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Figure 2: Kaplan-Meier curves of overall survival {A) and progression-free survival (B)

Hi=hazard ratio:

We did a multivariate analysis using the stepwise Cox
model with inclusion of all prespecified factors, and
identified scven significant independent predictors for
improved survival: region 3, ECOG performance status 0,
weight loss of less 1094, up to two metastatic sites, absence
of .ascites, well or moderately differentiated tumour, and
previous gastrectorny. After adjustment for these factors,
the HR for overall survival with ramucirumab plus
paclitaxel compared with placebo plus paclitaxel was 0745
(95% CI 0-626-0-888 (p=0-0010; appendix). ECOG
performance status, region, and preseénce of ascites were
the strongest predictors for survival {appendix). Slight
imbalances in ECOG performance status and ascites

between the treatment groups (table 1 and apperidix)
might have contributed to the difference between the
adjusted and unadjusted estimates.

Median progression-frec survival with ramucirumab
plus paclitaxel was significantly longer than with placebe
plus paclitaxe] (4-4 months [95% C14-2-5-3]vs2- 9 months’

[2-8-3.0); stratified HR 0635, {95% Cl 0.536-0.752];

p<0-0001; figure 2B). 6-month progression-free survival
was 36% (95% Cl 3141} in the ramucinumab plus
paclitaxel group and 1726 (13-22) in the placebo plus
paclitaxel group; 9-month progression-free survival was
22% (95% CI 17-27) and 109 (7-14; figure 2B). Progression-
free swrvival for the ramucirumab plus paclitaxel was
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Figure 3:Forest plot for subgroup tnivariate analyses of overall survival

favours amuacitumal Favoars placeteas

Data are stratified HR (95% (1} The size of the diamends is propartional to the size of the subgraup, Geographic regions are defined as region 1: Europe, lsrac,
Australia, and the USA: tegion 2: Argentina, Brazil, Chile, and Mexito, and wgion 2: Japan, South Korea. Hong Kong, Singapore, and Taiwan. ECOG=Eastern

Coopesative Oneclogy Group. HR=hazasd 1atio.

lenger than for the placebo plus paclitasel group in muost
subgroups (figure 4. Progression-free survival was
significantly increased in the ramucinumab plus paclitaxel
group compared with the placebo plus paclitaxel group
after adjustment for significant baseline factors (adjusted
HR 0-599:{95%4 Cl 0-306-0-708]; p<0-000L appendix).

A significantly greater propertion of patients achieved
an objective response in the ramucirumab plus-paclitaxel

group than in the placebo plus paclitaxel group (92 {2895,
95% Cl 23-33) of 330 ws 54 (16%, 13-20] of 335,
respectively; p=0-0001, table 2). A significantly greater
proportion of patients also achieved disease control in
the ramucirumab plus paclitaxel group than in the
placebo plus paclitaxel group (264 (§0%5, 959 C1 75-84]1s
213 6424, 58-69], respeclively: p<0-0001), The median
duration of respense wus longer in the ramucirumab
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Figure 4: Forest plots for subgroup univariate analyses of progressian-free survival

Data are stratified HR (S

Cly. The size of the dizmonds is proponticnal to the size of the subgiaup, Geagraphic segions are defined as reglon 1 Europe, istagl,

Austialia, and the USA: region 2: Argentina, Brazil, Chile, and Mexico, and region 3: Japxn, South ¥orea, Hong Keng, Singapere, and Taiwan ECOG=Eastain

Cooperative Cncology Group. HR=hazaid ratio.

plus paclitaxel group than in the placebo plus paclitavel
group (+-4 months [JQR 2-8-7.5% 15 2.8 months
[1-4=t-4], respectively).

Table 3 summarises overall survival. progression-free
survival, and the proportion of patients achieving an
abjective response by geographic regions, comparing
Asian with non-Asian patients. Overall survival in the
ramucirumab plus paclitaxel group compared with

placebo plus paclitavel was nol significantly increased for
paticnts in region 3 compared with those in regions 1
and 2.

Baseline and end-oftreatment results for global quality
of life from the QLQ-C30 and index scores from the
LQ-5D-3L were similar in the treatment groups (table 4).
Furthier details for quality of life will be published
separately,
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Ramucirumab plus paclitaxel Placebo plus paclitaxel

(N=330) (N=335)
Best averall response
Complete response 24{«1%) T{el®t)
Partial respanse G0(27%) 53(16%)
Stabls disease 172(52%) 156 (4753
Progressive disease 43(13%) 43
Mot evaluable of notassessed 23(7%) 30 (12%)

 Data are number (%o number (% 95% C, vnleas othanwise indicated

. Tub!ez Best cvcrallrcsponse

i

Ramucirumab  Flacebo plus Hazard ratio Odds ratio
pluspaditaxel  paclitaxel (95%Cl) (95%Chy
Median averall survival
Regiens 1(n=398)and 2 {n=24) 25 months 3.9menths 0732
(7-4-98) (52-71) (0551-0 507}
Region3 {n=223) 12-1months 105 months 03986
(100-133) {7-3-14.1) {0727-1337}
Median progression-free survival
Region 1 (n=398)and 2{n=4.5) 4 2months 2.9 months 0639
(39-49) (26-35) (0518-0788;
Region 3 (n-22 5.5 months 2.8 months 0628
{42-57] (2841 (0-473-0 834
Proportion of patients achieving an objective response
Fegions 1{n=398)and 2 {n=44)  35(25%) 310145 2087
{1-278-3-309)
Region 3 (n=223} 37(34%) 3{20%} 2235
11177-12434)

Oata are median (95% () of number (%), untess othenwise indicated. Begion 1=Europe, tsracl, Australiz, USA

¢ Begion 2-Argenting, Brazd, Chile, and Mexito. A pooled analysisis presented fot regions 1and 2 because af the

similarity of the patient populations in thess two tegions and the emall €amip'e size in region 2. Reglon 3=fopan,

o Sewth Korca, Hoag Vong, Singapore, and Taiwan.

