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ABSTRACT

Objective: Ex vivo lung perfusion (EVLP) is reportedly a useful strategy that
permits marginal donor lungs to be evaluated and reconditioned for successful
lung transplantation (LTx). This systematic review and meta-analysis was
performed to evaluate the outcomes of EVLP conducted for marginal donor lungs.

Methods: We searched PubMed, the Cochrane Library, and Embase to select
studies describing the results of LTx following EVLP for marginal donor lungs
compared with standard LTx without EVLP. We performed a meta-analysis to
examine donor baseline characteristics, recipient baseline characteristics, and
postoperative outcomes.

Results: Of 1380 studies, 8 studies involving 1191 patients met the inclusion
criteria. Compared with the non-EVLP group (ie, standard LTx without EVLP),
the EVLP group (ie, EVLP of marginal donors following LTx) had similar donor
age and sex and recipient baseline age, sex, body mass index, bridge by
ventilator/extracorporeal life support/extracorporeal membrane oxygenation,
and rate of double LTx but more abnormal donor lung radiographs (P = .0002),
a higher smoking history rate (P = .03), and worse donor arterial oxygen
tension/inspired oxygen fraction (P <.00001). However, there were no significant
differences in outcomes between the EVLP and non-EVLP groups with respect to
the length of postoperative intubation, postoperative extracorporeal life
support/extracorporeal membrane oxygenation use, length of intensive care unit
stay, length of hospital stay, 72-hour primary graft dysfunction of grade 3,
30-day survival, or 1-year survival (all P values > .05).

Conclusions: Posttransplant outcomes were similar between EVLP-treated LTx
and standard LTx without EVLP, although the quality of donor lungs was worse
with EVLP-treated LTx. (J Thorac Cardiovasc Surg 2019; Il :1-11)

Ex vivo lung perfusion is a useful strategy for marginal
donor lungs.

Central Message

The outcomes after lung transplantation of
ex vivo lung perfusion on marginal donor lungs
are comparable with those of standard lung
transplantation without ex vivo lung perfusion
treatment.

Perspective

This study provides further confirmation that
marginal donor lungs treated by ex vivo lung
perfusion have outcomes comparable with
those of standard donor lung transplantation,
although the ex vivo lung perfusion group had
worse quality of donor lungs than the group
without ex vivo lung perfusion. It may improve
donor lung use for successful transplantation.

See Commentary on page XXX.

Lung transplantation (LTx) has been regarded as the best and
only effective therapy for patients with end-stage pulmonary
disease. However, challenges have existed since the first
clinically successful LTx was performed in 1983." The major
difficulty is the shortage of acceptable donor lungs with a low
utilization rate of 17% to 27%.”* After retrieval,
hypothermic preservation is widely used to maintain the
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Abbreviations and Acronyms

BMI = body mass index

ECLS = extracorporeal life support

ECMO = extracorporeal membrane oxygenation
EVLP = ex vivo lung perfusion

ICU = intensive care unit

LTx = lung transplantation

OoCS = Organ Care System

Pao,/F10, = arterial oxygen tension/inspired oxygen
fraction

PGD = primary graft dysfunction

donor lungs, which inhibits cellular metabolism without
evaluation and reconditioning before LTx.’

Ex vivo lung perfusion (EVLP) is a modern lung
preservation technique before LTx. Three different EVLP
techniques have been reported: the Lund, Toronto, and
Organ Care System (OCS) (TransMedics, Andover, Mass)
protocols.® Some differences exist among these protocols.
The Lund and Toronto protocols use continuous flow
perfusion in static devices. However, the OCS protocol
uses pulsatile flow perfusion in a mobile device. With
respect to the left atrium, the Lund and OCS protocols are
open but the Toronto protocol is closed with 3- to 5-mm
Hg left atrium pressure. The Lund and OCS protocols use
a blood-based perfusate, but the Toronto protocol use an
acellular perfusate.® Although these systems have some
different characteristics, they are used for the same
purposes to accurately assess and recondition lung quality.

Marginal donor lungs are lungs that may be
transplantable but do not meet the criteria for ideal donor
lungs, including a high arterial oxygen tension/inspired
oxygen fraction (Pao,/F10,) ratio >300 mm Hg, no infiltra-
tion on chest radiographs, clear bronchoscopic findings, and
no smoking history.” Whether such marginal donor lungs
transplanted with EVLP have different outcomes than lungs
transplanted without EVLP remains unconfirmed. Although
some previous studies have shown acceptable outcomes,
they were small, primarily single-center studies.”'> We
performed a systematic review and meta-analysis to test
our hypothesis that outcomes may not significantly differ
between marginal donor lungs transplanted with EVLP
and acceptable donor lungs transplanted without EVLP.

MATERIALS AND METHODS

This systematic review and meta-analysis was conducted and reported
according to the recommendations of the preferred reporting items for
systematic reviews and meta-analyses checklist (http://www.prisma-
statement.org/)."¢

Literature Search Strategy
PubMed, the Cochrane Library, and Embase were searched to select
studies related to this meta-analysis. The last search was performed on

December 31, 2018. The search terms were [lung transplantation,
pulmonary transplantation, ex vivo lung perfusion, EVLP, extracorporeal
lung perfusion, and ex vivo lung recondition. Two authors (DT and YW)
independently evaluated the qualification of the references. A third review
author (HS) resolved any disagreements between the 2 review authors
when necessary. The full text of the retrieved articles and their references
were assessed to identify whether the studies contained useful information.

Study Selection Criteria

A relevant study in this systematic review and meta-analysis met the
following criteria: original studies with >5 patients in each group,
conducted on human subjects, full text written in English only, and reported
outcomes of EVLP on marginal donors following LTx and standard LTx
without EVLP. If overlapping data were presented in several publications
from the same data source, only the most detailed and relevant articles
were selected in this meta-analysis. Duplicate articles were excluded.

Selection Criteria and Data Appraisal

The first author, publication year, location, study design, EVLP
protocol, number of patients, EVLP (LTx) utilization rate, donor age, donor
sex, abnormal radiograph findings of the donor, donor smoking history,
donor Pao,/Flo,, recipient age, recipient sex, LTx indication, double
LTx, recipient bridge by a ventilator/extracorporeal membrane
oxygenation (ECMO), and recipient body mass index (BMI) were
extracted from each included study. The primary outcomes were 72-hour
primary graft dysfunction (PGD) of grade 3, 30-day survival, and 1-year
survival. The secondary outcomes were postoperative ECMO/
extracorporeal life support (ECLS) use, length of postoperative ventilation,
intensive care unit (ICU) stay, and hospital stay. We attempted to contact
the authors of the selected articles to obtain relevant data. Data were
extracted from figures by Engauge Digitizer 4.1 software (available at:
http://markummitchell.github.io/engauge-digitizer)'” or converted to the
mean =+ standard deviation according to previous studies.'®'” We used
the Newcastle-Ottawa Quality Assessment Scale for nonrandomized
studies because its design, content, and ease of use are directed to the
task of incorporating quality assessments into the interpretation of
meta-analytic results. The scale includes 3 aspects (ie, selection,
comparability, and outcome) and 8 items.”” It ranges from 0 to 9 stars,
and studies with a score >6 were considered to have adequate
methodologic quality for inclusion. The existence of publication bias
was evaluated in funnel plots.'®*!

Statistical Analysis

Review Manager (RevMan) version 5.3.5 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, Denmark) was used
for this meta-analysis. For continuous data, the mean difference (MD)
and 95% confidence interval (CI) were calculated. Dichotomous data
were analyzed using the odds ratio (OR) with 95% CI. Data were
graphically plotted using forest plots to evaluate the treatment effects
and heterogeneity of the trials. Data were combined and analyzed using
random effects (significant heterogeneity) or fixed effects (no significant
heterogeneity). The Mantel-Haenszel method was used for dichotomous
data, and the inverse-variance method was used for continuous data.
Statistically significant heterogeneity was defined as a x> P value < .1 or
an I statistic >50%.%* A funnel plot estimating the precision of trials (plots
of logarithm of OR for efficacy against the sample size) was examined for
asymmetry to estimate publication bias.

RESULTS
Study Selection

A preferred reporting items for systematic reviews and
meta-analyses flow diagram of the trial selection process
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FIGURE 1. This systematic review and meta-analysis was conducted and reported according to the recommendations of the preferred reporting items for
systematic reviews and meta-analyses checklist. In total, 1380 records were identified from all sources (Embase, PubMed, and Cochrane Library) and only 8
studies involving 1191 patients met all inclusion criteria and were selected for the meta-analysis.

and reasons for study exclusion are shown in detail in
Figure 1. In total, 1380 records were identified from all
sources (Embase, n = 1038; PubMed, n = 301; and
Cochrane, n = 41). After excluding duplicates (296
records), 1084 titles and abstracts were screened for
eligibility. Subsequently, after removal of non-English/and
nonfull texts (554 records) and nonhuman studies (247

records), 283 remaining articles were screened for eligi-
bility. Thereafter, only original articles were included in
this meta-analysis. We also excluded studies that
contained <5 patients (25 records) or unmatched outcomes
(133 records) that did not show our primary outcomes. The
15 remaining studies were screened for qualitative
synthesis; 5 records included data from the same institute
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TABLE 1. Summary of donor baseline characteristics (ex vivo lung perfusion [EVLP] vs non-EVLP)
EVLP/ EVLP/ Abnormal Donor

Authors, Study EVLP non- total  Percentage Male radiograph  Donor Pao,/Fio,
year Location design protocol EVLP* EVLP{ of DBD: Age (y)I sex{ of donor: smoking (mm Hg)*

Aigner Austria Sp Toronto 9/119 9/13 All 432 + 14.1/ NR NR NR 209.9 £ 46.2/
etal® NR 452.9 + 76.4
2012

Boffin Italy SR Toronto 8/28 8/11 All 447 £ 16.2/ 12.5/53.6 NR 25.0/72.7 338 £ 126/
etal,’ 433 +16.8 498 + 62.5
2014

Cypel Canada SR Toronto 50/253  50/58 56.0/94.8 45/45 NR 68.0/45.1 NR 334.6 + 86.7/
etal,’ 450.3 + 59.4
2012

Fisher United MP Toronto 18/184  18/53 72.2/82.6  47.7 £ 10.7/ 55.6/46.7 NR NR NR
etal,"! Kingdom and Lund 43.6 + 10.7
2016

Koch Germany SP Toronto 9/41 9/11 All 54 £ 14/ 66.7/51.2 88.9/43.9  66.7/61.1 270 £ 74/
etal,'? 54 4+ 16 413 + 96
2018

Sage France MP Toronto 31/81 31/32 All 47.1 £ 11.2/ NR 71.0/19.8  29.0/21.0 276.1 £ 58.9/
etal,'” 514495 512.5 + 59.8
2014

Valenza  Italy SP Lund 7/28 7/8 All 54 +9/ NR 85.7/39.3 57.1/100 264 + 78/
etal,” 40 £ 15 453 £ 119
2014

Nilsson ~ Sweden MP Lund 54/271  54/61 All NR NR NR NR 229.5 + 90.0/
et al,13 NR
2018

EVLP, Ex vivo lung perfusion; DBD, donation after brain death; Pao,/Fio, arterial oxygen tension/inspired oxygen fraction; SP, single-center prospective; NR, not reported;
SR, single-center retrospective; MP, multicenter prospective. *EVLP on marginal donor lungs following lung transplant versus standard lung transplant of lungs not treated
with EVLP. fEVLP on marginal donor lungs following lung transplant versus all EVLP cases (use ratio). fEVLP versus non-EVLP with percentages.

. 2,10,23-25
and the same or some of the same participants ; and

2 studies evaluated EVLP for nonmarginal donors,
including eligible donors only for a Pao,/Fio, >300 mm
Hg.”?" We selected the most detailed and relevant
articles for this meta-analysis. Eight studies involving
1191 patients met all inclusion criteria and were selected
for the meta-analysis.

Study Characteristics

All studies were published in English with full texts. Three
studies were multicenter prospective studies.'"'*'* Three
studies were single-center prospective studies,”'>'” and the
others were single-center retrospective studies.”” One
study was performed in Canada,” and the others were from
Europe.*”'"""> Eight studies involved 247 EVLP cases and
a final total of 186 LTx EVLP cases. The use ratio was
75.3% with a range from 34.0%'' to 96.9%.'"'" All
studies reported the indications for LTx, which were
chronic obstructive pulmonary disease/emphysema,’*'"'*
idiopathic pulmonary fibrosis/pulmonary fibrosis/cystic
fibrosis,”'>  pulmonary artery hypertension, '*'**®
interstitial lung disease,'’ bronchiolitis/a-1 antitrypsin

4
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deficiency,'™'""” and retransplantation.'” The donor and

recipient baseline characteristics among the 8 extracted
studies selected in this meta-analysis are summarized in
Tables 1 and 2.

Demographic Characteristics

The number of patients enrolled in each trial ranged from
35 to 303.”'7?% Of 1191 patients, 186 (15.6%) underwent
EVLP followed by LTx, and 1005 (84.4%) underwent
LTX without EVLP. All studies were published from 2012
to 2018 with cases collected from 2008 to 2017. The
EVLP systems used in the individual studies were as
follows. The Toronto protocol was used in the studies by
Aigner and colleagues,” Boffini and colleagues,” Cypel and
colleagues,” Koch and colleagues,’” and Sage and
colleagues.'* The Lund protocol was used in the studies by
Valenza and colleagues'” and Nilsson and colleagues.'” A
hybrid system combining elements of both the Toronto and
Lund protocols was used in the study by Fisher and
colleagues.'" All studies selected only donation after brain
death, except 2 studies that showed the percentage of
donation after brain death in EVLP and non-EVLP, 56.0%
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TABLE 2. Summary of recipient baseline characteristics (ex vivo lung perfusion [EVLP] vs non-EVLP)
Bridge by
ventilator/
Authors, year Age (y)* Male sex{ Transplant indications* ECMO¢ Recipient BMI*
Aigner et al,® 2012 50 £ 17/43 £ 15 NR CF: 22.2%; IPF: 44.4%; NR NR
COPD: 33.3%
Boffini et al’ 2014 46.6 £9.8/51.7 £ 17.4 75.0/75.0 PF: 57%/61% NR 24.8 £5.8/24.1 £ 5.8
Cypel et al,” 2012 56/56 NR PF or PAH: 32%/38.7%:; NR NR
COPD/emphysema: 27.8%/35.8%
Fisher et al,'’ 2016 51.6 £ 12.1/50.5 + 9.6 72.2/57.6 CF: 22.2%7/25.5%; ILD: 38.9%/25.5%; 88.9/63.0 227 +4.1/23.9 £ 3.5
Bronchiolitis: 5.6%/5.4%; Other: 0/4.9%
IPF: 2/10; COPD: 8/22; CPFE: 1/3
Koch et al,lz 2018 55+7/55+£6 88.9/58.5 CF: 0/3; Retransplantation: 0/1; 0/0 25+ 4/23 £4
Sarcoidosis, histiocytosis X: 0/2
Sage et al,'* 2014 40.1 £9.5/41 £9.9 35.5/48.1 CF: 48%/49%; COPD: 29%/20%; NR NR
PF: 10%/15%; Other: 13%/16%
Valenza et al,”” 2014 38 +15/49 £+ 14 NR CF: 36%/57%; PF: 40%/0; 85.7/135.7 20 +£2.2/22.6 £ 1.7
Other: 25%/43%
Nilsson et al,"* 2018 52 +12/51 £ 13 NR IPF: 24%7/25%; PAH: 2%/6%; 11.1/10.3 NR

COPD: 33%7/28%:;
al ATD: 6%/13%; CF: 20%/12%;
Other:15%/16%

ECMO, Extracorporeal membrane oxygenation; BMI, body mass index; NR, not reported; CF, cystic fibrosis; IPF, idiopathic pulmonary fibrosis; COPD, chronic obstructive
pulmonary disease; PF, pulmonary fibrosis; PAH, pulmonary artery hypertension; /LD, interstitial lung disease; CPFE, combined pulmonary fibrosis and emphysema;
ATD, antitrypsin deficiency. *EVLP on marginal donor lungs following lung transplant versus standard lung transplant without EVLP treatment. fEVLP versus non-EVLP

with percentages.

and 94.8% (Cypel and colleagues’), and 72.2% and 82.6%
(Fisher and colleaguesI l). Tables 1 and 2 show the donor and
recipient clinical characteristics among the 8 studies included
in this meta-analysis. Table 3 shows the posttransplant

1-year survival.

TABLE 3. Summary of postoperative outcomes (ex vivo lung perfusion [EVLP] vs non-EVLP)

outcomes, which include postoperative ECMO use, length
of postoperative ventilation, length of ICU stay, length of
hospital stay, 72-hour PGD grade of 3, 30-day survival, and

Length of
Authors, Postoperative postoperative Length of Length of 72-h PGD 30-d 1-y
year ECMO#* ventilation (d)f ICU stay (d)t hospital stay (d)f of grade 3* survival* survival*
Aigner et al,® NR 2.6 +1.9/4.6 + 8.2 55+1.6/9.7+94 28.9 + 16.9/27.8 £+ 19.0 NR 100/95.8  77.8/84.0
2012
Boffini e al,” 25/17.9 NR NR NR 37.5/50.0 87.5/82.1 NR
2014
Cypel et al,’ 2.0/2.8 10.6 £22.3/34 £7.5 122 +22.1/11.9 £45.5 30.8 £ 33.2/30.5 £+ 53.0 2.0/8.7 96.0/96.4  88.0/86.2
2012
Fisher et al,"’ 38.9/3.3 17.8 £27.4/49 £ 17.0 25.6 £26.4/7.7 £18.5 37.4 +23.1/29.7 £ 179 27.8/17.4 33.3/96.7 66.7/79.9
2016
Koch et al,'"” 11.1/0 9.2 +£12.8/52 £ 104 12.5 £ 13.4/18.9 £ 58.2 26 + 16/19 £ 8 0/0 88.9/100 77.8/95.1
2018
Sage et al,"* NR 5.8 £10.5/3.1 £7.0 124 £ 10.5/72 £ 54  40.6 £ 17.8/38.1 + 37.6 9.7/8.6 100/96.3  93.5/91.4
2014
Valenza et al,"” 14.3/7.1 59+£55/35+42 10.7 £ 4.8/59 £5.2 NR 28.6/32.1 100/100  57.1/78.6
2014
Nilsson et al,"” NR 3.8 £8.3/3.0 £ 16.8 89 £ 13.9/7.3 £274 35.8 £20.9/34.3 +£45.2 NR NR 87.0/83.0
2018

ECMO, Extracorporeal membrane oxygenation; /CU, intensive care unit; PGD, primary graft dysfunction; NR, not reported. *EVLP versus non-EVLP with percentages.
TEVLP on marginal donor lungs following LTx versus standard LTx of non-EVLP.
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EVLP non-EVLP
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
1V, Random, 95% ClI

Mean Difference
1V, Random, 95% ClI

Lengths of ICU stay (day)

Aigner 2012 55 16 9 97 94 119 201% -4.20[-6.19, -2.21] -

Cypel 2012 122 221 50 119 455 253 12.9% 0.30 [-8.00, 8.60] —

Fisher 2016 25,6 26.4 18 7.7 185 184 8.8% 17.90[5.41, 30.39] —_—
Koch 2018 125 134 9 189 582 41 4.6% —6.40 [-26.25, 13.45]

Nilsson 2018 89 139 54 7.3 274 271 17.1% 1.60 [-3.34, 6.54] "

I Sage 2014 I 124 105 31 7.2 54 81 183% 5.20 [1.32, 9.08] —_
Valenza 2014 10.7 48 7 59 52 28 18.2% 4.80 [0.76, 8.84] —
Subtotal (95% CI) 178 977 100.0% 2.56 [-2.29, 7.42] <o
Heterogeneity: Tau? = 29.54; Chi? = 37.63, df = 6 (P < .00001); I? = 84%

Test for overall effect: Z = 1.03 (P = .30)

Lengths of postoperative ventilation (day)

Aigner 2012 26 1.9 9 46 8.2 119 23.6% -—2.00[-3.93,-0.07] =

Cypel 2012 106 223 50 34 75 253 11.4% 7.20[0.95, 13.45] e
Fisher 2016 17.8 274 18 4.9 17 184 4.0% 12.90[0.01, 25.79]

Koch 2018 9.2 1238 9 52 104 41 7.1% 4.00 [-4.95, 12.95] —_—
Nilsson 2018 38 83 54 3 16.8 271 20.4% 0.80 [-2.18, 3.78] B

I Sage 2014 I 58 105 31 3.1 7 81 172%  2.70[-1.30, 6.70] 4+—
Valenza 2014 59 55 7 35 42 28 16.2% 2.40 [-1.96, 6.76] -
Subtotal (95% Cl) 178 977 100.0% 2.17 [-0.63, 4.96] o>
Heterogeneity: Tau? = 7.65; Chi? = 16.87, df = 6 (P = .010); I2 = 64%

Test for overall effect: Z =1.52 (P = .13)

Test for subgroup differences: Chi? = 0.02, df = 1 (P = .89), 12 = 0%

-20 -10 0 10 20
Favours Favours
[EVLP] [non-EVLP]

FIGURE 2. Forest plot of lengths of intensive care unit (/CU) stay and postoperative ventilation between ex vivo lung perfusion (EVLP) group and
non-EVLP group. Similar lengths of ICU stay and postoperative ventilation between the EVLP and non-EVLP groups were shown in the global analysis
(P = .30 and .13, respectively). The solid squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The
solid vertical line indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates the weighted mean difference,
and the lateral tips of the diamond indicate the associated CI. SD, Standard deviation; IV, inverse-variance.

Quality Assessment

The quality assessment results for the individual studies
are shown in Table El. We used the Newcastle-Ottawa
Quality Assessment Scale for cohort studies. All studies
scored either 6%'"'*15 or 771213

Donor Baseline Characteristics

The donor baseline characteristics are summarized in
Table 1 and Figures E1 through E4. The mean age of the
EVLP donors ranged from 44.7” to 54.0'"° years, and the
mean age of the non-EVLP donors ranged from 40.0'° to
54'7 years. There was no significant difference in age
(MD, 3.45; 95% CI, —3.30 to 10.20 years; P = .32)
(Figure E1). 4101215 Three of 8 studies reported donor
sex, and there was no significant difference in donor sex
(male) (OR, 1.09; 95% CI, 0.63-1.88; P = .76)
(Figure E2).”"'? However, this meta-analysis demonstrated
more abnormal donor lung radiograph findings (OR, 5.69;
95% CI, 2.28-14.19; P = .0002) (Figure E3),!%!%15:28
more donors with a smoking history (OR, 3.36; 95% ClI,
1.15-9.84; P = .03) (Figure Ef%),()’lz‘m*15 and worse donor

Pao,/Flo, (MD, 18278 mm Hg;, 95% CI,
127.00-238.60 mm Hg; P < .00001) (Figure
E4)7 10121415 40 the EVLP group. In all studies, abnormal
donor lung radiograph findings were about 5.69 times
(range, 2.59-10.22 times) more frequent and the donor
Pao,/Fio, ratio was about 182.78 mm Hg (range,
115.70-243.00 mm Hg) lower in the EVLP group than
non-EVLP group.

Recipient Baseline Characteristics

The recipient baseline characteristics are summarized in
Table 2 and Figures ES through E8. The mean recipient age
in the EVLP group ranged from 38.0"" to 55.0'% years, and
that in the non-EVLP group ranged from 41.0" to
55.0'% years. Four studies recorded both recipient sex
and BMI in the EVLP group versus the non-EVLP
group (male, 35.5%'*-75%"° vs 48.1%'*-75%° and BMI,
20'°-25'% vs 22.6'°-24.1°, respectively). There were no
significant differences between the 2 groups in age (MD,
—0.09; 95% CI, —2.10 to 1.92 years; P = .93)
(Figure E5)," male sex (OR, 1.01; 95% CI, 0.58-1.77;

6 The Journal of Thoracic and Cardiovascular Surgery + ll 2019
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EVLP non-EVLP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Aigner 2012 289 16.9 9 278 19 119 12.8% 1.10 [-10.46, 12.66] =
Cypel 2012 30.8 33.2 50 30.5 53 253 13.5% 0.30[-10.98, 11.58] :
Fisher 2016 374 231 18 29.7 179 184 14.2%  7.70[-3.28, 18.68] .
Koch 2018 26 16 9 19 8 41 14.9%  7.00[-3.74, 17.74] -
Nilsson 2018 358 20.9 54 343 452 271 28.5% 1.50 [-6.25, 9.25] m
. Sage 2014 40.6 17.8 31 381 376 81 16.1% 2.50[-7.81, 12.81] -
Total (95% CI) 171 949  100.0% 3.15[-0.99, 7.29] e
Heterogeneity: Chi? = 1.71, df =5 (P = .89); I = 0% : ; : :
-20 -10 0 10 20

Test for overall effect: Z = 1.49 (P = .14)

Favours [EVLP] Favours [non-EVLP]

FIGURE 3. Forest plot of length of hospital stay between ex vivo lung perfusion (EVLP) group and non-EVLP group. A similar length of hospital stay
between the EVLP and non-EVLP groups was shown in the global analysis (P = .14). The solid squares indicate the mean difference and are proportional
to the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The

diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated CI. SD, Standard deviation; IV, inverse-variance.

P = .96) (Figure E6),”'"'*'* or recipient BMI (MD, —0.65;
95% CI, —2.71 to 1.40; P = .53) (Figure E7).”'""'*'° There
were also no significant differences in the use of a bridge to
LTx by a ventilator/ECLS/ECMO (OR, 2.96; 95% CI,
0.74-11.81; P = .12) (Figure E8)"""'*'> or the number of
double LTx (OR, 1.03; 95% CI, 0.28-3.73; P = .97)
(Figure E8).''"1

Postoperative Outcomes

The postoperative outcomes are summarized in Table 3,
Figure E9, and Figures 2 through 4. Five of 8 studies
reported the rate of postoperative ECMO/ECLS
use.””!""1*19 Six of 8 studies listed data on the length of
hospital ~ stay,”®''"""* and 72-hour PGD grade of
370ILIZIE28 Geven of 8 studies reported length of
postoperative ventilation,””"''™"” length of ICU stay,”*''""
30-day survival,”'>'*'* and 1-year survival.”*'""?

Postoperative ECMO/ECLS Use and Length of
Ventilation

The rate of postoperative ECMO/ECLS use in the EVLP
group was 3.72 times higher (95% CI, 0.83-16.66; P = .09)
than that in the non-EVLP group (Figure E9).”!!1219
Additionally, the length of ventilation was 2.17 days
longer (95% CI, —0.63 to 4.96; P = .13) than that in the
non-EVLP group (Figure 2).”%'""'> However, there were
no significant differences between the 2 groups in
postoperative ECMO/ECLS use or length of ventilation.
The statistical heterogeneity of postoperative ECMO/
ECLS use (> = 62%) and length of ventilation
(> = 64%) was considered high.

ICU Stay and Hospital Stay

The lengths of the ICU stay and hospital stay in the EVLP
versus the non-EVLP group were 5.5 to 25.6 days versus 5.9 to
18.9 days and 26.0 to 40.6 days versus 19.0 to 38.1 days,

respectively. Although the ICU stay and hospital stay were
2.56 days longer (95% CI, —2.29 to 7.42; P = .30)
(Figure 2) and 3.15 days longer (95% CI, —0.99 to 7.29;
P = .14) (Figure 3) in the EVLP than non-EVLP group,
respectively, there were no significant differences in either
outcome between the EVLP and non-EVLP groups.”*''™"
The statistical heterogeneity of the length of ICU stay across
studies was considered high (P = 84%), but there was no
statistical heterogeneity in the length of hospital stay
P = 0%).

72-hour PGD of Grade 3, 30-Day and 1-Year Survival
Rates

The 72-hour PGD of grade 3 and the 30-day and 1-year
survival rates are summarized in Table 3 and Figure 4.
There was no significant difference in 72-hour PGD of
grade 3 (OR, 0.79; 95% CI, 0.42-1.50;
P = 47), 1121415 30 day survival (OR, 0.77; 95% CI,
0.32-1.82; P = .55)7 % 11I20%15 o l-year survival (OR,
0.89; 95% CIL 0.57-1.40; P = .62)"*'"""" between the
EVLP and non-EVLP groups (Figure 4). There was no
statistical heterogeneity in 72-hour PGD of grade 3 or the
30-day and 1-year survival rates (I* = 0%).

Assessment of Publication Bias

Funnel plots of the studies were used in the meta-analysis
reporting on 72-hour PGD of grade 3 (Figure E10), 30-day
survival (Figure E11), and 1l-year survival (Figure E12)
after EVLP of marginal donor lungs compared with
non-EVLP of standard LTx. There was no evidence of
publication bias or heterogeneity in the funnel plots of
72-hour PGD of grade 3, 30-day survival, and 1-year
survival among the included studies (all P = 0%).

DISCUSSION
This meta-analysis provides further confirmation that
marginal donor lungs treated by EVLP have outcomes
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EVLP non-EVLP Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI

72h PGD 3

Boffini 2014 3 8 14 28 5.3% 0.60[0.12, 3.01] -

Cypel 2012 1 50 22 253  9.8%  0.21[0.03, 1.63] .

Fisher 2016 5 18 32 184 5.7% 1.83[0.61, 5.49] 1

Koch 2018 0 9 0 41 Not estimable

Sage 2014 3 31 9 81 6.2% 0.86 [0.22, 3.40] —_—

Valenza 2014 2 7 9 29 3.4% 0.89 [0.14, 5.48]

Subtotal (95% CI) 123 616 30.4% 0.79[0.42, 1.50] S

Total events 14 86

Heterogeneity: Chi? = 3.97, df = 4 (P = .41); 12 = 0%

Test for overall effect: Z = 0.72 (P = .47)

30-day survival

Aigner 2012 9 9 114 119 1.2% 0.91[0.05, 17.78] -

Boffini 2014 7 8 23 28 1.8% 1.52[0.15, 15.30]

Cypel 2012 48 50 244 253 4.4% 0.89[0.19, 4.23] —_—

Fisher 2016 17 18 178 184 2.4% 0.57 [0.07, 5.04]

Koch 2018 8 9 41 41  3.3% 0.07[0.00, 1.82] <

Sage 2014 30 31 78 81 1.9% 1.15[0.12, 11.53] -

Valenza 2014 7 7 28 28 Not estimable

Subtotal (95% CI) 132 734 15.0% 0.77[0.32, 1.82] =

Total events 126 706

Heterogeneity: Chi? = 2.66, df =5 (P = .75); 12 = 0%

Test for overall effect: Z = 0.60 (P = .55)

1-year survival

Aigner 2012 7 9 100 119 4.3% 0.67 [0.13, 3.45] .

Cypel 2012 44 50 218 253 11.9%  1.18[0.47,2.97] —

Fisher 2016 12 18 147 184 12.0% 0.50[0.18, 1.43] —_—

Koch 2018 7 9 39 41  43%  0.18[0.02, 1.49]

Nilsson 2018 47 54 225 271  13.3% 1.37 [0.58, 3.23] w

Sage 2014 29 31 74 81 3.6% 1.37 [0.27, 6.99] —_— ]t

Valenza 2014 4 7 22 28 5.2% 0.36 [0.06, 2.09] —_—

Subtotal (95% CI) 178 977 54.6%  0.89[0.57, 1.40] 2

Total events 150 825

Heterogeneity: Chi2 = 6.08, df = 6 (P = .41); 12 = 1%

Test for overall effect: Z = 0.49 (P = .62)

Total (95% ClI) 433 2327 100.0%  0.84[0.60, 1.18]

Total events 290 1617

Heterogeneity: Chi? = 12.57, df = 17 (P = .76); 1 = 0% | : | : |

Test for overall effect: Z = 1.00 (P = .32) 0.01 01 1 10 200

Test for subgroup differences: Chi? = 0.15, df = 2 (P = .93), 12 = 0%

Favours [EVLP]  Favours [non-EVLP]

FIGURE 4. Forest plot of 72-hour primary graft dysfunction (PGD) of grade 3, 30-day survival and 1-year survival between ex vivo lung perfusion (EVLP)
group and non-EVLP group. Similar 72-hour PGD of grade 3, 30-day survival and 1-year survival between the EVLP and non-EVLP groups was shown in

the global analysis (P >.05). The solid squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical
line indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates the weighted mean difference, and the
lateral tips of the diamond indicate the associated CI. M-H, Mantel-Haenszel.

comparable with those of standard donor LTx, which
may improve donor lung utilization for successful
transplantation.

Steen and colleagues’” "’ described the first clinical
application in 2001 and updated the application of
short-period EVLP of marginal donor lungs. In 2008, Cypel

and colleagues’' altered the EVLP system and technique,
reporting that EVLP prevents ongoing injury associated
with prolonged ischemia and accelerates lung recovery in
pig donor lungs. Thereafter, this team reported the first
prospective clinical trial using EVLP that demonstrated
that extended acellular normothermic EVLP can yield early
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outcomes similar to those of standard LTx without EVLP.”
After that, the Toronto group evaluated 50 clinical cases and
showed acceptable posttransplantation outcomes of
marginal donor lungs treated by EVLP.’' Other
transplant centers throughout the world recently applied
the Toronto strategy and achieved promising outcomes of
LTx after EVLP-treated marginal donor lungs, which
expanded the limited donor pool.*”'*'* In 2012,
Warnecke and colleagues’ reported their first experience
of EVLP with OCS in LTx, which was technically similar
to previously described EVLP methods. Moreover, a case
report has suggested OCS lungs are also capable of
maintaining a safe and near-physiologic environment for
more than 10 hours, even for marginal donor grafts.”” The
results of the Normothermic Ex Vivo Lung Perfusion as
an Assessment of Extended/Marginal Donor Lungs trial,
which is the first Food and Drug Administration-
mandated multicenter, prospective clinical trial, recently
showed that the early and midterm results were equivalent
between patients who underwent EVLP-treated LTx and
standard LTx without EVLP* In the present
meta-analysis, we did not include EVLP systems of OCS
because no study of the OCS system met the study selection
criteria. We did not distinguish the use of the Toronto and
Lund systems, which shared the same purposes. Indeed,
the characteristics of the donor lungs evaluated with
these systems and the clinical outcomes were similar
(Table E2).

