=21)

Fig 1. CONSORT diagram for the study

especially with regard to neutropenia, febrile neutropenia, neuropa-
thy, and alopecia.” In addition, replacement of paclitaxel with oral S-1
in combination therapy with carboplatin avoids the need for premed-
ication to ameliorate paclitaxel-induced hypersensitivity and the
3-hour infusions required for paclitaxel administration. We therefore
undertook and now report the results of the LETS (Lung Cancer
Evaluation of TS-1) study, a multicenter, randomized, phase III, non-
inferiority trial of carboplatin and S-1 in comparison with carboplatin
and paclitaxel combination therapy in chemotherapy-naive patients
with advanced NSCLC.

 PATIENTS AND METHODS

Patients
The criteria for patient eligibility included a diagnosis of NSCLC con-
firmed either histologically or cytologically; a clinical stage of [1IB not amena-

ble to curative treatment or of stage [V; a measurable lesion according to the
Response Evaluation Criteria in Solid Tumors (RECIST)'% no prior chemo-
therapy; an age of 20 to 74 years; an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1; and a projected life expectancy of at least
3 months. Patients had adequate bone marrow reserve and organ function
including a calculated creatinine clearance of = 60 mL/min based on the
standard Cockcroft and Gault formula. Radiation therapy for metastatic dis-
ease was permitted if it was completed at least 2 weeks before random assign-
ment. Main exclusion criteria included active concomitant malignancy,
symptomatic brain metastasis, interstitial pneumonia, watery diarrhea, heart
failure, uncontrolled diabetes mellitus, active infection, and a past history of
drugallergy. These inclusion and exclusion criteria are consistent with those of
previous studies involving carboplatin and paclitaxel treatment.'’ Written
informed consent was obtained from all patients, and the study protocol was
approved by the institutional ethics committee of each of the participat-
ing institutions.

Treatment Plan

Eligible patients were randomly assigned to receive either carboplatin
(AUC, 6) plus paclitaxel (200 mgfmz} onday1'" or carboplatin (AUC, 5) on
day 1 plus oral S-1 (40 mg/m” twice per day) on days 1 to 14. Chemotherapy
was repeated every 3 weeks for a maximum of six cycles unless there was earlier
evidence of disease progression or intolerance of the study treatment.

End Points

The primary objective of this open-label, multicenter, randomized phase
M1 trial was to establish the noninferiority of S-1 plus carboplatin compared
with paclitaxel plus carboplatin as first-line therapy in terms of overall survival
(OS) in patients with advanced NSCLC. Secondary end points included tumor
response, treatment safety, quality of life (QOL), and progression-free sur-
vival (PFS).

Baseline and Follow-Up Assessments

Baseline evaluations included medical history, physical examination,
ECG, tumor status, ECOG performance status, and laboratory analyses. Dur-
ing treatment, blood counts and biochemical tests were performed at least
biweekly. A computed tomography scan was performed for tumor assessment
within 14 days of initiation of study treatment and was repeated after every 1 to
2 months of planned therapy. All responses were defined according to
RECIST. If a patient was documented as having a complete response (CR) or a

Table 1. Patient Demographic and Clinical Characteristics
Carboplatin/Paclitaxel (n = 281) Carboplatin/5-1 (n = 282)
Characteristic No % No % P
Age, years
Median 63 64 510
Range 36-74 38-74
Sex
Male 215 76.5 217 77.0 802
Female 66 235 65 23.0
ECOG PS
o] 90 320 86 30.5 .695
1 191 68.0 196 69.5
Histology
Adenocarcinorma 195 69.4 195 689.1 560
Nonadenocarcinoma 86 306 87 309
Clinical stage
e 68 24.2 68 241 981
v 213 75.8 214 75.9
Smoking status
Smoker 229 815 230 816 984
MNonsmoker 52 185 52 184
Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance status
WWw.jco.org ® 2010 by American Society of Clinical Oncology 5241
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partial response (PR), a confirmatory evaluation was performed after an inter-
val of 4 weeks. Disease control was defined as the best tumor response among
CR, PR, or stable disease that was confirmed and sustained for 6 weeks or
longer. Patients were evaluated for adverse events during therapy and until 42
days after administration of the last dose of the study treatment. Toxicity was
evaluated according to the National Cancer Institute Cancer Common Toxic-
ity Criteria, version 3. QOL was assessed with the lung cancer subscale of the
Functional Assessment of Cancer Therapy—Lung (FACT-L)'? and the neuro-
toxicity subscale of the FACT/Gynecology Oncology Group-Neurotoxicity
(GOG-Nt) version 4."* In addition, alopecia was evaluated on the basis of the
single item “T have been bothered by hair loss,” which was included in the
former version of FACT-L. The maximum attainable scores on the lung cancer
subscale, neurotoxicity subscale, and alopecia item were 28, 44, and 4, respec-
tively, with which the patient was considered to be asymptomatic. Patients
were asked to complete each instrument at the time of enrollment and at 6 and
9 weeks after initiation of treatment.