Table 3: Efficacy by geographic region

Ramucirumabplus  Placebo plus paclitaxel
paclitaxel (n=330) {n=335)
EDRTCQLQ-C30
Patiznts completing baseline QLQ-C30 322{58%) 328 (9B
Baseline global quatity-of-ife scere” S15(22-00 53.0{220)
Patients completing baseline plus post-basetine QLO-C30 287 (87%) 273(81%)
Patients completing end-of treatment QLQ-C30 2131 {63%) 204 (61%)
End-of-treatment glebal quality-of-fife scare” 49-0(230) 4834229)
EQ-5D
Patients completing baseline £Q-50 323(88%) 328{58%)
Baseline index scoret G75 (022 075{0-24)
Patients completing baseline plus post-saseline £Q-5D 287 87" 274 (82%)
Patients completing end-of-treatment £Q.50 11 {64 206 {61%)
End-of-treatment indzx scoret 0-61{0-32) 0 6040-35)

Data are number (3] or mean (D). ECRTCQLQ-CA0=Europsan Grganisation for Research and Treatment of Cancer
quality-of-life questionnaire, £Q-5D-EuraQo! five-dimension health quastionnaire. "Based on 3 108-peint seale, witha

- higher scare representing batter quality of life. 1Based on 3 0-59 1o 1 scale, with 1 representing pardect health,

Table 4: Quality of IxfeQLQ cao and EQ. SD mean scores at basehne and cnd of(matment

Median duration of treatment with ramucivumab was
18:0 weeks (IQR 10-0-31-1) in the ramucinumab plus
paclitaxel group, and 120 weeks (6-4-20-0) with placebo
in the placebo plus paclitaxel group. Median relative dose
intensity of ramucirumab was similar to placebo (993
HQR 94101 vz 100% [97~101]) and was similar for
paclitaxel in both groups (88% [IQR 72-97} vs 93%
[85-99)). Dose reductions of ramuurumnb occurred in
16 (5%4) of 327 patients in the ramucirumab plus paclitaxel
aroup, and of placebo in three (<198) of 329 patients in the
placebo plus paclitaxel group. Paclitaxel dose reductions
occurred in 78 (249) patients in the ramucirumab plus
paclitaxel group, and in 24 (7%%) patients in the placcho
plus paclitaxel group. Median cumulative doses and
number of infusions are provided in the appendix.

Discase progression was the most conmon reason for
treatment discontinuation in both treatment groups
{236 {72%5] of 330 in the ramucirumab plus paclitaxel
group vs 255 [763%] of 335 in the placebo plus paclitaxel
group); 39 (12%) and 38 (11%5) patients, respectively,
discontinued  treatment becm:e of adverse events
appendix). One patient {who was randemly assigned to
placebo but receiv (d ramucinumab) was ummﬁked to the
investigator before surgery because of the occurrence of
serions adverse events (sepsis and intestinal occlusiony.
After the discontinuation of study drug, the number of
paticnts receiving systemic anti-neoplastic treatment was
similar in both groups (appendix). Of note, a higher
percentage of patients in region 3 received treatment
after discontinuation of the study drug than in regions 1
or 2 (appendix).

Nine randomly assigned patients did not receive study
medication and were excluded from the salety analyses
(figure 1). Hence, 656 patients were induded in the safety
analyses. The patient who was randomly assigned to the
placebo plus paclitaxel group but erroncously received
ramucirumab instead of placebo discontinued treatment
after one infusion. This patient is included in the intention-
to-treat population (as randomly assigned) in the placebo
plus paclitaxel group and is incuded in the safety
population (as treated) in the ramucirumab phus paclitaxel
group. Consequently, the safety population consisted of
327 patients in the ramucinunab plus paclitaxel group and
329 patients in the placebo plus paclitaxel group.

The incidence of grade 3 or 4 adverse events was higher
in the ramucirumab plus paclitaxel group, mcludmv
grade 3 or 4 neutrepenia, leucopenia, and grade 3
hypertension, abdominal pain, and fatigue (table 5). Al
grade 3-5 adverse events are listed in the appendix
Although the incidence of grade 3 or 4 nentropenia was
ligher in the ramucirnumab plus paclitaxel group, the
incidence of grade 3 or greater febrile neutropenia was
similar in both groups {ten [3%6] vs cight [2%5]). Neuropathy,
of all grades, was more common in the ramucinumab plus
paclitaxel group than in the placebo plus paclitaxel group
(table 5). and was associated with a higher cumulative
paclitaxel dose (appendix).
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Ramudirumab plus padlitaxel (n=327})

Placebo plus padditaxel (n=326)

Gixdes 122 Giade 3 Orade d Grada s Grades 1-2 Grade 3 Crade 4
ferits with & trestment-emergent LA VA B TN - LN S S b 3a{13%}) 116{35%) By I78%)

adverse event

Hon-haematological stverst events
Fatipue* 117 {45%) 35413%) a a 126 {38%) 18 (5% Q [}
Neurapathy® 123 (38%) 278} n Q 104(32%) 15 (5%) i} 0
Decreased appetite 123(37%0 (3% a9 aJ 92 (28%) 13{a%) s} ¢
Abdominal pain® RO TS 0 ] B7{26%) 10135y 1{1%) ©
Nausea Ga%) 1{<1%) 4] 100 (30%) 8(2%) 0 i
Alspecia a 0 a 126.(38%) 10<1%) 8} [
fanhoea 17 (4%) a &} FH{2I%Y 4{1%) Fie1%} &
Epistaxis O Q &} o & o
Yomiting 1i<i%) a9 12{4%) G [
Feripheraloedems O a 3 0
Hypettantion Q ol 4 &
Constipation G & G G
Stomatitis 5] & & a

¥ & o] &

Protenuna B 4 @ G
talignant seoplam progression 4(1%) i) 3L 030G
Weight decreased 1] ] 5} 3]
Dyspnioea o o a s
Razh® o 3 e G
Cough o 9 O O
Batk pain O a o o
Hypaailbuminaemia® G & 3 EES Q 1{e1%)
teyalgia 23104 0 o 5} 32(10%) 1{=1%) 5} o
ALLEs 21{6%) 13 (3%) 1{=1%) @ 1 (45 13{4% 5} [
Headache 32(10%) 0 ] 9 31 by 1{<1%) o @

Haenatological adverse events
Heytropenia® FL(224Y  AZ(19%) ] 40112%) R1{16%) 13343 &
Araemia’ 30{9%) o 4 85(20%) 33{0%) =1y a
Levcopenia’ S4(17%) 52 {16%]) S{2ny 0 A7{14%) 15(06%) 3{<1%) a
Thrombacytopenix® EEIFRES] 5{3%) o ] 14{4%) B (23] ] G

Data are nummber {54}, ualess otherwise stated. *Contelidated adverse evert ¢stegory compnsng synemymous JESORA peeferied teims

Table §: Treatment-emergent adverse events occurring in at least 10% of patients on ramucirumab plus paditaxel, irrespective of cavsality

Grade 3 adverse events that were potentially sssociated
with the VEGE pathway-—and thus were of special
interest—that were more connmon it the ranucinumah
plus paclitasel group included hypertension, proteinuria,
and bleeding or haemorrhage (able 65 The inddences of
erade 4 and 5 adverse events of special interest were low in
both groups, with no grade 4 or 3 hypertension, a similar
mcidence of gastrointestinal hacmorrhage, and a higher
incidence of  gastrointestinal perforation in the
ramuciromab phis paditavel group than the placebo plus
pachitaxel group (table 6).