The radiograph status and Pao,/Fio, ratio are important
criteria for evaluating the quality of donor lungs. An
abnormal radiograph status or Pao,/Fio, ratio often
indicates low-quality donor lungs, especially a Pao,/Fio,
ratio <300 mm Hg. Zych and colleagues® reported that
in LTx using donors with a Pao,/Fio, ratio <300 mm Hg,
PGD of grade 3 was observed significantly more frequently
at 48 hours and 72 hours, contributing to early
morbidity and mortality. In this meta-analysis, all studies
that described a more frequent abnormal radiograph status
or lower Pao,/Fio, ratio in the EVLP than non-EVLP
groups.

In this meta-analysis, treatment with ECMO after LTx in
the EVLP group was performed in a similar proportion of
patients undergoing EVLP versus non-EVLP strategies,
which is consistent with previous studies.””'>?% As
previous studies demonstrated,”*** the EVLP group
tended to have a longer ventilation time than the
non-EVLP group. However, this difference was not
significant. Wallinder and colleagues” showed that the
ventilation time was significantly longer in recipients in
the EVLP group in their early report, but not in their recent
study.”” In this meta-analysis, the mechanical ventilation
time was comparable between the EVLP group and
conventional transplant group, which is consistent with
previous studies.” ! 12928

The length of the posttransplant ICU and hospital stay is
critical for LTx recipients. Recipients may develop various
complications such as severe catabolism, infection
problems, and early graft rejection during their ICU and
hospital stay. In the early outcomes reported by Wallinder
and colleagues” the length of ICU stay was significantly
longer in recipients of the EVLP group. However, this
was not observed in their subsequent analysis.” In other
previous studies, the lengths of the ICU and hospital stay
were also similar between the EVLP and non-EVLP
groups.”* 10192336 Iy the present meta-analysis, the length
of ICU and hospital stay in the EVLP group were
comparable with those in the non-EVLP group.

The incidence of PGD has also been compared between
the EVLP group and non-EVLP group in previous
studies.” - 11-12:14.15.23 However, none of the included
studies described whether patients with posttransplant
ECMO were automatically classified as having PGD of
grade 3. The Toronto group performed a prospective trial
of EVLP in clinical LTx and reported that the
incidence of 72-hours PGD of grade 3 was only 15%
compared with 30% in the standard LTx group
(P = .11).” In the present meta-analysis, 6 of 8 studies
provided data regarding 72-hour PGD of grade 3, and no
significant differences were observed between the 2
groups.” %! 121415 Although  EVLP lungs were more
impaired than standard LTx lungs, the incidence of
72-hour PGD of grade 3 was similar in both groups.

Marginal donor lungs can be evaluated by EVLP, but
whether they can be reconditioned for acceptable
transplantation is unconfirmed. Although the Toronto group
performed transplantations in sicker recipients, a low
30-day mortality rate of approximately 2% was shown in
their previous studies, which is another advantage of
EVLP."#*2831:937 Ajgner and colleagues® showed that the
30-day survival rate in the EVLP group was 100% compared
with 95.8% in the non-EVLP group (P = .6). In addition, the
1-year survival rate was >80% after LTx (available at http://
www.ishlt.org) as reported during the past decade.”” The pre-
vious studies demonstrated that the 1-year survival rate is
almost equivalent in recipients of EVLP-treated marginal
donor lungs versus standard LTx with EVLP.”'** In this
meta-analysis, there was no significant difference in 30-day
or 1-year survival between the EVLP and non-EVLP groups,
which is consistent with previous studies.””'>***7

Study Limitations

Our study has some inevitable limitations. No studies
included in this meta-analysis were randomized controlled
trials. The potential problems and biases of the individual
publications included in a meta-analysis may affect the
pooled quality. Only 186 patients were pooled in the EVLP
group; this is considered a relatively small number. Long-
term survival and chronic lung allograft dysfunction were
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VIDEO 1. Video abstract summarizing the systematic review and
meta-analysis of outcomes of marginal donors for lung transplantation after
ex vivo lung perfusion.Video available at: https://www.jtcvs.org/article/
S0022-5223(19)31641-1/fulltext.

not assessed in this meta-analysis because of the short median
follow-up duration in most of the publications. Institutional
differences in EVLP protocols (Lund and Toronto) existed
that may have resulted in different recipient outcomes. Addi-
tionally, only the number of patients with postoperative
ECMO use and 72-hour PGD of grade 3 were reported in
the included studies. No information was provided about
whether patients with posttransplant ECMO were automati-
cally classified as having PGD of grade 3 or ECMO use for
cardiovascular support. In addition, the Donor Ex-Vivo
Lung Perfusion in the United Kingdom lung transplantation
study performed a hybrid system combining elements of
both the Toronto and Lund protocols. Although the study
was terminated because of slow recruitment and a concern
about high levels of ECMO use, and although the sample
size in the EVLP arm was too small to allow firm conclusions
to be drawn, our inclusion criteria were met and our
meta-analysis showed important data. We extrapolated
some data from the survival curves or converted to the
mean and standard deviation as in previous studies, which
may have decreased accuracy and affected the final
conclusion. Additionally, we selected only English-
language publications and excluded unpublished and gray
studies, which may have resulted in potential publication bias.

CONCLUSIONS

The outcomes after LTx of EVLP on marginal donor
lungs are comparable with those of standard LTx without
EVLP treatment. The present meta-analysis indicates that
EVLP-treated LTx has posttransplant outcomes similar to
those of standard LTx without EVLP, although the EVLP
group had worse quality of donor lungs than the
non-EVLP group (Video 1).
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EVLP non-EVLP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Fisher 2016 47.7 10.7 18 436 107 184 28.9% 4.10 [-1.08, 9.28] e
Koch 2018 54 14 9 54 16 41 19.1% 0.00[-10.38, 10.38] —_—
Sage 2014 471 11.2 31 499 116 81 29.9%  —2.80[-7.48,1.88] —a
Valenza 2014 54 9 7 40 15 28 22.1%  14.00 [5.32, 22.68] —
Total (95% CI) 65 334 100.0%  3.45[-3.30, 10.20] ?

Heterogeneity: Tau? = 34.02; Chi? = 12.16, df = 3 (P = .007); 12 = 75%

Test for overall efect: Z = 1.00 (P = .32) -20 -10 O 10 20

Favours [EVLP] Favours [non-EVLP]

FIGURE E1. Forest plot of donor age between the ex vivo lung perfusion (EVLP) group and non-EVLP group. A similar donor age between the EVLP and
non-EVLP groups was shown in the global analysis (P = .32). The solid squares indicate the mean difference and are proportional to the weights used in the
meta-analysis. The solid vertical line indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates the
weighted mean difference, and the lateral tips of the diamond indicate the associated CI. SD, Standard deviation; /V, inverse-variance.

EVLP non-EVLP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
Boffini 2014 1 8 15 28 7.7% 0.23[0.04, 1.51] .
Fisher 2016 10 18 86 184 50.0% 1.19[0.76, 1.85]
Koch 2018 6 9 21 41 42.3% 1.30[0.75, 2.26]
Total (95% ClI) 35 253  100.0% 1.09 [0.63, 1.88]
Total events 17 122 ) . . ,
Heterogeneity: Tau? = 0.10; Chi? = 3.79, df = 2 (P = .15); I = 47% ’ ' i ' '
genery ( ) ° 0.01 0.1 1 10 100

Test for overall efect: Z =0.31 (P = .76)
Favours [EVLP] Favours [non-EVLP]

FIGURE E2. Forest plot of donor sex between ex vivo lung perfusion (EVLP) group and non-EVLP group. Similar donor sex between the EVLP and
non-EVLP groups was shown in the global analysis (P = .76). The solid squares indicate the mean difference and are proportional to the weights used
in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates
the weighted mean difference, and the lateral tips of the diamond indicate the associated CI. M-H, Mantel-Haenszel.
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EVLP non-EVLP Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI

abnormal X-ray status

Cypel 2012 34 50 114 253 41.1% 2.59[1.36, 4.93] ——

Koch 2018 8 9 18 41 13.2% 10.22[1.17, 89.39] -
Sage 2014 22 31 16 81 33.2% 9.93 [3.84, 25.65] —a—
Valenza 2014 6 7 11 28 12.5% 9.27[0.98, 87.87]

Subtotal (95% ClI) 97 403 100.0% 5.69[2.28, 14.19] B
Total events 70 159

Heterogeneity: Tau? = 0.42; Chi? = 6.43, df = 3 (P = .09); I = 53%
Test for overall effect: Z = 3.73 (P = .0002)

smoking history

Boffini 2014 2 8 8 28 20.5% 0.83[0.14, 5.03] -
Koch 2018 6 9 18 41 24.6% 2.56 [0.56, 11.65] |
Sage 2014 9 18 17 184  33.1%  9.82[3.44, 28.07]
Valenza 2014 4 7 8 28 21.8% 3.33[0.60, 18.37] |
Subtotal (95% Cl) 42 281  100.0% 3.36 [1.15, 9.84]
-
Total events 21 51
Heterogeneity: Tau? = 0.62; Chi® = 6.31, df = 3 (P = .10); I> = 52%
Test for overall effect: Z = 2.21 (P =.03)
Test for subgroup differences: Chi? = 0.54, df = 1 (P = .46); 1> = 0% 0.01 0.1 1 10 100

Favours [EVLP]  Favours [non-EVLP]

FIGURE E3. Forest plots of donor abnormal radiograph status and smoking history between ex vivo lung perfusion (EVLP) group and non-EVLP group. In
the global analysis, abnormal radiograph findings and a smoking history were more frequently found in the EVLP group (P = .0002 and .03, respectively).
The solid squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect.
The horizontal lines represent the 95% confidence interval (CI). The diamond indicates the weighted mean difference, and the lateral tips of the diamond
indicate the associated CI. M-H, Mantel-Haenszel.

Study or EVLP non-EVLP Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Aigner 2012 209.9 46.2 9 4529 76.4 119 18.3% -243.00 [-276.16,-209.84] —=

Boffini 2014 338 126 8 498 625 28 12.9% -160.00 [-250.33, —69.67] .

Cypel 2012 334.6 86.7 50 450.3 59.4 253 18.8% —115.70[-140.82,-90.58] -

Koch 2018 270 74 9 413 96 41 16.3% -143.00[-199.58,-86.42] —

Sage 2014 276.1 589 31 5125 59.8 81 18.9% -236.40[-260.88, -211.92] —=—

Valenza 2014 264 78 7 453 119 28 14.7% -189.00 [-261.67,-116.33] ——=——

Total (95% ClI) 114 550 100.0% -182.78 [-238.55, —127.00] =

Heterogeneity: Tau? = 4132.87; Chi? = 60.20, df = 5 (P < .00001); I? = 92% ’ ’ ’ ’
Test for overall efect: Z = 6.42 (P < .00001) -200 -100 O 100 200

Favours  Favours
[EVLP] [non-EVLP]
FIGURE E4. Forest plot of donor arterial oxygen tension/inspired oxygen fraction (Pao,/Fio,) ratio between the ex vivo lung perfusion (EVLP) group and
non-EVLP group. In the global analysis, a worse Pao,/F1o, ratio was shown in the EVLP group (P <.00001). The solid squares indicate the mean difference
and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines represent the 95% confidence
interval (CI). The diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated CI. SD, Standard deviation;
1V, inverse-variance.
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EVLP non-EVLP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aigner 2012 50 17 9 43 15 119 3.1%  7.00 [-4.43, 18.43]
Boffini 2014 466 9.8 8 b51.7 174 28 4.6% -5.10 [-14.46, 4.26] .
Fisher 2016 51.6 121 18 505 9.6 183 12.2% 1.10 [-4.66, 6.86] ——
Koch 2018 55 7 11 55 6 41 19.8% 0.00 [-4.53, 4.53] ——
Nilsson 2018 52 12 54 51 13 271 32.0% 1.00 [-2.56, 4.56] L]
Sage 2014 I 401 95 31 41 99 81 256%  —0.90[-4.88, 3.08] ——
Valenza 2014 38 15 7 49 14 28 2.7% -11.00 [-23.26, 1.26]
Total (95% CI) 138 751 100.0%  —-0.09 [-2.10, 1.92] ?
Heterogeneity: Chi? = 6.31, df = 6 (P = .39); I = 5% ’ ’ - ’ ’
Test for overall efect: Z = 0.09 (P =.93) -20 -10 0 10 20

Favours [EVLP] Favours [non-EVLP]

FIGURE ES. Forest plot of recipient age between the ex vivo lung perfusion (EVLP) group and non-EVLP group. A similar recipient age between the
EVLP and non-EVLP groups was shown in the global analysis (P = .93). The solid squares indicate the mean difference and are proportional to the weights
used in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates
the weighted mean difference, and the lateral tips of the diamond indicate the associated CI. SD, Standard deviation; IV, inverse-variance.

EVLP non-EVLP Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Boffini 2014 6 8 21 28 9.6% 1.00 [0.16, 6.14]
Fisher 2016 13 18 106 184 21.5% 1.91 [0.65, 5.59] ———
Koch 2018 6 9 24 41 11.8% 1.42[0.31, 6.47] —t—
Sage 2014 11 31 39 81 57.1% 0.59 [0.25, 1.39] —u1
Total (95% ClI) 66 334  100.0% 1.01[0.58, 1.77]
Total events 36 190 ) . . ,

0.02 0.1 1 10 50
Favours [EVLP] Favours [non-EVLP]

Heterogeneity: Chi? = 3.05, df = 3 (P =.38); 1> = 2%
Test for overall efect: Z = 0.04 (P = .96)

FIGURE E6. Forest plot of recipient sex between ex vivo lung perfusion (EVLP) group and non-EVLP group. Similar recipient sex between the EVLP and
non-EVLP groups was shown in the global analysis (P = .96). The solid squares indicate the mean difference and are proportional to the weights used in the
meta-analysis. The solid vertical line indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates the
weighted mean difference, and the lateral tips of the diamond indicate the associated CI. M-H, Mantel-Haenszel.

EVLP non-EVLP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Boffini 2014 24.8 5.8 8 24.1 5.8 28 13.8% 0.70 [-3.86, 5.26] .
Fisher 2016 22.7 4.1 17 239 3.5 182 30.3% -1.20[-3.21, 0.81] —
Koch 2018 25 4 9 23 4 41 23.2% 2.00 [-0.89, 4.89] —
Valenza 2014 20 2.2 7 22.6 1.7 28 32.7% -2.60 [-4.35, -0.85] ———
Total (95% CI) 41 279 100.0% -0.65[-2.71, 1.40]
Heterogeneity: Tau? = 2.56; Chi? = 7.86, df = 3 (P = .05); I> = 62% : : ' : :
Test for overall efect: Z = 0.62 (P = .53) -10 -5 0 5 10

Favours [EVLP] Favours [non-EVLP]

FIGUREE7. Forest plot of recipient body mass index (BMI) between EVLP group and non-EVLP group. A similar recipient BMI between the ex vivo lung
perfusion (EVLP) and non-EVLP groups was shown in the global analysis (P = .53). The solid squares indicate the mean difference and are proportional to
the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The
diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated CI. SD, Standard deviation; /V, inverse-variance.
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EVLP non-EVLP Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
recipient bridge by ventilator/ECLS/ECMO
Fisher 2016 16 18 116 184 33.5% 4.69 [1.05, 21.02] ——
Koch 2018 0 11 0 41 Not estimable
Nilsson 2018 6 54 28 271 44.1% 1.08 [0.43, 2.76] ]
[l valenza 2014 [ 6 7 10 28 22.4% 10.80 [1.13, 102.85] S
Subtotal (95% ClI) 90 524 100.0% 2.96 [0.74, 11.81] 1
Total events 28 154

Heterogeneity: Tau? = 0.90; Chi? = 5.18, df = 2 (P = .07); I = 61%
Test for overall effect: Z = 1.54 (P = .12)

double LTx
Fisher 2016 16 18 152 176 28.6% 1.26 [0.27, 5.84] ——
I Koch 2018 I 7 9 41 41 12.5% 0.04 [0.00, 0.83] .
Nilsson 2018 47 54 234 271 39.3% 1.06 [0.45, 2.53] "
I Sage 2014 I 31 31 81 81 Not estimable
Valenza 2014 6 7 14 28 19.6% 6.00 [0.64, 56.52] +—
Subtotal (95% ClI) 119 597 100.0% 1.03[0.28, 3.73] B =
Total events 107 522

Heterogeneity: Tau? = 0.91; Chi? = 6.80, df = 3 (P = .08); I = 56%
Test for overall effect: Z = 0.04 (P = .97)

Test for subgroup differences: Chi? = 1.21, df = 1 (P = .27); 1> = 17.2% 0.002 0.1 1 10 500
Favours [EVLP] Favours [non-EVLP]

FIGURE ES8. Forests plot of recipient bridge by ventilator/extracorporeal membrane oxygenation/extracorporeal life support (ECMO/ECLS) and double
lung transplantation (LTx) between ex vivo lung perfusion (EVLP) group and non-EVLP group. Similar frequencies of recipient bridge by ventilator/ECLS/
ECMO and double LTx between the EVLP and non-EVLP groups were shown in the global analysis (P = .12 and .97, respectively). The solid squares
indicate the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines

represent the 95% confidence interval (CI). The diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated
CI. M-H, Mantel-Haenszel.

EVLP non-EVLP Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random,95% ClI M-H, Random, 95% ClI
Boffini 2014 2 8 5 28 22.2% 1.53[0.24, 9.95] |
Cypel 2012 1 50 7 253 20.3% 0.72[0.09, 5.96] —_—
Fisher 2016 7 18 6 184 27.5% 18.88 [5.41, 65.82] — e
Koch 2018 1 9 0 41 12.9% 14.65 [0.55, 391.04] x
Valenza 2014 1 7 2 28 17.1% 2.17[0.17, 28.01] —_—
Total (95% ClI) 92 534  100.0% 3.72[0.83, 16.66] Ea—
Total events 12 20
Heterogeneity: Tau? = 1.72; Chi? = 10.49, df = 4 (P = .03); I> = 62% 0 0'05 0'1 1 1'0 2(')0

Test for overall effect: Z =1.72 (P = .09
( ) Favours [EVLP] Favours [non-EVLP]

FIGURE E9. Forest plot of postoperative extracorporeal membrane oxygenation/extracorporeal life support (ECMO/ECLS) use between ex vivo lung
perfusion (EVLP) group and non-EVLP group. Similar postoperative ECMO/ECLS use between the EVLP and non-EVLP groups was shown in the global
analysis (P = .09). The solid squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line
indicates no effect. The horizontal lines represent the 95% confidence interval (CI). The diamond indicates the weighted mean difference, and the lateral
tips of the diamond indicate the associated CI. M-H, Mantel-Haenszel.
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FIGURE EI10. Funnel plot for the visual detection of systematic
publication bias in 72-hour primary graft dysfunction (PGD) of grade 3.
The studies between the red lines contained no publication bias.
SE, Standard error; OR, odds ratio.
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FIGURE El1l. Funnel plot for the visual detection of systematic
publication bias in 30-day survival. The studies between the red lines
contained no publication bias. SE, Standard error; OR, odds ratio.

FIGURE EI12. Funnel plot for the visual detection of systematic
publication bias in 1-year survival. The studies between the red lines
contained no publication bias. SE, Standard error; OR, odds ratio.
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TABLE E1. Quality assessment of individual studies using the Newcastle-Ottawa Quality Assessment Scale score for cohort studies'®*>%
Selection™ Comparability Outcome?

Study 1 2 4 1 2 1 2 3 Score
Aigner et al,” 2012 X X X / X / X / X 6
Boffini et al,'’ 2014 X X / X X / X X X 7
Cypel et al,'' 2012 X X / X X / X X 7
Fisher et al,"* 2016 X X X / X / X / X 6
Koch et al,'* 2018 X X X / X / X X X 7
Sage et al,” 2014 X X X / X / X / X 6
Valenza et al,'’ 2014 X X X / X / X / X 6
Nilsson et al,'” 2018 X X X / X / X X X 7

X, Eligibility in NOS; /, dissatisfaction in NOS. *Contains: 1 = Is the case definition adequate? 2 = Representativeness of the cases; 3 = Selection of controls; and 4 = Definition
of controls. TContains: Comparability of cases and controls on the basis of the design or analysis. {Contains: 1 = Assessment of outcome; 2 = Was follow-up long enough for
outcomes to occur? and 3 = Adequacy of follow-up of cohorts.

TABLE E2. Summary of clinicopathologic outcomes in different ex vivo lung perfusion systems (Lund system vs Toronto system)

Outcomes Total cases (Lund/Toronto) Lund system Toronto system P value
Utilization rate 69/125 .583*
Yes 61 (88.4) 107 (85.6)
No 8 (11.6) 18 (14.4)
Abnormal radiograph of donor 7/90 66971
Yes 6 (85.7) 64 (71.1)
No 1(14.3) 26 (28.9)
Donor smoking 7/48 4087
Yes 4 (57.1) 17 (35.4)
No 3 (42.9) 31 (64.6)
Postoperative ECMO 7/67 4007
Yes 1(14.3) 4 (6.0)
No 6 (85.7) 63 (94.0)
30-d survival 7/107 1.0007
Alive 7 (100) 103 (96.3)
Dead 0 (0) 4(3.7)
1-y survival 61/99 434+
Alive 56 (91.8) 87 (87.9)
Dead 5(8.2) 12 (12.1)
72-h PGD 3 7/98 1107
Yes 2 (28.6) 7(7.1)
No 5(71.4) 91 (92.9)

The data were extracted from the studies included in the present meta-analysis. Values are presented as n (%). ECMO, Extracorporeal membrane oxygenation; PGD, primary graft
dysfunction. *x? test. {Fisher exact test.
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000 Outcomes of marginal donors for lung transplantation after ex vivo lung
perfusion: A systematic review and meta-analysis
Dong Tian, MD, Yu Wang, MD, Haruhiko Shiiya, MD, Chang-Bo Sun, MD, Yukari Uemura, MD,

PhD, Masaaki Sato, MD, PhD, and Jun Nakajima, MD, PhD, Tokyo and Sapporo, Japan, and
Nanchong and Chengdu, China

The outcomes after lung transplantation of ex vivo lung perfusion on marginal donor lungs are
comparable with those of standard lung transplantation without ex vivo lung perfusion treatment.
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ELSEVIER

Differences Between Patients With Idiopathic Pleuroparenchymal
Fibroelastosis and Those With Other Types of Idiopathic Interstitial
Pneumonia in Candidates for Lung Transplants

Haruhiko Shiiya®”, Dong Tian®°, Masaaki Sato®*, Takahiro Karasaki®, Kentaro Kitano?,
Kazuhiro Nagayama®, Masaki Anraku?, Kichizo Kaga®, Yoshiro Matsui®, and Jun Nakajima®

aDepartment of Thoracic Surgery, The University of Tokyo Graduate School of Medicine, Tokyo, Japan; °Department of Cardiovascular
and Thoracic Surgery, Hokkaido University Graduate School of Medicine, Sapporo, Japan; and “Department of Thoracic Surgery,

Affiliated Hospital of North Sichuan Medical College, Nanchong, China

ABSTRACT

Introduction. The prognostic implications of having patients with idiopathic pleuro-
parenchymal fibroelastosis (IPPFE) on lung transplantation waiting lists have been unclear.
In Japan, where a severe shortage of brain-dead donors remains a major limitation for
organ transplantation, it is particularly important to predict the prognoses of patients
when they are listed for transplantation. The purpose of this study was to investigate the
characteristics of lung transplantation candidates with IPPFE and the influence of those
characteristics on prognosis.

Methods. This was a retrospective review of 29 consecutive adult lung transplant can-
didates with idiopathic interstitial pneumonia between January 2014 and April 2018.

Results. Eight patients with IPPFE and 21 with other types of idiopathic interstitial
pneumonia were included. Body mass index (median 17.1 kg/m? vs 23.5 kg/m?, P < .01) and
ratio of anteroposterior to transverse diameter of the thoracic cage were significantly lower
(0.530 vs 0.583, P = .02) in the IPPFE group. Patients with a body mass index <20.0 kg/m*
(P = .02), 6-minute walk distance <250.0 m (P < .01), ratio of PaO, to fraction of
inspiratory oxygen <300.0 mm Hg (P < .01), and an inability to perform the diffusing
capacity of carbon monoxide test (P < .01) had significantly shorter survival times in the
other idiopathic interstitial pneumonia, but not in the IPPFE, group. Some patients with

IPPFE survived for long enough to undergo transplantation.

Conclusions.

Patients with IPPFE waiting for transplantation have some distinctive

characteristics and should be retained on waiting lists to receive transplants.

N Japan, where a severe shortage of brain-dead donors is

a major ongoing problem, over 100 people are added to
the waiting list annually, whereas only around 50 to 60
brain-dead-donor lung transplants are performed annually
[1,2]. Therefore, an upper age limit for transplant patients
has been set in Japan. At the time of registration for
transplant, candidates must be aged <55 years for bilateral
lung transplantation and <60 years for single lung trans-
plantation. Idiopathic interstitial pneumonia (IIP) is one of
the major indications for transplantation in Japan, with
approximately 20% of brain-dead-donor transplantations
having been performed on patients with IIPs, whereas

© 2019 Published by Elsevier Inc.
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approximately 22% of patients listed for lung trans-
plantation have IIPs [2,3]. In Japan, lungs from brain-dead
donors are allocated primarily on the basis of accrued
time on the waiting list; as of the end of 2018, patients with
rapidly progressive disease are not prioritized.
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Idiopathic pleuroparenchymal fibroelastosis (IPPFE), a
rare subtype of IIP, is characterized by fibrosis involving the
pleura and subpleural lung parenchyma, predominantly in
the upper lobes [4]. In general, patients with IIPs, especially
those with idiopathic pulmonary fibrosis (IPF), have poor
prognoses; those with IPPFE are thought to have even
poorer prognoses [5]. Lung transplantation has been
considered a therapeutic option for patients with advanced
IPPFE; however, no official data are currently available
regarding the number and detailed outcomes of lung
transplantations in patients with IPPFE in Japan, and little
is known regarding the prognostic factors and outcomes of
those after listing for lung transplantation. This is partly
because IPPFE was not distinguished correctly from other
IIPs (oIIPs) until it was defined as a specific clinicopatho-
logic entity in the updated 2013 classification of IIPs [4].

The clinical features of IPPFE reportedly differ from
those of olIPs; patients with IPPFE are often slender even
before disease onset, experience weight loss, and develop a
chest wall deformity known as“flat chest” [6]. Furthermore,
patients with IPPFE reportedly tend to have the following
clinicopathologic characteristics: a disproportionate reduc-
tion in forced vital capacity compared with diffusing
capacity of carbon monoxide (DL¢o) together with relative
preservation of the partial pressure of oxygen (PaO;) in
arterial blood accompanied by mild increases in partial
pressure of carbon dioxide [6]. However, the influences of
these characteristics on patients’ prognoses while awaiting
lung transplantation have not been investigated.

We hypothesized that patients with IPPFE have distinct
characteristics and prognostic factors compared with those
with olIPs. The purpose of this study was to investigate the
characteristics of IPPFE and their influence on the prog-
nosis of lung transplantation candidates and compare them
to those of patients with oIIPs.

MATERIALS AND METHODS
Patients

This was a retrospective review of 29 consecutive adult lung trans-
plant candidates with IIP who were referred to the University of
Tokyo Hospital and registered on the Japan Organ Transplant
Network between January 2014 and April 2018. These candidates
were selected on the basis of international guidelines [7]. This study
was approved by the ethics committee of the University of Tokyo
(2406-[5]).

Data Collection

Clinical data at the time of registration were collected from medical
records and the lung transplantation registration database in our
institute. The PaO, and partial pressure of carbon dioxide in arte-
rial blood at rest were measured with supplemental oxygen via a
nasal cannula if the patient had been receiving domiciliary oxygen
therapy and the ratio of PaO, to fraction of inspiratory oxygen
(P-to-F ratio) was used to evaluate oxygenation. The fraction of
inspiratory oxygen was defined as 0.21 in room air, 0.24 with a 1.0 L/
min nasal cannula, and an additional 0.04 per liter per minute.
Mortality in patients with interstitial pneumonia (GAP index) was
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predicted using the method reported by Ley et al [8] and Ryerson
et al [9]. Pulmonary artery pressure was measured by right heart
catheterization. The ratio of the anteroposterior diameter of the
thoracic cage (APDT) to its transverse diameter (TDT) was
calculated to assess the flatness of the chest wall, measurements
being taken at the level of the sixth ribs in the horizontal section of a
computed tomography image as recommended by Harada et al [10].
The average of right and left APDT-to-TDT ratios was used in the
analysis. The observation period was calculated from the day of the
starting evaluation to list the patient to the date of last contact,
transplantation, or death.

Diagnosis of IPPFE and IIPs

Diagnoses were obtained from the Japan Organ Transplant
Network registry and made on the basis of previously reported
guidelines or criteria. IPPFE was diagnosed by high-resolution
computed tomography using previously reported criteria [11]. Pa-
tients with pleural thickening associated with subpleural fibrosis
concentrated in the upper lobes with less marked lower lobe
involvement were classified as having definite pleuroparenchymal
fibroelastosis (PPFE), whereas those in whom these changes were
not concentrated in the upper lobes (consistent with PPFE) were
also classified into the IPPFE group. Patients with secondary PPFE,
such as those with upper lobe fibrosis and a history of bone marrow
or lung transplantation were excluded. IPF was diagnosed by high-
resolution computed tomography or lung biopsy according to pub-
lished guidelines [4,12,13], and olIPs were diagnosed as previously
described [4,13-15].

Statistical Analysis

Statistical analysis was performed using JMP software (version 13;
SAS Institute, Cary, NC, United States). Data are presented as
median, proportion, or range, unless otherwise stated. The Mann-
Whitney U test was used for comparisons between 2 groups. Fre-
quencies were compared using the Fischer exact test for categorical
variables. Kaplan-Meier survival estimates were used to assess
duration of survival and the log-rank test to compare survival rates
between subgroups. Patients who had undergone lung trans-
plantation or were alive awaiting transplantation at the end of the
data collection period were treated as censored. All analyses were
2-tailed, and P < .05 was considered to denote statistical
significance.

RESULTS
Characteristics and Clinical Data

Eight of the 29 lung transplant candidates with IIP were
diagnosed as having IPPFE and 21 as having oIIPs, namely
IPF (13), idiopathic non-specific interstitial pneumonia (5),
and unclassifiable ITP (3). At the end of the data collection
period, 5 patients (17%) had undergone lung trans-
plantation, 14 (48%) had died before transplantation, and
10 (34%) were alive and waiting for a transplant.
Characteristics and clinical data according to diagnostic
group at registration are shown in Table 1. Patients with
IPPFE were more likely to be women (62% vs 10%, P <
.01) and to have a significantly lower body mass index
(BMI) than those in the oIIPs group (median 17.1 kg/m? vs
23.5 kg/m?, P < .01). The P-to-F ratio did not significantly
differ between the 2 groups (median 316 vs 347, P = .64).
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Table 1. Characteristics and Clinical Data of Study Patients on Registration
Variables All (n = 29) IPPFE (n = 8) ollPs (n = 21) P Value

Age, median (range), y 51 (26-65) 52.5 (40-59) 51 (26-65) 51"
Male, No. (%) 22 (76) 3 (38) 9 (90) <.01f
Ever smoker, No. (%) 17 (59) 4 (50) 3 (62) 68"
BMI, median (range), kg/m? 21 4 (14.0-34.4) 17.1 (14.0-20.3) 23 5 (16.1-34.4) <.01*
>20 kg/m?, No. (%) 8 (62) 2 (25) 6 (76) 03"
Long-term steroid usage, No. (%) 5 (52) 2 (25) 3 (62) AT
History of pneumothorax, No. (%) 2 (41) 5 (63) 7 (33) 221
Chronic pneumothorax, No. (%) 3 (10) 2 (25) 1(5) 18'
Domiciliary oxygen therapy, No. (%) 2 (76) 5 (63) 17 (81) 36"
History of acute exacerbation, No. (%) 7 (24) 0 (0) 7 (33) 147
P-to-F ratio, median (range) 330 (165-607) 316 (244-500) 347 (165-607) .64*
PaCO,, median (range), mm Hg 40.7 (30.9-69.9) 44.7 (32.4-68.4) 40.0 (30.9-69.9) .32*
%FVC, median (range), % 46.7 (17.1-103) 43.6 (17.1-68.3) 48.7 (30.4-103) A7

Could not perform, No. (%) 2(7) 2 (25) 0 (0)
%DLco, median (range), % 46.1 (25.1-83.7) 53.2 (45.3-83.7) 42.9 (25.1-60.1) .05*

Could not perform, No. (%) 8 (28) 4 (50) 4 (19)
GAP score, median (range) 4 (1-6) 5 (2-5) 4 (1-6) .88*
6MWD, median (range), m 335 (50-555) 285 (60-555) 380 (50-535) 13"

>250 m, No. (%) 24 (83) 5 (63) 9 (90) A1t
PAP, mean (range), mm Hg 17 (10-34) 6 (10-34) 7 (11-32) 22"

>25 mm Hg, No. (%) 3 (10) 1(13) 2 (10) 1t
APDT-to-TDT ratio, median (range) 0.578 (0.484-0.716) 0.530 (0.484-0.593) 0.583 (0.500-0.716) .02*
KL-6, median (range), U/mL 1021 (200-6703) 730 (200-2173) 1150 (254-6703) .25*
SP-D, median (range), ng/mL 237.5 (119-851) 237.5 (133-851) 240.5 (119-589) 78"
Observation period, median (range), d 403 (66-1050) 353 (66-681) 416 (86-1050) 51"
Outcomes, No. (%)

Death 14 (48) 4 (50) 10 (48)

Transplantation 5(17) 2 (25) 3 (14)

Awaiting 10 (34) 2 (25) 8 (38)

Abbreviations: BMWD, 6-min walking distance; %DLco, percent predicted diffusing capacity of the lung for carbon monoxide; %FVC, percent predicted forced vital
capacity; APDT-to-TDT ratio, ratio of anteroposterior and transverse diameters of the thoracic cage; BMI, body mass index; IPPFE, idiopathic pleuroparenchimal
fibroelastosis; KL-6, Krebs von den Lungen-6; olIPs, other idiopathic interstitial pneumonias; P-to-F ratio, ratio of partial pressure of oxygen and fraction of inspiratory
oxygen; PaCO,, partial pressure of carbon dioxide; PAP, pulmonary artery pressure; SP-D, surfactant protein D.