Statistical Analysis

Eligible patients were randomly assigned according to a 1:1 ratio to
receive either carboplatin and paclitaxel or carboplatin and S-1. After a check
of patient eligibility, random assignment was performed centrally at the West
Japan Oncology Group data center by minimization with stratification factors
including disease stage (IIIBvIV), type of histology (adenocarcinoma v nonad-
enocarcinoma), sex (male v female), and investigator center. The intent-to-
treat (ITT) patient population included all patients who underwent random
assignment. The per-protocol (PP) population was defined as the ITT popu-
lation minus patients considered to have major violations of inclusion or
exclusion criteria and those who did not receive any protocol treatment. The
safety population was defined as all patients receiving at least one dose of study
drugs. The primary end point of the study was OS, which was analyzed in the
ITT population by estimation of the hazard ratio (HR) and two-sided 95% CI
derived from a Cox regression model with adjustment for the stratification
factors with the exception of investigator center. Median OS in both treatment
arms was assumed to be 14 months on the basis of data from previous clinical
trials.'' Noninferiority of carboplatin and S-1 was to be concluded if the upper
limit of the 95% CI of the HR was lower than 1.33; that is, the null hypothesis
that the median OS of the carboplatin and S-1 group would be up to 3.48
months shorter than that of the carboplatin and paclitaxel group was analyzed.
Demonstration of noninferiority with a statistical power of 85% at a two-sided
significance level of .05 and 2 years of follow-up after 2.5 years of accrual would
require 263 patients in each treatment group. Given the possibility of variance
inflation due to censoring, the sample size was set at 560 (280 per arm). One
interim analysis was planned when all the patients had been enrolled. For
analysis of the primary end point, adjustment for multiple comparisons was
handled by the method of Lan and DeMets, with the use of the O’Brien-
Fleming type a spending function. The significance level was set at.008 for the
interim analysis, taking the numbers of observed events (n = 268) and ex-
pected events (n = 442) into account. Survival curves (PFS and OS) were
analyzed by the Kaplan-Meier method and were compared between groups by
the Cox regression model. The 95% CI for median PFS and OS was calculated
by the method of Brookmeyer and Crowley. Planned subgroup analyses for OS
were performed to examine the interaction effect of treatment arm with each
of performance status, sex, disease stage, type of histology, and smoking status.
Patient characteristics (ie, sex, ECOG PS, histology, clinical stage, and smoking
status) as well as response and toxicity incidence were compared between the
two treatment arms by the x* test, and age was compared by the Wilcoxon test.
Longitudinal QOL data were analyzed with a linear mixed-effects model. All P
values were two sided. Statistical analyses were performed with SAS for Win-
dows, release 9.1 (SAS Institute, Cary, NC).

Patient Characteristics
From August 2006 to May 2008, 564 patients from 30 institutions
were enrolled in the study. One patient was excluded from the carbo-

5242 © 2010 by American Society of Clinical Oncology
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platin and paclitaxel arm because of loss to follow-up. The ITT popu-
lation thus consisted of 563 patients: 281 individuals randomly
assigned to the carboplatin and paclitaxel group and 282 individuals
randomly assigned to the carboplatin and S-1 group (Fig 1). The
baseline demographic and disease-related characteristics of the study
subjects were well-balanced between the two treatment arms (Table
1). Two patients in the carboplatin and paclitaxel arm and three
patients in the carboplatin and S-1 arm did not receive any chemo-
therapy, with the result that 558 patients were eligible for safety anal-
ysis (Fig 1).