Simdlar numbers of patients had at least one serious
adverse event (153 4726 of 327 in the ramucinumab
plus paclitaxel group vs 13942961 of 329 in the placebo
plus paclitaxel group), or treatment-emergent adverse
eventleading to death (39112981 05 5T{16%3), respectively).

weew thelancet com/or

Six (298) patients in the rammcinumab plus pactitaxel
group had adverse events leading to death with 5 causal
relation to any study drng, which were septic shocks

malabsorption: gastreintestinal haenmorrhage: death of

unkoown origing pulmonary embolisn: and sepsis,
Five (2% patients in the placebo plus paclitaxe] group
had adve !

se events leading to death with o causal
relation o any study drug. which were acute rendd
faflure: cardiac failurer febnle nentropenia. septic
shock, and  pulmonary  embolisn:
embolism: and cerebral hasmorrhage.
Serum  samples for detection of  anti-ramuciramab
antibodies were available for 320 (98%8) of 327 paiients
receiving ramuciromab plus paclitaxel and 323 {9838 of
329 patients receiving placebo plus paclitasel. Five (236
patients receiving ramucirumab plus paclitaxel and one

pubmonary
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Ramucirumab plus padlitaxel Placebo plus paclitaxel

(n=327) (n=329)

Grades1-2 Grade3  Grades Grada§  Grades1-2 Graded  CGraded Grade§
Bleeding or 123(38%)  12(4%)  1(el%) 1{<1%)  51(16%) 1% 201wy 2{<l%)
haemorrhage
Froteinunia 51{16%) 4{11 0 206w ) s} [
Liverinjury or 38012%)  1204%)  3(aaw) 0 28 (0%} 11{3%)  20=1%) 0
falure
Hypartengion 34430%) 4BsH) 0 ] 16(3%) Gi3%) 0 a
Gastraintestinal 21(6%) 1003%)  1{=l%) l{<l%)  15(5%) F{el) 1(=1%)  1{«1%}
haemenhaget
infusion-related 17 (5%) I(=1%} O o 12 {4%) [ 0 [
reaction
Renal failure 16(5%) 401%)  2(<1%) 9 11(3%) 0 1(e3%)  2(<1%)
Congestive heart 6 (2%) (<1} O 7 {<1%) 1{=1%) O L{=1%)
failure
Venous 5(2%) %) 0 1el%)  7(2%) Bz} 1{<I%)  2(<1%)
thromboembolic
evants
Arterial 3(<1%) 1i<1%)  2{<1%) O 2{«1%) 2{<14} 0 1{<1%)
theombosmbalic
ovents
Gastreintestingl Q 1{<1%) 2{<l%} 1{<i%) 1{<1%) G 0 G

perforation

*Povted adverse-cvent terms. Events poc'ed as gastraintestinal hasmionhiage are shso poaled as Bleading or

| hasmaorhage.

i Table 6: Adverse events of special interest®

10

Panel: Research in context

Systematic review

We searched PubMed and the abstracts from major ancology
congresses (American Seciety of Clinical Oncology [ASCO)
Annual Meeting and ASCO Gastrointestinal Cancers
Symposium, European Seciety for Medical Oncology [ESMO]
Annual Meeting and ESMO World Congress on Gastrointestinal
Cancer, International Society of Gastrointestinal Oncology
Conference, American Association for Cancer Research-National
Cancer Institute-European Organisation for Research and
Treatment of Cancer Cangress, and Europaan Multidisciplinary
Cancer Congress). We used MeSH and full-text search terms for
gastric and gastro-oesophageal junction cancer and malecular
targeted therapies, limiting our results to English-language
articles published in the past 4 years; the last search was done
on Dec 31, 2013, For PubMed, the search terms veere
("molecular targeted therapy”) or (“molecular” and “targeted”)
and (“therapy” or “therapies”) and ("gastric neoplasms” or
“gastric cancer”) or (“gastric” and “cancer”) or
(“gastroesophageal neoplasms” or “gastroesophageal cancer”)
or (“gastroesophageal” and “cancer”) and (*2009/01/01"and
“2013/11/137). For conferences, the search terms were
“metastatic gastric cancer” or “advanced gastric cances,”
manually limited to abstracts on targeted therapies or phase 3
studies. We identified several potential targeted agents
{monodonal antibodies or small-molecule tyrosine-kinase

(<19) patient receiving placebo plus paclitasel had a
positive response, No o patients developed  neutralising
antibodies,

Discussion
Ramucirwmab  plus  paclitaxe]l  significantly  increased
overall survival compared with placebo plus paclitaxel in
paticnts with advanced  gastric or  gastro-cesophageal
junction adenccarcinoma that had progressed after first-
line chemotherapy, Patients treated with ramudirumab
plus paclitaxel also had significantly longer progression.
free survival, and a higher proportion of patients achieving
an overall response and disease control than did those
treated with placebo plus paclitaxel. Increased proportions
of patients achicving an overall vesponse has been noted
previously in trials of anti-angiogenic drugs in combination
with chemotherapy, especially when there seems to be an
improvement  in survival.” Results of a preplanned
subgroup analysis shewed a difference in treatment effect
for ramucirumab plus paclitaxel on survival between non-
Asian (region 1 and 2) and Asian (region 3) regions. We
could speculate that the bigher use of post-study
discontinuation treatment in Asia (almost 70%%) than in the
non-Asian regions (almost 4038) attenuated the survival
benefit in this region.

Fatigne, diarrhoea. and abdominal pain were some of
the  most  frequently  reported  non-haematological

inhibitors) that are being investigated either in synergy with, or
instead of, established treatments, including inhibitors of
growth factors and their receptors (VEGF, EGFR, insulin-like
growth factor, HER2, C-MET), MEK inhibitors, and agents
targeting hedgehog protein. We used information from the
abstracts and ClinicalTrials.gov to identify the latest stage of
clinical developments of these agents in gastric and gastro-
cesophageal junction cancer. We have limited our discussion to
the agents we believe are most promising and relevant to the
patient population on the basis of clinical trial efficacy.