*Continuous variables were compared using the Mann-Whitney U-test.

TFrequencies were compared using the Fischer’s exact test for categorical variables.

Percent predicted DLco (%DLco) was better preserved in
the IPPFE than the oIIP group (53.2% vs 42.9%, P = .05);
however, 4 patients in the IPPFE group (50%) were un-
able to perform this test because of their low vital capacity.
The APDT-to-TDT ratio was significantly lower in the
IPPFE group (0.530 vs 0.583, P = .02). Seven patients
(33%) in the olIP group had histories of acute exacerba-
tions vs no patients in the IPPFE group (P = .14;
nonsignificant).

Survival Analysis

We performed a survival analysis of the 8 candidates with
IPPFE and 21 with oIIPs. Median duration was 353 days for
the IPPFE group and 416 days for the olIP group. Kaplan-
Meier survival curves showed that the mortality rate did not
differ significantly between the 2 groups (Fig 1). When
patients were classified on the basis of the APDT-to-TDT
ratio (cutoff 0.58), the APDT-to-TDT ratio was not signif-
icantly associated with survival in either diagnostic group
(Fig 2). History of pneumothorax was not significantly
associated with survival in either diagnostic group.

Kaplan-Meier survival curves showed that patients in the
oIIP group with BMIs <20.0 kg/m” 6-minute walking dis-
tance (6MWD) <250.0 m, P-to-F ratio <300.0 mm Hg, and
those who were unable to perform the DLco test had
significantly shorter survival times. In contrast, these 4
characteristics were found to have no significant influence
on mortality rate in the IPPFE group (Fig 3). Only 1 (20%)
of the 5 patients with oITPs and a BMI <20.0 kg/m? survived
longer than 1 year, and all 5 patients died before trans-
plantation. However, 3 of the 6 patients (50%) with IPPFE
and a BMI <20.0 kg/m? survived more than 1 year, and 2 of
the 6 patients (33%) underwent transplantation. Likewise,
all patients with 6 MWD <250.0 m in the olIPs group died
within a year, whereas 2 of the 3 patients (67%) in the
IPPFE group lived longer, and 1 (33%) eventually under-
went transplantation. Only 1 of the 7 patients with a P-to-F
ratio <300.0 mm Hg in the olIP group underwent trans-
plantation, and 5 of the 7 (71%) died within 1 year; how-
ever, in the IPPFE group, 1 of 2 patients (50%) lived more
than 1 year and was still alive at the end of the observation
period. All but 1 of the patients in the olIP group who were
unable to perform the DLco test died within a year; the
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Fig 1. Kaplan—-Meier survival curves for candidates with idio-
pathic interstitial pneumonia grouped by diagnosis: idiopathic
pleuroparenchymal fibroelastosis (IPPFE, n = 8) and other idio-
pathic interstitial pneumonias (olIPs, n = 21). The dots indicate
censoring or death. P = .55 by log-rank test. IPPFE, idiopathic
pleuroparenchymal fibroelastosis; ollPs = other idiopathic inter-
stitial pneumonias.

surviving 1 was censored on day 91. In contrast, in the
IPPFE group, 1 patient (25%) who was unable to perform
the DL test was still awaiting lung transplantation on day
681 (Fig 3).

DISCUSSION

IPPFE has been thought to be rare. However, since the
classification of IIPs was updated in 2013 [4], awareness of
this condition has increased, and it was recently reported

SHIIYA, TIAN, SATO ET AL

that it is not a rare form of IIP [16]. Indeed, our cohort of 29
patients with IIP included 8 with IPPFE (29%). Particularly
in Japan, where the average waiting time for transplantation
is still more than 800 days and the waiting list mortality rate
is nearly 50% [1], it is increasingly important to predict the
prognosis of patients with IPPFE on the waiting list and
distinguish it from that of patients with olIPs to enable
optimal allocation of limited donor lungs.

In this study, patients with IPPFE showed clinical char-
acteristics consistent with those reported previously [6,17],
including lower BMI, higher incidence of flat chest, and
better preserved %DLco than in patients with olIPs.
Importantly, the factors of a low BMI, short 6 MWD, low P-
to-F ratio, and an inability to perform the DLco test were
not associated with poorer survival in the IPPFE group;
however, they were in the olIP group. In addition, some
patients with IPPFE and these unfavorable factors survived
longer than expected and eventually underwent successful
lung transplantation, whereas almost all patients with oIIPs
and these factors died while awaiting transplantation. These
results suggest that the characteristics and prognostic factors
of lung transplant candidates with IPPFE are distinct from
those of candidates with oIIPs.

In this study, patients with IPPFE had significantly lower
APDT-to-TDT ratios than those with olIPs; a low APDT-
to-TDT ratio is reportedly associated with poorer post-
transplant pulmonary function [18]. However, the
pretransplantation influence of this ratio has not previously
been determined. In this study, the APDT-to-TDT ratio was
not associated with mortality in candidates with lung
transplantation. Thus, patients with a lower APDT-to-TDT
ratio, which is generally considered to denote a more
advanced stage of IPPFE, do not necessarily have a poorer
prognosis and have the potential to undergo

Fig 2. Kaplan-Meier survival curves grouped by APDT-to-TDT ratio. (A) Transplant candidates with ollPs. (B) Transplant candidates
with IPPFE. The dots indicate censoring or death. P = .88, P = .80 by log-rank test. APDT, anteroposterior diameter of the thoracic
cage; IPPFE, idiopathic pleuroparenchymal fibroelastosis; olIPs, other idiopathic interstitial pneumonias; TDT, transverse diameter of

the thoracic cage.
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Fig 3. Kaplan-Meier survival curves according to various clinical variables. (A) Transplant candidates with ollPs grouped by BMI. (B)
Transplant candidates with IPPFE grouped by BMI. (C) Transplant candidates with ollPs grouped by 6MWD. (D) Candidates with IPPFE
grouped by BMWD. (E) Transplant candidates with olIPs grouped by P-to-F ratio. (F) Candidates with IPPFE grouped by P-to-F ratio.
(G) Transplant candidates with olIPs grouped by their ability to perform the DL test. (H) Transplant candidates with IPPFE grouped by
their ability to perform the DLo test. The dots indicate censoring or death. Survival curves were compared using log-rank tests. 6MWD,
6-min walking distance; DL¢o, diffusing capacity of the lung for carbon monoxide; BMI, body mass index; IPPFE, idiopathic pleuropar-
enchymal fibroelastosis; ollIPs, other idiopathic interstitial pneumonias; P-to-F ratio, the ratio of partial pressure of oxygen and fraction

of inspiratory oxygen.

transplantation. Of note in this regard, patients with IPPFE
intrinsically have a low APDT-to-TDT ratio (flat chest).
Like other variables, including forced vital capacity and
DLco [19], change in APDT-to-TDT ratio over time may be
more important in predicting prognosis; further study is
necessary.

Established prognostic factors for patients with IPF
include BMI [20,21], 6MWD [21,22], PaO, [23], and DLco
[21,24]; our findings are consistent with these. However, few
studies on patients with IPPFE have been published. Hay-
ashi et al [5] reported an association between BMI and
outcome in patients with IPPFE. However, their study

included mainly older patients (median age, 68.5 years) and
was not limited to candidates for lung transplantation. To
the best of our knowledge, no studies have yet reported the
influence of 6MWD on survival in patients with IPPFE.
PaO, in arterial blood is reportedly a prognostic factor of
patients with IPPFE [4]; however, that study included
patients presenting with IPPFE and was not limited to
candidates for lung transplantation.

In our study, a low BMI, short 6 MWD, low P-to-F ratio,
and an inability to perform the DL test were significantly
associated with mortality in transplant candidates with olIPs
but not in those with IPPFE. Furthermore, our findings
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Fig 3. (continued).

suggest that a high proportion of patients with IPPFE and
these characteristics survive for long enough to undergo
transplantation. These differences between IPPFE and oIIPs
may be partly attributable to specific characteristics of these
diseases. Because patients with IPPFE have intrinsically
lower body weights and candidates for lung transplantation
are generally younger than patients with IPPFE, low BMI at
first visit does not necessarily reflect the severity of IPPFE.
Patients with IPPFE reportedly have relatively well preserved
PaO, in the earlier stages of the disease [6]; whereas, candi-
dates for lung transplantation are often in worse condition
than those presenting for their first visit and are often
receiving oxygen therapy. In our study, the reason for patients
being unable to perform the DL test was that their vital
capacity was too low. Patients with IPPFE often have rela-
tively better diffusion capacity than restrictive pulmonary
function [6]. Thus, some patients who are unable to perform
the DL test may have preserved diffusion capacity.
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In our study, overall survival did not differ significantly
between patients with IPPFE and those with oIIPs. Shioya
et al [25] reported that patients with a GAP index of II + III
and IPPFE have worse survival than those with IPF. These
researchers also showed that some patients with IPPFE have
better survival than those with IPF later during follow-up and
that the survival curve reaches a plateau; these findings are
similar to ours (Figs 1, 3). Interestingly, they suggest that
patients with IPPFE characteristically have poor survivals, yet
despite this, some of them live for a long time.

Pneumothorax is reportedly a prognostic factor in pa-
tients with IPF [26]. In the present study, a history of
pneumothorax was not associated with survival in patients
with either IPPFE or olIPs. This discrepancy may be
explained by the different observation periods. Nishimoto
et al’s [26] study included development of pneumothorax
after diagnosis, whereas ours included only a history of
pneumothorax before registration on the waiting list.
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Pulmonary hypertension is also reportedly a prognostic
factor in patients with end-stage lung disease referred for
lung transplantation [27]. In our study, only 1 patient with
IPPFE and 2 with oIIPs had pulmonary hypertension at
the time of listing. Some patients may have developed
pulmonary hypertension after listing; however, these data
were not systematically collected, preventing full evalua-
tion of the impact of pulmonary hypertension in the pre-
sent study.

Our study has several limitations. First, this was a retro-
spective and single-center study with too few patients to
allow extensive multivariate analysis, thus some confound-
ing factors may be present. For instance, although being a
man is reportedly a prognostic factor in both IIPs and
IPPFE [7.8,20], we could not perform survival analysis
regarding sex because the sex distribution was lopsided.
Given that IPPFE is a relatively rare subtype of IIPs, it
would be difficult to perform a prospective study. Second,
although some patients with IPPFE and unfavorable factors
survived for long enough to undergo transplantation, their
outcomes and quality of life after transplantation have not
yet been investigated. A large multicenter study is desirable.

In conclusion, we found that patients with IPPFE on the
waiting list for transplantation have some characteristics
that differ from those of patients with olIPs; those with
IPPFE have a lower BMI and APDT-to-TDT ratio, and
their %DLco is relatively well preserved. Furthermore,
some patients with IPPFE live for long enough to undergo
transplantation despite having unfavorable prognostic fac-
tors, such as a lower BMI, short 6MWD, low P-to-F ratio,
and an inability to perform the DL( test. Therefore, care
should be taken when evaluating patients with IPPFE to
consider the possibility of lung transplantation.
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[ Abstract] T, esophageal cancer refers to the invasion of esophageal tumors into the esophageal muscularis propria, of

which staging, treatment and prognosis are more general and controversial than other stages of esophageal cancer. Although the

TNM staging system for esophageal cancer has been continuously improved, T, esophageal cancer has not been further subclas-

sified. The accuracy of the current staging method has also been questioned. Accurate staging has important significance for the

treatment of T, esophageal cancer and prognosis. Although treatment has improved significantly in recent years, from surgery a-

lone to surgery-based comprehensive treatment, from postoperative chemotherapy to preoperative neoadjuvant treatment, the

treatment of T, esophageal cancer is still inconclusive. Accurate staging and proper treatment have a significant impact on the

prognosis of T, esophageal cancer. In recent years, studies on T, esophageal cancer have progressed rapidly, and the content of

research has become more and more profound. This article reviews the research progress on the staging, treatment and prognosis

of T, esophageal cancer, providing reference for further improving the accuracy of T, stage esophageal cancer staging, the scien-

tific treatment plan and prognosis.
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Clinical nomogram for lymph node metastasis in pathological T1
esophageal squamous cell carcinoma: a multicenter retrospective
study
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Background: Endoscopic resection is increasingly used to treat pathological T1 (pT1) esophageal
cancer (EC) patients. However, the procedures are limited by lymph node metastasis (LNM) and remain
controversial. We aimed to construct a nomogram to predict the risk of LNM in patients with pT1
esophageal squamous cell carcinoma (ESCC).

Methods: A total of 243 patients with pT1 ESCC who underwent esophagectomy and lymph node
dissection at two different institutes between February 2013 and June 2019 were analyzed retrospectively.
Patients were categorized into the negative group and the positive group according to whether there was
LNM. Risk factors for LNM were evaluated by univariate and multivariate analyses. The nomogram was
used to estimate the individual risk of LNM.

Results: Forty-six (18.9%) of the 243 patients with pT'1 ESCC exhibited LNM. The LNM rate in patients
with stage Tla disease was 5.7% (5/88), and the rate in patients with stage T1b disease was 26.5% (41/155).
Multivariable logistic regression analysis showed that tumor differentiation [odds ratio (OR) =1.942, 95%
confidence interval (CI): 1.067-3.536, P=0.030], the T1 sub-stage (OR =4.750, 95% CI: 1.658-13.611,
P=0.004), the preoperative alanine aminotransferase/aspartate aminotransferase ratio (LSR) (OR =5.371,
95% CI: 1.676-17.210, P=0.005), and the high-density lipoprotein cholesterol (HDL-C) level (OR =5.894,
95% CI: 1.917-18.124, P=0.002) were independent risk factors for LNM. The nomogram had relatively
high accuracy, with an area under the receiver operating characteristic curve (AUC) of 0.803 (95% CI:
0.732-0.873). The calibration curve showed that the predicted probability of LNM was in good agreement
with the actual probability.

Conclusions: Clinicopathological and hematological parameters of tumor differentiation, the T1 sub-
stage, the preoperative LSR, and the HDL-C level may predict the risk of LNM in T1 ESCC. The risk of
LNM can be predicted by the nomogram.

Keywords: Lymph node metastasis (LNM); nomogram; risk factors; T1; esophageal squamous cell carcinoma
(ESCC)

Submitted Dec 11, 2019. Accepted for publication Feb 07, 2020.
doi: 10.21037/atm.2020.02.185
View this article at: http://dx.doi.org/10.21037/atm.2020.02.185

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(6):292 | http://dx.doi.org/10.21037/atm.2020.02.185
-111-



Page 2 of 9

Introduction

Esophageal cancer (EC) is a common digestive tract
cancer. The morbidity and mortality due to EC rank 7"
and 6™ worldwide, respectively (1). In recent years, with
the improvement of individuals’ awareness of the need to
seek medical treatment, the improvement of dietary habits
and the dissemination of cancer prevention knowledge,
the incidence of EC in high-incidence areas has tended to
decrease (2). Esophageal squamous cell carcinoma (ESCC)
is the most common histological type of EC in China. The
five-year survival rate for patients with ESCC diagnosed
in an early stage is greater than 90.0% after curative
treatment (3,4).

Radical esophagectomy and lymph node dissection are
the gold standard of treatment. Owing to improvements in
surgical instruments and technology, endoscopic submucosal
dissection (ESD) and endoscopic mucosal resection (EMR)
can be performed in patients with early-stage ESCC (5,6).
A retrospective study showed that the endoscopic resection
rates for stage T'la and stage T'1b EC patients were 53.0%
and 20.9%, respectively (7). The incidence of lymph node
metastasis (LNM) in pathological T1 (pT1) ESCC is
7.0-16.0% in the mucosa and 16.0-38.2% in the submucosa
(6,8,9). The higher risk of LNM in submucosa limits the
application of endoscopic resection. In addition, previous
studies have reported that the lymph node status is the most
important prognostic factor in early-stage ESCC (4,8,10).
Therefore, an accurate prediction of the risk of LNM in
T1 ESCC significantly affects treatment decisions and
prognostic predictions.

A few studies have reported that LNM in stage T'1
EC is related to the depth of tumor invasion, degree of
tumor differentiation, tumor location and tumor size
(5,8,9). However, there is still controversy. In addition,
previous studies indicated that the preoperative alanine
aminotransferase/aspartate aminotransferase ratio (LSR)
and preoperative high-density lipoprotein cholesterol
(HDL-C) level were factors affecting the prognosis of
ESCC (11-13). However, no previous studies have proven
their relationship with LNM. We speculated that some
preoperative hematological indicators could also reflect the
lymph node status. In addition, it is essential to construct
an effective model for the prediction of the risk of LNM to
select the optimal treatment and lymphadenectomy strategy
for ESCC.

© Annals of Translational Medicine. All rights reserved.
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Methods
Patients

This study was a retrospective study of data from 243
patients with pT'l ESCC who underwent esophagectomy at
the Affiliated Hospital of North Sichuan Medical College
and Nanchong Central Hospital from February 2013 to
June 2019. The following criteria were used for inclusion in
this study: (I) patients with primary ESCC; (II) patients who
underwent McKeown esophagectomy (thoracotomy/video-
assisted thoracic surgery) and three-field lymphadenectomy;
and (III) reevaluation of the postoperative pathology
showed that the tumor only infiltrated the mucosal layer or
the submucosa. The following exclusion criteria were used:
(I) patients with esophagogastric junction carcinoma; (II)
patients who received preoperative neoadjuvant therapy;
(IIT) patients with distant metastases; (IV) patients with any
concurrent primary cancer of other organs; and (V) patients
>80 years old. The Ethics Committees and Review Board of
the Affiliated Hospital of North Sichuan Medical College
approved the study, and the need for patient consent was
waived.

Patients were categorized into the negative group and
the positive group according to whether there was LNM.
The following variables were extracted from the database:
sex, age, tumor location, degree of tumor differentiation,
T1 sub-stage, tumor size, carcinoembryonic antigen
(CEA) level, neutrophil count, lymphocyte count, LSR and
HDL-C level.

This study based the tumor dissection, pathological
staging, and lymph node status on the American Joint
Committee on Cancer (AJCC) & The Union for
International Cancer Control (UICC) 8th edition EC
TNM classification criteria (14). The lymph node
metastasis ratio (LNMR) was calculated as follows: (number
of pathologically confirmed LNM/total number of lymph
nodes dissected) x100%.

Surgical procedures

All patients underwent gastroscopy, upper gastrointestinal
radiography and contrast-enhanced computed tomography
(CT) of the neck, chest, and upper abdomen prior to
surgery. Esophageal mucosa staining was performed in
patients with unclear lesions, and esophageal biopsy was
performed to confirm the preoperative diagnosis. No
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preoperative neoadjuvant therapy was administered, and
no contraindications for surgery were noted. All patients
underwent McKeown esophagectomy with three-field
lymphadenectomy.

Experienced pathologists completed the postoperative
pathology reports. All specimens were analyzed for the
depth of tumor invasion, degree of tumor differentiation,
and the presence of lymphatic invasion. In patients with
multifocal cancer, the lesion with the greatest invasion
depth was chosen for the classification of tumor depth and
the evaluation of lymph node status.

Statistical analysis

The statistical analysis was performed using IBM SPSS
Statistics (version 22.0 Inc., Chicago, IL, USA) and the R
programming language (version 3.4.1, Vienna, Austria).
Data are reported as the frequencies, means and medians
with percentages. The chi-square test and Student’s 7-tests
were performed in univariate analysis to determine the
differences in parameters between the two groups. Factors
found to be significant (P<0.050) in univariate analysis were
included in the subsequent multivariate logistic regression
analysis to identify the independent risk variables associated
with LNM. The nomogram was constructed based on
the results of the multivariate analysis and evaluated by
the receiver operating characteristic (ROC) curve, the
area under the ROC curve (AUC), and the calibration
curve. The calibration curve was based on 1,000 bootstrap
replicates (15). The odds ratio (OR) and 95% confidence
interval (CI) were calculated. A P value <0.05 was
considered statistically significant.

Results
Characteristics

A total of 243 patients were included in the analysis: 160
(65.8%) patients were male, and 83 (34.2%) patients
were female. The median age was 64.6+7.59 years. The
distribution of tumor locations in all patients was as follows:
41 (16.9%), 161 (66.2%) and 41 (16.9%) patients had EC
in the upper, middle and lower esophagus, respectively. The
distribution of the degree of tumor differentiation was as
follows: 92 (37.9%), 130 (53.3%), and 21 (8.6%) had G1,
G2 and G3 disease, respectively. The numbers of patients
with stage Tla and T'1b disease were 88 (36.2%) and 155
(63.8%), respectively. The mean tumor size, CEA level,

© Annals of Translational Medicine. All rights reserved.
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neutrophil count, lymphocyte count, LSR and HDL-C
level were 2.32+1.11 cm, 2.39x1.53 pg/L, 4.46£1.99 10°/L,
1.6320.57 10°/L, 0.8420.30 and 1.30+0.31 mmol/L,
respectively. The clinicopathological and hematological
characteristics of patients in the LNM-negative and LNM-
positive groups are shown in Tuble 1.

The prevalence of LNM

Forty-six (18.9%) of the 243 pT1 ESCC patients exhibited
LNM. The LNM rates in patients with T1la and T1b
disease were 5.7% (5/88) and 26.5% (41/155), respectively.
A total of 6,240 lymph nodes were dissected during
surgery, with a mean of 27+6 lymph nodes. Two hundred
sixty-two lymph nodes were metastatic. The LNMR was
4.2% (262/6,240). The LNMRs in patients with T1a and
T1b disease were 0.8% (16/1,999) and 5.8% (246/4,241),
respectively.

The risk factors for LNM

The results of the univariate analysis revealed that the
factors affecting LNM in T1 ESCC were the degree of
tumor differentiation, T'1 sub-stage, tumor size, LSR and
HDL-C level (P<0.050). There was no significant difference
in sex, age, tumor location, CEA level, neutrophil count
or lymphocyte count (P=0.349, 0.447, 0.325, 0.053, 0.222,
0.381 and 0.849, respectively) (Table 1).

Multivariate logistic regression analysis demonstrated
that the independent risk factors for LNM were tumor
differentiation (OR =1.942, 95% CI: 1.067-3.536, P=0.030),
the T1 sub-stage (OR =4.750, 95% CI: 1.658-13.611,
P=0.004), the LSR (OR =5.371, 95% CI: 1.676-17.210,
P=0.005), and the HDL-C level (OR =5.894, 95% CI:
1.917-18.124, P=0.002) (Tible 2).

Nomogram

The established nomogram allowed for the estimation of
the individual risk of LNM (Figure I). A total score was
calculated based on the degree of tumor differentiation,
T1 sub-stage, tumor size, the LSR and the HDL-C
level. A total score could be easily calculated by summing
each individual score, and by projecting the total score
to the lower total point scale, we were able to predict
the probability of LNM. It also illustrated the relative
contribution of each factor to the overall risk for LNM.
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Table 1 Main clinical characteristics and parameters in 243 patients with pT'1 ESCC

Tian et al. Nomogram for LNM

LNM
Variable All patients, N=243 P value
Negative, N=197 Positive, N=46
Sex 0.349%
Male 160 (65.8%) 127 (64.5%) 33 (71.7%)
Female 83 (34.2%) 70 (35.5%) 13 (28.3%)
Age (years) 0.447°
<60 58 (23.9%) 49 (24.9%) 9 (19.6%)
=60 185 (76.1%) 148 (75.1%) 37 (80.4%)
Tumor location 0.325%
Upper 41 (16.9%) 35 (17.8%) 6 (13.0%)
Middle 161 (66.2%) 132 (67.0%) 29 (63.0%)
Lower 41 (16.9%) 30 (15.2%) 11 (23.9%)
Degree of tumor differentiation <0.001%*
G1 92 (37.9%) 80 (40.6%) 12 (26.1%)
G2 130 (53.5%) 107 (54.3%) 23 (50.0%)
G3 21 (8.6%) 10 (5.1%) 11 (23.9%)
T1 sub-stage <0.001%*
T1a 88 (36.2%) 83 (42.1%) 5 (10.9%)
T1b 155 (63.8%) 114 (57.9%) 41 (89.1%)
Tumor size (cm) 0.002%*
<2 90 (37.0%) 82 (41.6%) 8 (17.4%)
>2 153 (63.0%) 115 (58.4%) 38 (82.6%)
CEA (pg/L) 2.39+1.53 2.45+1.54 2.14+1.50 0.222°
Neutrophil (10%/L) 4.46+1.99 4.52+2.09 4.23+1.48 0.381°
Lymphocyte (10%/L) 1.63+0.57 1.63+0.58 1.65+0.53 0.849°
LSR 0.84+0.30 0.81+0.28 0.97+0.33 0.001"*
HDL-C (mmol/L) 1.30+0.31 1.26+0.29 1.44+0.35 0.001°*

*, P<0.05; 2, Chi-square test; °, Student’s test; LNM, lymph node metastasis; ESCC, esophageal squamous cell carcinoma; CEA,

carcinoembryonic antigen; LSR, alanine aminotransferase/aspartate aminotransferase ratio; HDL-C, high-density lipoprotein cholesterol.

Table 2 Multivariate analysis of predictive factors for LNM in pT1 ESCC

Characteristic B OR 95% ClI P value
Degree of tumor differentiation (G1/G2/G3) 0.729 1.942 1.067-3.536 0.030"
T1 sub-stage (T1a/T1b) 0.664 4.750 1.658-13.611 0.004*
Tumor size (<2 cm/=2 cm) 1.559 2.075 0.851-5.062 0.108

LSR 1.683 5.371 1.676-17.210 0.005*
HDL-C (mmol/L) 1.775 5.894 1.917-18.124 0.002*

*, P<0.05. LNM, lymph node metastasis; ESCC, esophageal squamous cell carcinoma; LSR, alanine aminotransferase/aspartate

aminotransferase ratio; HDL-C, high-density lipoprotein cholesterol; B, regression coefficient; OR, odds ratio; Cl, confidence interval.

© Annals of Translational Medicine. All rights reserved.
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Figure 1 Nomogram predicting the risk of LNM in patients with T1 ESCC. LNM, lymph node metastasis; ESCC, esophageal squamous

cell carcinoma; LSR, alanine aminotransferase/aspartate aminotransferase ratio, HDL-C, high-density lipoprotein cholesterol.
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Figure 2 The receiver operating characteristic (ROC) curve for
the nomogram. The C-index was 0.803 (95% CI: 0.732-0.873).

"The ROC analysis is shown in Figure 2, which demonstrated
that the nomogram had a robust discriminatory ability,
with an AUC of 0.803 (95% CI: 0.732-0.873) (Figure 2).
According to the calibration curve, the LNM probabilities
predicted by the nomogram were consistent with the actual

© Annals of Translational Medicine. All rights reserved.

probabilities (Figure 3).

Discussion

Previous studies reported that the LNM rate in patients
with T1a EC was 8.6-16.0%, and the rate in those with
T1b was 16.0-34.3% (6,8,9,16). The differences in the
incidences of LNM between reports may result from
differences in the pathological type, sample size, method of
lymph node dissection, and quality of the histopathological
assessment of the resected samples (8).

The results of our study revealed an incidence of LNM
of 5.7% (5/88) in stage T1la ESCC. This incidence was
similar to that reported by Toshiaki e a/. (17). The present
study demonstrated an incidence of LNM of 26.5% (41/155)
in stage T'1b ESCC. A retrospective study of 295 patients
who underwent surgery and/or ESD/EMR demonstrated
that the T1b ESCC LNM rate was 34.3% (35/102) (16).
This result may be partially attributed to the fact that both
studies focused on the resection of lymph nodes and the
evaluation of postoperative pathological sections, resulting
in a higher LNM rate. However, Nentwich er /. (18)
reported that the LNM rate in patients with T1b ESCC was
16.7% (5/30). The difference between these two results may
be due to the larger sample size of our study and the fact
that the patients underwent three-field lymphadenectomy.

Previous studies indicated that a worse degree of
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Figure 3 The calibration curves for the nomogram. The x-axis
represents the predicted probability, and the y-axis represents the
actual probability of LNM. LNM, lymph node metastasis.

differentiation of ESCC resulted in a higher LNM rate. Our
results showed that the LNM rates of G1, G2 and G3 tumors
were 13.0% (12/92), 17.7% (23/130), and 52.4% (11/21),
respectively. Shen et al. (19) reported that the LNM rates
of G1, G2 and G3 tumors were 6.1% (3/49), 17.2% (17/99)
and 45.2% (33/73) respectively, which were similar to the
values obtained in our study. Akutsu et /. (16) reported that
the LNM rates of well/moderately differentiated and poorly
differentiated tumors were 17.4% (36/207) and 35.1%
(13/37), respectively, which was different from our results
of 15.8% (35/222) and 52.4% (11/21). There were fewer
patients with poorly differentiated tumors in our study, but
we still found that patients with G3 tumor differentiation
had a significantly higher risk of LNM. We also found that
the LNM rate of G3 tumors was 2-3 times higher than that
of G1-G2 tumors.

The depth of tumor invasion (T'1b) was one of the risk
factors that affected LNM in the present study (P<0.05).
The incidence of LNM increased markedly after the tumor
invaded through the mucosal layer to the submucosa (16).
Endoscopic treatment is acceptable for patients with limited
LNM and stage T'la disease (5). However, whether it is
suitable for patients with a high risk of LNM and stage T'1b

disease remains controversial. Previous studies reported

© Annals of Translational Medicine. All rights reserved.
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that the submucosa was divided into sm1, sm2 and sm3, and
the risk of LNM in each layer was assessed to confirm the
application of endoscopic resection in patients with stage
T1b disease (5,6,20). However, preoperative examinations
are suitable for patients with stage T1la and T1b disease,
and it is difficult to further differentiate the T1b sub-
stage (10,18). Furthermore, the submucosa is a thin layer,
and endoscopic resection has no absolute safety zone (9).
The LNM rate of patients with disease extending into the
submucosa in this study was 26.5%. There is a high risk of
LNM when using endoscopic treatment in patients with
stage T'1b ESCC.

Tumor size is an important index that refers to the
maximum diameter of the primary tumor, and it is easily
measured before and during the operation (21). Duan ez 4.
reported that a tumor size larger than 2.5 cm was a risk
factor for LNM, and the LNM rates of tumors smaller than
2.5 cm and larger than 2.5 cm were 9.8% (8/82) and 27.9%
(17/61), respectively (8). We used 2 c¢m as the threshold, and
the results showed that the LNM rates of tumors smaller
than 2 cm and larger than 2 cm were 8.9% (8/90) and
24.8% (38/153), respectively. The results were consistent
despite the differences in tumor size thresholds. In our
study, the chi-square test showed a statistically significant
difference in tumor size between the LNM-negative and
LNM-positive groups. However, multivariate regression
analysis showed that a tumor size greater than 2 cm was not
a risk factor for LNM, possibly due to the collinearity of the
included indicators.

The alanine aminotransferase (ALT) level, aspartate
aminotransferase (AST) level, and LSR are often used to
assess liver damage, metabolic syndrome and cardiovascular
disease (22). Previous studies have reported that patients
with a high LSR have a good prognosis (12,13). The
LSR may affect some proinflammatory mediators (e.g.,
CCL2, TNE, and IL-6) involved in carcinogenesis and
tumor invasion and metastasis (13). One study reported
that alcohol consumption and the AST/ALT ratio were
independent risk factors for the incidence of EC in
Korean men (23). However, whether the level of the LSR
affects LNM in T'1 ESCC has not been reported. Our
results showed that patients with higher LSR exhibited a
significantly higher risk of LNM. We hypothesized that
the CCL1 in the lymphatic sinus is expressed in large
amounts when tumor cells metastasize via the flow of the
lymph, and the entry of tumor cells into the lymph nodes
is controlled (24). The proinflammatory mediators TNE,
IL-1B, and LPS increase CCL1 production and tumor cell
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Figure 4 A clinical example of the use of the nomogram. The total score is 140=45+0+20+27.5+47.5, and the corresponding risk of LNM

is 33%. LNM, lymph node metastasis; LSR, alanine aminotransferase/aspartate aminotransferase ratio; HDL-C, high-density lipoprotein

cholesterol.

migration to lymphatic endothelial cells (24). The level of
the LSR affects the functions of proinflammatory factors
and chemokines and indirectly affects LNM.