Delivered Chemotherapy

The number of treatment courses administered was 1,037 in the
carboplatin and paclitaxel arm (median, 4; range, 1 to 6) and 987 in the
carboplatin and S-1 arm (median, 4; range, 1 to 6). Dose reductions
occurred in 90 (8.7%) of the carboplatin and paclitaxel courses and in
49 (5.0%) of the carboplatin and S-1 courses. Carboplatin and pacli-
taxel dose reductions were mainly due to neuropathy, whereas those
for carboplatin and S-1 were most commonly attributable to throm-
bocytopenia. Dose delays occurred in 47.9% of carboplatin and pac-
litaxel courses and 68.5% of carboplatin and S- 1 courses. Delays due to

Median, months
100+ =—— Carboplatin/paclitaxel 13.3(95% CI, 11.7 to 15.1)
=~ Carboplatin/S-1 15.2 (95% CI, 12.4 to 17.1)
8 HR, 0.928; 95% Cl, 0.730 to 1.179
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Fig 2. (A) Overall survival and (B) progression-free survival for the intent-to-treat
population (n = 563). HR, hazard ratio
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Carboplatin/S-1 Carboplatin/paclitaxel

Hazard Ratio
{95% CI)

0.951 (0.586 to 1.543)

0.919 (0.697 to 1.212)

0.854 (0.657 to 1.111)
1.189 (0.657 to 2.150)

0.765 (0.468 to 1.249)

0.977 (0.742 to 1.286) Fig 3. Subgroup analysis of overall survival

in the intent-to-treat population (n = 563)
PS, performance status; Adeno, adenocarci-
noma; Nonadeno, nonadenocarcinoma.

0.978 (0.728 to 1.313)
0.817 (0.540 to 1.238)

0.884 (0.429 to 1.821)

0.924 (0.717 to 1.193)

0.928 (0.730 to 1.179)

No. of No. of

patients Events patients Events

PSO(n=176) 86 32 90 34 I—ll—-—l:
PS1(n=387) 196 102 191 100 :
Male (n = 432) 217 m 215 13 :
Female (n=131) 65 23 66 21 :
Stage B (n = 136) 68 32 68 33 :
Stage IV (n=427) 214 102 213 101 :
Adeno (n=390) 195 92 195 86
Nonadeno (n=173] 87 a2 86 a8

Nonsmoker (n = 104) 52 14 52 16 ——
Smoker (n = 459) 230 120 229 118 e
All (n=563) 282 134 281 134
T T T
0.0 1.0 133 2.0

Hazard Ratio (95% Cl)

Favors carboplatin/
paclitaxel

Favors carboplatin/
S1

hematologic toxicity occurred in a higher proportion of carboplatin
and S-1 courses (51.6%) than carboplatin and paclitaxel courses
(9.6%). S-1 was administered for the planned 14 days without inter-
ruption in 89.1% of carboplatin and S-1 courses. The median relative
dose intensities were high for both carboplatin and paclitaxel (89.6%
and 87.6%, respectively) and carboplatin and S-1 arms (83.3% and
94.39%, respectively). The most frequent reason for discontinuation of
therapy was disease progression in both arms. Treatment was with-
drawn before completion from a similar proportion of patients in each
group (13.6% for carboplatin and paclitaxel and 10.7% for carbopla-
tin and S-1) because of adverse events.

Efficacy

At the interim analysis planned for when patient enrollment was
completed, 268 death events were available in total. The study passed
the O’Brien-Fleming boundary of 0.0080 for a positive result with a P
value of .002. The HR for OS (carboplatin and S-1 v carboplatin and
paclitaxel) in the ITT population was 0.928, with a two-sided 99.2% CI
after adjustment for multiplicity due to interim analysis of 0.671 to
1.283 (Fig 2A). Noninferiority of carboplatin and S-1 therapy was thus
confirmed at the interim analysis by the upper limit of the CI being less
than the protocol-specified margin of 1.33. The crude (unadjusted)
95% CI of the HR for OS of 0.928 was 0.730 to 1.179 in the ITT
population, and an HR for OS of 0.931 (95% CI, 0.732 to 1.186) was
obtained with the PP population. Median OS was 15.2 months (95%
CI, 12.4to0 17.1) in the carboplatin and S-1 arm and 13.3 months (95%
CI, 11.7 to 15.1) in the carboplatin and paclitaxel arm, with the 1-year
survival rates being 57.3% and 55.5%, respectively. Subgroup analysis
of OS in the ITT population according to stratification variables and
other baseline characteristics were consistent with the primary analy-
sis. A significant interaction effect between treatment arm and sub-
groups was not observed. The 95% CI for the HR in each subgroup
included 1.00 (Fig 3).