Interpretation

Various oncegenic signalling processes have been implicated in
gastric cancer, Findings with the monoclonal antibodies
trastuzumab and ramucirumab suggest that the HER2 and
YEGF signalling pathways might be valid targets for therapy for
gastric cancer. RAINBOW shows that, in patients with
progressive gastric or gastro-oesophageal adenocarcinoma
after standard first-line therapy, ramucirumab in combination
with paclitaxel can significantly increase overall survival
compared with placebo plus paclitaxel. Together with an earlier
phase 3 trial of single-agent ramucirumab in second-line
advanced gastric cancer,” the results of these studies support
the role of a VEGF receptor-targeted therapy and maybe the
addition of a new agent to the treatments and standard of care
in this patient population.
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toxicitivs in both groups, and were more comnion wn the
ramucirumab plus paditavel group than the placebo plus
paclimxe] group. These events are connnon i patients
with gastric cancer; incidences reported inour trial are in
the range of what was muxouah reported i Jarge
phase 3 sastric cancer trials.”*  Peripheral neurapathy, a
typical side-effect of taxanes, was more connon in the
ramucirumab plus paclitaxel group and, as cxpected, was
associated with a higher cumulative paclituxel dose.
Neutropenia was one of the most frequently reported
hacmatological toxicities in both groups, and had a
similar incidence to that reported in other trials of the
same paclitaxel dase and schedule 7 Although severe
peutropenia was more  {requently  reported  for
ramucirumab plus paclituxel. the incidence of febrile
nentiopenia was low and similar (n the groups. As
expected. h\‘pc-ncz‘\.sion. protemnuria. bleeding (muainly
g =dc‘ 1 or 2 cpistaxis), and gastrointestinal perforations.
adverse events associated with most anti-anglogenic
treatments, were more common in the rumucirumab
plus paclitaxel group. Grade 3 hypertension was
controlled with antihypertensive medication; grade 4 or
greater hypertension was not noted in this study. The
incidences of grade 3 bleeding (muainly grade 3 gastro-
intestinal haemeorrhage) and grade 3 proteinuria were
higher in the ramucirumab plus paclitasel  group
{table 6. However, nephrotic syndrome was not reported.
and grade 4 or 5 bleeding events occurred with a similar
incidence in both groups. Grade 3 or groaer gastro

intestinal perforation was  reported only. in the
ramucirumab plus  paclitavel  group  {four  patiems,

mcluding one death). Importantly, the everall higher rate
of grade 3 or 4 adverse events in the rumuciramab plus
paclitaxel group did not result in a higher number of
paticnts discontinuing, or a higher number of deaths,
than in e placebo plus paclitaxel group. We also showed
that quality of life was maintained during treatment with
ramucirumab,

To our knowledge, RAINBOW sestotrial in
second-line gastric cancer, and the first reportof a survival
benefit with a VEGFR-2 rargeted antibody in combination
with chemotherapy. REGARD. a randomised phase 3 trinl
that compared went withy best
supportive care, showed 2 significant median survival
benehit of 1-4 months, fveuring ramucirumab reatmen
{mcdian supvival 5-2 months ’!OR 3-9.9)) versus best
supportive care (3-8 momha [IQR 1.7-7-1))." Other
recently published randomised second-line gastric cancer
triads showed an increase in medion suvival of about
15 months with single-agent chemotherapy (docetaxel or
irinotecan) relative to supportive care.’” By contrast, a trial
ol everolirnus versus placebo in the second-line setting did
not significantly extend overall survival # and trials of anti-
;,t;i R therapy  in the  firstline  seming  adding
panitinumab® or cetuximalb® o chematherapy have also
nat significouly extended overall survival or progression-
free survival, respectively.

is the |

rarnucinumab as a single

i overall survival for patients treated with
slug paclitavel compared with placebs
be regarded as cli nic 11} m aningful
;f;pu!:;::fm. 1 RAINBOW, the median overall
i patients from Asia {region 5 most {rom
Japan) was longer than in patients from regions Tand 2
mdependent of treatment. In o study by Hironaka and
colleagues.” patients receiving paclitaxel had a similar
median overall survival as patients fronm Asia in our trial
{about 10 months). Likewise, the median overall survival
in paticnts receiving irinotecan or docetaxel in non-Asian
studies, and in the non-Asian population receiving
placebo plus pacitaxel in our trial (regions | and 2) was
similar (@bowt 4-3 mounths)."* Together, these findings
might cxplair the higher median overall survival in the

placebo plus paclitaxel group than that in previously

reported trials in entirely western populations.

Since RAINBOW showed that sccond-line therapy can
significantly fmprove survival of patients with advanced
gastric cancer, ramucirumab plus paclitaxel could be
regarded as a new stndard second-line treatment for
advanced gastric cancer. Our findings, combined \\'xl
lhOw of lhc REGARD frisl*” validate the role of VEGFR-2
signalling as an importang therapeutic target in :id\m*ncll

gastric and gastro-sesophageal junction adenocarcinoma
gpm\.l) Analyses are ongoing te identify  potential
predictive biomarkers for ramucirumab,

The mer

survival
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Abstract It is now common to resect colorectal cancer by
laparoscopic surgery. Hepatectomy has become a standard
treatment for patients with colorectal cancer with resect-
able liver metastases. The resection of liver tumors can
now be done partly by laparoscopic surgery. However,
metastatic tumors in the right lobe are often difficult to
resect laparoscopically. Furthermore, simultaneous resec-
tion of the colorectum and liver may also be difficult. In
this study, we evaluated a new method to resect both
colorectal cancer and liver metastases in the right lobe by
laparoscopic surgery. Two cases are presented that under-
went total laparoscopic resection of a right lobe tumor,
associated with laparoscopic colorectal resection. The
metastatic tumor in the right lobe was first resected in the
left hemi-prone position. Then, the colorectal cancer was
resected in the lithotomy position. The method for resect-
ing the right lobe liver tumor and colorectal cancer was
safe and feasible. The mean duration of surgery was
4435 min, and the mean blood loss was 158 mL. The
postoperative course was uneventful. In selected patients,
laparoscopic hepatectomy for right lobe synchronous
metastatic tumors can be safely performed simultaneously
with colorectal surgery.
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Introduction

Colorectal cancer is a major problem worldwide. More
than 1 million people develop colorectal cancer and
approximately half a million people die every year of the
disease [1]. It has been reported that about 50 % of patients
develop liver metastases during the natural course of
colorectal cancer. It has also been reported that in patients
with liver metastasis, 15-50 % have synchronous disease
[2-5]. Hepatic resection is recommended in the National
Comprehensive Cancer Network (NCCN) Guidelines if the
primary tumor can be controlled. In selected patients, it has
been reported that a simultaneous resection of primary
colorectal tumor and liver metastases can be safely per-
formed [6, 7].

Currently, laparoscopic surgery for colorectal cancer has
been shown to have the same outcome as open surgery [8].
The advantages of laparoscopic surgery are its small inci-
sion and lower invasion compared with open surgery.
Further, under laparoscopic surgery, the enlarged view
helps the operator to find the vessels easily, so the opera-
tion can be performed compactly and more precisely.