HDL-C is an antiatherosclerotic lipoprotein that is
considered a protective factor against coronary heart
disease (25). Previous studies reported that EC patients
with low levels of HDL-C exhibited a poor prognosis and
that the HDL-C levels were significantly decreased in
patients with cancer compared to normal human blood lipid
levels (11,26). The reason for the reduced HDL-C level in
cancer is that growing cancer cells require a large amount of
cholesterol to synthesize new cell membranes. The activity
of the HDL-C receptor is increased, and the outflow of
intracellular cholesterol is increased, which reduces the
amount of HDL-C in the serum (27). No previous studies
have reported the relationship between serum HDL-C
levels and LNM in ESCC. However, in a study on LNM in
gastric cancer, we found that a low HDL-C level was a risk
factor for LNM (28), which was contrary to our findings
that a high HDL-C level was a risk factor in ESCC. We
suspected that in ESCC and gastric cancer, the mechanism
may be somewhat different. Of course, more mechanism
studies are needed to verify this conjecture.

In addition, our study developed a nomogram to estimate

the probability of LNM in patients with T1 ESCC. In our

© Annals of Translational Medicine. All rights reserved.

nomogram, the specific probability of LNM was predicted,
and the discriminatory ability and calibration were
determined. A previous study (8) developed a nomogram to
predict the risk of LNM in patients with pT'1 ESCC but did
not evaluate its discriminatory ability and calibration. The
discriminatory ability of the nomogram was determined by
the AUC. The predicted and actual probabilities of LNM
were compared in a calibration diagram (19,29). The AUC
of our model was 0.803 (95% CI: 0.732-0.873), which
proved that this model was highly accurate at predicting
LNM. The calibration curve showed that the predicted
probability of LNM was in good agreement with the
actual probability. A total score was calculated from the 5
included parameters. The summarized total score indicates
the probability of LNM. Figure 4 shows a patient with
poor tumor differentiation (G3), invasion into the mucosal
layer (pT1la), a 3 cm tumor (>2.0 cm), an LSR of 0.8 and
an HDL-C level of 1.6 mmol/L. For this patient, the
calculated total score was 140=45+0+20+27.5+47.5, and the
corresponding risk of LNM was 33%.

Limitations

Some inevitable limitations were present in our study. First,
this study was a retrospective study with some selection

Ann Transl Med 2020;8(6):292 | http://dx.doi.org/10.21037/atm.2020.02.185

-117-



Page 8 of 9

bias. Second, our study found for the first time that the
preoperative LSR and HDL-C level were independent
risk factors for LNM. However, we have not identified
the mechanism of these effect on LNM at the cellular and
molecular levels, and further studies are needed. Third, our
nomogram still needs to be validated in other databases due
to the selected inclusion indicators and epidemiological
differences.

Conclusions

Patients with pT1b ESCC exhibited a relatively high
probability of LNM. The clinicopathological and
hematological parameters of the degree of tumor
differentiation, T1 sub-stage, preoperative LSR and
HDL-C level may predict the risk of LNM in T1 ESCC.
The risk of LNM in individuals can be predicted by the

nomogram.
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Abstract

Background Although a greater depth of tumor invasion is correlated with a poorer prognosis in esophageal
squamous cell carcinoma (ESCC), it remains controversial whether T2 ESCC should be subclassified by circular and
longitudinal muscle invasion. We conducted a multicenter retrospective study to evaluate the relationship between
the depth of invasion and long-term outcome and to identify the clinical significance of subclassifying T2 ESCC.
Methods Patients with T2 ESCC who underwent esophagectomy at two different institutes between January 2009
and December 2017 were analyzed retrospectively. ESCC with circular and longitudinal muscle invasion was defined
as T2 circular and T2 longitudinal ESCC, respectively. Survival outcomes and risk factors for lymph node metastasis
(LNM) were evaluated by univariate and multivariate analyses. In addition, data from stage T1b ESCC cases during
the same period were retrieved for use as a comparison cohort to evaluate the prognostic significance of the T2
substage.

Results A total of 536 T2 ESCC patients were eligible, and 192 (36%) patients developed LNM. No significant
difference was found in general characteristics between the T2 circular and T2 longitudinal ESCC groups (n = 219
and n = 317, P > 0.05), except for tumor location (P = 0.02). The T2 substage was not significantly correlated with
survival on univariate or multivariate analysis (P = 0.30 and P = 0.34, respectively). Multivariate analysis also
indicated that the T2 substage was not an independent risk factor for LNM (P = 0.15). When patients with stage T1b
ESCC were considered, their survival time was significantly different from that of patients with T2 circular and T2
longitudinal disease (P = 0.01).

Conclusions The depth of tumor invasion into the circular and longitudinal muscle layers in T2 ESCC does not affect
the prognosis or risk of LNM.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is a common
malignant gastrointestinal tumor, with a morbidity and
mortality rate ranking seventh and sixth, respectively,
worldwide [1]. In recent years, the incidence of esophageal
cancer (EC) in high-incidence areas has tended to decrease
as residents’ awareness of medical treatment has improved
and as cancer prevention education has become popular
[2].

T2 ESCC refers to tumor invasion of the esophageal
muscularis propria, and the staging, treatment and prog-
nosis of T2 ESCC are more controversial than those of
other stages. Tumor invasion into the esophageal muscu-
laris propria anatomically consists of the inner circular
layer versus the outer longitudinal layer. Accurate staging
has significance in choosing a treatment strategy for T2
EC, which can include surgery alone, surgery-based com-
prehensive treatment, postoperative chemotherapy and
preoperative neoadjuvant treatment [3, 4]. However, many
studies have emphasized the high inaccuracy of and large
differences in staging methods. Some studies have indi-
cated that the T2 esophageal tumor stage is overestimated
up to 66% of cases [5, 6]. In addition, the TNM staging
system for ESCC has been continuously improved as
research on T2 ESCC has progressed rapidly, but this stage
has not been further subclassified. In the latest 8th edition
of the Union for International Cancer Control (UICC) and
the American Joint Committee on Cancer (AJCC) cancer
staging manual [7], the T classification includes T1a, T1b,
T2, T3, T4a and T4b. It is generally accepted that there are
no significant differences between the characteristics of
videography and pathology clinically, including the treat-
ment method, in T2 ESCC. Guo et al. [8] retrospectively
evaluated the clinicopathological data of 85 patients with
T2 ESCC and showed that the T2 substage was an inde-
pendent prognostic factor for patients. Duan et al. [9]
performed a similar study to support the hypotheses that T2
ESCC can be subclassified and that T2 circular patients
have a superior prognosis. However, another study [10]
found that the T2 substage did not correlate with the sur-
vival of T2 EC patients. The data from almost all of the
above-mentioned studies were from single centers or small
sample populations and thus do not provide authoritative
evidence for identifying the value of the T2 substage.

The depth of tumor invasion is strongly correlated with
lymph node metastasis (LNM) and survival in ESCC [11].
Additionally, the clinical significance of subclassifying
circular and longitudinal muscle layer invasion in patients
with T2 ESCC is controversial. We conducted a multi-
center retrospective study to evaluate the correlation
between invasion depth and long-term outcome and to

@ Springer

identify the clinical significance of subclassifying T2
ESCC.

Materials and methods
Patients

Eligible patients with T2NO-3 ESCC who underwent
esophagectomy at West China Hospital of Sichuan
University and the Affiliated Hospital of North Sichuan
Medical College between January 2009 and December
2017 were selected; their clinicopathological data had been
routinely collected in an ongoing prospective registry and
were analyzed retrospectively. The inclusion criteria for
the patients were as follows: (1) pathologically confirmed
T2NO0-3 ESCC according to the 8th edition of the AJCC
and UICC classification guidelines and (2) radical
esophagectomy. The exclusion criteria were as follows: (1)
age younger than 20 years; (2) esophageal adenocarci-
noma/esophagogastric  junction adenocarcinoma; (3)
neoadjuvant therapy; and (4) other primary cancer during
the follow-up period. In addition, data from stage T1b
ESCC cases during the same period were retrieved for use
as a comparison cohort to evaluate the prognostic signifi-
cance of the T2 substage. This project, which was censored
in July 2018, was authorized by the Ethics Committees of
West China Hospital of Sichuan University (No. 201649),
and the need for patient consent was waived.

Methods
Staging and surgery

Patients were staged preoperatively according to the 8th
edition of the AJCC and UICC classification guidelines,
and T2 ESCC was diagnosed using contrast-enhanced
computed tomography (CT), endoscopic ultrasound (EUS),
contrast esophagography, bronchoscopy and histology.
According to the depth of tumor invasion, invasion of the
circular layer was defined as stage T2 circular, and inva-
sion of the longitudinal layer was defined as stage T2
longitudinal. Experienced thoracic surgeons from two dif-
ferent institutions initiated discussion of the preoperative
staging results and performed transthoracic esophagectomy
or combined thoracoabdominal esophagectomy with two-
or three-field lymph node resection. Photomicrograph
samples of tumor sections (an average of 15 sections were
selected from each specimen) from each patient were
assessed by an experienced pathologist (Xiao-Guang Guo,
Department of Pathology, Nanchong Central Hospital) to
determine the depth of invasion (circular vs longitudinal)
accurately; the pathologist reviewed the slides from both
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centers retrospectively, and relevant data were collected
retrospectively.

Follow-up

After surgery, home visits and telephone interviews were
used to analyze patients’ quality of life and determine their
living status. The patients were followed up at 3- to
6-month intervals during the first 2 years and then every
6—12 months until the last follow-up. Complete follow-up
information until death or March 2019 was available for all
patients. During each follow-up investigation, magnetic
resonance imaging and histological examinations were
performed in an outpatient clinic if clinical recurrence was
suspected.

Clinical characteristics

Demographic and oncologic data were collected from the
qualified patients, including sex, age, location, differenti-
ation, tumor length, follow-up status, T stage, N stage,
survival time, comorbidity, operation performed, postop-
erative hospital stay and so on. The survival time was
calculated from the date of surgery to death or last docu-
mented follow-up. The tumor length was defined as the
length measured by pathological sampling.

Statistical analysis

All clinicopathological data were entered into IBM SPSS
Statistics, version 22.0, to be analyzed statistically. Statis-
tical data are described as frequencies, means and medians
with percentages. The Chi-squared test and Fisher’s exact
test were performed to determine differences between stage
T2 circular and T2 longitudinal ESCC. The Kaplan—Meier
method was used to compare survival for each prognostic
factor, while survival was compared between groups by
log-rank test. Cox proportional hazard regression analysis
was performed to identify potential prognostic factors for
overall survival (OS). Hazard ratios (HRs) and 95% con-
fidence intervals (Cls) were estimated for these features to
quantify the strength of these associations. A logistic
regression model was used to identify the factors associ-
ated with LNM. A P value < 0.05 was considered statis-
tically significant.

Results
General characteristics

A total of 536 T2 ESCC patients met the inclusion criteria
for the study between January 2009 and December 2017;

219 (41%) patients had T2 circular ESCC, and 317 (59%)
had T2 longitudinal ESCC. A total of 399 (74%) patients
were male, and 137 (26%) were female. The mean follow-
up period and age was 25.4 £ 12.6 (range: 0-58) months
and 61.7 £ 7.7 (range 38-82) years, respectively. A total
of 102 (19%) patients died, and 192 (36%) patients
developed LNM during the follow-up period. In the T1b
cohort, a total of 84 (23.0%) patients developed LNM.
More general features are listed in Table 1.

In this study, LNM occurred in 68 (31%) of the 219
patients with circular muscle invasion and 124 (39%) of the
317 patients with longitudinal muscle invasion, but the
difference was not significant (P = 0.24). In addition, while
there was no significant difference in age, sex, length,
differentiation, comorbidity, operation performed or post-
operative hospital stay (P > 0.05), there was a significant
difference in tumor location (P = 0.02) between stage T2
circular and T2 longitudinal ESCC (Table 1).

Univariate and multivariate analyses of survival

The prognostic factors for OS are shown in Table 2. As
demonstrated on univariate analysis, T2 substage, sex, age,
location, length, differentiation and operation performed
were not significantly associated with survival (P = 0.30,
0.83, 0.25, 0.22, 0.23, 0.56 and 0.07, respectively). How-
ever, N stage, comorbidity and postoperative hospital stay
were significantly associated with survival (P < 0.05).
Similar results were observed on multivariate analysis,
which demonstrated that N stage (HR, 1.62; 95% CI,
1.03-2.54; P = 0.03) and comorbidity (HR, 1.56; 95% CI,
1.01-2.40; P = 0.04) were independent prognostic factors.
Additionally, the evaluated OS for T2 circular and T2

longitudinal ESCC was 26.3 & 13.0 months and
24.8 £+ 12.2 months, with no significant difference
(P =0.30). Among the 536 patients, the OS was

25.4 £ 12.6 months (Fig. 1). The survival of patients with
T1b ESCC was significantly different from that of patients
with T2 circular and T2 longitudinal ESCC (P = 0.01), but
the survival of patients with T2 circular ESCC was more
similar to that of patients with T2 longitudinal ESCC than
to that of patients with T1b ESCC (Fig. 2). The mean OS in
the T1b, T2 circular and T2 longitudinal ESCC groups was
30.5 + 22.5 months, 26.3 =+ 13.0 months and
24.8 £ 12.2 months, respectively, with a significant dif-
ference in OS among the three groups (P < 0.05). Among
the 902 patients, the OS was 27.5 £ 17.5 months. As
shown in Table 3, the T2 substage was not significantly
correlated with LNM on univariate or multivariate analysis
(HR, 1.40; 95% CI, 0.97-2.01; P = 0.07 and HR, 1.33;
95% CI, 0.92-1.54; P = 0.13, respectively).

@ Springer
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Discussion

It is universally acknowledged that the depth of tumor
invasion is associated with patient prognosis and that the
prognosis of patients with shallow invasion is better than
that of patients with deep clinical invasion [12]. Despite
this, T2 EC has not yet been further subclassified by the
depth of invasion, i.e., invasion of the circular and longi-
tudinal muscle layers, in the TNM staging system. Until

now, there have been no large-sample, multicenter, evi-
dence-based medical research studies indicating significant
differences in the prognosis of T2 ESCC patients with
different depths of tumor invasion. The current multicenter
retrospective study aimed to identify whether the depth of
tumor invasion (circular vs longitudinal) in T2 ESCC could
affect prognosis and LNM and to determine the clinical
significance of subclassifying T2 ESCC.

Table 1 General characteristics of T1 and T2 esophageal squamous cell carcinoma

Characteristic Stage T2 circular (n = 219)b Stage T2 longitudinal (n = 317)b Stage T1b (n = 366) P value®
Sex, n (%) 0.07¢
Male 154 (70) 245 (77) 276 (75)
Female 65 (30) 72 (23) 90 (25)
Age, n (%) 0.29¢
< 60 years 69 (32) 114 (36) 182 (50)
60 years 150 (68) 203 (64) 184 (50)
Location, n (%) 0.02%"
Upper third 33 (15) 29 (9) 55 (15)
Middle third 125 (57) 218 (69) 232 (63)
Lower third 61 (28) 70 (22) 79 (22)
Length, n (%) 0.33¢
<4 cm 106 (48) 140 (44) 282 (77)
>4 cm 113 (52) 177 (56) 84 (23)
N-stage, n (%)* 0.25°
NO 151 (69) 193 (61) 282 (77)
N1 48 (22) 87 (27) 58 (16)
N2 16 (7) 26 (8) 22 (6)
N3 4(2) 11 (3) 4 (1)
Comorbidity, n (%) 0.464
Yes 76 (35) 120 (38) 79 (22)
NO 143 (65) 197 (62) 287 (78)
Differentiation, n (%)* 0.73¢
Gl 66 (30) 93 (29) 48 (13)
G2 82 (38) 129 (41) 157 (43)
G3 71 (32) 95 (30) 161 (44)
Operation performed, n (%) 0.29¢
Left thoracic approach 176 (80) 266 (84) 295 (81)
Right thoracic approach 43 (20) 51 (16) 70 (19)
Postoperative hospital stay, days 0.50¢
<10 days 76 (35) 124 (39) 188 (51)
10 days 143 (65) 193 (61) 178 (49)

“The 8th edition of the UICC and AJCC cancer staging system

The circular and longitudinal invasions were defined as T2 circular and T2 longitudinal stages

“Comparison between stages T2 circular and T2 longitudinal
dChi-squared test was used

“Fisher’s exact test was used

P <0.05
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The depth of tumor invasion, represented by the T
classification, is a significant index for predicting LNM and
prognosis in EC [12]. As the depth of tumor invasion
increases, the rate of LNM increases, generally with a
poorer prognosis. The accuracy of the clinical T stage is
crucial for determining the treatment strategy preopera-
tively. Accurate preoperative clinical staging provides the
surgeon with more original information about the patient,
which cannot be provided by pathological staging due to
the large impact of chemoradiotherapy. However, there
have been no studies specifically on the preoperative sub-
staging of T2 ESCC. Some previous studies have empha-
sized that current staging methods are not accurate and
vary widely, which indicates that additional studies and
more sophisticated preoperative examination methods are
required to identify T2 ESCC tumors [5, 6].

Many are concerned regarding the differences among
and prognosis of patients with disease in different T2
substages. Guo et al. [8] found that the prognosis of
patients with T2 circular ESCC was far superior to that of
patients with T2 longitudinal ESCC (P = 0.017), and a
significant difference in the risk of positive lymph nodes
was observed (P = 0.047). Nevertheless, we could not
determine whether there were differences in general char-
acteristics between patients with T2 circular and T2 lon-
gitudinal ESCC in this study. Similarly, a study of 120
patients by Duan et al. [9] also emphasized the poor
prognosis of T2 longitudinal patients (P < 0.001). How-
ever, the above studies were single-center studies with
relatively small sample populations, which might have led
to inaccurate results.

Fig. 1 Kaplan—-Meier curves for T2 circular and T2 longitudinal of
esophageal squamous cell carcinoma (ESCC) on overall survival.
The mean overall survival (OS) in T2 circular and T2 longitudinal
of ESCC was (26.3 £ 13.0) months and (24.8 + 12.2) months. The
difference of OS between two groups was not significant (P = 0.30).
Of the 536 patients, the OS was (25.4 £+ 12.6) months

Conversely, in our multicenter study with a larger
sample population, we found that the T2 substage did not
significantly influence OS (P = 0.30), which is completely
different from the findings of the previous studies [10]. In
another similar study, the depth of tumor invasion into the

Table 2 Univariate and multivariate analyses of overall survival in T2 esophageal squamous cell carcinoma

Characteristic Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

T2 substage (T2 circular/T2 longitudinal)b 1.24 (0.83-1.85) 0.30 1.22 (0.81-1.85) 0.34
N-stage (NO/N1/N2/N3)* 1.57 (1.01-2.45) 0.01%* 1.62 (1.03-2.54) 0.03*
Sex (male/female) 1.05 (0.68-1.63) 0.83 1.19 (0.75-1.88) 0.47
Age (<60/60) 1.28 (0.84-1.96) 0.25 1.14 (0.73-1.77) 0.56
Location (U/M/L) 0.75 (0.42-1.35) 0.22 0.61 (0.33-1.13) 0.13
Length (<4 cm/4 cm) 1.27 (0.86-1.89) 0.23 1.22 (0.81-1.83) 0.33
Comorbidity (yes/no) 1.86 (1.26-2.75) <0.001* 1.56 (1.01-2.40) 0.04*
Differentiation (G1/G2/G3)* 0.83 (0.51-1.35) 0.56 1.00 (0.59-1.69) 0.95
Operation performed (L/R) 0.58 (0.32-1.05) 0.07 0.60 (0.32-1.11) 0.10
Postoperative hospital stay (<10 days/10 days) 1.87 (1.19-2.94) 0.01* 1.64 (0.99-2.70) 0.05

U upper third, M middle third, L lower third, L left thoracic approach, R right thoracic approach, HR hazard ratio, CI confidence interval

*The 8th edition of the UICC and AJCC cancer staging system

The circular and longitudinal invasions were defined as T2 circular and T2 longitudinal stages

*P < 0.05
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Fig. 2 Kaplan-Meier curves for T1b, T2 circular and T2 longitu-
dinal of esophageal squamous cell carcinoma (ESCC) on overall
survival. The mean overall survival (OS) in T1b, T2 circular and T2
longitudinal of ESCC was (30.5 & 22.5) months, (26.3 £+ 13.0)
months and (24.8 + 12.2) months. The differences of OS between
two groups were significant (P = 0.01). Of the 902 patients, the OS
was (27.5 £ 17.5) months

muscularis propria was not found to be associated with OS
in patients with esophageal adenocarcinoma (P = 0.24).
Reasonably, ESCC and adenocarcinoma occur in different
types of patients and have different pathological features,

tumor characteristics and staging systems. Nevertheless,
this study provided a reference for our results that the T2
substage was not significantly favorable for prognosis.

LNM occurs through the lymphatic reflux system and
blood vessels from the submucosal layer; furthermore,
LNM can occur in early EC [13]. Many patients with T2
ESCC have positive lymph nodes at the time of diagnosis
(approximately 40% in most studies) [14, 15]. Our results
are consistent with those of previous studies, as the rate of
LNM was 36%. We usually associate LNM with patient
survival. In our study, we identified N stage (P = 0.03) as
an independent prognostic factor, which is similar to the
results of previous studies [8, 9, 16].

Rice et al. [11] found that patients with T2 ESCC had a
sixfold increased chance of suffering from N1 disease
compared with T1 patients. We speculated that LNM was
closely related to the T2 substage in ESCC. In our cohort,
LNM occurred in 124 (39%) patients with T2 longitudinal
ESCC, which was slightly more than the 68 (31%) patients
with T2 circular ESCC (P = 0.25). These results are con-
sistent with those of a study by Christopher et al. (48% vs
32%, P =0.16) [10]. With increasing tumor invasion
depth, patients with T2 ESCC have a greater risk of LNM,
but this finding does not suggest that T2 ESCC should be
subclassified. However, the association between LNM and
the T2 substage in previous studies was positive, and
patients with T2 longitudinal ESCC had a higher incidence
of positive lymph nodes than patients with T2 circular
ESCC (52.2% vs 30.8%, 37.2% vs 19.0%, P < 0.05) [8, 9].
This apparent difference might be due to the size of the
sample population. The fact that relatively few patients
with T2 circular ESCC had positive lymph nodes in the

Table 3 Logistic regression analysis on the factors associated with lymph node metastasis

Characteristic Univariate analysis Multivariate analysis
OR (95% CI) P value OR (95% CI) P value

T2 substage (T2 circular/T2 longitudinal)® 1.40 (0.97-2.01) 0.07 1.32 (0.91-1.93) 0.15
Sex (male/female) 0.58 (0.38-0.88) 0.01%* 0.63 (0.40-0.98) 0.04%*
Age, year (<60/60) 0.86 (0.60-1.25) 0.44 0.86 (0.58-1.26) 0.43
Location (U/M/L) 1.73 (0.93-3.22) 0.04* 1.51 (0.79-2.89) 0.20
Length (<4 cm/4 cm) 1.51 (1.06-2.16) 0.02* 1.43 (0.99-2.06) 0.06
Comorbidity (yes/no) 1.21 (0.84-1.74) 0.31 1.48 (0.98-2.24) 0.06
Differentiation (G1/G2/G3)* 1.30 (0.84-2.02) 0.10 1.87 (1.13-3.11) 0.05%*
Operation performed (L/R) 0.90 (0.56-1.44) 0.66 1.05 (0.64-1.72) 0.85
Postoperative hospital stay (<10 days/10 days) 0.90 (0.63-1.30) 0.58 0.98 (0.66-1.47) 0.93

U upper third, M middle third, L lower third, L left thoracic approach, R right thoracic approach, OR odds ratio, CI confidence interval

“The 8th edition of the UICC and AJCC cancer staging system

The circular and longitudinal invasions were defined as T2 circular and T2 longitudinal stages

P <0.05
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study by Duan et al. might also have caused this phe-
nomenon. According to the logistic regression model, we
further found that the T2 substage was not significantly
correlated with LNM on univariate or multivariate analysis
(P > 0.05), indicating that the depth of tumor invasion into
the circular and longitudinal muscle layers in T2 ESCC did
not affect LNM. In brief, clinicians are supposed to provide
treatment or induction therapy protocols considering the
high risk of LNM based on stage [17]. The relationship
between LNM and the depth of tumor invasion requires
more thorough research.

The optimal treatment strategy for T2 EC has not been
determined [18]. The significance of stratifying patients
with T2 ESCC is to identify differences between patients
with T2 circular and T2 longitudinal ESCC and guide
clinicians in selecting different treatment strategies for
patients with various stages of disease. We found that
patients with T1b ESCC had more favorable survival than
those with T2 circular and T2 longitudinal ESCC and that
the survival of patients with T2 circular ESCC was more
similar to that of patients with T2 longitudinal ESCC than
to that of patients with T1b ESCC (P = 0.01). This result
emphasized that there was no significant reason to stratify
the T2 stage into substages, which is very consistent with
the authoritative principles and determination methods of
the UICC and AJCC cancer staging system [7]. However,
Duan et al. [9] demonstrated that the survival of patients
with T2 circular ESCC was more similar to that of patients
with T1b ESCC than to that of patients with T2 longitu-
dinal ESCC (P < 0.001). Nevertheless, we could not
determine prognostic value of the T2 substage from the
above-mentioned evidence.

As reflected in our study, sex, age, differentiation,
length, location, operation performed and postoperative
length of hospital stay were not independent prognostic
factors in patients with T2 substage ESCC (P > 0.05),
while comorbidity was a prognostic factor (P < 0.05). We
found that the presence of comorbidity significantly
affected patient survival and was an independent prog-
nostic factor of T2 ESCC. Thus, patients with comorbidi-
ties may have poor survival. Although tumor length is not a
reference in the TNM staging system, Alexander et al. [19]
showed that tumor length had a significant impact on
prognosis in patients with EC. In our study, only tumor
location was significantly different between stage T2 cir-
cular and T2 longitudinal EC, but it did not affect OS on
univariate or multivariate analysis and could not serve as a
reference for subclassifying T2 EC.

Several limitations to this study should be mentioned.
Primarily, although this was a multicenter study with a
large sample population, we could not exclude differences
from other databases because our sample population was
relatively small compared with the worldwide

collaborative EC database. A study with a larger sample
size may produce more accurate results. Second, our study
was retrospective, with a relatively short follow-up dura-
tion and inherent error, and the results are less convincing
than those of prospective studies. Longer follow-up dura-
tions should be used to obtain a more comprehensive five-
year survival rate for more accurate survival information.
Additionally, we did not analyze the accuracy of predictive
clinical staging, which is more important and valuable in
the treatment of patients. Finally, we did not evaluate
recurrence or disease-free survival in our study, which are
also important endpoints, especially regarding the out-
comes of patients with malignant tumors.

In conclusion, the depth of tumor invasion into the cir-
cular and longitudinal muscle layers in T2 ESCC does not
affect prognosis or LNM. It makes little sense to subclas-
sify T2 ESCC by the depth of invasion into the circular and
longitudinal muscle layers. Our study is consistent with the
8th edition of the TNM cancer staging system. Studies with
more multicenter data, larger sample populations and
longer follow-up periods are required to verify this
conclusion.
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Lung volumereduction surgery: Only short-term evaluation is enough?
To the Editor:

We read with great interest the article by Dr. Seadler et al. (1) assessing clinical
and quality of life outcomes following lung volume reduction surgery (LVRS). This
study demonstrated patients with emphysema refractory to medical therapy can
benefit significantly from LVRS, which were consistent with a previous 10-year
experienced study (2). For all we know, this study first conducted the correlation
between the quality of life and pulmonary metrics, and assessed the feasible of using
guestionnaire as a potential substitute for actual pulmonary function testing. We
congratulate Dr. Seadler et al. for this innovative and excellent study.

The following questions are proposed to win an opportunity to discuss with Dr.
Seadler et al. Firstly, this study presents the long-term longitudinal data from 2007 to
2015. However, the follow-up outcomes were short-term. The National Emphysema
Treatment Trial recommended two additional years of follow-up after LVRS provided
valuable information regarding durability(3). Dr. Seadler et al. reported one-year
results which may lead to lack of evidence for LVRS in this present study. Secondly,
previous studies showed the forced expiratory volume in 1 second decreased
gradually after attaining its maximal value at 3-6 months after operation with a
subsequent decline toward preoperative levels (4) (5). However, this study only
described the pulmonary functions of 1-year after LVRS without maximum or change
trend of pulmonary functions, which may conduct an inaccuracy result.

Besides, a friendly reminding of typo in this manuscript is that the sum case

number of “Smoking Pack year” in “Table 2” was equal to 120, not 121.
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We read with great interest the well-written article by Okumura et al. [1] entitled
‘Tumour size determines both recurrence-free survival and disease-specific sur-
vival after surgical treatment for thymoma' This study demonstrated that tu-
mour size in thymoma was a strong predictor of recurrence-free survival (RFS)
and disease-specific survival (DSS), and should be considered when determining
the treatment strategy for thymoma patients. Based on what we know, this was
the first nationwide study that specifically evaluated the relationship between
tumour size (maximum diameter) and prognosis only in thymoma. We con-
gratulate Dr Okumura and his colleagues for this excellent and innovative study.
Tumour size as a prognostic factor can be found in lung cancer, breast can-
cer but has not been mentioned in current staging systems of thymic epithelial
tumours. Data from International Thymic Malignancy Interest Group (ITMTG)
found that tumour size was not associated with survival in patients with com-
pletely resected thymic tumours [2]. Similar results were obtained from the
European Society of Thoracic Surgeons (ESTS) database, which demonstrated
that tumour size was identified neither as a predictor of overall survival nor as
a predictor of RFS, but as a predictor of incomplete resection and increased
the risk of recurrence [3]. On the other hand, several studies have confirmed
that tumour size is an important predictor of survival in thymic epithelial
tumours. A review paper showed about 36% (4/11) of studies demonstrating
that a smaller tumour can predict better survival [4]. Fukui et al. [5] found that
patients with tumour size >4.0 cm showed worse RFS compared with those
with a smaller size in completely resected thymic epithelial tumours. The study
by Okumura et al. was in accordance with these studies which supported the
finding that tumour size can affect the prognosis in patients with thymomas.
Controversy regarding these studies may arise from the different inclusion
criteria. In Okumura et al’s study, only thymoma was included which can
prevent bias due to pathological heterogeneity. In addition, we also found
that the definitions of RFS and DSS of this study were slightly different from
the standard outcome measures for thymic malignancies which were devel-
oped by the ITMTG [6]. In the set of standards, RFS was defined as patients
after successful curative treatment (RO resection or radiographic chest X-ray
after chemotherapy or radiotherapy), and DSS was defined as death from

LETTER TO THE EDITOR

thymic malignancy, myasthenia gravis. In Okumura et al’s study, RFS was
defined as the time from surgery date to that of first recurrence after under-
going a macroscopic complete resection but not RO resection. DSS was
defined as the time from the surgery date to that of death from thymoma, but
patients with myasthenia gravis were excluded. That may present differences
between this study and results of ITMTG and ESTS on tumour size.

Taken together, we believe that tumour size is a significantly independent
predictor of thymoma patients after surgical resection, and should remain a
non-negligible clinical parameter in assessing surgically treated thymoma
patients. As a result, it should be highlighted that routine assessment of tu-
mour size should be incorporated into preoperative evaluation of thymoma
patients.

Finally, as a friendly reminder, we want to point out that no ‘P value’ was
shown in Figure 4.

Conflict of interest: none declared.
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Neoadjuvant chemotherapy with irinotecan and nedaplatin in a single cycle
followed by esophagectomy on cT4 resectable esophageal squamous cell
carcinoma: a prospective nonrandomized trial for short-term outcomes
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Medicine Research Center, North Sichuan Medical College, Nanchong, China

SUMMARY. Neoadjuvant chemotherapy (NAC) significantly extends survival in advanced esophageal squamous
cell carcinoma (ESCC), but the short-term outcomes for ¢cT4 ESCC remain controversial. Many NAC regimens
have been previously reported, although no study has reported a regimen of irinotecan and nedaplatin for cT4 poten-
tial resectable ESCC. We evaluated the short-term outcomes of NAC with irinotecan and nedaplatin in a single cycle
followed by esophagectomy on cT4 resectable ESCC. A total of 51 patients with cT4 potentially resectable ESCC
were eligible for this study. Twenty of these patients underwent NAC, and the other 31 patients underwent surgery
alone. The toxicities and response of NAC were evaluated. The clinicopathologic characteristics, responses, toxic-
ities, surgical outcomes, postoperative complications, and survival time between the two groups were analyzed. No
significant differences were found in clinicopathologic characteristics between the groups (P > 0.05). The response
rate of NAC was 75% (15/20). The differences in the long-axis diameter of the tumor and cT stage between pre-
and post-NAC were significant (P < 0.05). Twenty-four toxic events occurred in 11 patients of the NAC group,
and 20/24 of these were mild. The RO resection rates in the NAC group and the surgery alone group were 85% and
64.5%, with no statistically significant difference (P > 0.05). Differences in the pathological T stage and patholog-
ical tumor-node-metastasis (TNM) stage were significant (P < 0.05). The overall survival (OS) time and mortality
in the NAC group versus the surgery alone group were 31.57 & 3.06 months versus 15.24 &+ 1.46 months and 25%
versus 61.3%, respectively. The differences in OS and mortality were significant (P < 0.05). The NAC group and
RO resection were significant and independent predictors of positive prognosis. NAC with irinotecan and nedaplatin
in a single cycle followed by esophagectomy on cT4 resectable ESCC as a new NAC is safe and effective.

KEY WORDS: esophageal squamous cell carcinoma, irinotecan, nedaplatin, neoadjuvant chemotherapy, short-term
outcome.