WWW.JC0.0rg

The median PFS was 4.1 months in the carboplatin and S-1 arm
and 4.8 months in the carboplatin and paclitaxel arm in the ITT
population, with a corresponding HR of 0.998 and 95% CI of 0.837 to
1.190 (Fig 2B). In the PP population, the median values of PFS were
4.2 and 4.8 months for the carboplatin and S-1 and carboplatin and
paclitaxel arms, respectively, with a corresponding HR of 0.992 and
95% CI of 0.832 to 1.184. Response to treatment was assessed in 279
patients (99.3%) of the carboplatin and paclitaxel group and in 279
patients (98.9%) of the carboplatin and S-1 group. For overall re-
sponse (CR + PR) rate, carboplatin and paclitaxel was superior to
carboplatin and S-1 (29.0% v 20.4%; P = .019, x* test), whereas the
overall disease control (CR + PR + stable disease) rate was similar in
both treatment groups (73.5% v 71.7%, respectively; P = .635).

Safety

The incidence of leukopenia or neutropenia of grade 3 or 4 was
significantly lower for patients in the carboplatin and S-1 arm than for
those in the carboplatin and paclitaxel arm (leukopenia, 5% v 33%;
neutropenia, 21% v 77%, respectively), as was the incidence of febrile
neutropenia (1% v 7%; Table 2). Conversely, treatment with carbo-
platin and S-1 was associated with a higher rate of thrombocytopenia
of grade 3 or 4 than was that with carboplatin and paclitaxel (33% v
9%, respectively). Platelet transfusion was also necessary for more
patients in the carboplatin and S-1 arm than in the carboplatin and
paclitaxel arm (8% v 2%, respectively; P = .002). The overall rates of
neuropathy and alopecia were much lower in the carboplatin and S-1
arm (neuropathy, 16% v 81%; alopecia, 9% v 77%), whereas nausea,
vomiting, and diarrhea occurred more frequently in the carboplatin/
S-1 arm (Table 2). Death as a result of toxicity occurred in two
patients; one death in the carboplatin and S-1 arm was associated with
gastrointestinal hemorrhage, and another patient in the carboplatin
and paclitaxel arm died of febrile neutropenia and pneumonia.

@ 2010 by American Society of Climical Oncology 5243
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Table 2. Incidence of Drug-Related Toxicities in Randomly Assigned and Treated Patients
Regimen by Grade (%)
Carboplatin/Paclitaxel (n = 279) Carboplatin/S-1 (n = 279) P
Toxicity All 3 4 All 3 4 All 3ord
Hematologic
Leukopenia 86.0 297 29 55.4 5.0 04 < .001 <.001
MNeutropenia 89.6 31.9 44.8 58.3 18.3 2.9 = .001 < .001
Anemia 82.4 14.3 2.5 86.7 155 3.6 165 680
Thrombocytopenia 631 72 22 87.4 19.4 133 < .001 = .00
Nonhematologic
Febrile neutropenia 7.2 6.8 04 1.1 1.1 a =< .001 < .001
Mausea 491 22 0 62.4 18 0 002 475
Vomiting 237 1.1 0 341 18 0 007 837
Diarrhea 208 1:1 0 326 32 0 002 302
MNeuropathy: sensory 81.0 29 0 15.8 04 0 < .001 668
Arthralgia 67.4 25 0 79 0 0 < .001 357
Alopecia 76.7 9.3 < 001
NOTE. Differences between the two arms were evaluated by the ¥ test.