The Clinical Outcomes of Surgical Therapy (COST)
study group has reported that laparoscopic surgery is an
acceptable alternative approach to open surgery for colon
cancer [8]. In that study, the recurrence rate, overall sur-
vival and rate of complications were similar in the lapa-
roscopic and open colectomy groups. Lacy et al. [9] have
also reported a clinical study comparing open and laparo-
scopic colectomy, and concluded that laparoscopic colec-
tomy benefits patients with cancer more than open surgery
does.

Laparoscopic surgery can now be performed safely even
for liver resection. The first laparoscopic liver resection
was reported in 1992 [10]. After that report, many studies
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have shown that laparoscopic hepatectomy, including lar-
ger resection of three or more segments, can be safely
performed [11-13].

Despite increasing laparoscopic indications for both
colorectal and liver resection, laparoscopic combined pro-
cedures for primary colorectal cancer with synchronous
liver metastases have rarely been performed. Furthermore,
metastatic tumors in the right lobe are difficult to resect
because of anatomical difficulties. In this report, we
describe a method that can be used to perform simulta-
neous resection of colon cancer and liver metastases in the
right lobe using pure laparoscopic surgery.

Surgical techniques

During our procedure, the liver metastases were resected
" before the primary colorectal cancer. The patient was
placed in the left hemi-prone position, then four 12-mm
trocars were placed on the right upper abdomen (Fig. la;
sites A—C) and on the navel (Site D). One 5-mm trocar was
placed between the navel and rib (Site E). A representative
picture of the placement of trocars is shown in Fig. lc.
The locations of the metastases were identified by
ultrasonography (ALOKA o-10). The Glisson sheath was
taped, and a Pringle maneuver using a Nelaton tube
was performed. Then, resection of the metastatic tumor

Fig. 1 The trocar sites used for A

the simultaneous resection of . ”'_:.' l
colon cancer and liver o A
metastases in the right lobe yott =

under laparoscopic surgery. _: B

a The trocar sites for the left C £

hemi-prone position. The solid
lines indicate the 12-mm trocar
and dotted lines indicate the
5-mm trocars. Sites A—-C were
inserted under the right rib. Site
D was used for the camera. Site
E was used to retain the liver.
b The trocar sites for colectomy
or resection of the metastatic
tumor in the /eft lobe. Sites
F-I were used for colectomy.

¢ A representative photograph
of the left hemi-prone position

was performed laparoscopically using an ENSEAL device
(Johnson and Johnson). The liver specimens were moved
into a bag (End-Catch II) placed in the peritoneal cavity.
The patient was then changed to the lithotomy position.

A further four trocars were added for colectomy
(Fig. 1b, 5 mm: Sites F~-H and 12 mm: Site I). The trocar
at the navel (Site D) was used for the camera. The total
number of trocars used for this procedure was therefore
nine. The fat tissues and lymph nodes were dissected at the
level of the inferior mesenteric artery (D3). The sigmoid
and superior rectal arteries were clipped and cut, then the
inferior mesenteric vein was also ligated and cut at the
same level. The left colic artery was preserved. Tumor-
specific mesorectal excision (TSME) was then performed,
and the rectum, including the tumor, was resected with a
linear stapler. The incision on the navel was extended to
4 cm, and the liver specimen and rectum were extracted
from the peritoneal cavity.

The rectum was cut at 5 cm on the oral side of the tumor.
A low anterior resection with D3 lymph node dissection was
performed. The anvil head of a stapling instrument was
introduced into the colon, and the body of the instrument
was inserted into the rectum through the anus. An end-to-
end colorectal anastomosis was created with the usual
double stapling technique. Two 19 Fr drains were inserted
into the pelvic cavity and the liver resected surface. The
trocars were withdrawn, and all of the incisions were closed.
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Results

Case 1

by the same team as in Case 1. An intraoperative image is
shown in Fig. 4. The patient was also noted to have a
gallstone; therefore, .cholecystectomy was. added to the

An 83-year-old female presented with hemorrhagic stool.
Colonoscopy revealed two tumors in the sigmoid colon and
rectum (Fig. 2a). A tumor biopsy showed well-differenti-
ated adenocarcinoma. Computed tomography (CT) and
magnetic resonance imaging (MRI) revealed a 15-mm
tumor on the inferior subsegment of the posterior segment
(S6) of the liver (Fig. 2b). The serum levels of carcino-
embryonic antigen and cancer antigen 19-9 were normal.

Although she was elderly, the patient’s general condi-
tion was good. Simultaneous laparoscopic resection was
therefore attempted by the liver and gastrointestinal teams.
The S6 liver tumor was first resected with the patient in the
left hemi-prone position, and then low anterior resection
was performed for rectal cancer.

The duration of surgery was 416 min, and the estimated
blood loss was 15 mL. The postoperative course was
uneventful, and the patient was discharged on day 10.

Case 2

An 81-year-old male presented to a nearby hospital with
abdominal pain and nausea. He was diagnosed with ileus
that was caused by sigmoid colon cancer (Fig. 3a). A
transverse colostomy was created. He was referred to our
hospital for treatment of the sigmoid colon cancer. A
precise workup revealed a 25-mm metastatic tumor in the
superior subsegment of the anterior segment (S8) of the
liver (Fig. 3b). This patient was also elderly, and his gen-
eral condition was good. As simultaneous resection was
considered possible, laparoscopic resection was attempted

procedure. We performed a functional end-to-end anasto-
niosis to resect the sigmoid colon cancer. After cancer
resection, insertion holes were made on the oral and anal
sides of the colon. A linear stapler (Endo GIA Ultra;
Covidien) was inserted into the hole, and an anastomosis
was created. The inserted hole was closed with the stapler.
Although the colostomy was created before surgery, it did

" not interfere with the procedure.

The duration of surgery was 471 min and estimated
blood loss was 300 mL. The postoperative course was
uneventful. The patient was discharged on day 10. Three
months ‘after laparoscopic surgery, the colostomy was
closed.

For these two cases, the mean duration of surgery was
443.5 min and mean blood loss was 158 mL.

Discussion

In this report, we described a procedure for laparoscopic
surgery for the simultaneous resection of the liver and
colorectum. The incision of the navel was extended to
remove the resected specimen (liver metastases and colo-
rectal cancer). We designated this procedure as a pure
laparoscopic surgery, because the large incision was only
created to remove the specimen and was not required to
perform the operation.