INTRODUCTION

Esophageal cancer penetrates the esophageal wall and
easily involves adjacent organs because no tunicae
serosa is present.! Patients are usually diagnosed at
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an advanced stage due to this particular feature.
An esophageal cancer involving adjacent structures
(aorta, major airway, lung, diaphragm, pulmonary
vein, pleural, and pericardium) is defined as T4 dis-
ease, which results in a poor R0 resection rate and sur-
vival time.>*

Surgery alone may be performed in T4 patients,
although its prognostic benefit and RO resection rate
remain dismal.>-!! Matsubara et al.'> concluded that
patients with macroscopic-T4 but not pathologic-
T4 tumors had favorable outcomes and that only
patients with definitive evidence of unresectability
should be excluded from esophagectomy. In addition,
Tachibana et al.'* and Chen ef al.'* demonstrated that
esophagectomy of cT4 can achieve the best improve-
ment in swallowing and the longest survival with an
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acceptable mortality rate. The optimal management
for patients with potentially resectable cT4 esophageal
squamous cell carcinoma (ESCC) remains unknown.

The overall survival (OS) time of cT4 ESCC
has been improved by the development of mul-
tidisciplinary treatments, as reported in recent
studies.’>'”  Many neoadjuvant chemotherapy
(NAC) regimens have been reported in previous
studies but were associated with different prognostic
outcomes.?*-%

Irinotecan has been administered as NAC to
advanced esophageal cancer patients in previous
trials. However, most of these treated cases were
esophageal adenocarcinoma with a low pathologic
complete response (pCR) rate. A response to this
chemotherapy was found in ESCC, although the
number of cases was limited.>*-3! We thus considered
that the NAC regimen with irinotecan and nedaplatin
would also be applicable in NAC regimens. Addition-
ally, the short-term outcomes and treatment toxicities
for cT4 ESCC remain controversial.

Most NAC requires two cycles of preoperative
chemotherapy, but a single cycle has also conferred
positive responses in some cases. Tumors rapidly
develop resistance to chemotherapy, and responses are
generally short lived.*> Karagiannis et al.’* showed
that some NAC increases the risk of metastatic dis-
semination through a tumor microenvironment of
metastasis (TMEM)-mediated mechanism, despite
decreasing the tumor size. This may be due to drug
resistance in NAC with lower doses or longer pre-
operative time intervals. Recently, Fujiwara et al.**
compared the perioperative results and prognoses
of patients who underwent complete (two cycles) or
incomplete (single cycle) NAC because of adverse
events or the patient’s refusal of treatment. They found
perioperative outcomes and long-term prognosis of
patients with locally advanced ESCC were not signifi-
cantly influenced, even if the patients did not receive a
complete cycle of NAC. For these reasons, we hypoth-
esized that one cycle of NAC as a pulse therapy may
prevent drug resistance and the risk of metastatic dis-
semination. This one-cycle treatment may achieve a
comparable effect to two or more NAC cycles because
a similar total dose is used. If downstaging can be
achieved by a single cycle, chemotherapy toxicities and
relapse can be avoided.

In this study, we evaluated the short-term outcomes
of a single cycle of irinotecan and cisplatin NAC fol-
lowed by esophagectomy in cT4 potentially resectable
ESCC patients.

PATIENTS AND METHODS

Patients

Between January 2014 and March 2017, 970 con-
secutive patients who were histologically diagnosed

with ESCC and planned to undergo surgery presented
at the Affiliated Hospital of North Sichuan Medical
College. In total, 109 patients were defined as cT4
according to the TNM classification of the American
Joint Committee on Cancer (AJCC) & The Union for
International Cancer Control (UICC).** Of these 109
patients, 51 entered this prospective trial.

The criteria for inclusion of patients in this prospec-
tive trial were as follows: (1) ESCC in the thoracic
esophagus, (2) ¢T4 according to the AJCC & UICC
8th edition classification, (3) expected survival time
greater than 3 months, (4) general condition ade-
quate to tolerate single-cycle NAC and/or esophagec-
tomy, (5) evaluated as resectable esophageal cancer by
pretreatment examinations, and (6) provided written
informed consent.

Exclusion criteria were as follows: (1) received other
treatment (chemotherapy/radiotherapy/palliative
therapy) that may affect the prognosis or additional
cycles of perioperative chemotherapy, (2) distant
metastasis, (3) esophageal adenocarcinoma and
esophagogastric junction carcinoma, (4) any con-
current primary cancer at other organs, (5) rejected
operative surgery after NAC, (6) esophageal perfora-
tion or tracheoesophageal fistula, and (7) >80 years
old.

The staging evaluation before treatment included
the following procedures: (1) necessary general
physical examination, (2) esophagogastroduo-
denoscopy (EGD) and biopsy, (3) contrast esopha-
gography, (4) cervical and abdominal ultrasonography
(US) and endoscopic ultrasonography (EUS), (5)
contrast-enhanced computed tomography (CT)
of the neck, chest, and upper abdomen, (6) bone
scintigraphy, and 7) bronchoscopy performed only
for the cancer in the upper or middle thoracic
esophagus.

All patients were staged according to the AJCC
& UICC criteria. ¢T4 was defined using contrast-
enhanced CT, contrast esophagography, and bron-
choscopy (upper or middle thoracic ESCC), and
EUS. Lymphatic metastasis was assessed by mor-
phology using cervical and abdominal US, EUS, and
contrast-enhanced CT. Distant metastasis was deter-
mined using contrast-enhanced CT and bone scintig-
raphy. Esophageal cancer without distant metastasis
invading the pleura, pericardium, diaphragm, and fat
plane in the triangular space among the esophagus,
aorta, and spine could be defined as a resectable ¢T4
tumor. However, if the aorta, trachea, and spine were
invaded by esophageal cancer, surgery could not be
performed.®

The excluded 58 patients included 20 with dis-
tant organ metastases, 14 who underwent previous
chemotherapy and/or radiotherapy, 8 with a low per-
formance status index for surgery or chemotherapy,
7 who were >80 years old, and 9 who refused
esophagectomy after an active response to NAC.
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This study was conducted with the approval of the
Ethics Committee of the Affiliated Hospital of North
Sichuan Medical College.

METHODS

Chemotherapy regimens

This was a prospective, nonrandomized trial that
included patients who made an informed decision
regarding whether to receive NAC followed by
esophagectomy or esophagectomy alone. When
patients decided to receive NAC followed by
esophagectomy, they underwent the single cycle
of NAC first. The chemotherapy regimen consisted
of 120 mg/m? irinotecan (Jiangsu Hengrui Medicine
Co., Ltd., Lianyungang, Jiangsu, P. R. China) on day
1, day 8, and day 15 for 3 hours as a drip intravenous
infusion and 20 mg/m? nedaplatin (Qilu Pharmaceu-
tical, Jinan, Shandong, P. R. China) administered
intravenously from day 1 to day 5 for 1 hour combined
with antiemetic and antimyelosuppression to alleviate
toxicities. Then, patients in the NAC group received
a subcutaneous injection of 6 mg PEG-rhG-CSF
(Qilu Pharmaceutical, Jinan, Shandong, P. R. China)
on day 15 to prevent myelosuppression. If the total
cell counts of the bone marrow were <30,000/mm?,
surgery was delayed for 1 week or more. For patients
with severe dysphagia, total parenteral nutrition was
used, with or without additional oral administration
of liquid nutrients. Soft or normal foods were given
to patients if dysphagia improved. Examinations for
staging evaluation before treatment were performed
4-6 weeks after NAC (before surgery).

Surgery

Esophagectomy was completed in both groups. NAC
group patients underwent surgery 4-6 weeks after
completing NAC. Before surgery, restaging evaluation
was performed again, as performed prechemotherapy.
Patients with esophageal cancer in the upper third
of the thoracic esophagus underwent McKeown
esophagectomy and were treated with three-field lym-
phadenectomy. The type of esophagectomy (Sweet,
Ivor-Lewis, or McKeown esophagectomy) performed
on middle third and lower third of the thoracic esoph-
agus was at the discretion of the surgeon.

Clinical indexes

The database was queried to include all patients and
the following variables: clinicopathologic characteris-
tics, NAC-associated toxicities, postoperative compli-
cations, RO resection, CR + PR and OS time. Survival
time for all of the patients was calculated from the
start of initial treatment until death from any cause
or the final follow-up visit.

Evaluation of residual tumor (R) was classified
as follows: RO, no residual tumor; R1, suspicion
of residual tumor or microscopic residual tumor;
and R2, macroscopic residual tumor.3® Toxicity was
graded according to the National Cancer Institute
Common Toxicity Criteria, version 4.0 (NCI CTC v
4.0).%7

Briefly, the responses were classified as follows:
complete response (CR), complete disappearance
of all clinical evidence of existing lesions during
chemotherapy; partial response (PR), a decrease in
tumor size of more than 30% during chemotherapyj;
progressive disease (PD), an increase in tumor size of
more than 20% compared with the initial size; and
stable disease (SD), any changes in tumor size that
could be classified as neither a PR nor PD. Patients
with a tumor showing a CR or PR were defined as
major responders, and those with a tumor showing SD
or PD were defined as nonresponders.®

Follow-up

Patients were followed up by monthly home visits or
telephone interviews to determine their living con-
ditions and to confirm they were alive. All of the
patients were followed up until May 2017 or death.
Patients were closely observed by general physical
examination, contrast esophagography, cervical and
abdominal US and EUS, contrast-enhanced CT of the
cervical, chest and upper abdomen, and bone scintig-
raphy every 3 months and by EGD every 6 months
after the surgery.

Statistical analysis

Follow-up data after treatment were available for
all patients. Statistical analyses were performed with
SPSS 22.0 (SPSS, Inc., Chicago, IL). Data were
reported as the frequencies, means, and medians with
percentages. The Chi-square test was used for com-
parison of the categorical variables. OS curves were
plotted by the Kaplan-Meier method. Log-rank tests
were applied to identify significant differences in sur-
vival among groups. We used the Cox proportional
hazards model for multivariable OS analysis. Variables
potentially related to the risk of OS with P < 0.10 on
univariate analysis were included in the multivariate
analysis. P < 0.05 was considered to indicate a statis-
tically significant difference.

RESULTS

Clinicopathologic characteristics

Between January 2014 and March 2017, 51 patients
were enrolled in this study. Twenty patients chose
NAC with irinotecan and cisplatin in a single cycle
followed by esophagectomy, and the other 31 patients

-135-

8T0Z Jaquialdas Tz uo Jasn Areiqr 0430l 10 AusiaAiun Aq £78805/080A0P/210p/S60T 0T/I0PAdRASE-3]dILe-20URAPR/310P/W02 dNo dlWapede//:Sdny Woil papeojumod



4 Diseases of the Esophagus

The International Society for

S Diseases of the Esophagus

Table 1 Summary of patient clinicopathologic characteristics

All patients

Surgery alone

Parameters (N =151) NAC (N = 20) (N=31) P
Age (mean + SD) year (range) 61.2 +6.57 60.3 +7.18 61.8 +6.20 0.44*
(43-76) (43-69) (49-76)
Gender 0.98**
Male 42(82.4%) 17(85%) 25(80.6%)
Female 9(17.6%) 3(15%) 6(19.4%)
Tumor localization 0.35**
Upper third 4(7.8%) 1(5%) 3(9.7%)
Middle third 32(62.8%) 15(75%) 17(54.8%)
Lower third 15(29.4%) 4(20%) 11(35.5%)
Initial long-axis diameter of tumor (mean £+ SD) cm (range) 5.3+£0.89 5.34+0.954-8) 5.24+0.86(3.5-7) 0.90*
(3.5-8.0)
BMI (mean + SD) (range) 242 +6.57 242 +£2.78 0.95*
(19.5-31.2) (19.5-31.2)
Clinical N stage 0.33**
cNO 23(45.1%) 8(40.0%) 15(48.4%)
cNl1 17(33.3%) 9(45%) 8(25.8%)
cN2 11(21.6%) 3(15%) 8(25.8%)
cT4 invaded organs 0.66™*
fat plane in triangular spacef 17(33.3%) 6(30%) 11(35.5%)
pleura 22(43.2%) 9(45%) 13(41.9%)
pericardium 8(15.7%) 3(15%) 5(16.1%)
diaphragm 4(7.8%) 2(10%) 2(6.5%)

*Student’s 7 test was used; ** x 2 test or Fisher’s exact test was used.

TThe fat plane in the triangular space between the esophagus, aorta, and spine was obliterated.

BMI, body mass index; NAC, neoadjuvant chemotherapy.

underwent surgery alone. All NAC group patients
completed the single-cycle regimen. All 51 patients
had locally advanced potentially resectable cT4 SCC
and underwent esophagectomy. Of the 51 patients,
42 (82.4%) were male, and 9 (17.6%) were female.
The median patient age was 61.2 £+ 6.57 years (range:
43-76 years). The tumor location of all patients was
4 (7.8%), 32 (62.8%), and 15 (29.4%) in the upper,
middle, and lower third, respectively. The average
length of the tumor before treatment was 5.25 £ 0.89
cm (range: 3.5-8.0 cm). The average body mass index
(BMI) was 24.15 4+ 2.68 (range: 19.49-31.22). No sig-
nificant differences in gender distribution, age, tumor
location, initial long-axis diameter of the tumor,
and clinical N stage before treatment were observed
between the NAC group and the surgery alone group
(P=0.30, P=0.46, P=0.44, P=0.44, and P = 0.09,
respectively) (Table 1).

Response to NAC

All of the NAC group patients underwent NAC with
a single cycle of irinotecan and nedaplatin. Four to
six weeks after the NAC regimen, there were 4 (20%)
patients with CR, 11 (55%) patients with PR, and 5
(25%) patients with SD. None of the patients encoun-
tered PD. Accordingly, the response rate to the single-
cycle NAC regimen was 75% (15/20). The long-axis
diameter of the tumor before NAC was 5.3 + 0.95 cm
and 2.85 % 2.05 cm 4-6 weeks after NAC. The differ-
ences in the long-axis diameter of the tumor and in the

cT stage between pre-NAC and post-NAC were signif-
icant (P < 0.05). However, there was no significant dif-
ference in cN stage between pre-NAC and post-NAC
(P > 0.05) (Table 2).

Toxicity

NAC with irinotecan and cisplatin in a single cycle
was generally well tolerated. The overall toxicities
experienced by the patients during chemotherapy are
listed in Table 3. Twenty-four toxic events occurred
in 11 patients (55%) of the NAC group and 20/24
of these were mild (grade 1-2). The toxic rates of
leukopenia, nausea and vomiting, diarrhea, alopecia,
and renal dysfunction were 35%, 30%, 40%, 5%, and
10%, respectively. The major toxicities were hema-
tologic (leukopenia and neutropenia) and gastroin-
testinal reaction (nausea or/and vomiting, diarrhea),
with 2 (10%) of the patients experiencing grade 3 or 4
leukopenia and neutropenia and 2 (10%) patients with
grade 3 gastrointestinal reactions. All of the toxicities
were within expectations and were manageable, and
no treatment-related death occurred. No patient can-
celed their operation due to NAC toxicity.

Surgical outcome

As shown in Table 4, more than half of the patients
in the NAC and surgery alone groups received the
Ivor-Lewis or McKeown procedure (55% and 54.8%,
respectively). Seventeen of the 20 patients (85%) in
the NAC group received an RO resection compared
with 20 of the 31 patients (64.5%) in the surgery alone
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Table 2 Response to NAC with irinotecan and nedaplatin in a single cycle

Pre-NAC Post-NAC P

Long-axis diameter of tumor (mean + SD) cm (5.27 £0.95) (2.85 £ 2.05) 0.00*
cT stage(%o)' 0.00**

cT4 20(100%) 5(25%)

Others 0(0%) 15(75%)
cN stage(%)' 0.79**

cNO 8(40%) 10(50%)

cN1 9(45%) 8(40%)

cN2 3(15%) 2(10%)
*Student’s t test was used; ** x 2 test or Fisher’s exact test was used.
t8th edition of the AJCC & UICC.
cN stage, clinical N stage; cT stage, clinical T stage; NAC, neoadjuvant chemotherapy.
Table 3 Toxicities experienced by the patients during NAC

NCICTC version 4.0 common toxicity criteria
Grade 1 Grade 2 Grade 3 Grade 4 All grades (%) Grade 3/4 (%)

Leukopenia 3 2 1 1 7(35%) 2(10%)
Nausea or vomiting 3 3 0 0 6(30%) 0(0%)
diarrhea 3 3 2 0 8(40%) 2(10%)
Alopecia 1 0 0 0 1(5%) 0(0%)
Renal dysfunction 1 1 0 0 2(10%) 0(0%)

NAC, neoadjuvant chemotherapy; NCICTC version 4.0, National Cancer Institute Common Toxicity Criteria, version 4.0.

group, and 50% and 48.4% of the patients had lymph
node metastasis in the NAC group and the surgery
alone group, respectively. The mean resected lymph
nodes and metastatic lymph nodes in the NAC group
versus the surgery alone group were 16.75 + 3.63
versus 16.75+3.63and 1.55+2.14 versus 1.55 +2.14,
respectively. There were no significant differences in
the type of esophagectomy, surgical radicality (RO
vs. R1 4+ R2), the nature of the lymph nodes, mean
resected lymph nodes, mean metastatic lymph node,
pathological N stage, or histopathological grading
between the NAC group and surgery alone group
(P=20.99, P=0.20,P=0091, P=0.12, P = 0.68,
P =0.88 and P = 0.99, respectively). In addition, The
RO and R1 patients in the NAC group versus surgery
group were 17 versus 20 and 2 versus 7, respectively.
There was also no significant difference (P = 0.27)
between the NAC group and the surgery group. How-
ever, the differences in pathological T stage and TNM
stage between the NAC group and the surgery alone
were significant (P = 0.00 and P =0.001, respectively).

Postoperative complications

Nine postoperative events occurred in 5 patients
(25%) of the NAC group, and 18 postoperative events
occurred in 11 patients (35.5%) of the surgery alone
group. The main complications in the two groups
were infection complications (pyothorax, pneumonia,
and surgical site infection), surgery-related compli-
cations (chylothorax, anastomotic leak, and recur-
rent nerve paralysis) and other complications (deep
venous thrombosis and hypoproteinemia). There was

no operative mortality patient in either group (post-
operative within 30 days) but 1 (3.2%) hospital mor-
tality (2 months after operation) patient in the surgery
alone group. The patient died of anastomotic leak
and pyothorax due to palliative resection (R2 resec-
tion). Regarding postoperative complications, the
incidences of infection complications, surgery-related
complications, and other complications for the NAC
group versus the surgery alone group were 3 (15%)
versus 7 (22.6%), 2 (10%) versus 5 (16.1%), and 4
(20%) versus 6 (19.4%), respectively. No differences
were observed between the NAC and surgery alone
groups (Table 5).

Short-term survival outcomes

With a median follow-up of 15.06 £ 8.52 months
(range: 2-38 months), 24 (47.1%) out of 51 patients
died of disease progression or postoperative compli-
cations, 5 (25%) in the NAC group, and 19 (61.3%) in
the surgery alone group. To evaluate whether the NAC
group and surgery alone group had different out-
comes, the survival rates were compared. The median
OS for all 51 patients was 22.89 + 2.16 months. The
OS was 31.57 + 3.06 months in the NAC group versus
15.24 + 1.46 months in the surgery alone group. The
differences in mortality and OS between the NAC
group and the surgery alone group were significant
(P = 0.01 and P = 0.001, respectively). The Kaplan-
Meier curves are shown in Figure 1.
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Table 4 Surgical outcome in the NAC group and surgery alone group

NAC (N = 20) Surgery alone (N = 31) P
Type of esophagectomy 0.99*
Sweet (left chest) 9 (45%) 14 (45.2%)
Ivor-Leiws or McKeown(right chest) 11 (55%) 17 (54.8%)
Surgical radicality 0.11**
RO 17 (85%) 20 (64.5%)
R1+R2 3 (15%)f 11 (35.5%)*
Lymph node 0.91*
Node-negative cases(%0) 10 (50%) 15 (48.4%)
Node-positive cases(%o) 10 (50%) 16 (51.6%)
Mean resected lymph node 16.75 + 3.63 14.32 +£6.20 0.12**
Mean metastasis lymph node 1.55+2.14 1.84 £2.58 0.68**
Pathological T stage™Y 0.00*
pTO 4 (20%) 0 (0%)
pT1 2 (10%) 0 (0%)
pT2 7 (35%) 0 (0%)
pT3 4 (20%) 6 (19.4%)
pT4 3 (15%)TT 25 (80.6%)
Pathological N stage®: 0.88*
pNO 10 (50%) 15 (48.4%)
pNI1 6 (30%) 7 (22.6%)
pN2 3 (15%) 7 (22.6%)
pN3 1 (5%) 2 (6.4%)
Pathological differentiation’ 0.99*
Well differentiated 5(25%) 8 (25.8%)
Moderately differentiated 12 (60%) 18 (58.1%)
Poorly differentiated 3 (15%) 5(16.1%)
Pathological stage® 17 0.001*
pStage 1 8 (40%) 0 (0%)
pStage 11 1 (5%) 1 (3.2%)
pStage 111 9 (45%) 17 (54.9%)
pStage IV 2 (10%) 13 (41.9%)

*x 2 test or Fisher’s exact test was used; **Student’s t test was used.

TThree patients were performed as R1/R2 resection due to pleura (1), pericardium (1), and diaphragm (1) invading and residual tumor
existing, respectively; TEleven patients were performed as R1/R2 resection due to aorta (6) and pleura (5) invading and residual tumor
existing; ¥8th edition of the AJCC&UICC; TypT for NAC group; " Three patients were diagnosed as ypT4 due to pleura (1), pericardium
(1) and diaphragm (1) invading, respectively; i*patients were diagnosed as pT4 due to aorta (6), the fat plane in the triangular space among
the esophagus, aorta and spine (7), pleura (10), pericardium (1) and diaphragm (1) invading, respectively; $ypN for NAC group; 1Typ stage
for NAC group.

NAC, neoadjuvant chemotherapy; R0, no residual tumor; R1, suspicion of residual tumor or microscopic residual tumor; R2, macroscopic
residual tumor.

Variables predicting short-term survival DISCUSSION

According to the univariate analysis, treatment group
(P = 0.01) and surgical radicality (P = 0.00) were
significant prognostic factors. No significant differ-
ences in age, gender, long-axis diameter of the tumor,
type of esophagectomy, postoperative complications,
lymph node resection, lymph node metastasis, and
BMI were observed (P = 0.23, P = 0.57, P = 0.75,
P=0.51,P=037,P=0.36,P=0.12and P =0.78,
respectively). The multivariate analysis also revealed
that treatment group (P = 0.007) and surgical rad-
icality (P = 0.01) were significant prognostic fac-
tors. There were no significant differences in age,
gender, long-axis diameter of the tumor, type of
esophagectomy, postoperative complications, lymph
node resection, lymph node metastasis, and BMI
(P=0.13, P =0.10, P = 0.12, P = 0.06, P = 0.10,
P = 0.73, P = 0.69 and P = 0.53, respectively)
(Table 6).

Esophageal cancer is one of the most aggressive
and common cancers with a low 5-year survival
rate after curative surgery.’® To improve outcomes,
current evidence supports the effects of NAC on
patients with advanced esophageal cancer.*’ A recent
study demonstrated that NAC improved RO resec-
tion and OS compared with surgery alone, with
a 12% decrease in the mortality hazard.*! How-
ever, the optimal chemotherapy regimen for advanced
esophageal cancer is also uncertain. Additionally, the
results of the JCOG 99072 study aided in the approval
of NAC with FP as a standard regimen in Japan.
However, the response rate remained unsatisfactory at
38%.

One or more cycles of NAC were used in most pre-
vious studies with the expectation of more respon-
ders.**** However, there were no significant differ-
ences in 5-year OS rate and median survival times
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Table 5 Postoperative complications in the NAC group and surgery alone group

NAC group (n = 20) Surgery alone group (n = 31) P*
Total complications 5(25%) 11(35.5%) 0.43
Hospital mortality (> 30 days) 0 1(3.2%) 1.00
Infection complications 3(15%) 7(22.6%) 0.76
Pyothorax 0(0%) 2(6.5%)
Pneumonia 2(10%) 3(9.7%)
Surgical site infection 1(5%) 2(6.5%)
Surgical-related complications 2(10%) 5(16.1%) 0.84
Chylothorax 0(0%) 1(3.2%)
Anastomotic leak 1(5%) 2(6.5%)
Recurrent nerve paralysis 1(5%) 2(6.5%)
Other complications 4(20%) 6(19.4%) 1.00
DVT 1(5%) 2(6.5%)
Hypoproteinemia 3(25%) 4(12.9%)
*x2 test or Fisher’s exact test was used.
DVT, deep venous thrombosis; NAC, neoadjuvant chemotherapy.
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Fig.1 Kaplan-Meier curves of NAC group and surgery alone group on survival outcomes. The mean overall survival period in NAC group
and surgery alone group were (31.57 £ 3.06) months and (15.24 £ 1.46) months, respectively. The differences of OS between two groups

were significant (P < 0.05)

between early and late responders.!>*> Therefore, con-
sidering the waste of hospital costs and resources and
the decreased toxicities, we used a single cycle NAC. In
addition, tumors did not further progress during this
shorter period.

Irinotecan (CPT-11, Camptosar), a semisynthetic
camptothecin, is an inhibitor of the enzyme topoi-
somerase 1. Irinotecan has emerged as a signifi-
cant new chemotherapeutic agent with a broad spec-
trum of antitumor activity, including effectiveness
against esophageal and gastric cancer.’’-** Recently,
irinotecan has often been preferred in advanced

esophageal cancer as a preoperative chemoradio-
therapy. Most of these cases were esophageal adeno-
carcinoma with a low pCR rate. A positive response
was found in a limited number of ESCC cases
in a previous trial.** Irinotecan plus a platinum-
based chemotherapy regimen in advanced esophageal
cancer corresponded to a total response rate of 57%
(ESCC 66%), including a 6% complete response rate.?’
Nedaplatin (cis-diamine-glycolate platinum, CDGP)
is a less nephrotoxic analog of CDDP, a second-
generation platinum derivative that has shown potent
antitumor activity against lung, testicular, esophageal,

-139-

8T0Z 1aquardas Tz uo Jasn Areiqi] 0o Jo Ausianiun Aq £¥8%780G/080A0p/810p/S60T 0T/I0P/AdRISE-8]01Le-29UBAPE/310p/W 09 dNo diwapede//:sdny wolj papeojumoq



8 Diseases of the Esophagus

The International Society for
S Diseases of the Esophagus

Table 6 Univariate and multivariate analysis of prognostic factors according to OS

Univariate analysis

Multivariate analysis

Prognostic factors HR(95%CI) P value HR(95%CI) P value
Groups (NAC/Surgery alone) 0.211(0.061-0.730) 0.011 7.853(1.747-35.305) 0.007
Age (<60/>60) 2.010(0.635-6.359) 0.232 0.445(0.155-1.274) 0.13
Gender (male/female) 0.661(0.155-2.813) 0.574 0.371(0.113-1.220) 0.10
Long-axis diameter of tumor (<5/>5) 0.824(0.251-2.706) 0.749 0.396(0.123-1.277) 0.12
Type of esophagectomy (left/right chest) 1.455(0.480-4.409) 0.507 0.361(0.127-1.024) 0.06
Surgical radicality (RO/R1 4 R2) 0.033(0.004-0.280) 0.000 6.157(1.457-26.024) 0.01
Postoperative complications (Yes/No) 0.583(0.177-1.924) 0.374 2.359(0.838-6.641) 0.10
Lymph node resection (<12/>12) 1.917(0.460-7.831) 0.360 0.821(0.263-2.561) 0.73
Lymph node metastasis (+/—) 0.413(0.134-1.274) 0.121 1.327(0.325-5.412) 0.69
BMI (<25/>25) 1.176(0.371-3.728) 0.782 0.529(0.742-1.882) 0.53

OS, overall survival; NAC, neoadjuvant chemotherapy; R0, no residual tumor; R1, suspicion of residual tumor or microscopic residual

tumor; R2, macroscopic residual tumor.

gynecological, and head and neck cancers. Hydration
is unnecessary for nedaplatin treatment.*> Therefore,
our regimen contained irinotecan and nedaplatin as a
single cycle NAC with the expectation of better out-
comes.

Clinicopathologic characteristics and response

In this study, there was no significant difference
in the clinicopathologic characteristics before treat-
ment between the NAC and surgery alone groups.
The objective of NAC is to reduce the size of the
primary lesion and control lymph node metastasis
and micrometastasis to achieve downstaging so that
a better outcome can be expected when surgical
resection is performed.*® In this study, the effec-
tive response rate was 75%. This rate was slightly
higher than that reported in previous studies evalu-
ating irinotecan-based regimens.?’-** This may be due
to the differences in cancer stage and details of the
NAC regimen.

Four (20%) patients had TONOMO status, which
was better than other NAC regimens.’!->*47 How-
ever, there were no significant differences in patho-
logical N and G status (P > 0.05). Motoori et al.*®
also reported a similar conclusion that there was no
change in N stage after NAC. This finding may be
partly attributed to the fact that we administered
NAC to advanced ESCC patients mainly with clini-
cally node-positive esophageal cancer. However, this
protocol differed from other NAC regimens adminis-
tered to locally advanced esophageal cancer patients
with downstaging of either the T or N status. >3-4
The different responses between the T stage and the N
stage may be due to the drug action mechanism and
the characteristics of tumor invasion. The effects of
the NAC regimen can also be assessed by the long-
axis diameter of the tumor.” In this study, there was
a significant difference between pre- and post-NAC
on long-axis diameter of tumor, which showed the
effective response of this NAC regimen (P < 0.05).

Azria D et al’! obtained a significantly better prog-
nosis in patients responding to NAC than nonrespon-
ders and surgery alone patients.

Toxicity

Although the outcomes of patients who received NAC
were favorable, the major toxicities were hematologic
(leukopenia and neutropenia), and gastrointestinal
reactions (nausea or/and vomiting, diarrhea) and tox-
icities were major concerns. Frequencies of grade 3/4
leucopenia of 33.3% and of neutropenia of 90% were
reported in other studies.?*>>-32-37 In our study, grade
3/4 toxicity developed in 4 (20%) of the 20 patients
who underwent the single-cycle NAC. All of the toxici-
ties were manageable, and none of the patients died of
NAC-related causes. Our NAC regimen was notably
milder than previous regimens, which may be due to
the single cycle in our regimen and the prophylactic
use of antiemetic and antimyelosuppression to alle-
viate toxicities.

Surgical outcome and complications

Previous studies demonstrated that NAC did not
increase perioperative morbidity and mortality even in
minimally invasive esophagectomy (MIE). The Med-
ical Research Council Oesophageal Cancer Working
Party reported that the total postoperative compli-
cation rates in NAC and surgery alone groups were
41% and 42%, respectively.”*28:38:5 However, lower
postoperative complication rates were observed in
our study. Regarding the complication rates, there
was no statistically significant difference between the
two groups (P > 0.05). These results indicate that
NAC with irinotecan and nedaplatin administered in
a single cycle as a new NAC regimen followed by
esophagectomy of cT4 resectable tumors is safe.

The rates of RO resections in previous studies
ranged from 76% to 100%.°°-6> These RO resection
rates were similar to that our study. Our NAC regimen
achieved a satisfactory rate of 85% for RO resection.
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Chan et al.® reported that the RO resection (curative
resection) rate was about 80%, which was similar to
that in our trial. Additionally, the Medical Research
Council Oesophageal Cancer Working Party reported
that the RO resection rates in NAC and surgery alone
groups were similar and did not significantly differ.%*
In our study, although the resection rate in the NAC
group was better than that in the surgery alone group
(85% vs. 64.5%), the difference between the rates was
not significant (P > 0.05).

The mean numbers of lymph nodes sampled in the
NAC group and the surgery alone group were less
than those reported in a previous study.> The mean
numbers of metastatic lymph nodes in our study had
no significant difference between the NAC group and
the surgery alone group (P > 0.05). Additionally,
the number of cases of metastatic lymph nodes was
greater than that reported in another study,®* which
reason may be due to different pathological stages.

Short-term survival outcomes

Our study results clearly showed that the NAC group
and RO resection were significant and independent
predictors of positive prognosis in both univariate and
multivariate analyses. According to the results of mor-
tality and OS, there were better short-term survival
outcomes in the NAC group than in the surgery alone
group. The differences in mortality and OS between
the NAC group and the surgery alone group were sig-
nificant. Another study also showed a significant OS
benefit for patients in the NAC group. The median
OS time was 16 months in the NAC group compared
with 12 months in the surgery alone group.”> How-
ever, the results of a prospective randomized study in
North America comparing NAC followed by surgery
versus surgery alone showed no statistically significant
differences in the median OS (14.9 months vs. 16.1
months).® The reason for these differences is unclear
but may be due to different NAC regimens.

Another important prognostic factor was R0 resec-
tion, as shown in the univariate and multivariable
analyses. Patients in the NAC group who under-
went RO resection demonstrated an improved survival
time.'%-%-%8 In our study, although the resection rate
in the NAC group was better than that in the surgery
alone group (85% vs. 64.5%), the difference between
these rates was not significant (P > 0.05). This may be
due to the limited number of cases in our study.

LIMITATIONS

Some inevitable limitations are present in this study.
First, the sample size was considered small, although
several comparisons reached statistical significance,
which could be due to the time limitation and inclu-
sion criteria. Further studies with larger sample sizes

may lead to more accurate results. Second, the inclu-
sion of patients from a single center limits the external
generalizability of the results. Third, this study was
not randomized. A randomized control trial could not
be performed for patients with cT4 esophageal cancer
because many patients refuse for their treatment to be
determined randomly and because treatment arms are
not always performed according to plan. We, there-
fore, allowed patients to choose whether to undergo
NAC or surgery alone after informing the patients
of the tumor staging, merits, and demerits of each
treatment and the potential significance of the present
trial. Finally, we did not evaluate the recurrence and
disease-free survival in this study. As we know, it is
also an important endpoint especially in the outcome
of malignant tumor. Despite these limitations, this
prospective nonrandomized study was based on a spe-
cific group of patients diagnosed with ¢cT4 ESCC, and
our treatments were protocol based, limiting potential
bias.