QoL

Atrandom assignment, 99.6% of patients (562 of 564) completed
baseline questionnaires, with the questionnaire completion rates be-
ing 93.4% at 6 weeks and 90.1% at 9 weeks. Compliance rates were not
significantly different between the treatment arms. QOL data were
missing in 38 surveys due to death or severe impairment of the pa-
tient’s general condition, which accounted for 2.3% of the total num-
ber of the surveys scheduled. There was no significant difference in the
lung cancer subscale of FACT-L between the treatment arms (Fig 4).
Scores on the neurotoxicity subscale of FACT/GOG-Ntx had de-
creased significantly in the carboplatin and paclitaxel arm after two
cycles of chemotherapy (Fig 4); the adjusted mean scores at 6 and 9
weeks were 41.2 and 41.0 for the carboplatin and S-1 armand 38.2 and
37.1 for the carboplatin and paclitaxel arm. The alopecia score was also
significantly worse in the carboplatin and paclitaxel arm than in the
carboplatin and S-1 arm (P < .001, analysis of variance), with the
adjusted means at 6 and 9 weeks being 3.8 and 3.7 for carboplatin and
S-1and 1.7 and 1.9 for carboplatin and paclitaxel (P < .001 at both 6
and 9 weeks, Tukey-Kramer multiple-comparison test).

Poststudy Treatment

There were no major differences in poststudy treatment be-
tween the two arms. Overall, 69.4% of carboplatin and paclitaxel
patients and 75.5% of carboplatin and S-1 patients received an
additional line of therapy (P = .103, ” test). Docetaxel was admin-
istered in 43.4% and 52.0% of patients and epidermal growth
factor receptor tyrosine kinase inhibitors were administrated in
24.0% and 27.2% of patients in the carboplatin and paclitaxel and
carboplatin and S-1 arms, respectively.

Our phase 1T study is the first to evaluate the efficacy of an S-1-
containing regimen in comparison with standard platinum-doublet
chemotherapy for first-line treatment of patients with advanced
NSCLC. The primary objective of the study— determination of the
noninferiority of carboplatin and S-1 compared with carboplatin and
paclitaxel in terms of OS—was met at the planned interim analysis.

= 4 - Carboplatin/paclitaxel
=@ Carboplatin/s-1

Fig 4. Quality of life assessments with the
(left) seven-item Functional Assessment of
Cancer Therapy-Lung (FACT-L) and (right)
114tem FACT/Gynecology Oncology Group-
Neurotoxicity (GOG-Ntx) scales. Data are
least square means + 95% Cl. Higher scores
indicate better quality of ife. P values shown
were determined by analysis of variance, with
Pbeing less than .001 for comparison of FACT/
GOG-Ntx scores between the two arms at
both 6 and 9 weeks by the Tukey-Kramer
multiple-comparison test.
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S-1 and Carboplatin v Paclitaxel and Carboplatin for NSCLC

Analysis of OS in the ITT and PP populations as well as in subgroups of
the study subjects demonstrated the noninferiority of carboplatin and
S-1. Although there was a significant difference in response rate favor-
ing carboplatin and paclitaxel, disease control rate and PFS were
similar for carboplatin and S-1 and carboplatin and paclitaxel. Given
that subsequent therapies after discontinuation of the study treatment
were well-balanced between the treatment groups, it is unlikely that
poststudy therapy confounded survival results. Collectively, our sec-
ondary data indicate that the findings of the main analysis are robust.
Although the protocol-specified noninferiority margin of 1.33 may be
large, the survival curves themselves mostly coincided for the two
treatment arms and median OS in the carboplatin and S-1 group was
noteworthy at approximately 15 months.