Several previous reports have described the simulta-
neous resection of colon cancer and liver metastases under
laparoscopic surgery. The liver resection has often been
carried out using hybrid techniques, such as hand-assisted

Fig. 2 The colonoscopy and CT for Case 1. a Colonoscopy revealed a rectal tumor. b The CT scan showed a metastatic tumor in S6 of the liver
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Fig. 3 The colonoscopy and MRI for Case 2. a Colonoscopy revealed a sigmoid colon tumor that completely obstructed the colon. b MRI

showed a metastatic tumor in S8 of the liver

Fig. 4 An intraoperative image of the liver metastasis and the
resected specimen from Case 2. a An intraoperative image of the liver
metastasis in S8. An adhesion was observed. b An image obtained

[14] or laparoscopically assisted {15] methods. However,
pure laparoscopic procedures for simultaneous resection
have been reported since 2011.

after resection of the liver metastasis. The resected surface was
covered with a Neo-veil. ¢ The resected specimen of the liver
metastasis. The size was 34 x 22 mm, and the weight was 50 g

Nguyen et al. [16] have reported a multi-institutional

and international study on minimally invasive liver resec-
tion for metastatic colorectal cancer. They concluded that

@_ Springer
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liver resection for metastatic tumors is safe, feasible and
oncologically comparable to open liver resection for both
minor and major resections. Our study demonstrated that
metastatic liver tumors can be resected synchronously or
metachronously.

For " synchronous resection, Fahy et al. [17] have
reviewed the safety and oncological outcomes compared
with staged resection. They reported that simultaneous
resection is both feasible and safe when the hepatic
resection is limited to three or fewer segments.

Laparoscopic simultaneous resection has also been
described in some recent reports. Kim et al. [15] reported
laparoscopically assisted combined colon and liver resec-
tion in 2008. In their study, ten patients with primary
colorectal cancer and synchronous liver metastases under-
went laparoscopically assisted combined resection, and
there was no surgical mortality and only one case of major
morbidity. They concluded that this procedure is feasible
and safe. Recently, Spampinato et al. [18] experienced five
cases with one-stage, total laparoscopic major hepatectomy
and colorectal resection. They reported that, even with
major hepatectomy, a total laparoscopic approach is a
feasible and safe option to treat primary colorectal neo-
plasms with synchronous liver metastasis. A laparoscopic
approach to resect primary colorectal cancer and liver
metastasis simultaneously is therefore reasonable for
selected patients.

Nevertheless, liver metastasis in the right lobe, espe-
cially in S6-S8, is difficult to resect with a pure laparo-
scopic method. Therefore, we developed a new method
employing a left hemi-prone position hepatectomy com-
bined with laparoscopic colorectal surgery. We herein
described two cases that underwent simultaneous resection
of colorectal cancer and liver metastasis in the right lobe
using this procedure. Our procedure includes new steps to
complete the pure laparoscopic procedures for metastases
in the right lobe. First, resection of the liver metastases was
preceded by the resection of the colorectal cancer. Per-
forming the operation in this order enabled us to take all
the specimens (liver metastases and colorectal cancer) out
from the peritoneal cavity at the same time after colectomy.
Second, we used the left hemi-prone position for metastasis
resection. By adopting this position, the metastatic tumor
could be observed in front of the field, and its resection was
simplified. The metastatic tumor cannot be observed with
the patient in the supine position, because it would be a
dorsal lesion. Finally, the colectomy was performed with
the patient in the lithotomy position. The same trocars used
for resecting the liver metastasis were used as much as
possible for the second procedure.

With our procedure, the metastases in the right lobe of
the liver could be resected simultaneously under pure
laparoscopic surgery. Pure laparoscopic simultaneous

@ Springer

resection of colorectal cancer and liver metastases there-
fore represents a choice for multidisciplinary treatment.
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Abstract

Purpose Itisimportant for patients to complete the planned
hormone therapy to reduce both the recurrence and mortality
rates of hormone receptor-positive breast cancer. We inves-
tigated the rates and factors related to the early discontinua-
tion of adjuvant hormone therapy at our institution.
Methods We identified 145 females prescribed adjuvant
hormone therapy who were followed up for longer than
5 years. The rate of completing the planned hormone
therapy and factors related to early discontinuation were
examined. The relapse-free survival rate was examined
between the completion group and the discontinuation
group.

Results The completion rate was 90.6 %. The primary
reason for discontinuing hormone therapy within 5 years
was side effects, such as arthritic pain. The primary factor
related to early discontinuation was a significantly younger
age. The relapse-free survival rate was significantly lower
in the discontinuation group (p = 0.025).

Conclusions More than 90 % of the patients completed
the planned adjuvant hormone therapy, and early discon-
tinuation was related to a shorter RFS. To improve the rate
of the successful completion of adjuvant hormone therapy,
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it is important to provide supportive care to reduce the
occurrence of side effects and to care for young females
with a desire to become pregnant.

Keywords Adherence - Early discontinuation -
Adjuvant hormone therapy - Side effect

Introduction

Treatment with postoperative hormone therapy reduces the
recurrence and mortality of early hormone receptor (HR)-
positive breast cancer in both pre- and postmenopausal
females [1]. Oral hormone therapies include selective
estrogen receptor modulators (SERMs) and aromatase
inhibitors (Als), which are typically prescribed for 5 years
or longer. Among premenopausal females with postopera-
tive HR-positive early breast cancer, treatment with
tamoxifen (TAM) improves the disease-free survival
compared with that observed in patients receiving no
adjuvant treatment [2]. In addition, inhibiting the ovarian
function with LHRH agonists has been proven to reduce
the recurrence rate of breast cancer [3]. A meta-analysis of
randomized trials of TAM in patients with early breast
cancer demonstrated significant 15-year risk reductions in
cancer recurrence and mortality [4]. In the ATLAS
(Adjuvant Tamoxifen: Longer Against Shorter trial),
10 years of TAM treatment was found to be related to a
superior prognosis compared to that observed following
5 years of treatment [5]. Among postmenopausal females,
treatment with Als improved the disease-free survival
compared with that achieved with TAM [6, 7]. For peri-
menopausal females, switching adjuvant hormone therapy
from TAM to Als is thus considered to be an effective
treatment strategy [8—10].
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The lack of adherence to prescribed medications is a
well-known problem in the medical literature [11]. Many
patients fail to fill the initial prescription (noninitiation),
take the drug on a daily basis as prescribed (nonadherence)
or continue long-term treatment with the drug (early dis-
continuation) [11]. Among patients receiving adjuvant
hormone therapy, 32 % discontinue therapy by 4.5 years,
and of those who continue, only 72 % are fully adherent
[12]. The adherence and discontinuation of SERMs and
Als are related to higher recurrence rates and worse sur-
vival in many studies [13, 14]. The discontinuation rate for
TAM and Als is approximately 7-10 % per year [13, 15~
21]. In clinical trials, 8-28 % of patients do not complete
the treatment as recommended [6, 22, 23]. Moreover,
reports have indicated that the rate of completing the rec-
ommended hormone therapy ranges from only 10-50 %
due to failure to take the correct dose at the prescribed
frequency or due to the discontinuation of therapy in both
clinical trials and the clinical practice setting [18, 24-28].
A consistent finding in the literature is that treatment side
effects are strongly associated with adherence to or con-
tinuation with adjuvant therapy [29]. With regard to the
factors predicting the adherence to hormone therapy regi-
mens, Hershman et al. [14] reported that Asian race, being
married and a longer prescription refill interval are asso-
ciated with higher rates of completion of therapy.