CONCLUSIONS

NAC with irinotecan and nedaplatin in a single cycle
as anew NAC regimen followed by esophagectomy on
cT4 resectable ESCC is safe and effective.
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THORACIC: EDUCATION: LETTER TO THE EDITOR

EXPERIENCE FROM AN
AMERICAN
ASSOCIATION FOR
THORACIC SURGERY
FOUNDATION FOR
THORACIC SURGERY
TRAINING
FELLOWSHIP: LUNG
TRANSPLANTATION IN TORONTO
GENERAL HOSPITAL
To the Editor:

Because I (D.T.) am extremely interested in lung
transplantation, I applied for an American Association for
Thoracic Surgery (AATS) Graham Foundation for Thoracic
Surgery Training Fellowship. The goal of this fellowship is
to provide an international training and educational
experience for young thoracic surgeons from mainland
China by having them spend a focused period of between
1 month and 1 year studying clinical techniques at a host
training site in North America. Thanks to recommendation
from Dr Hiroshi Date, chief of the thoracic surgery
department at the Kyoto University Hospital, and
acceptance by Dr Shaf Keshavjee, surgeon in chief of the
University Health Network, I was fortunate to be selected
by the AATS Graham Foundation to receive a Thoracic
Surgery Training Fellowship, which took place with
Dr Shaf Keshavjee at Toronto General Hospital (TGH)
from January to March 2018.

TGH has a history of turning heparin, insulin, and
pacemakers into world firsts. Beginning with the world’s
first successful lung transplant in 1983 and continuing
with the first successful double-lung transplant in 1986,"
the Lung Transplantation Program has completed more
than 2000 lung transplants. In 2017 alone, about 170 lung
transplants were completed at TGH, with only about 3%
mortality. Dr Shaf Keshavjee has been part of many firsts
of lung transplantation history at TGH. His development
of a lung preservation solution that boosted the patient
survival for single-lung transplants from 50% to more
than 90%—is now a world standard. Another innovation
of his team was the technique of ex vivo lung perfusion
(EVLP), which allows lungs to be preserved at body
temperature for 12 to 18 hours.® With the advent of EVLP,
marginal donor lungs can be monitored and assessed indi-
vidually to help transplant surgeons select lungs that are suit-
able for transplantation.” In February, the American Society
of Transplantation awarded the Toronto Lung Transplant
Program the American Society of Transplantation Innova-
tion Award for 2018 for the clinical translation of EVLP.

I visited Dr Keshavjee in his office when I arrived at
Toronto (Figure 1). He asked me many details about what
I wanted to learn in TGH and gave me great encouragement
and suggestions for my future research plan about lung
transplantation. In addition, we talked about the current

®

FIGURE 1. Shaf Keshavjee, MD, MSc, FRCSC, FACS (left), and
Dong Tian, MD (right).

situation of lung transplantation in China. I felt that
Dr Keshavjee was an example of just what my future
aspirations are.

I started my fellowship when I left Dr Keshavjee’s office.
Studying in the Lung Transplantation Program, I
experienced an unusually busy 2-month period. I shadowed
Lung Transplantation Program fellows and observed about
5 lung retrievals (both donor after cardiac death and donor
after brain death organs) and 15 single-lung and double
lung transplants. I joined 20 meetings and lectures, looked
around the medical surgical intensive care unit and general
ward, observed EVLP procedures, and so on. I also visited
the Latner Thoracic Surgery Research Laboratory, where I
was able to observe the Lung Transplantation Program’s
translational research efforts involving animal lung
transplantation. I gained a lot of knowledge of lung
transplantation from staff surgeons and fellows during the
2- month experience. More importantly, I am more
interested in lung transplantation than ever before. That
enthusiasm will be important in my future time at The
University of Tokyo Hospital as a PhD researcher.

In conclusion, I am very grateful to the AATS Graham
Foundation for Thoracic Surgery Training Fellowship for
providing me this great opportunity to visit TGH. I would
like to point out that this fellowship really gave me so
many wonderful treasures in TGH, and an unforgettable
experience. I thank Dr Keshavijee and his lung
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Preface: strategies to achieve long-term success of lung
transplantation

Lung transplantation is now an established therapy used in patients suffering from respiratory failure. More than 4,000 lung
transplants are reportedly performed every year worldwide (1), but achieving long-term success remains a major obstacle
in the field. According to the registry data of the International Society for Heart and Lung Transplantation the median
survival after lung transplantation increased from 4.7 years to 6.7 years in the last two decades (1). Although patient survival
has improved over the years, most of the difference in survival is derived from the early post-transplant period. Long-term
survival curves in different eras are almost parallel (1). This suggests that there have not been substantial improvements in
long-term patient management, although there are many new concepts emerging in the field.

To produce this special issue of Annals of Translational Medicine titled “Strategies to achieve long-term success of lung
transplantation”, world experts in the field have generated comprehensive review articles in each specific area. The long-
term success of lung transplantation depends primarily on appropriate patient selection, and Ainge-Allen and Granville
have summarized all the important aspects of recipient selection in lung transplantation. Immunosuppression strategies
play critical roles in protecting transplanted lungs from alloimmune responses after lung transplantation, and Chung and
Dilling have contributed an updated appraisal of immunosuppression strategies. Surveillance and treatment of acute cellular
rejection are critical components of maintenance, and this is discussed by Greer. Bery and Hachem provide insight into the
role of antibody-mediated rejection, which has garnered increased attention recently, and related observations pertaining
to immunosuppression increasing the risk of infection are also considered. Prophylaxis and management of bacterial,
mycobacterial, and fungal infection in the context of lung transplantation are reviewed by various experts. Increased
malignancy and its management are important aspects of post-lung transplantation in patients who subsequently undergo life-
long immunosuppression, and this issue is reviewed by Shtraichman and Ahya. Importantly, alloantigen-independent injuries
such as primary graft dysfunction and aspiration as well as infection activate innate immunity, which in turn provokes adaptive
immune responses. Kawashima and Juvet have summarized the role of innate immunity after lung transplantation. Last but
not least, chronic lung allograft dysfunction (CLAD) is a common final pathway of graft failure in the long term. Kotecha
et al. have contributed an updated review of this important issue. Sato has summarized hypotheses that explain different
phenotypes of CLAD, bronchiolitis obliterans syndrome, and restrictive allograft syndrome. We also included an original
technical article on orthotopic rat lung transplantation, emphasizing the importance of basic research in the field. As guest
editors of this special issue, we felt it was a tremendous opportunity to revisit the multiple complex issues surrounding lung
transplantation via a collection of review articles undertaken by world experts.

In general, lung transplant recipients undergo more intensive immunosuppression than patents who receive other organs.
This is because transplanted lung allografts are more vulnerable to various types of immune attack associated with innate
and adaptive immunity. Notably however, intensive immunosuppression corresponds with increased susceptibility to various
types of infection and malignancy. Lastly, multifactorial damage to allografted lungs ultimately drives their functional and
mechanical deterioration, in the phenomenon now known as CLAD. Lung transplant recipients are destined to walk a
tightrope with respect to the inevitable subtleties involved in balancing the risk of rejection with the risk of infection and
other immunosuppression-related complications (Figure 1A4). An important consideration in this regard is that alloimmune
responses and infections or other alloantigen-independent graft injuries are not truly counter-directed, but rather their vector
addition is directed toward graft failure or CLAD (Figure 1B).

True immunological tolerance has not yet been achieved in lung transplantation, and there is no “ace in the hole” for
achieving long-term success in the field. Current best practice incorporates meticulous control of details, and if there is
an emerging source of potential graft dysfunction, counteracting it while its magnitude remains small. This special issue
of Annals of Translational Medicine is intended to cover the diverse array of potential sources of long-term lung allograft
dysfunction and/or death. It is also aimed at encouraging lung transplant physicians to react promptly to ominous signs of
events associated with lung allograft failure. Meticulous attitudes to patient care minimize the magnitude of such events,
helping the graft to remain stable or “silent” in the long term. We believe such proactive patient management to maintain a

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(6):406 | http://dx.doi.org/10.21037/atm.2020.02.160
~146-



Page 2 of 3 Sato and Tian. Long-term success of lung transplant
Rejection Infection

Immunosuppression

Rejection

Graft

Silent graft dysfunction

Infection

Immunosuppression

Figure 1 Conventional and new paradigms of lung allograft stability. (A) A depiction of the conventional paradigm involving the inverse
relationships between immunosuppression and graft rejection and infection. (B) A new paradigm in which both rejection and infection direct

the graft toward failure, but meticulous management by lung transplant physicians may counteract it.

silent graft is the ultimate key to achieving long-term success of lung transplantation.
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Length of ICU stay: an unneglectablerisk factor for postoperative delirium

To the Editor:

We read with great interest the article by Dr. Fuchita et al. (1) assessing perioperative
risk factors for postoperative delirium among esophagectomy patients by a
randomized, double-blind single center clinical trial. This study demonstrated length
of ICU stay was the only risk factor for postoperative delirium in patients undergoing
esophagectomy.

The following questions are proposed to win an opportunity to discuss with Dr.
Fuchita. Firstly, the type of surgery was divided as “Ivor-Lewis” and “other”.
However, Jeong et al.(2) evaluated open and minimally invasive approaches and
concluded a reduction in the incidence of postoperative delirium by 0.55 times from
the use of a minimally invasive approach. We wonder the proportion of minimally
invasive approach cases in this study. Secondly, persistent intense thirst was
associated with delirium in the ICU(3). If the degree of thirst in patients was
considered in this study, it would be a better explanation for the results. Thirdly,
previous study demonstrated length of mechanical ventilation, ICU stay and hospital
stay were closely related(4). Results from this study showed patients who developed
postoperative delirium had longer mechanical ventilation days, ICU days and hospital
days in univariate analysis. In multivariate analysis, only ICU length of stay was
found to have significant association with postoperative delirium. We hypothesize Dr.
Fuchita et al. may include the three variables above together in logistic regression
analyses which may affect the statistic results because of closely internal relations
among the three variables. In addition, no complete logistic regression analyses result
was shown in a Table form. Although the mechanical ventilation days and hospital
stays were not the risk factors of postoperative delirium in logistic regression analyses,

authors should show all the variables they included.
Dong Tian, MD
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1) BR (Goal) In this study, we aimed to identify DNA methylation markers to distinguish gastric

adenocarcinomas (GACs) and esophageal adenocarcinomas (EACs).

2) WP% (Approach) ‘ldentifying tissue origin of adenocarcinomas of esophagogastric junction (AEJ)

(especially Siewert type II) is important. DNA methylation is considered to be useful for

identifying tissue of origin. '

3) ¥ &A% (Materials and methods) Genome-wide DNA methylation data of 48 GACs and 48 EACs

were utilized. Fifteen GACs and 15 EACs were used for first screening, and independent 15 GACs

and 15 EACs were used for second screening. The predictive powers of isolated markers were val idated

using an independent 18 GACs and 18 EACs. We further validated the predictive power of these markers

in clinical samples of EACs and GACs. ’

4) REBHER (Results) In the first screening set, 62 of 485,512 genomic regions were methylated

in GACs (2 5) but unmethylated in all the 15 EACs. Among them, 42 regions were unmethylated in

BEFRANTHT- normal and Barrett's esophagus. In the second screening set, 3 of the 42 regionsweredifferentially
HWEOBE methylated and a combination of the latter two loci had good sensitivity and specificity. The

predictive power of the combination was validated (sensitivity, 61%; specificity, 100%; accuracy,

81%). On the other hand, two genomic regions were specifically methylated in EAC in the first

and second screening. Their combination was validated (sensitivity, 100%; specificity, 94%;

accuracy, 97%).

Finished works as follows: )

(1). Designed biotin-primers of the 4 markers for pyrosequencing, and assess the quality;

(2). Collected FFPE samples of 7 GACs and 7 EACs from UT hospital:

(3). Estimated cancer cell fractions using HE staining samples of 7 GACs and 7 EACs:

(4). Isolated and purified DNA from FFPE samples of the 7 GACs and 7 EACs.

(5). Bisulfite treated the purified DNA of 7 GACs and 7 EAGCs.

5) &M (Discussion) These data indicated that these markers are useful identifying tissueorigin

of AEJ. We continued to col lected more FFPE slides of GACs and EACs. These methylation markers

are being shifted to pyrosequencing using cancer cell lines and olinical samples.
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1) BA (Goal) In this study, we aimed to identify DNA methylation markers to distinguish gastric
adenocarcinomas (GACs) and esophageal adenocarcinomas (EACs).

2) WREE (Approach) Identifying tissue origin of adenocarcinomas of esophagogastric junction (AEJ)
(especially Siewert type II) is important. DNA methylation is considered to be useful for identifying
tissue of origin.

3) ¥t 5 (Materials and methods) Genome-wide DNA methylation data of 48 GACs and 48 EACs were
utilized. Fifteen GACs and 15 EACs were used for first screening, and independent 15 GACs and 15 EACs
were used for second screening. The predictive powers of isolated markers were validated using an
independent 18 GACs and 18 EACs. We further validated the predictive power of these markers in
clinical samples of EACs and GACs.

4) RELER (Results) In the first screening set, 62 of 485,512 genomic regions were methylated in GACs
(=2 5) but unmethylated in all the 15 EACs. Among them, 42 regions were unmethylated in normal and
Barrett’ s esophagus. In the second screening set, 3 of the 42 regions were differentially methylated
and a combination of the latter two loci had good sensitivity and specificity. The predictive power of
the combination was validated (sensitivity, 61%; specificity, 100%; accuracy, 81%). On the other hand,
two genomic regions were specifically methylated in EAC in the first and second screening. Their
combination was validated (sensitivity, 100%; specificity, 94%; accuracy, 97%).

Finished works as follows:

(1). Designed biotin-primers of the 4 markers for pyrosequencing, and assess the quality;

(2). Collected FFPE samples of 7 GACs and 7 EACs from UT hospital;

(3). Estimated cancer cell fractions using HE staining samples of 7 GACs and 7 EACs;
(4). Isolated and purified DNA from FFPE samples of the 7 GACs and 7 EACs;

(5). Bisulfite treated the purified DNA of 7 GACs and 7 EACs

5) %%Z (Discussion) These data indicated that these markers are useful identifying tissue origin of
AEJ. We continued to collected more FFPE slides of GACs and EACs. These methylation markers are being
shifted to pyrosequencing using cancer cell lines and clinical samples.
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ABSTRACT

Background: The benefits and risks of laparoscopic distal gastrectomy (LADG) are not yet sufficiently clear for
acceptance as a standard treatment of early gastric cancer. Previous meta-analyses were not powered to reach
definitive conclusions.

Materials and Methods: Randomized controlled trials comparing LADG with open distal gastrectomy (ODG) for
early gastric cancer in Asia and published between January 1994 and January 2018 were retrieved from
PubMed, Embase, the Cochrane Library, and Google Scholar. Patient characteristics, oncological safety and
efficacy, and surgical safety were evaluated following Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and Grading of Recommendations Assessment, Development and Evaluation guidelines
(GRADE) guidelines. Trial Sequential Analysis (TSA) reduced random error and reinforced the reliability and
strength of evidence.

Results: Eight trials including 2666 participants were selected. LADG benefits were an 11.6 cm shorter incision
(95% CI. —13.31 to —9.88cm; P < 0.0001), 103.81 ml less blood loss (95% CI: —133.68 to —73.94;
P < 0.0001), 1.73 times less analgesic use (95% CI: —2.21 to —1.24; P < 0.0001), 0.51 days shorter time to
first flatus (95% CI: —0.88 to —0.15 days; P = 0.006), lower risk of wound dehiscence (RR = 0.24, 95% CI:
0.08-0.78; P = 0.02), lower risk of surgical adverse events (RR = 0.69, 95% CI: 0.53-0.91; P = 0.008), and
lower risk of respiratory complications (RR = 0.40; 95% CI: 0.20-0.79; P = 0.009) than ODG. LADG had 2.22
fewer resected lymph nodes (95% CI: —4.33 to —0.12; P = 0.04) and 76.61 min longer procedures (76.61 min,
95% CI: 57.74-95.47 min; P < 0.0001).

Conclusions: In Asian patients, LADG had similar mortality and oncological safety, better surgical safety, less
operative morbidity, less trauma, and faster recovery than ODG. It has a high role to play in node-negative cases
due to better short-term outcomes but less nodal harvest. It is a recommended alternative treatment for ex-
perienced surgeons in high-volume centers.

1. Introduction

[5-14]. LADG is not yet a standard technique for resection of gastric
cancer. Further study is needed before it can be recommended.

Gastric cancer is a public health concern worldwide, and especially
in Asia [1-3]. Laparoscopic distal gastrectomy (LADG) for gastric
cancer was introduced by Kitano et al., in 1994 [4]. Since then, interest
in this minimally invasive surgical procedure for the treatment of pa-
tients with gastric cancer has been increasing. Its perceived benefits
include less trauma, operative blood loss, morbidity, and postoperative
pain, and accelerated recovery than open distal gastrectomy (ODG);
simultaneously, its perceived risks are related to its complexity and a
long learning curve that can prolong the procedure, uncertain surgical
safety, inadequate lymph node clearance, and incomplete resection

LADG is technically complex compared with ODG, and the resulting
need for adequate training and experience is one reason that this
technique has not yet become accepted worldwide as an alternative
gastric cancer treatment. In addition, oncological and surgical safety
need to be guaranteed before adoption. It may take longer for LADG to
be routinely used to treat patients with advanced than early gastric
cancer. LADG is more frequently used to treat patients in Asian coun-
tries such as Japan and South Korea, where screening programs have
resulted in higher rates of early diagnosis than in other counties
[1,15-17]. As early gastric cancer is highly curable, close attention

* Corresponding author. Department of Gastrointestinal Surgery, Graduate School of Medicine, The University of Tokyo, Tokyo 113, Japan.
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should be paid to surgical safety.

The results of randomized controlled trials (RCTs) [5-14] and non-
RCTs [18-23] comparing LADG and ODG in patients with early gastric
cancer are inconsistent, and previous meta-analyses of RCTs have
lacked statistical power [24-32]. Potential bias is likely to be greater for
non-RCTs because the quality of evidence is lower than that of RCTs.
Consequently, the results of meta-analyses including non-RCTs should
be interpreted with caution [33]. The two most recent meta-analyses
that included only RCTs included 390 and 732 patients, respectively
[31,32]. They lacked adequate power to reach definitive conclusions
and may have included false positive errors. Three additional RCTs
including 2359 patients have been published and will strengthen the
current evidence [34-36]. Before a recommendation for routine clinical
use of LADG for patients with early gastric cancer can be made, a high
level of evidence is required.

This meta-analysis of the latest available evidence from RCTs re-
evaluated the safety and efficacy of LADG compared with ODG. It tar-
geted early gastric cancer because its low probability of lymph node
metastasis. The quality of the evidence was evaluated by the Grading of
Recommendations Assessment, Development and Evaluation (GRADE)
tool [37,38], and Trial Sequential Analysis (TSA) was used to determine
whether the current evidence was sufficient and conclusive [39-43].

2. Materials and methods

The meta-analysis included the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA, http://www.prisma-
statement.org/) checklist [44]. No registered protocol was applied in
the current meta-analysis. The Cochrane Handbook for Systematic Re-
view of Interventions was applied to perform the meta-analysis [33].
The meta-analysis data is available on any reasonable request.

2.1. Search strategies

PubMed, Embase, the Cochrane Library, and Google Scholar were
searched for articles published from January 1994 to January 2018 [4],
without language restriction. Other non-English language articles were
screened using Google Translate (https://translate.google.cn/). The
search used Medical Subject Headings (MeSH) and keywords including
MeSH “Laparoscopy”, and keywords “laparoscopic”, and “laparoscopy-
assisted” and MeSH “Stomach Neoplasms” and keywords “gastric
cancer” and “stomach cancer”. Additional searches were performed in
the ClinicalTrials.gov registry (www.clinicaltrials.gov) and the re-
ference lists of retrieved studies to identify other potentially eligible
articles.

2.2. Selection criteria

RCTs were eligible for inclusion if they included patients with early
gastric cancer requiring distal gastrectomy and not suitable for endo-
scopic mucosal resection (EMR) or endoscopic submucosal dissection
(ESD). The eligible interventions were LADG or laparoscopy-assisted
distal gastrectomy and comparison with ODG. Eligible studies reported
more than one of the following outcomes: procedure-related, post-
operative, prognosis, and adverse events.

2.3. Screening and extraction

Two authors independently carried out the initial screening and
removed duplicates. References in the included RCTs were screened for
eligible articles. All discrepancies were resolved by discussion. If two or
more articles were published by the same team from the same institute
and contained the same or some of the same participants, only the most
detailed article was included. The first author, year of publication,
country, number of participants, mean age, treatment, study design,
follow-up, reconstruction type, lymph node dissection, surgeon
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experience, and outcomes data were extracted from each included
study. The patient characteristics included age, body mass index (BMI),
tumor size, procedure time, length of incision, blood loss, blood
transfusion volume, reoperation, operation-related deaths, analgesic
use, time to first flatus, time to first water/food intake, postoperative
hospital stays, number of lymph nodes retrieved, positive lymph nodes,
recurrence, wound infection, wound dehiscence, anastomotic stenosis,
postoperative bleeding, delayed gastric emptying, intra-abdominal ab-
scess/fluid collection, pancreatic complications, chyle leakage, overall
surgical adverse events, respiratory complications, and surgeon ex-
perience. Accordingly, recurrence was recorded until the end of the
follow-up periods [5-9,34-36].

2.4. Risk of bias assessment

Two authors independently evaluated the risk of bias for each RCT
using the Cochrane Risk of Bias tool [33,45]. The risk of bias in random
sequence generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting, and others was scored as high, low or unclear
[33,45]. Blinding of participants and personnel was difficult to perform
in these RCTs, but the outcomes may be less prone to be influenced by
lack of blinding. Any disagreements were resolved by discussion.

2.5. Quality of evidence

Two authors independently assessed the quality of evidence pro-
vided by the study outcomes using the GRADE tool (version 3.2,
GRADEpro, https://gradepro.org/). The risk of bias, inconsistency, in-
directness, imprecision, and other considerations were included in the
evaluation, and were scored as very low, low, moderate, and high
quality [37,38]. The quality of evidence for operation-related deaths,
lymph nodes retrieved, recurrence, reoperation, overall surgical ad-
verse events, and time to first flatus, and other outcomes were eval-
uated.

2.6. Statistical analysis

The statistical analysis was performed using Review Manager 5.3.5
(Nordic Cochrane Centre), which is recommended by both the PRISMA
statement and the Cochrane Library [33,44], and included intention-to-
treat populations. Dichotomous variables were assessed by risk ratios
(RRs) with 95% confidence intervals (CIs). Continuous variables were
assessed by mean differences (MDs) with 95% CIs. A P value < 0.05
was considered statistically significant. A random-effects model was
applied to account for methodological or clinical heterogeneity. Meth-
odological heterogeneity among the RCTs was quantified by I* and P
values, and I > 50% or P < 0.10 indicated significant methodological
heterogeneity [33,37]. Publication bias was assessed in funnel plots
[44,46]. Sample means and standard deviation (SD) were estimated
from sample size, median, range and/or interquartile range, if means
and SD were not directly reported in the RCTs [47,48].

2.7.

TSA can reduce false positive (type I) errors by combining the re-
quired information size (RIS) and adjusted threshold for statistical
significance [39-43]. As early gastric cancer is a highly curable disease;
more attention was paid to surgical than to oncological safety in this
meta-analysis. Thus, TSA was conducted to estimate the RIS of the
overall surgical adverse events using a = 0.05, and 3 = 0.20 (a power
of 80%). The conclusion was sufficient and credible if the cumulative z
curve crossed either the trial sequential monitoring boundary or the
RIS, with no requirement for further trials [39-43]. TSA software ver-
sion 0.9.5.10 beta (http://www.ctu.dk/tsa) was used for this analysis.
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Fig. 1. Flow diagram of study selection.

3. Results
3.1. Trial selection

A flow diagram of the trial selection process and reasons for ex-
clusion is shown (Fig. 1). A total of 331 articles were retrieved, and
after removing duplicates and screening the abstract, and full text if
necessary, the full text of the 29 remaining articles were screened for
eligibility [5-14,18-32,34-36,49]. One article not associated with early
gastric cancer [49], six that were not RCTs [18-23], and nine meta-
analyses were excluded [24-32]. Of the remaining 13 RCTs
[5-14,34-36], five were excluded because they were thought to be
published by the same team from the same institute, and contained the
same or some of the same, participants [10-14]. Eight RCTs were
eventually included in the meta-analysis [5-9,34-36]. Necessary in-
formation was still obtained from the five excluded trials [10-14].

3.2. Trial characteristics

Five trials were from Japan and three were from South Korea. They
were published between 2002 and 2017, the sample sizes ranged from
28 to 1,384, and a total of 2666 patients were included. The mean age
of LADG patients ranged from 56 to 63.2 years; that of ODG patients
was 54.5-63.5 years. The median follow-up ranged from 14 to 74.3

months. The reconstruction types in three trials included B-I, B-II, and
Roux-en-Y [5,34,35], and B-1 was the only reconstruction performed in
four trials [6-9]. The lymph node dissection types included D1, mod-
ified D2 lymphadenectomy (D1+), and D2 lymphadenectomy. The
surgeon experience, study design, and outcomes are summarized in
Table 1.

3.3. Risk of bias assessment

The risk of bias evaluation of the included RCTs is summarized in
Table 2 and Fig. 2. Allocation concealment risk was unclear in five trials
[6-9,35], high risk in two [5,34], and low risk in only one trial [36].
Blinding of participants and personnel is difficult to perform in clinical
trials, and bias was at high risk in six [5,7,8,34-36], unclear risk in one
[9]1, and at low risk in only one [6]. All trials were at low risk of bias in
generation of random number sequences, blinding of outcome assess-
ment, incomplete outcome data, selective reporting and others
[5-9,34-36].

3.4. Patient baseline characteristics

The patient baseline characteristics are summarized in Table 3,
Fig. 3, and Figs. S1-S3. There were no significant differences in age (MD
—0.28 years, 95% CI, —1.75 to 1.19 years, P = 0.71; Fig. S1)
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Table 2

Risk of bias in the included trials assessed with the Cochrane Risk of Bias tool.
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Included Trials Random Sequence  Allocation Concealment”

Blinding of Participants

Blinding of Incomplete Selective Reporting'  Other Bias®

eh

Generation® and Personnel® Outcome Assessment’  Outcome Data'
Katai 2017 [34] Low risk High risk High risk Low risk Low risk Low risk Low risk
Kim 2016 [35] Low risk Unclear risk High risk Low risk Low risk Low risk Low risk
Yamashita 2016 [36] Low risk Low risk High risk Low risk Low risk Low risk Low risk
Kim 2013 [5] Low risk High risk High risk Low risk Low risk Low risk Low risk
Takiguchi 2013 [6] Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk
Hayashi 2005 [7] Low risk Unclear risk High risk Low risk Low risk Low risk Low risk
Lee 2005 [8] Low risk Unclear risk High risk Low risk Low risk Low risk Low risk
Seigo 2002 [9] Low risk Unclear risk Unclear risk Low risk Low risk Low risk Low risk

RCTs, randomized controlled trails.

2 Selection bias.

b Selection bias.

¢ Performance bias.

4 Detection bias.

€ Attrition bias.

f Reporting bias.

& Other source of bias.

1 Blinding of participants and personnel was difficult in these RCTs, but the outcomes may be less prone to be influenced by lack of blinding.

[5-9,34-36], BMI (MD -0.02, —0.23 to 0.20, P = 0.88; Fig. S2)
[5-7,34-36], or tumor size (MD —0.13cm, —0.40 to 0.14cm,
P = 0.33; Fig. S3) [5,6,9,34-36] in the LADG and ODG groups.

3.5. Procedure-related outcomes

The procedure-related outcomes are summarized in Table 3, Fig. 4,
and Figs. S4-S9. The procedure duration was 76.61 min longer (95% CI:
57.74-95.47 min, P < 0.0001; Fig. S4) [5-9,34-36], the incision was
11.60 cm shorter (95% CI: —13.31 to —9.88 cm, P < 0.0001; Fig. S5)
[5,6,8,9,34], and the blood loss was 103.81 ml less (95% CI: —133.68
to —73.94mlP < 0.0001; Fig. S6) [8-12,34-36] with LADG than with
ODG. There were no differences between LADG and ODG in blood
transfusion volumes (RR 0.90; 95% CI: 0.35-2.33, P = 0.83; Fig. S7)
[5-7,34,35], reoperation (RR 0.85, (95% CI: 0.38-1.93, P = 0.70; Fig.
S8) [34-361, or operation-related deaths (RR 2.03, 95% CI: 0.37-11.07;
P = 0.41; Fig. S9) [5-9,34-36].

3.6. Postoperative outcomes

The postoperative outcomes are summarized in Table 3, Fig. 5, and
Figs. S10-S13. Use of analgesics was 1.73 times less (95% CL: —2.21 to
—1.24, P < 0.0001; Fig. S10) [7-9,36], and time to first flatus was
0.51 days shorter (95% CI —0.88 to —0.15 days P = 0.006; Fig. S11)
[5,7-9,34,36] with LADG than with ODG. The differences between
LADG and ODG in time to first intake water/food (—0.45 days; 95% CI:
—1.40 to 0.50 days, P = 0.35; Fig. S12) [5,7-9], and duration of
postoperative hospital stay (—1.02 days, 95% CI: —2.06 to 0.01 days,
P = 0.05; Fig. S13) [5,7-9,35,36] were not significant.

3.7. Prognosis outcome

The prognosis outcomes are summarized in Table 3, Fig. 6, and Figs.
S14-S16. LADG patients had 2.22 fewer resected lymph nodes than
ODG patients (95% CI: —4.33 to —0.12; P =0.04, Fig. S14)
[5-9,34-36]. There were no significant differences in positive lymph
nodes (RR 0.93, 95% CI: 0.74-1.18; P = 0.57; Fig. S15) [7-9,35,36], or
recurrence (RR 0.50, 95% CI: 0.05-5.41; P = 0.57; Fig. S16)
[5,7-9,36].

3.8. Adverse event outcomes

The adverse event outcomes are summarized in Table 3, Fig. 7, and
Figs. S17-S28. Wound dehiscence (RR 0.24, 95% CI: 0.08-0.78;

P = 0.02; Fig. S18) [34,35] and risk of respiratory complications (RR
0.40, 95% CI: 0.20-0.79; P = 0.009; Fig. S28) were lower with LADG
than with ODG [7-9,34-36]. Seven RCTs including 2626 participants
reported the overall occurrence of surgical adverse events
[5,7-9,34-36]. LADG had a significant lower risk of surgical adverse
events than ODG (RR 0.69, 95% CI: 0.53-0.91; P = 0.008; Fig. S27)
[5,7-9,34-36]. The TSA cumulative z curve crossed the trial sequential
monitoring boundary for benefit in LADG, indicating that the evidence
is sufficient and conclusive (Fig. 8). TSA thus indicated that early gas-
tric cancer patients would benefit from LADG by having fewer surgical
adverse events compared with ODG. Additional RCTs might not be
required and might be unlikely to change the current conclusion.
There were no significant differences between LADG and ODG in
infection (RR 1.11, 95% CI: 0.47-2.60; P = 0.81; Fig. S17) [5,8,34,35],
anastomotic stenosis (RR 1.00, 95% CI: 0.28-3.63; P = 1.00; Fig. S19)
[7,8,34-36], anastomotic leakage (RR 0.63, 95% CI: 0.24-1.65,
P = 0.34; Fig. S20) [7,34,35], postoperative bleeding (RR 0.69, 95% CI:
0.40-1.19; P = 0.18; Fig. S21) [5,34-36], postoperative obstruction/
ileus (RR 0.82, 95% CI 0.44-1.55; P = 0.54; Fig. 522) [34,35], delayed
gastric emptying (RR 0.46, 95% CIL: 0.16-1.30; P = 0.14; Fig. S23)
[5,9,34,36], intra-abdominal abscess/fluid collection (RR 0.71, 95% CI:
0.36-1.39; P = 0.31; Fig. S24) [5,34-36], pancreatic complications (RR
1.67, 95% CI: 0.40-6.90; P = 0.48; Fig. S25) [9,34,35], or chyle
leakage (RR 0.34, 95% CIL: 0.01-8.31, P = 0.51; Fig. S26) [34,35].

3.9. Learning curve and surgeon experience

Six RCTs reported surgeon experience [6,7,9,34-36], three gave the
minimum experience, which ranged from 30 to 100 cases for LADG, and
50 to 500 cases for ODG [34-36]. Three noted that the surgeons or
surgical team included “a single surgeon well trained in both LADG and
ODG” [6], “a single surgical team that had wide experience with open
and laparoscopic procedures” [7], and “an experienced surgeon with
the same surgical team” [9].

3.10. GRADE working group scores of evidence and publication bias

GRADE working group evidence scores for the RCT outcomes are
summarized in Table 4. The level of evidence was low for operation-
related deaths [5-9,34-36], lymph nodes retrieved [5-9,34-36], and
overall survival-adverse events [5,7-9,34-36]; and very low for recur-
rence [5,7-9,36], reoperation [34-36], and time to first flatus
[5,7-9,34,36]. The funnel plots showing publication bias are shown in
Fig. 9. Publication bias was indicated by funnel plot asymmetry, the
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Fig. 2. A Bias risk summary for each element in all included trials; B Bias risk for each element as a percentage across all included trials.

absence of RCTs with negative results, and a total of less than nine
included RCTs [33,46].