The profile of adverse events associated with carboplatin and S-1
and carboplatin and paclitaxel was as expected, but there were marked
differences in the incidence of some of these events. Carboplatin and
paclitaxel treatment resulted in a typically high incidence of neutrope-
nia of grade 3 or 4 (76.7%) as well as of febrile neutropenia (7.2%),
compared with incidences of only 21.1% and 1.1%, respectively, for
carboplatin and S-1. These rates of neutropenia associated with car-
boplatin and paclitaxel treatment are consistent with those observed
in previous studies of Japanese patients.''* Carboplatin and -1 treat-
ment showed a significantly higher rate of thrombocytopenia, which
was the most frequent reason for dose delays in the carboplatin and
S-1 group. However, this condition was considered manageable be-
cause it was associated with bleeding of grade 3 in only one patient.
With regard to nonhematologic toxicities, neuropathy, arthralgia, and
alopecia were much less frequent in patients treated with carboplatin
and S-1 than in those receiving carboplatin and paclitaxel. Consistent
with these results, carboplatin and S-1 treatment showed a clinically
relevant improvement in QOL as assessed by the FACT/GOG-Ntx
scale and alopecia score. Despite these QOL benefits with carboplatin
and S-1, however, there was no significant difference in FACT-L score
between carboplatin and S-1 and carboplatin and paclitaxel, possibly
because of other more toxic effects of carboplatin and $-1. The inci-
dence of nausea, vomiting, and diarrhea of any grade was higher in
patients assigned to the carboplatin and S-1 arm than in those assigned
to carboplatin and paclitaxel, although grades 3 or 4 of these toxicities
were uncommon (< 4%) in both groups. The relative dose intensity
of S-1 was 94.3% in the carboplatin and S-1 arm (median of four cycles
administered), and treatment was discontinued in only approximately
10% of patients in this arm because of adverse events. Overall, these
data indicate that carboplatin and S-1 was well-tolerated, with contin-
uation of treatment as specified in the protocol not being a problem.
According to our previous phase I/II study of carboplatin and S-1,”
this study excluded elderly (= 75 years old) patients. Given its efficacy

and favorable toxicity profile, the combination of S-1 and carboplatin
warrants further evaluation in elderly patients.

In conclusion, our present study demonstrates the noninferiority
of carboplatin and S- 1 relative to carboplatin and paclitaxel in terms of
OS for patients with advanced NSCLC. Carboplatin and S-1 is there-
fore a valid therapeutic option for the first-line treatment of patients
with advanced NSCLC.
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Prospective Study Evaluating the Plasma
Concentrations of Twenty-six Cytokines and
Response to Morphine Treatment in Cancer Patients
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Abstract. Cytokine signaling is involved in pain and opioid-
receptor signaling. In this prospective study, we studied the
plasma cytokine levels in order to identify candidate
biomarkers for predicting resistance to morphine treatment in
a cohort of opioid-treatment-naive cancer patients. We
analyzed pain rating and the plasma concentrations of 26
cytokines at baseline and after morphine treatment using a
multiplex immunoassay system for the following cytokines:
eotaxin, colony stimulating factor, granulocyte (G-CSF),
colony stimulating factor granulocyte-macrophage (GM-
CSF), interferon a2 (IFN-a2), IFN-y, interleukin 1o (IL-1¢0.),
IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12
(p40), IL-12 (p70), IL-13, IL-15, IL-17, IP-10, monocyte
chemotactic protein 1 (MCP-1), macrophage inflammatory
protein 1o (MIP-1a), MIP-18, tumor necrosis factor-c. (TNF-
a) and TNF-f3. No correlation was observed between the
clinical characteristics and the numerical rating scale for pain
at baseline or among patients who developed resistance to
morphine treatment. Interestingly, the plasma concentration of
MIP-]a significantly decreased during morphine treatment
(day 8 vs. baseline, p=0.03). Regarding the baseline plasma
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cytokine concentrations, none of the cytokine levels were
correlated with the numerical rating scale for pain at
baseline; however, the baseline plasma concentrations of
eotaxin, IL-8, IL-12 (p40), IL-12 (p70), MIP-1o. and MIP-1[3
were significantly lower in patients who required a high dose
of morphine or who developed resistance to morphine
treatment. In conclusion, this is the first report revealing that
the plasma concentrations of several cytokines were
significantly modulated during treatment and were correlated
with treatment outcome of morphine. Our results suggest that
plasma cytokine levels may be promising biomarkers for
morphine treatment and that they warrant further study.

Approximately 80% of advanced-stage cancer patients suffer
from pain as a result of their disease, and more than 10
million cancer patients are thought to be treated with opioids
worldwide (1). Therefore, controlling chronic, severe pain
caused by cancer is considered a very important issue for
improving the quality of life of cancer patients. Since the
degree of pain sensation and the outcome of morphine
treatment varies widely among individuals, pharmacogenetic,
pharmacokinetic and pharmacodynamic biomarkers of opioid
treatment, such as genetic determinants, have been
investigated intensively to improve the effectiveness of
morphine treatment (2). Several genetic variants associated
with varying pain sensitivity have been identified in the
general population, including of the genes for p-opioid

receptor  (OPRMI);  d-opioid receptor (OPRDIY;
catecholamine-O-methyltransferase (COMT); guanosine
4561