Although there have been many reports regarding
adherence to and/or the completion of hormone therapy in
European countries and the United States, no studies of
Japanese breast cancer patients have so far been reported. It
is important to verify whether the same factors identified in
these studies apply to the Japanese breast cancer patients
[30].

In the current study, we investigated the rates of com-
pletion and factors related to the early discontinuation of
adjuvant hormone therapy and compared the prognoses
between the completion group and the discontinuation
group among Japanese breast cancer patients.

Patients and methods
Patient selection and study design

This study was a retrospective observational study.
Among the patients who underwent curative surgery at
the Department of Surgery and Science, Kyushu Univer-
sity Hospital between 2002 and 2006, we selected 263
patients with breast cancer of stage I-III according to the
UICC TNM classification. Written informed consent
regarding data acquisition was obtained from all patients
before surgery. The rate of and reason for discontinuing
adjuvant hormone therapy and the relationships between

@ Springer

these factors and the prognosis were investigated by
reviewing the patients’ medical records. The medical
records contained information regarding the status of
recurrence, date of last follow-up, time after surgery and
clinical characteristics, such as the stage, type of opera-
tion, history of cancer therapy, nuclear grade and the
expression of hormone receptors (HRs) [the estrogen
receptor (ER) and progesterone receptor (PR)] and the
HER?2 status.

Evaluation of the ER, PR and HER2 status

The ER, PR and HER?2 status was evaluated as described
previously [31]. The ER and PR were considered to be
positive if >1 % of the nuclei of the tumors were stained
during IHC. The tumors were considered to be HER2-
positive if they were scored as either 3+ on IHC or 2+ on
IHC with HER2 amplification (ratio > 2.0) based on
fluorescence in situ hybridization.

Statistical analysis

The survival analyses were performed using the Kaplan—
Meier method, and differences between the groups with
regard to the survival and relapse-free survival times were
evaluated using the log-rank test. All of the analyses were
conducted using the JMP version 9 software program (SAS
Institute Inc., Cary, NC). Differences were considered to be
significant at values of p < 0.05.

Results

Rate of and reason(s) for discontinuing adjuvant
hormone therapy

We identified 263 females diagnosed with stage I-III breast
cancer who had undergone surgery between January 1,
2002 and December 31, 2006 in our department. One
hundred and seventy-seven patients were diagnosed with
HR-positive breast cancer, while the remaining 86 patients
were diagnosed with HR-negative breast cancer. Among
the: HR-positive patients, 171 were treated with adjuvant
hormone therapy. SERMs and Als were prescribed to 103
(71 %) and 42 (29 %) patients at the start of adjuvant
therapy, respectively.

Among these patients, 26 were excluded from the study
due to failure to participate in follow-up as a result of
transferring to another hospital or ending hospital visits
with no contact (Fig. I). One hundred and forty-five
patients who were followed up for longer than 5 years were
included in the analysis. Seventeen patients who experi-
enced relapse within 5 years changed therapies.
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P
n=171 bleeding
‘L Desire to be 2 (16.7)
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Fig. 1 A schematic diagram of the patients evaluated in this study.
Among the 145 patients followed up for longer than 5 years, 128
survived longer than 5 years without relapse. A total of 116 patients
continued hormone therapy for 5 years, while 12 patients discontin-
ued therapy. In the continuation group, 69 patients were treated with
SERMSs, 22 patients were treated with Als, 11 patients were switched
from TAM to an Al and three patients were switched from an Al to
TAM

The rate of completing the planned hormone therapy and
the factors related to the early discontinuation of hormone
therapy were examined among the 128 patients who sur-
vived longer than 5 years without relapse. Twelve (9.4 %)
patients discontinued and 116 (90.6 %) patients completed
the planned hormone therapy. In the completion group,
SERMs and Als were administered to 69 (59.4 %) and 33
(28.4 %) of the patients for 5 years, respectively. In addi-
tion, 11 (9.4 %) perimenopausal patients switched from
TAM to Al after menopause. There was a change from an
Al to TAM in three (2.6 %) cases due to the development
of arthritic pain (Fig. 1).

In the discontinuation group, the reasons for discon-
tinuing hormone therapy within 5 years included side
effects, such as arthritic pain, in five (41.7 %) cases, a
desire to become pregnant in two (16.7 %) cases, depen-
dence on Qigong in one (8.3 %) case and no specific reason
in four (33.3 %) cases (Table 1). We found that females
younger than 40 years of age discontinued adjuvant hor-
mone therapy significantly more frequently than did older
patients (Table 2). Two of the four patients under age 40
(50 %) wished to become pregnant.

Relationship between the discontinuation of adjuvant
hormone therapy and the prognosis

We classified the patients into two groups: the continuation
group and the discontinuation group. We analyzed the
overall survival (OS) and relapse-free survival (RFS) rates
between the two groups. There were no significant differ-
ences in the OS between the two groups. However, the RFS
rate was significantly lower in the discontinuation group
(» = 0.025) (Fig. 2).

Discussion

To the best of our knowledge, this is the first report
regarding the completion and discontinuation of adjuvant
hormone therapy in Japanese breast cancer patients. With
regard to breast cancer therapy, both surgery and adjuvant
therapy are important factors associated with improve-
ments in_the survival rate. The mortality rate has been
improved with the administration of hormone therapy to
patients with HR-positive breast cancer [1]. Currently,
cancer research is focused on discovering and proving the
efficacy of new interventions to reduce cancer mortality.
However, these treatments are meaningless if the patient
does not take the medication as planned.