4. Discussion

Early gastric cancer is considered highly curable because of a low
probability of lymph node metastasis. LADG cannot be recommended
for routine treatment of patients with gastric cancer if its superiority to
ODG is not guaranteed. This technically complex and time-consuming
procedure should be initially evaluated in early stage disease, and a
considerably longer evaluation may be required before LADG is routi-
nely used to advanced gastric cancer. Existing screening programs may
account for the higher incidence and diagnosis of early gastric cancer in
Japan and South Korea than in western countries [1,15-17]. Further-
more, surgeons in Asian countries, especially Japan and South Korea,

might be more experienced in the surgical treatment of gastric cancer
than those in western countries. Also, patients in Asia have average
lower BMIs than western patients. Previous studies found that a high
BMI did not increase the incidence of surgical complications of LADG
compared with ODG [50,51]. However, patients with higher BMIs will
increase the technical complexity of LADG, with risk of less nodal
harvest, prolonged procedure time, and increased postoperative blood
loss. Accordingly, this meta-analysis limited the comparison of LADG
with ODG in early gastric cancer.

Before evaluation of the oncological safety and effectiveness of
LADG, its surgical safety should be guaranteed. This meta-analysis
found LADG took longer time than ODG. LADG with lymphadenectomy
is a relatively new, time-consuming procedure that is technically
complex, but surgeons can overcome those issues through continuous
training. Compared with ODG, LADG offers significant benefits of less
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Table 3
Main results of meta-analyses including all the outcomes.
Variable No. of Trials No. Participants Effect Estimate P Value
RR/MD (95% CI)
LADG Total
Patient baseline characteristics
Age (years) [5-9,34-36] 8 1328 2666 MD, —0.28 (—1.75, 1.19) 0.71
BMI [5-7,34-36] 6 1290 2591 MD, —0.02 (—0.23, 0.20) 0.88
Tumor size (cm) [5,6,9,34-36] 6 1290 2591 MD, —0.13 (—0.40, 0.14) 0.33
Procedure-related outcomes
Operation time (mins) [5-9,34-36] 8 1328 2666 MD, 76.61 (57.74, 95.47) < 0.0001*
Length of incision (cm) [5,6,8,9,34] 5 597 1191 MD, —11.60 (—13.31, —9.88) < 0.0001*
Blood loss (ml) [5-9,34-36] 8 1328 2666 MD, —103.81 (—133.68, —73.94) < 0.0001%
Blood transfusion volume [5-7,34,35] 5 1259 2528 RR, 0.90 (0.35, 2.33) 0.83
Reoperation [34-36] 3 1174 2359 RR, 0.85 (0.38, 1.93) 0.70
Operation-related deaths [5-9,34-36] 8 1328 2666 RR, 2.03 (0.37, 11.07) 0.41
Postoperative outcomes
Analgesic use [7-9,36] 4 83 166 MD, —1.73 (—2.21, —1.24) < 0.0001%*
Time to first flatus (days) [5,7-9,34,36] 6 622 1242 MD, —0.51 (—0.88, —0.15) 0.006*
Time to first intake of water/food (days) [5,7-9] 4 134 267 MD, —0.45 (—1.40, 0.50) 0.35
Duration of postoperative hospital stays (days) [5,7-9,35,36] 6 851 1714 MD, —1.02 (—2.06, 0.01) 0.05
Prognosis outcomes
Lymph nodes retrieved [5-9,34-36] 8 1328 2666 MD, —2.22 (—4.33, —0.12) 0.04*
Positive lymph nodes [7-9,35,36] 5 769 1550 RR, 0.93 (0.74, 1.18) 0.57
Recurrence [5,7-9,36] 5 165 330 RR, 0.50 (0.05, 5.41) 0.57
Adverse event outcomes
Wound infection [5,8,34,35] 4 1249 2507 RR, 1.11 (0.47, 2.60) 0.81
Wound dehiscence [34,35] 2 1143 2296 RR, 0.24 (0.08, 0.78) 0.02*
Anastomotic stenosis [7,8,34-36] 5 1212 2434 RR, 1.00 (0.28, 3.63) 1.00
Anastomotic leakage [7,34,35] 3 1157 2324 RR, 0.63 (0.24, 1.65) 0.34
Postoperative bleeding [5,34-36]," 4 1256 2523 RR, 0.69 (0.40, 1.19) 0.18
Postoperative obstruction/ileus [34,35] 2 1143 2296 RR, 0.82 (0.44, 1.55) 0.54
Delayed gastric emptying [5,9,34,36] 4 584 1167 RR, 0.46 (0.16, 1.30) 0.14
Intraabdominal abscess/fluid collection [5,34-36] 4 1256 2523 RR, 0.71 (0.36, 1.39) 0.31
Pancreatic complications [9,34,35]," 3 1157 2324 RR, 1.67 (0.40, 6.90) 0.48
Chyle leakage [34,35] 2 1143 2296 RR, 0.34 (0.01, 8.31) 0.51
Overall surgical adverse events [5,7-9,34-361,° 7 1308 2626 RR, 0.69 (0.53, 0.91) 0.008*
Respiratory complications [7—9,34—36],‘J 6 1226 2462 RR, 0.40 (0.20, 0.79) 0.009*
Learning curve
Surgeon experience [34-36],° 3 1174 2359 - -

LADG, laparoscopic-assisted distal gastrectomy; ODG, open distal gastrectomy; RR, risk ratio; MD, mean difference; 95% CI, 95% confidence interval.

? Including: intraabdominal, intraluminal and anastomotic bleeding.
b Including: pancreatitis, pancreatic fistula and pancreatic injury.

¢ Including: wound infection, wound dehiscence, anastomotic stenosis, anastomotic leakage, postoperative bleeding, postoperative obstruction/ileus, delayed
gastric emptying, intraabdominal abscess/fluid collection, pancreatic complications, and chyle leakage.

4 Including: pneumonia, bronchiectasis, pulmonary atelectasis and so on.

¢ Trials which have mentioned the details of the least cases experience of the surgeons.

operative blood loss, postoperative pain, overall risk of surgical adverse
events, and respiratory complications [5-9,34-36]. Those benefits may
be attributed to the less invasive nature of LADG compared with ODG,
which contributed to enhanced recovery after surgery. The reason for
less operative blood loss in LADG patients may be attributed to the
magnified view through the monitor, which permits meticulous dis-
section to prevent unexpected bleeding, thus preventing interference
with surgical vision by blood accumulation. Intra-abdominal bleeding

may also lead to reoperation [35]. LADG was also associated with a
shorter time to first flatus, and a tendency toward a shorter duration of
postoperative hospital stay, although the difference did not reach sig-
nificance (MD —1.02, 95% CI: —2.06 to 0.01; P = 0.05) [5-9,34-36].
No procedure-associated differences in reoperation or operation-related
deaths were found, which supported the safety of LADG. The current
evidence supports the surgical safety and rapid recovery of LADG.
Oncological safety is of great importance for surgical treatment of

Fig. 3. Patient baseline characteristics.
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Fig. 4. Procedure-related outcomes.

gastric cancer. Lymph node metastasis is a frequent occurrence in
gastric cancer, and adequate nodal harvest is the key step in distal
gastrectomy. Lymph nodes dissection is also important for staging, as a
larger total lymph node count may have a survival benefit [52]. Com-
pared with ODG, LADG had a mean reduction of 2.2 harvested nodes.
The included RCTs reported an average of at least 20.2 harvested nodes
with LADG and 24.9 with ODG respectively, both of which are more
than the minimum of 15 recommended by the current gastric cancer
guidelines of the Union for International Cancer Control/American
Joint Cancer Committee, the Japanese Gastric Cancer Association, and
the European Society for Medical Oncology [5-9,34-36,53-59]. This
meta-analysis found no procedure-related difference in risk of recur-
rence, or the number of patients with positive lymph nodes i.e., me-
tastasis in one or more regional lymph nodes [5-9,34-36]. Similar re-
sults were reported in the included RCTs [5-9,34-36]. LADG and ODG
thus had equivalent oncology safety, which supports LADG as an al-
ternative to ODG for early gastric cancer. Importantly, although LADG
had a mean reduction of 2.2 harvested nodes compared with ODG, the
oncological outcomes were comparable. One plausible explanation
might be that most patients included in current study were cT1 cases.
Patients with cT1 gastric cancer are less likely to experience lymph
node metastasis compared with those with T2 or more advanced tumors
and might have better survival after gastrectomy.

This meta-analysis comprehensively and systematically screened the
currently available evidence, which supports LADG as an alternative to
ODG for early gastric cancer. However, caution still should be exercised
in patients with node-positive early gastric cancer, as most patients
included in this analysis were node negative; the percentage of node-
positive cases in the selected studies ranged from 0% to 15.8%.
Consequently, current evidence suggests that LADG has a high role to
play in node-negative cases due to better short-term outcomes but less
nodal harvest. LADG can be considered for node-positive cases by ex-
perienced surgeons in high-volume centers. The evidence warrants
further trials in node-positive early gastric cancer cases, advanced
gastric cancer cases, or cases in western countries.

Japan and South Korea have implemented gastric cancer screening
programs [1,12-14,60-65]. Because gastric cancer is often diagnosed at
an advanced stage, early detection may be the most effective inter-
vention. Patients will benefit from a diagnosis at less advanced stage
because of screening programs aiming at early detection. Screening by
diagnostic endoscopy, histologic evaluation of biopsies, endoscopic
ultrasonography [66], and accurate staging can be used to confirm the
presence of abnormal or enlarged lymph nodes likely to harbor cancer.
If no suspicion of node-positive cancer is found in an early stage patient
who is also not suitable for EMR or ESD [67-69], LADG can be re-
commended as an alternative to ODG. For early gastric cancer patients

Fig. 5. Postoperative outcomes.
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Fig. 6. Prognosis outcomes.

Fig. 7. Adverse event outcomes.

Fig. 8. Trial sequential analysis of overall surgical adverse events in seven RCTs comparing laparoscopic distal gastrectomy with open distal gastrectomy.

with suspected positive nodes, LADG is a choice which should be per-
formed by experienced surgeons in high-volume centers.

Another important issue is how to define an experienced surgeon.
The LADG learning curve requires significant training and expertise.
Most RCTs included in the meta-analysis described surgeons as “ex-
perienced” or “well trained,” but only three trials included the number

of completed procedures when describing the experience of the sur-
geons [34-36]. Katai et al. reported “experience of at least 30 of both
LADG and ODG operations” for LADG and “experience of at least 60
ODG operations” for ODG [34]. Kim et al. reported “experience of at
least 50 each of LADG and ODG operations” for both LADG and ODG
[35]. Yamashita et al. reported “experience of more than 100 LADG
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Fig. 9. A Funnel plot for publication bias in lymph nodes retrieved; B Funnel plot for publication bias in overall surgical adverse events.

operations” for LADG and “experience of more than 500 ODG opera-
tions” for ODG [36]. The fewest procedures performed by experienced
surgeons ranged from 30 to 100 cases for LADG, and 50 to 500 cases for
ODG [34-36]. Nevertheless, it is still difficult to define the minimum
LADG or ODG procedures required as the criterion that defines an ex-
perienced LADG surgeon. The LADG learning curve may influence
clinical outcomes because it is still relatively new and a technically
complex procedure, especially for inexperienced surgeons. The current
literature may indicate a minimum experience of no less than 30 LADG
and 50 ODG procedures is required [34-36]. Future trials are still
needed to confirm the “experienced” requirement.

The number of elderly patients with gastric cancer is increasing
because life expectancy is consistently increasing. Compared with
younger patients, elderly patients may have an increased surgical risk
because of poorer nutritional and functional status, which may result in
higher postoperative morbidity and mortality. Importantly, laparo-
scopy-assisted procedures are associated with less trauma, faster re-
covery, and similar surgical and oncological safety, compared with
open procedures. Therefore, interest in the use of LADG in elderly pa-
tients with gastric cancer is increasing. In a meta-analysis of non-RCTs,
Zong et al. reported that LADG significantly reduced both operation-
related and systemic morbidities and did not increase cardiopulmonary
or mental dysfunction compared with ODG in elderly gastric cancer
patients [70]. Another meta-analysis of observational studies by Wang
et al. demonstrated that compared with ODG, LADG was a feasible and
safe approach for elderly patients with gastric cancer. It was associated
with less blood loss, faster postoperative recovery, and reduced post-
operative morbidity [71]. In the latest meta-analysis of observational
studies, Pan et al. reported that the outcomes of LADG in elderly pa-
tients were comparable to those in younger patients and that age alone
should not preclude LADG in elderly patients with gastric cancer [72].

The strengths of this meta-analysis including adequate power with
2666 participants. All included trials were high quality RCTs. Other
strengths were following the PRISMA and GRADE evidence profiles,
both of which were recommended by the Cochrane Collaboration [33].
Furthermore, TSA was performed to reduce the influence of random
error and confirm whether the evidence was reliable and conclusive.
Limitations might exist in this study. Firstly, it included a small per-
centage of node-positive cancers among the largely node-negative
treated population that could have influenced the outcomes. Secondly,
all included trials were from Japan and South Korea, none were from
China, which has one of the highest incidences of gastric cancer
worldwide. Thirdly, bias may have been introduced by differences in
the LADG experience and learning status of the surgeons who per-
formed the procedures. Fourthly, none of the trials reported quality of
life scores or economic assessments, which are areas of concern. Fifth,
data of long-term overall survival (OS) and disease-free survival (DFS)
outcomes are not available in the current literature which are

important. Finally, the quality of the evidence of the included trials was
relatively low, as assessed by the GRADE evidence profile.

In conclusion, the currently available evidence supports LADG an
alternative to ODG for Asian patients with early gastric cancer because
of similar mortality and oncological safety, better surgical safety, de-
creased operative morbidity, less trauma, and accelerated recovery. It
has a high role to play in node-negative cases due to better short-term
outcomes but less nodal harvest. It should be performed by experienced
surgeons in high-volume centers, and caution should be exercised with
node-positive cases and cases in western countries.
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ABSTRACT

Background: Accumulating evidence has confirmed the potential prognostic value of LVI in patients with can-
cers. This aim of the current study was to clarify the potential relationship between LVI and lymph node me-
tastasis, establish predictive clinicopathologic prognostic factors for LVI and lymph node metastasis, and de-
termine the prognostic significance of LVI for patients younger than 70 years with resected gastric cancer.
Methods: Overall survival rates were calculated using Kaplan-Meier analysis. Differences in proportions of pa-
tients were tested with the 2 test. Univariate and multivariate analyses were applied to identify independent
prognostic factors. Logistic regression analysis was employed to identify the risk factors predicting the presence
of LVI and LN metastasis.

Results: Univariate analysis led to the identification of tumor size, LVI and pN stage as factors significantly
correlated with prognosis. Multivariate analysis demonstrated that tumor size, LVI, pN stage, and number of LNs
retrieved are independent prognostic factors for the entire population. Logistic regression analysis proved that
LVI and pT stage were significantly associated with LN metastasis.

Conclusion: LVI is an independent prognostic factor predicting LN metastasis and a strongly independent pre-
dictor of survival for patients with resected gastric cancer. We recommend that LVI should be taken into account
as an important adjuvant prognostic factor, specially for pNO cases with inadequate LNs retrieved. And the
maximum number of LNs possible should be retrieved for optimal staging, especially for patients with higher c¢T
stage.

1. Introduction

of men and women in China are 74 and 77 years, respectively. There-
fore, the long-term effect of curative gastrectomy for gastric cancer may

Gastric cancer has emerged as a major global public health problem
[1-4] with the highest incidence in China [5]. Lymphovascular inva-
sion (LVI) is defined as tumor cell spread through the lymphatic vessels
[6]. Accumulating evidence has confirmed the potential prognostic
value of LVI in patients with cancer of the esophagus [7-9], adeno-
carcinoma of the esophagogastric junction [6], colon cancer [10], and
gastric cancer [11-14].

Importantly, the majority of previous studies have included patients
older than 80 or even 85 years [6-14]. However, the average lifespans

not be evaluable in such elderly patients [15], and inclusion of patients
within this age group may lead to unreliable results.

This aim of the current study was to clarify the potential relation-
ship between LVI and lymph node metastasis, establish predictive
clinicopathologic prognostic factors for LVI and lymph node metastasis,
and determine the prognostic significance of LVI for patients younger
than 70 years with resected gastric cancer.
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Fig. 1. Kaplan-Meier curves of the entire population according to LVI (Fig 1a), tumor size (Fig 1b), pN stage (Fig 1c), and LNs retrieved (Fig 1d).

2. Methods

Between February 1984 and February 2010, 596 patients with
gastric cancer subjected to primary surgical resection in our institution
were enrolled into a retrospective database. This study was approved by
the Ethics Committee. All patient records and information were anon-
ymized and de-identified prior to analysis. The work has been reported
in line with the STROCSS criteria [16].

2.1. Surgical approach

All patients underwent potentially curative resection for histologi-
cally proven adenocarcinoma. Patients were subjected to total, prox-
imal subtotal or distal subtotal gastrectomy with standard D2 (D2) or
extended D2 (D2+) lymphadenectomy. Following gastrectomy,
Billroth I, Billroth II or Roux-Y reconstruction was performed.

2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows: histologically proven sto-
mach adenocarcinoma, curative operation, negative resection margins
(RO), complete medical records, D2 or D2+ lymphadenectomy, non-
emergent surgery. Exclusion criteria included preoperative adjuvant
therapy, laparoscopic-assisted surgery, stage IV cancer, previous or
concomitant cancer, and patients over 70 years of age.

The clinicopathologic features investigated for prognostic sig-
nificance included gender, age, type of anesthesia, blood loss, tumor
size, reconstruction type, gastrectomy, histologic grade, depth of in-
vasion (pT stage), number of regional LN metastases (pN stage), LVI,
number of lymph nodes (LN) retrieved, recurrence or metastasis, and
chemotherapy.

2.3. Pathological assessment

All specimens were analyzed by two independent and experienced
pathologists, and different opinions were resolved by discussion to es-
tablish the final diagnosis. Carcinoma lesions together with the sur-
rounding gastric wall were fixed in formalin and cut into multiple 5 mm
slices in parallel with the lesser curvature. Venous invasion refers to
tumor cell lining the venous endothelial surface, and tumor cell thrombi
inside the lumen of the vein, which was identified by im-
munohistochemical staining. The 8th Edition of the American Joint
Committee on Cancer (AJCC) TNM staging classification for carcinoma
of the stomach was applied to re-stage all patients in this study.
According to the current guidelines for gastric cancer, examination of at
least 15 LNs is strongly recommended for adequate staging [17,18]. The
pathology report mainly included data on tumor size, pT stage, pN
stage, LVI, number of LNs retrieved, and histologic grade.
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Fig. 2. Kaplan-Meier curves comparing LVI- and LVI+ patient groups with tumor sizes < 4 cm (Fig 2a), tumor sizes = 4 cm (Fig 2b), LNs retrieved = 15 (Fig 2c),

and LNs retrieved < 15 (Fig 2d).

2.4. Follow-up

All patients were systematically followed up by personal contact
with a phone call until death or the cut-off date (the final follow-up was
in October 2014) over a duration of 1-368 months. The follow-up rate
was 98.0%, and 12 patients were lost to follow-up in total and were
excluded from this study. Complete histories were available for all
patients, and physical and chemical profiles were examined every 3
months for 1-2 years, every 6-12 months for 3-5 years and annually
thereafter. Overall, 596 patients younger than 70 years with resected
gastric cancer were included.

2.5. Statistical analysis

Overall survival rates were calculated using Kaplan-Meier analysis
including 95% confidence interval (95% CI), and examined with the
log-rank test. The number at risk is shown on all Kaplan-Meier curves
(Figs. 1-2). Differences in proportions of patients were tested with the
%2 test. Univariate analysis with log-rank test and multivariate analysis
were applied to identify independent prognostic factors. Logistic re-
gression analysis was employed to identify the risk factors predicting
the presence of LVI and LN metastasis. A p value of less than 0.05 was

considered significant. All statistical analyses were performed using
SPSS Statistical Software (version 22.0) (SPSS, Inc., Chicago, IL, USA).

3. Results

A total of 62 patients older than 70 years (age range: 71-90 years) of
age were excluded. Overall, 596 patients with resected gastric cancer
were assessed for eligibility. The age range of the entire patient popu-
lation was between 30 and 70 years. Among the patients examined,
absence of LVI (LVI-) was confirmed in 519 and presence of LVI (LVI+)
in 77 patients. Within the LVI- group, 134 (25.8%) were female and 385
(74.2%) were male. The LVI+ group comprised 22 (28.6%) female and
55 (71.4%) male patients.

The two groups (LVI- and LVI+) were balanced with respect to
gender (p = 0.608), age (p = 0.931), type of anesthesia (p = 0.414),
blood loss (p = 0.102), tumor size (p = 0.964), reconstruction type
(p = 0.273), gastrectomy (p = 0.511), histologic grade (p = 0.413), pT
stage (p = 0.740), number of LNs retrieved (p = 0.786), recurrence or
metastasis (p = 0.987), and chemotherapy (p = 0.664). We observed a
significant difference only in pN stage (p < 0.001) between LVI- and
LVI+ groups in Table 1.

Univariate analysis led to the identification of tumor size
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Table 1
Differences in clinicopathologic features in groups of patients with absence and
presence of LVI subjected to gastrectomy.

Variables LVI - n (%) LVI+ n (%) p value

Gender 0.608
Female 134 (25.8) 22 (28.6)
Male 385 (74.2) 55 (71.4)

Age, years 0.931
< 65 375 (72.3) 56 (72.7)
= 65 144 (27.7) 21 (27.3)

Type of anesthesia 0.414
General anesthesia 437 (84.2) 62 (80.5)
Epidural anesthesia 82 (15.8) 15 (19.5)

Blood loss, ml
< 500 479 (92.3) 75 (97.4) 0.102
= 500 40 (7.7) 2 (2.6)

Tumor size, cm 0.964
< 4 147 (28.3) 22 (28.6)
=4 372 (71.7) 55 (71.4)

Reconstruction type 0.273
Billroth I 428 (82.5) 58 (75.3)
Billroth IT 72 (13.9) 16 (20.8)
Roux-Y 19 (3.6) 3(3.9)

Gastrectomy 0.511
Total 39 (7.5) 5 (6.5)
Proximal subtotal 54 (10.4) 5 (6.5)
Distal subtotal 426 (82.1) 67 (87.0)

Histologic grade 0.413
Gl 41 (7.9) 4 (5.2)
G2 168 (32.4) 20 (26.0)
G3 278 (53.5) 49 (63.6)
G4 32 (6.2) 4(5.2)

pT stage * 0.740
pT1 79 (15.2) 11 (14.3)
pT2 126 (24.3) 17 (22.1)
pT3 177 (34.1) 24 (31.2)
pT4a 137 (26.4) 25 (32.4)

PN stage * < 0.001
pNO 257 (49.5) 16 (20.8)
pN1 114 (22.0) 15 (19.5)
pN2 96 (18.5) 25 (32.4)
PN3 52 (10.0) 21 (27.3)

Number of LNs retrieved 0.786
Adequate, n = 15 261 (50.3) 40 (51.9)
Inadequate, n < 15 258 (49.7) 37 (48.1)

Recurrence or metastasis 0.987
Absent 350 (67.4) 52 (67.5)
Present 169 (32.6) 25 (32.5)

Chemotherapy 0.664
No 449 (86.5) 68 (88.3)
Yes 70 (13.5) 9 (11.7)

Two tailed t-tests of mean * standard deviation (SD); n, number of patients;
LNs, lymph nodes; LVI-, absence of lymphovascular invasion; LVI+, presence of
lymphovascular invasion; G1, well differentiated; G2, moderately differ-
entiated, G3, poorly differentiated, G4, undifferentiated.

2 The 8th Edition of the American Joint Committee on Cancer (AJCC) TNM
staging classification for carcinoma of the stomach.

(p = 0.043), LVI (p < 0.001) and pN stage (p < 0.001) as factors
significantly correlated with prognosis. All clinicopathologic factors
were included in the first step of multivariate analysis, which demon-
strated that tumor size (RR, 1.332; 95% CI, 1.062-1.671, p = 0.013),
LVI (RR, 1.487; 95% CI, 1.122-1.971, p = 0.006), pN stage (RR, 1.413;
95% CI, 1.282-1.558, p < 0.001), and number of LNs retrieved (RR,
1.304; 95% CI, 1.057-1.608, p = 0.013) are independent prognostic
factors for the entire population. In the second step of multivariate
analysis, histological grade, pT stage, and chemotherapy were added.
Notably, tumor size (RR, 1.319; 95% CI, 1.054-1.650, p = 0.015), LVI
(RR, 1.489; 95% CI, 1.127-1.968, p = 0.005), pN stage (RR, 1.422;
95% CI, 1.290-1.566, p < 0.001), and number of LNs retrieved (RR,
1.298; 95% CI, 1.054-1.599, p = 0.014) remained independent prog-
nostic factors. The 5-year overall survival rates (5-YSR) are presented in
Table 2. Survival curves comparing LVI, tumor size, pN stage, and

International Journal of Surgery 53 (2018) 214-220

number of LNs retrieved are shown in Fig. 1.

Prognosis for patients in the LVI- and LVI+ groups stratified by
tumor size, pN stage, LVI and number of LNs retrieved was compared.
Patients in the LVI+ group had significant poorer 5-YSR than those in
the LVI- group. Significant differences in 5-YSR were observed in the
entire population (37.7% for LVI+ vs. 59.9% for LVI-, p < 0.001; log-
rank test) as well as patients with tumor sizes less than 4 cm (45.5% for
LVI+ vs. 66.7% for LVI-, p = 0.012; log-rank test), tumor sizes =4 cm
(34.5% for LVI+ vs. 56.7% for LVI-, p < 0.001; log-rank test), ade-
quate LNs retrieved (47.5% for LVI+ vs. 57.5% for LVI-, p = 0.026;
log-rank test), and inadequate LNs retrieved (27.0% for LVI+ vs. 61.6%
for LVI-, p < 0.001; log-rank test). Importantly, patients in the LVI+
group with inadequate LNs retrieved had poorer 5-YSR (27.0%) than
those in the LV1- group with lymph node metastasis (73.2% for pN1
and LVI-, 57.9% for pN2 and LVI-, 40.6% for pN3 and LVI-, 30.8% for
pN3 and LVI-) in Table 3. Survival curves comparing LVI+ and LVI-
groups stratified by tumor size and LNs retrieved are shown in Fig. 2.

Logistic regression analysis was applied to determine the risk factors
predictive of LVI+, including tumor size, histologic grade, pT stage. No
risk factors were found to be significantly correlated with LVI+ in
Table 4. Further logistic regression analysis was applied to determine
the risk factors predictive of LN metastasis, including tumor size, his-
tologic grade, pT stage, and LVI. Among the factors examined, LVI (RR,
3.760; 95% CI, 2.087-6.774, p < 0.001) and pT stage (RR, 1.505; 95%
CI, 1.272-1.780, p < 0.001) were significantly associated with LN
metastasis in Table 5.

4. Discussion

Increasing evidence has confirmed the potential prognostic value of
LVI in patients with solid tumors [6-14]. An earlier retrospective study
suggested that careful search for vascular invasion in gastric cancer may
provide useful information for identifying patients at high risk aged
between 23 and 90 years suitable for adjuvant therapy [11]. LVI has
been confirmed as an independent prognostic factor in patients aged
32.5-81.1 years with esophageal squamous cell carcinoma [8]. More-
over, LVI has been identified as a strong and independent prognostic
factor, and recommended into the TNM staging system for patients aged
17-89 years with primary resected adenocarcinoma of the esophago-
gastric junction [6].

The majority of previous studies have included patients aged older
than 80 or even 85 years. As the average lifespans of men and women in
China are 74 and 77 years, respectively, the results would not be as
reliable if elderly patients over these age groups are included [15]. If we
included patients older than 70 years, they may die because of their
own lifespans within 5 years after the surgery, rather than recurrence of
metastasis of gastric cancer. Moreover, the 5-YSR of patients is an im-
portant index for patients with cancer. Therefore, we only included
patients with resected gastric cancer aged younger than 70 years in the
present study. However, age selection bias may exist in the current
study.

Our two-step multivariate analysis led to the identification of tumor
size, LVI, pN stage and adequate or inadequate number of LNs retrieved
as independent poor prognostic factors. Tumor sizes =4 cm, presence
of LVI, higher pN stage, and inadequate number of LNs retrieved were
associated with poorer 5-YSR. Considering prognosis, 5-YSR of patients
in the LVI+ group was significantly poorer than that of patients
without LVI stratified by tumor size and adequate or inadequate
number of LNs retrieved. Notably, patients with LVI and inadequate
number of LNs retrieved had a 5-YSR of 27.0%, suggesting that both LVI
and number of LNs retrieved are prognostic factors for patients with
resected gastric cancer.

Considering that pN stage is the most valuable prognostic factor for
gastric cancer, we conducted logistic regression analysis of risk factors
predictive of LN metastasis [19,20], which revealed a close relationship
of metastasis with pT stage and LVI. Importantly, cancers with LVI+
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Table 2

International Journal of Surgery 53 (2018) 214-220

Univariate and multivariable analyses of prognostic factors for the entire study population.

Variables Univariate analysis Multivariate analysis 1° Multivariate analysis 2°
n (%) 5-YSR (%) p value RR 95% CI p value RR 95% CI p value
Gender 0.121
Female 156 (26.2) 62.2
Male 440 (73.8) 54.8
Age, years 0.627
< 65 431 (72.3) 56.1
= 65 165 (27.7) 58.2
Type of anesthesia 0.960
General anesthesia 499 (83.7) 56.7
Epidural anesthesia 97 (16.3) 56.7
Blood loss, ml 0.473
< 500 554 (93.0) 56.5
= 500 42 (7.0) 59.5
Tumor size, cm 0.043 1.332 1.062-1.671 0.013 1.319 1.054-1.650 0.015
< 4 169 (28.4) 63.9
=4 427 (71.6) 53.9
Reconstruction type 0.176
Billroth I 486 (81.5) 58.8
Billroth II 88 (14.8) 46.6
Roux-Y 22 (3.7) 50.0
Gastrectomy 0.897
Total 44 (7.4) 59.1
Proximal subtotal 59 (9.9) 62.7
Distal subtotal 493 (82.7) 55.7
Histologic grade 0.925
Gl 45 (7.6) 62.2
G2 188 (31.5) 54.3
G3 327 (54.9) 56.9
G4 36 (6.0) 61.1
LVI < 0.001 1.487 1.122-1.971 0.006 1.489 1.127-1.968 0.005
LVI- 519 (87.1) 59.5
LVI+ 77 (12.9) 37.7
pT stage * 0.372
pT1 90 (15.1) 61.1
pT2 143 (24.0) 55.2
pT3 201 (33.7) 55.7
pT4a 162 (27.2) 56.8
PN stage * < 0.001 1.413 1.282-1.558 < 0.001 1.422 1.290-1.566 < 0.001
pNO 273 (45.8) 72.5
pN1 129 (21.6) 55.0
pN2 121 (20.3) 38.8
pN3 73 (12.3) 30.1
Number of LNs retrieved 0.980 1.304 1.057-1.608 0.013 1.298 1.054-1.599 0.014
Adequate, n = 15 301 (50.5) 56.1
Inadequate, n < 15 295 (49.5) 57.3
Recurrence or metastasis 0.208
Absent 402 (67.4) 58.2
Present 194 (32.6) 53.6
Chemotherapy 0.362
No 517 (86.7) 56.5
Yes 79 (13.3) 58.2

n, number of patients; LNs, lymph nodes; RR, relative risk; 95% CI, 95% confidence interval; 5-YSR, five-year overall survival rate (%); LVI-, absence of lympho-
vascular invasion; LVI +, presence of lymphovascular invasion; G1, well differentiated; G2, moderately differentiated, G3, poorly differentiated, G4, undifferentiated.
2 The 8th Edition of the American Joint Committee on Cancer (AJCC) TNM staging classification for carcinoma of the stomach.

> All clinicopathologic factors were included in the first multivariate analysis.

¢ Histological grade, pT stage, and chemotherapy were also included in the second multivariate analysis.

had significant high risk of LN metastasis. Our data highlight the im-
portance of LVI for prognosis and its relationship with LN metastasis.
LVI may additionally be an effective predictor of LN metastasis.
Moreover, pT may be applied as a predictor of LVI. Thus, cancers with
higher pT stage may have higher risk of LN metastasis. Patients with
higher clinical T stage (cT stage) should therefore be paid more atten-
tion and as many LNs (at least 15 if not more) as possible retrieved for
accurate staging [17,18], which may be greatly improved with the
availability of effective diagnostic methods, such as endoscopic ultra-
sound (ESU), CT, PET/CT, MRI, and diagnostic staging laparoscopy
(DSL) [21-26].

Similarly, we conducted logistic regression analysis to determine

the risk factors of LVI. No risk factors were found to be significantly
correlated with LVI+. It is our belief that although the current NCCN
guidelines for gastric cancer strongly recommend the examination of at
least 15 LNs for adequate staging, some patients still have less than 15
LNs retrieved. For pT1, NO patients (RO resection), adjuvant therapy is
not recommended by the NCCN guidelines. In addition, for pT2, NO
patients, surveillance is also an option. However, for those pT1-2, NO,
and LVI+ patients with inadequate LNs retrieved, and who did not
receive adjuvant therapy postoperatively, these patients may have a
poor survival rate. Therefore, we believe that LVI should be taken into
account as an important adjuvant prognostic factor, especially for pT1-
2, NO patients with inadequate LNs retrieved. A previous study also
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Table 3
Comparison of prognosis for patients with gastric cancer in the LVI+ and LVI-
groups.