In previous clinical trials, the rate of completing hor-
mone therapy among ER-positive breast cancer patients
has been reported to be 8-28 % [6, 22, 23, 32]. On the
other hand, in clinical practice, the discontinuation rate has
been reported to be 31-73 % [33]. The low completion rate
is considered to be largely due to differences in provider
support, that is, who is responsible for providing cancer
follow-up care [33]. The Behavioral Risk Factor Surveil-
lance System demonstrated that only 20 % of all cancer
survivors continue to see an oncologist or cancer special-
ist as their primary provider for cancer follow-up care.
Compared with primary care physicians (PCPs),
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Table 2 The clinicopathological features of the completion and the
discontinuation groups

Factors Completion Discontinuation p value
group group
(n = 116) (n=12)

Age (years)
<40 7 0.001
>40 109 8

T
1.2 96 10 0.959
34 20 2

N
Negative 83 10 0.383
Positive 33 2

NG
1 73 8 0.833

26 3

3 17 1

Ly
Negative 88 0.947
Positive 28 3
Unknown 1

v
Negative 113 12 0.645
Positive 2 0
Unknown 1 0

Surgery
Mastectomy 57 0.247
Lumpectomy = 59

ER
Negative 2 0 0.646
Positive 114 12

PR ‘
Negative 23 2 0.792
Positive 93 10

HER2
Negative 49 0.321
Positive 64
Unknown 3 0

Chemotherapy
+ 28 2 0.56
- 88 10

Radiation
+ 54 5 0.746

- 62

oncologists are less likely to believe that PCPs have the
skills to conduct appropriate testing to detect breast cancer
recurrence (59 vs. 23 %, p < 0.001) or provide care for the
late effects of breast cancer (75 vs. 38 %, p < 0.001)[34].
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Fig. 2 Kaplan-Meier curves comparing the RFS rates in the
continuation and discontinuation groups. The continuation group
exhibited a significantly better prognosis than the discontinuation

group

In this study, it was difficult to evaluate the precise level
of adherence to the hormone therapy regimen in each
patient based on a review of the medical records. There-
fore, only the rate of completion or early discontinuation
was evaluated in this study. There is little knowledge
regarding the factors related to adherence. Smoking, the
breast cancer risk, extremes of age, a non-white ethnicity,
the socioeconomic status and the level of education are all
associated with the adherence to TAM treatment as adju-
vant therapy [35]. Another report showed that a younger or
older age, the use of lumpectomy or unknown surgery and
the presence of additional comorbid conditions are asso-
ciated with the discontinuation of hormone therapy. On the
other hand, an Asian/Pacific Islander ethnicity, being
married, an earlier age at diagnosis, prior receipt of adju-
vant chemotherapy, receipt of adjuvant radiation therapy
and a longer prescription refill interval have been found to
be associated with the completion of 4.5 years of hormonal
therapy [12]. Similar phenomena have been observed for
other oral medications, such as Gleevec, used to treat
gastrointestinal stromal tumors or chronic myelogenous
leukemia [36, 37].

The side effects are strongly associated with the
adherence to adjuvant therapy, and reducing and control-
ling side effects are one way to increase the adherence rate.
In a survey of 622 postmenopausal females, 30 % of the
patients discontinued hormone therapy, and the rate of
discontinuation related to side effects was reported to be
very high (84 %) [38]. In the present study, side effects,
such as arthritic pain, were also a major factor associated
with the discontinuation of hormone therapy (41.7 %). In
addition, the younger females exhibited early discontinu-
ation of adjuvant hormone therapy significantly more often
in our study. Half of these patients discontinued treatment
because they wished to become pregnant. Identifying and
reducing the reasons for nonadherence and discontinuation
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of oral hormone medications can increase adherence and
the completion rate, and ultimately improve the outcomes.
Therefore, clinicians must address side effects.

Figure 2 shows the importance of the effects of hormone
therapy on late relapse. The EBCTCG (Early Breast Cancer
Trialists’ Collaborative Group) showed that the risk
reduction effect of endocrine therapy was seen even
15 years after the initiation of TAM in estrogen receptor-
positive breast cancer [4]. This is considered to be a car-
ryover effect. It is thought that this carryover effect was
reduced in the discontinuation group compared to the
completion group in this study.

In conclusion, we demonstrated that, in Japan, the rate
of completing adjuvant hormone therapy in HR-positive
breast cancer patients is higher than that reported in other
countries. Side effects and a younger age were the major
factors associated with early discontinuation, while early
discontinuation was significantly associated with a shorter
RFS. Therefore, we emphasize that controlling side effects
and caring for young females are important for helping
patients to continue and complete their planned adjuvant
hormone therapy.
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Abstract

Purpose The purpose of this study was to clarify the
gender differences in the prognosis, as well as mortality
and morbidity, of patients who have undergone esopha-
gectomy for esophageal cancer. '
Methods The clinical results of esophagectomy were
compared between 975 male and 156 female patients with
esophageal cancer.

Results The male to female ratios of cervical and thoracic
esophageal cancer were 1.87 and 7.38, respectively
(P < 0.01). The incidence of preoperative comorbidities
was 32.4 and 17.4 %, respectively, and the rates of both
tobacco and alcohol abuse were significantly lower in the
females than in the males. The mortality rate was lower in
the females (3.8 %) than in the males (5.7 %), although the
differences were not significant. The overall survival was
significantly better in the female than in the male patients
(P = 0.039). The 5- and 10-year overall survival rates
were 32.6 and 20.5 % in the males and 39.5 and 32.5 % in
the females, respectively. A multivariate analysis revealed
gender to be an independent prognostic factor. However,
no significant differences were recognized in disease-spe-
cific survival.

Conclusions These results suggest that the prognosis of
females with esophageal cancer is better than that of males
after esophagectomy, most likely due to multiple clinical
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factors, such as a more favorable lifestyle and general
status.

Keywords Esophageal cancer - Female - Gender -
Prognosis

Introduction

Esophageal cancer is a biologically and clinically aggres-
sive cancer with a high incidence of node and organ
metastasis. The prognosis of patients with esophageal
cancer is generally poor [1-3]. The morbidity and mortality
in addition to the prognosis observed after esophagectomy
have recently been greatly improved; however, esopha-
gectomy continues to be considered highly invasive [4, 5].
Esophageal cancer predominantly develops in males [6],
and the male to female ratio is approximately 6.5 to 1 in
Japan [7]. Both experimental [8, 9] and clinical studies [10,
11] have suggested that this discrepancy is due to an
advantage among females in recovery of the immune
function following surgical damage, such as trauma or
infection. However, the gender differences in mortality and
morbidity following esophageal resection have not yet
been adequately studied.

In terms of gender differences in prognosis, many
authors have reported better prognoses after esophagec-
tomy in female patients than in male patients [4, 12-20].
The existence of sex hormone receptors is reported to be a
possible reason for the gender difference in prognosis [21,
22]. However, thus far, no studies have examined gender
differences following esophagectomy using an analysis of a
large number of patients (i.e. >1,000 patients) at a single
institution. It is, therefore, unclear whether the prognosis in
females is truly superior to that of males. Furthermore,
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