Variables LVI- LVI+ p value
n (%) 5-YSR n (%) 5-YSR
(%) (%)
For the entire 519 (100.0) 59.9 77 (100.0) 37.7 < 0.001
population
Tumor size, cm
< 4 147 (28.3)  66.7 22 (28.6) 455 0.012
=>4 372 (71.7)  56.7 55(71.4) 345 < 0.001
PN stage *
pNO 257 (49.5) 73.2 16 (20.8) 625 0.162
pN1 114 (22.0) 57.9 15(19.5) 333 0.057
PN2 96 (18.5) 40.6 25 (32.4) 32.0 0.086
pN3 52 (10.0) 30.8 21 (27.3) 286 0.275
Number of LNs retrieved
Adequate, n = 15 261 (50.3) 57.5 40 (51.9) 475 0.026
Inadequate, 258 (49.7) 61.6 37 (48.1) 27.0 < 0.001
n <15

n, number of patients; LNs, lymph nodes; RR, relative risk; 95% CI, 95% con-
fidence interval; 5-YSR, five-year overall survival rate (%); LVI-, absence of
lymphovascular invasion; LVI+, presence of lymphovascular invasion.

2 The 8th Edition of the American Joint Committee on Cancer (AJCC) TNM
staging classification for carcinoma of the stomach.

Table 4

Logistic regression analysis of risk factors predicting the presence of LVI.
Variables RR 95% CI p value
Tumor size 0.996 0.585-1.694 0.988
Histologic grade 1.227 0.867-1.735 0.248
pT stage® 1.086 0.855-1.379 0.498

RR, relative risk; 95% CI, 95% confidence interval.
2 The 8th Edition of the American Joint Committee on Cancer (AJCC) TNM
staging classification for carcinoma of the stomach.

Table 5

Logistic regression analysis of risk factors predicting LN metastasis.
Variables RR 95% CI p value
Tumor size 1.075 0.740-1.561 0.705
Histologic grade 1.150 0.909-1.455 0.242
pT stage” 1.505 1.272-1.780 < 0.001
LVI 3.760 2.087-6.774 < 0.001

n, number; RR, relative risk; 95% CI, 95% confidence interval; LN, lymph node;
LVI, lymphovascular invasion.

2 The 8th Edition of the American Joint Committee on Cancer (AJCC) TNM
staging classification for carcinoma of the stomach.

suggested that adjuvant therapy should be considered for LVI+ patients
[27]. Therefore, pathology reports in the future should include assess-
ment of LVI. We recommend that LVI should be taken into account as
an important adjuvant prognostic factor, especially for pNO patients
with inadequate LNs retrieved. The key for an adequate prognostic
assessment of gastric cancer is an adequate lymph node yield. Though
the NCCN guidelines for gastric cancer strongly recommend the ex-
amination of at least 15 LNs for adequate staging, more lymph node
dissection will be better. It is quite obvious that a LVI+ case with in-
adequate lymph node yield may be misdiagnosed as a NO, being instead
a N1, considering the skip metastases issue and the aggressivity of
histologic pattern. Therefore, this could lead to undertreatment. A
dissection of less than 15 lymph nodes is an inadequate treatment for
gastric cancer, which may be not an ideal surgery. Importantly, the LV
paten can be an additional help to stratify the risk of recurrence. As far
as we are concerned that a retrospective study may be liable for biases;
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therefore, further multicenter, randomized controlled trials, especially
containing postoperative pathology reports as subject, are required.

Overall, our results indicate that LVI is an independent prognostic
factor predicting LN metastasis and a strongly independent predictor of
survival for patients with resected gastric cancer, specially pNO cases
with inadequate LNs retrieved. In addition, the maximum number of
LNs possible should be retrieved for optimal staging, especially for
patients with higher cT stage. However, the results of the current study
need to be interpreted with caution and further multicenter, rando-
mized controlled trials are required to validate our findings.
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Abstract: Gastrectomy plus D2 lymphadenectomy plays a decisive role in the management of resectable
gastric cancer in Japan. Before recent advances in chemotherapy, Japanese surgeons considered that extensive
surgery involving extended lymphadenectomy with combined resection of neighboring organ(s) was required
to eliminate any possible lymphatic cancer spread and improve patient survival. This approach differs
radically from that in Western countries, which aim to improve survival outcomes by multidisciplinary
approaches including perioperative chemotherapy and/or radiotherapy with limited lymph node dissection.
However, a randomized controlled trial conducted in Japan found that more extensive lymphadenectomy
including the para-aortic lymph nodes provided no survival benefit over D2 lymphadenectomy. Splenic
hilum dissection with splenectomy also failed to show superiority over the procedure without splenectomy
in patients with proximal gastric cancer, except in cases with tumor invasion of the greater curvature.
Furthermore, bursectomy recently demonstrated similar outcomes to omentectomy alone. Although “D2
lymphadenectomy” as carried out in Japan contributes to low local recurrence rates and good survival
outcomes, the results of randomized controlled trials have led to a decreased extent of surgical resection,
with no apparent adverse effects on survival outcome. Notably, gastrectomy with D2 dissection has tended to
become acceptable for advanced gastric cancer in Western countries, based on the latest results of the Dutch
D1D2 trial. Differences in surgical practices between the West and Japan have thus lessened and procedures
are becoming more standardized. Japanese D2 lymphadenectomy for advanced gastric cancer is evolving
toward more minimally invasive approaches, while consistently striving to achieve the optimal surgical

extent, thereby promoting consensus with Western counterparts.
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Introduction

Despite a substantial decline in its global incidence, gastric
cancer remains the fifth most frequently diagnosed cancer
and the third leading cause-related deaths worldwide (1),
with an estimated 1,033,701 newly diagnosed cases and
782,685 related deaths in 2018 (2). The incidence rates of

gastric cancer in both sexes are highest in Eastern Asia,

© Annals of Translational Medicine. All rights reserved.

especially Mongolia, the Republic of Korea, and Japan (2).
The first gastrectomy was performed successfully by Billroth
in 1881, and radical gastrectomy remains the first choice
for achieving a cure in patients with resect able gastric
cancer (3-5). Radical gastrectomy involves eradication of
the primary lesion with a satisfactory resection margin (R0),

together with radical dissection of regional lymph nodes.

Ann Transl Med 2019;7(18):493 | http://dx.doi.org/10.21037/atm.2019.08.48
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However, surgeons have also explored more extensive
surgeries aiming to eliminate any possible lymphatic spread
by applying extended lymphadenectomy, such as super-
extended (D3) lymphadenectomy (6-12) or standardized
extended (D2) lymphadenectomy plus para-aortic nodal
dissection (PAND) (13-17), together with combined
resection, such as prophylactic splenectomy (18-24) or
bursectomy (25-30). Radical gastrectomy with D2 dissection
has been the standard procedure for locally advanced gastric
cancer (AGC) in Japan since 1961 (5,31-36). Gastrectomy
with D2 dissection has also recently tended to become
acceptable for AGC in Western countries, in light of the
latest 15-year follow-up results of the Dutch D1D?2 trial,
which showed significant survival benefits of D2 over
standardized limited (D1) lymphadenectomy (36).

Rapid advances in surgical oncology worldwide have
significantly improved the safety of gastrectomy. The 30-day
post-gastrectomy mortality rates for patients with gastric
cancer in Western countries over the last two decades have
ranged from 1.9% to 5.1% (10,37-39), with postoperative
in-hospital mortality rates of 5.8% to 9.8% (36,40-42).
In contract, the overall operative mortality rates in Japan
from 2011 to 2012 were 2.3% after total gastrectomy (43)
and 1.07% after distal gastrectomy (44), and the equivalent
30-day mortality rates were 0.9% (43) and 0.45% (44),
respectively, which appeared to indicate better outcomes
than in Western countries (36-38,40-42,45). However,
there remains scope for further global improvements in the
safety of gastric cancer surgery. According to the theory
of epistemology, involving practice, understanding, re-
practice, and re-understanding, the preferred extent of
gastric resection and lymph node dissection has experienced
a pendulum-like phenomenon, from narrowed to extended,
and then narrowed again, gradually rationalized from the
original bias. Here, we review and compare the historical
backgrounds and perspectives of gastric cancer surgeries in
Western countries and Japan.

Epidemiology

Gastric cancer was estimated to account for over a million
newly diagnosed cases and nearly 783,000 deaths (equating
to 1 in 12 deaths) worldwide in 2018 (2), largely due to
population aging and growth (46). One in 27 men and 1
in 68 women will develop gastric cancer before the age
of 79 years, with the highest and lowest odds for men in
middle (1 in 15) and low-middle sociodemographic index
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(SDI) countries (1 in 48), respectively, and the highest and
lowest odds for women in low (1 in 58) and low-middle
(1 in 83) SDI countries, respectively (46). The mortality
rates of gastric cancer in men [calculated as age-
standardized mortality rate per 100,000 (ASR)] ranged from
4.2 in Switzerland to 24.6 in the Russian Federation among
Europe countries, 2.6 in the USA, 25.3 in the Republic of
Korea, and 21.0 in Japan during the period 2005-2009 (47).
The ASRs for women ranged from 1.9 in France to 10.1 in
the Russian Federation, 1.3 in the USA, 9.2 in the Republic
of Korea, and 8.0 in Japan, over the same period (47).

Non-cardia gastric cancer (NCGC) is more frequent
than cardia gastric cancer (CGC) in most countries, with
an estimated 691,000 cases of NCGC and 260,000 cases
of CGC worldwide in 2012 (48). Approximately 90% of
new NCGC cases were considered to be associated with
Helicobacter pylori (H. pylori) infection (49). However, the
incidence of NCGC has been declining worldwide over
the last half century, as a result of the decreased prevalence
of H. pylori and improved food-storage conditions (2).
In contract, the incidence of CGC has been steadily
increasing, particularly in high income countries, following
the distribution characteristics of esophagus cancer in
developed countries (50,51), where the incidence rates of
Barrett’s esophagus are higher than in Eastern countries.
The proportion of men with CGC among all gastric
cancer cases ranged from 11.6% in Belarus to 72.0% in
Finland, and was higher in Northern and Central Europe
compared with Southern and Eastern Europe (47). Notably,
the incidence of CGC remained unchanged in the USA,
according to a recent report (52).

Although the incidence of gastric cancer was expected to
follow a decreasing trend owing to a lower incidence of H.
pylori infection among the younger generation in Japan (53),
its incidence has remained the highest of all types of cancers
in both males and females (male-to-female ratio >2:1) (54).
Considering this high incidence, a cost-effective screening
program was initiated to increase the rate of early detection
of gastric cancer in Japan. Approximately 48.8% cases were
diagnosed with early gastric cancer and 80% of tumors
were located in the middle or lower third of the stomach
(54-56), with improvements attributed to the screening
program (57-62). Notably, the 5-year overall survival rates
in Japan were reported to be about 70.0% (54,56), and the
good survival outcomes were considered to be least partly
attributable to the large proportion of patients diagnosed at
an early stage (63).
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Table 1 Standards of D1 and D2 lymphadenectomy in Western countries and Japan

D1 lymphadenectomy

D2 lymphadenectomy

Guidelines, year Country/Region
Gastrectomy type

Lymph node stations

Gastrectomy type Lymph node stations

ESMO, 2016 (4) Europe ND No.1,2,3,4,5,6 ND No.1,2,3,4,5,6,7,8,9, 11
NCCN, 2017 (3) USA ND No.1,2,3,4,5,6 ND No.1,2,3,4,5,6,7,8,9, 10, 11
JGCA, 2017 (5) Japan Total gastrectomy  No. 1,2,3,4,5,6,7 Total gastrectomy  No. 1,2, 3,4,5,6,7,8a,9, 10,

JGCA, 2011 (32)

Distal gastrectomy No. 1, 3, 4sb, 4d, 5,6, 7

11p, 11d, 12a

Distal gastrectomy No. 1, 3, 4sb, 44, 5, 6, 7, 8a, 9,
11p, 12a

ESMO, European Society for Medical Oncology; NCCN, National Comprehensive Cancer Network; JGCA, Japanese Gastric Cancer
Association; ND, no details; No. 1, right paracardial lymph node; No. 2, left paracardial lymph node; No. 3, perigastric lymph node along
lesser curvature; No. 4sb, perigastric lymph node along greater curvature (left group, lymph node along left gastroepiploic artery and short
gastric arteries); No. 4d, perigastric lymph node along greater curvature (right group, lymph node along right gastroepiploic artery); No. 4,
perigastric lymph node along greater curvature; No. 5, suprapyloric lymph node; No. 6, infrapyloric lymph node; No. 7, lymph node along
left gastric artery; No. 8, lymph node along common hepatic artery; No. 8a, lymph node along common hepatic artery (anterosuperior
group); No. 9, lymph node around celiac artery; No. 10, lymph node at splenic hilum; No. 11p, lymph node along proximal splenic artery;
No. 11d, lymph node along distal splenic artery; No. 11, lymph node along splenic artery; No. 12a, lymph node in hepatoduodenal

ligament (along hepatic artery).

D1 and D2 lymphadenectomy

The extent of lymph node dissection with radical
gastrectomy has been extensively debated worldwide.
According to the recent clinical practice guidelines of
European Society for Medical Oncology (ESMO) for
gastric cancer, D1 involves perigastric lymph nodes (LNs)
of No. 1, 2, 3,4, 5, 6 and D2 dissection involves LNs of
No.1,2,3,4,5,6,7,8,9, 11 (4). In addition, based on the
latest National Comprehensive Cancer Network (NCCN)
guidelines, D1 involves LNs of No. 1, 2, 3, 4, 5, 6 and D2
dissection involves LNs of No. 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11 (3). Notably, the Japanese Gastric Cancer Association
has clearly identified the extent of systematic lymph node
dissection with gastrectomy type. In total gastrectomy, D1
involves LNs of No.l1, 2, 3,4, 5, 6, 7 and D2 dissection
involves LNs of No. 1, 2, 3, 4, 5, 6, 7, 8a, 9, 10, 11p, 11d,
12a (5,32). Whereas, in distal gastrectomy, D1 involves LNs
of No. 1, 3, 4sb, 4d, 5, 6, 7 and D2 dissection involves LLNs
of No. 1,3, 4sb, 4d, 5, 6, 7, 8, 9, 11p, 12a (5,32) (Tible ).
Both the ESMO and NCCN guidelines did not clarify
clear relations between gastrectomy types and extents
of systematic lymph node dissection; furthermore, both
classified No. 7 lymph node in D2 dissection (3,4). Japanese
surgeons, on the other hand, have already changed No. 7
lymph node into D1 dissection for any type of gastrectomy,
since the 3rd version of the Japanese gastric cancer
treatment guidelines in 2011 (5,31,32). The nodal grouping
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based on the tumor location was abandoned because that it
was too complicated to be accurately understood worldwide;
notably, the lymph node stations to be dissected in D1 and
D2 dissection have been defined according to gastrectomy
type regardless of tumor location in Japan since then (31,32).

Surgery in Western countries

The preferred extent of gastric resection has experienced
a pendulum-like phenomenon, switching from narrowed
to extended, and then narrowed again, gradually becoming
rationalized. The first successful case of distal gastrectomy
in the West was performed by Billroth in 1881, though the
first patient to undergo distal gastrectomy with Billroth I
type reconstruction only survived for 115 days. Schlatter
et al. performed the first total gastrectomy in 1897, while
Mikulicz was reported to be the first to successfully perform
cardiectomy (64). Notably, they stressed the importance
of studying the pathways of gastric cancer spread, and
established the foundation of surgical therapy for gastric
cancer as follows: direct infiltration of the submucosa and
muscularis (operable), dissemination via the lymphatics
(operable), transperitoneal spread with lesions involving
the full thickness of the stomach wall (inoperable), and
dissemination through the blood stream to distant organs
(inoperable) (64). This period represented the dawn of
gastric cancer surgery, attributed to Mikulicz’s theory of
lymphatic drainage of the stomach with removal of all
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palpable nodes, along with Billroth’s contribution to gastric
cancer surgery.

Groves et al. reported the first case of omentobursectomy
in 1910 (65). They addressed the importance of complete
removal of the great omentum by cutting through the
peritoneum, which passes from the back of the omentum
to the front of the transverse colon, followed by stripping
the peritoneum off the upper surface of the transverse
mesocolon to the front of the pancreas. Furthermore,
they emphasized the need for a more systematic attempt
to remove the whole of the associated lymphatic
area (65). Although the 3-year survival rate was only
7.6%, possibly due to incomplete lymphadenectomy, his
theory nevertheless contributed to later lymphadenectomy
practices.

During the period from 1940 to1960, many experts
in the West reported extensive surgeries with combined
resection of neighboring organs with the aim of improving
patient survival (66-68); however, the postoperative
morbidity and mortality rates were very high. Cattell ez al.
reported combined resection of the stomach and transverse
colon in 1946 (69). In 1947, Pack et al. reported total
gastrectomy for gastric cancer, with an operative mortality
of 20-30% (70), followed later by a series of clinical studies
of radical or palliative surgeries for gastric cancer (71-74).
Brunschwig et al. performed the first gastrectomy with
pancreatoduodenectomy (PD) for distal gastric cancer
invading the head of pancreas in 1948 (66), and Appleby
et al. introduced a combined procedure in 1953, including
resection of the whole stomach, distal pancreas, spleen, and
regional lymph nodes (75). Lawrence et al. reported 5-year
survival rates before and after the application of extensive
surgery of 21.6% from 1931-1950, and 23.3% from
1951-1954 (68); however, no randomized controlled trial
(RCTs) were available until 1985 to provide sufficient
evidence for any strong recommendations.

Whether or not total gastrectomy could improve the
survival of patents with distal gastric cancer thus remained
to be validated in the West, and several studies comparing
survival rates after total and subtotal gastrectomy for
distal gastric cancer were conducted after 1970. McNeer
et al. reported a better 5-year survival rate following total
gastrectomy (43.7%) compared with subtotal gastrectomy
(29.8%) (76). A similar result was reported by Lortat-
Jacob ez 4l., with total gastrectomy showing a higher 5-year
overall survival rate but a higher postoperative mortality
than subtotal gastrectomy (77). In contrast, however,
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Gennari et a/. in 1986 reported a higher 5-year survival rate
after subtotal compared with total gastrectomy in patients
with lymph node involvement (78). However, those were
all retrospective studies with high risks of bias. Notable,
the first global RCT comparing total versus subtotal
gastrectomy for gastric antrum cancer was conducted in
French in 1989 (79), and demonstrated no survival benefits
of total over subtotal gastrectomy. A subsequent RCT by
the Italian Gastrointestinal Tumor Study Group in 1999
also found no advantage of total gastrectomy over subtotal
gastrectomy (80) (Zable 2). It is therefore necessary to bear
in mind the saying of Confucius, that “excess is just as bad
as deficiency”.

The issue of whether patients may benefit from D2
dissection remained controversial in Western countries
(13,34-36). The United Kingdom Medical Research
Council Gastric Cancer Surgical Trial (MRC, STO01)
confirmed no survival advantages of D2 over D1 dissection
(40,81) (Table 2). Similarly, the Dutch D1D2 trial in the
Netherlands demonstrated D2 dissection was associated
with a higher risk of postoperative morbidity (43% vs. 25%;
P<0.001) and mortality (10% vs. 4%; P=0.004) compared
with D1 dissection, with no differences in overall survival
rate after the 11-year follow-up period (35% vs. 30%;
P=0.53) (33). Another RCT conducted by the Italian Gastric
Cancer Study Group suggested that D2 dissection may only
be a better choice only in patients with nodal metastases (45).
However, more recent results of the Dutch D1D2 trial
after a 15-year follow-up period showed significant survival
benefits of D2 over D1 dissection in terms of cancer-related
death rate (48% wvs. 37%), local recurrence (12% vs. 22%)
and regional recurrence (13% vs. 19%) (36).

In light of those findings and the good survival outcomes
after D2 dissection in Japan, gastrectomy with D2
dissection is becoming increasingly acceptable in Western
countries. The latest National Comprehensive Cancer
Network guidelines for gastric cancer stated that D2
dissection should be considered as a recommended but not
a required procedure, nothing that the technical aspects of
D2 dissection require a significant degree of training and
expertise (3). In addition, the latest European Society for
Medical Oncology guidelines for gastric cancer suggested
that medically fit patients should undergo D2 dissection
in specialized, high-volume centers in Western countries
(4,82-84) (Tuble 2). However, further studies are still needed
to determine if D2 dissection should become the standard
procedure for gastric cancer patients in Western countries.
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Pancreatic resection frequently resulted in pancreatic-
juice leakage, subphrenic abscess, and postoperative
diabetes, leading Maruyama et /. to develop pancreas-
preserving surgery in 1979. They also demonstrated gastric
cancer tumors only invaded the pancreas directly, rather
than by metastasis to the pancreas. Pancreas-preserving
surgery proved superior to pancreas resection in terms of
operative mortality, hospital mortality, surgical morbidity,
and 5-year survival rate (93). Accordingly, lymphatic
channels from the stomach did not flow into the pancreas
parenchyma, and surgeons could remove the spleen, splenic
artery, fatty connective tissues, and lymph nodes completely
without dissecting the pancreas parenchyma or splenic
vein (93). The results of an RCT conducted by Furukawa
et al. in 2000 also supported the superiority of pancreas-
preserving surgery (total gastrectomy with dissection
of lymph nodes along the splenic artery) over pancreas
resection in terms of surgical risk and postoperative glucose
tolerance (94).

Splenic hilum nodal dissection with splenectomy showed
no benefits over the procedure without splenectomy
in patients with proximal gastric cancer (24). A recent,
multi-institutional, RCT (JCOGO0110) conducted in 505
patients from 36 institutions in Japan (24) confirmed that
the addition of splenectomy was associated with higher
morbidity and blood loss, but similar operation time. The
S-year survival rates were 75.1% in the splenectomy group
and 76.4% in the spleen preservation groups (P=0.025).
Splenectomy thus increase operative morbidity without
improving survival, and should therefore be avoided in
patients undergoing total gastrectomy for proximal gastric
cancer, unless it invades the greater curvature.

The role of bursectomy in preventing peritoneal
metastasis has long been controversial. One RCT
found no survival benefit but a high risk of morbidity
for bursectomy in patients with ¢T3-4a gastric
cancer (95). In addition, a recent, phase 3 RCT (JCOG1001)
that enrolled 1,204 patients from 57 hospitals in Japan
confirmed that bursectomy had no survival advantages
over non-bursectomy, indicating that D2 dissection
with omentectomy alone should be the recommended
surgery for resectable ¢T3-4a gastric cancer in Japan (96).
Furthermore, the Japanese Gastric Cancer Association
(JGCA) recommended gastrectomy with D2 dissection
as the standard surgical procedure for potentially curable
gastric cancer (clinical stage > ¢T2 and/or cN+) in Japan (5).
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Japanese surgeons had long believed that gastric cancer
patients should receive extensive surgery, including
extended lymphadenectomy or with combined resection
of neighboring organs, to eliminate any possible nodal
spread and thus improve patient survival. In 1991, 67.6%
of Japanese patients with gastric cancer underwent D2
dissection, 9.9% underwent D3 or D4 dissection, 30.7%
received total gastrectomy, and 30.3% received combined
resection of neighboring organs (1,515 splenectomy, 726
pancreatomy) (56). This situation remained unchanged
until the introduction of the new anticancer agent, S-1,
for advanced gastrointestinal cancer in Japan in 1999,
which proved effective against advanced or recurrent
gastrointestinal cancer, with generally mild toxicities
and no toxic deaths (97,98) (1able 3). Since then, rapid
advances in chemotherapy (95,99-111), including targeted
therapy (112-114), have led Japanese experts gradually
to adopt the Western strategy of improving survival by
multidisciplinary approaches, including neoadjuvant
or adjuvant chemotherapy. The differences in surgical
practice for gastric cancer between the West and Japan
have thus gradually lessened, and are becoming increasingly
standardized.

Future perspectives

Surgical therapy for gastric cancer originated in Western
countries and developed rapidly in Japan. Japanese
experience suggests that screening programs should be
implemented to improve the early detection of gastric
cancer, particularly in high incidence areas. Surgical safety
and maximizing the probability of a cure should remain
the highest priorities; however, chemotherapy, along
with genetic diagnosis and targeted therapy, are gaining
importance worldwide. Further studies are needed to
consider how best to balance the combinations among
neoadjuvant or adjuvant chemotherapy and surgery in
patients with gastric cancer. Attempts should also be made
to reduce the incidence of gastric cancer, in addition
to taking account of quality of life and economic costs.
Recent developments and modifications of minimally
invasive techniques have also attracted increasing interest
(115-118), especially in Japan (119-122). Overall,
international cooperation between Western and Eastern
countries should be encouraged to establish global standards
for the diagnosis and therapy of gastric cancer.
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Sensitization of Gastric Cancer Cells to Irinotecan by p53 Activation
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Irinotecan (camptothecin-11 [CPT-11]) is a topoisomerase I inhibitor that has been used in the treatment of
a wide spectrum of cancers including gastric cancer. Recent reports suggest that the expression of CES2, a ser-
ine hydrolase that converts irinotecan to its active compound SN-38, is regulated by the tumor-suppressor p53.
In this study, we investigated whether irinotecan acted synergistically with a p53 activator nutlin-3a in human
gastric cancer cells. Nutlin-3a treatment enhanced the expression of CES2 in gastric cancer cell lines with wild-
type p53. However, this effect was not observed in cells with non-functional p53. Irinotecan showed synergistic
antitumor effects in combination with nutlin-3a in gastric cancer cells with wild-type p53, whereas the survival
of cells with non-functional pS3 was not significantly affected by the presence of nutlin-3a. These results provide
evidence that pS3 activation can enhance the antitumor effect of irinotecan or other anticancer prodrugs activat-
ed by CES2 in gastric cancer cells through upregulation of CES2 expression.

Key words CES2, gastric cancer, irinotecan, p53, nutlin-3a

INTRODUCTION

Gastric cancer is relatively prevalent malignancy and ranks
the fifth most commonly diagnosed malignancy and the third
in cancer-related death worldwide.b Gastric cancer is gener-
ally asymptomatic in early stages and has progressed to an
advanced unresectable stage by the time of presentation.? The
prognosis of patients with gastric cancer remains extreme-
ly poor.» Even patients with resectable tumor usually have a
high rate of local recurrence and distant relapse.» The stand-
ard palliative treatment for patients with advanced gastric can-
cer is chemotherapy, which both controls tumor-related symp-
toms and improves overall survival. Clinical trials have shown
the survival benefit of irinotecan (camptothecin-11 [CPT-11])
in advanced gastric cancer as second-line chemotherapy.”

Irinotecan is an anticancer drug that is used for the treat-
ment of a wide spectrum of cancers including gastrointesti-
nal cancer. Irinotecan is a prodrug and converted to its active
compound 7-ethyl-10-hydroxy-camptothecin (SN-38) by the
carboxylesterase CES2.9 However, the expression of CES2
is frequently downregulated in many types of cancers includ-
ing gastric cancer.® which may affect the therapeutic effica-
cy of irinotecan. Recent studies have indicated that CES2 can
be transcriptionally activated by p53, a tumor suppressor that
controls the transcription of plethora of genes in response to
cellular stresses such as DNA damage, oxidative stress, and
hypoxia.” Therefore, it is conceivable that activation of p53
could sensitize gastric cancer cells to irinotecan by upregulat-

ing CES2 expression.

In this study, using various cell lines of human gastric can-
cer (Table 1), we provide evidence that irinotecan exerts a syn-
ergistic antitumor effect in combination with a p53 activator in
human gastric cancer cells. We used nutlin-3a as a p53 activa-
tor, which inhibits binding of the E3 ubiquitin ligase MDM2
to p53 and thereby directly activates p53 signaling without
genotoxic side effects.!® Nutlin-3a treatment enhanced CES2
expression in gastric cancer cells and sensitized these cells to
irinotecan in a p53-dependent manner. Our results highlight
the importance of TP53 gene status and the combination use
of p53-activating drugs for the efficacy of irinotecan and other
antitumor prodrugs that are activated by CES2 in human gas-
tric cancer.

MATERIALS AND METHODS

Cell Lines and Reagents The human gastric cancer cell
lines MKN1, MKN7, MKN74 and NUGC4 were obtained
from the RIKEN BRC Cell Bank (Tsukuba-shi, Ibaraki,
Japan). TMKI1 cells were provided by Hiroshima Universi-
ty (Hiroshima-shi, Hiroshima, Japan). NUGC3 cells were
provided by the Health Science Research Resources Bank
(Sennan-shi, Osaka, Japan). AGS cells were from the Ameri-
can Type Culture Collection (ATCC). The cells were cultured
at 37°C and 5% CO, in RPMI 1640 medium (Wako) supple-
mented with 10% fetal bovine serum and penicillin/strepto-
mycin. Nutlin-3a was purchased from AdooQ BioScience. All
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' The first two authors equally contributed to this study.
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Table 1. Human Gastric Cancer Cell Lines Used in This Study
TP53 Mutation found at
Name Histological type*  Origin TP53 Status ¢DNA Amino acid  Reference
description Exon Codon change

AGS as Stomach wt - - - - 8
NUGC4 sig metastasis (LN) wt - - - - 8
MKN74 tub2 metastasis (Liver) wt - - - - 9
NUGC3 por metastasis (Brachialis muscle) mt c.659A>G 6 220 Tyr to Cys 8
MKNI1 por metastasis (LN) mt c.428T>C 5 143 Val to Ala 10
MKN7 tubl metastasis (LN) mt ¢.832C>T 8 278 Pro to Ser 11

tubl metastasis (LN) mt c.751A>C 7 251 Ile to Leu 12
TMK1 por metastasis (Liver) mt c.517G>A 5 173 Val to Met 10

aAccording to the Japanese Classification of Gastric Carcinoma. por, poorly differentiated adenocarcinoma; as, adenosquamous carcinoma, tubl, well-
differentiated tubular adenocarcinoma; tub2, moderately differentiated tubular adenocarcinoma; sig, signet ring cell carcinoma; LN, lymph node; wt, wild

type; mt, mutant.

Fig. 1. Upregulation of CES2 Expression by Nutlin-3a in Gastric Cancer Cells with Wild-type p53.

Human gastric cancer cell lines with wild-type p53 (AGS, NUGC4, and MKN74) were treated with 5 pM nutlin-3a for 24 h. The expression of p21 (A) and CES2 (B) was
quantified by real-time reverse transcriptase PCR. GAPDH was used as the reference gene. Data represent the mean values + SEM (three independent experiments). *p < 0 05;

**p <0 01. An unpaired two-tailed #-test was used.

reagents were dissolved in sterile dimethyl sulfoxide (DMSO)
to make 100 mmol/l (mM) stock. The cells were seeded in
6-well plates at a density of 2.5 x 105 cells/well and incubated
for 24 h. The cells were then treated with nutlin-3a for anoth-
er 24 h. The cells were washed twice with PBS and harvested
by scraping.

Real-Time Reverse Transcriptase PCR Total RNA from
cultured cell lines was extracted using the FastGene RNA
Basic kit (Nippon Genetics Co., Ltd., Tokyo, Japan) accord-
ing to the manufacturer’s instructions. Semiquantitative real-
time PCR was performed using the Luna Universal One-Step
RT-gPCR Kit (New England BioLabs) on a LightCycler 96
(Roche) in duplicate. The gene expression of target genes was
normalized to GAPDH by the differences in Ct values, and
then these values were used to calculate the relative mRNA
expression levels with the 2-24¢t method. The primer sequenc-
es for the genes were as previously described.'®

Cell Viability Assay Cell viability was determined by
XTT (Cell Proliferation Kit II) assay (Roche). Briefly, cells
were plated in triplicate into 96-well plates and cultured for
24 h, and then incubated with irinotecan at different con-
centrations in the presence or absence of 5 uM nutlin-3a for
24 h. The medium was then replaced with fresh medium and
the cells were incubated with the XTT reagent for 3 h. The
absorbance at 450 nm (reference wavelength at 660 nm)
was measured with an iMark Microplate Absorbance Reader
(Bio-Rad). Best-fit IC50 values were calculated with Prism 7

(GraphPad Software Inc., San Diego, CA) and compared by an
extra sum-of-square F test.

RESULTS AND DISCUSSION

CES2 Expression was Upregulated by pS3 Activation
in Gastric Cancer Cells We first asked whether p53 activa-
tion enhanced CES2 expression in gastric cancer cells. Human
gastric cancer cell lines with wild-type p53 (AGS, NUGC4,
and MKN74) (Table 1) were treated with the p53 activator
nutlin-3a. The expression of p21, a major downstream target
of p53,'» was upregulated by nutlin-3a treatment in all p53
wild-type cell lines tested, demonstrating activation of the
p53 pathway in these cells (Fig. 1A). We also observed sig-
nificant upregulation of CES2 expression in these cells (Fig.
1B). In contrast, nutlin-3a treatment did not significantly affect
the expression of these genes in gastric cancer cells with p53
mutation (Table 1, Fig. 2). These results indicate that nutlin-
3a enhances CES2 expression by activating functional p353 in
human gastric cancer cells.

Synergistic Antitumor Effects of Irinotecan and Nut-
lin-3a in p53 Wild-Type Cells We next investigated wheth-
er nutlin-3a treatment sensitized gastric cancer cells to iri-
notecan, an anticancer prodrug that is converted by CES2 to
its active compound SN-38. We treated two p53 wild-type cell
lines (AGS and NUGC4) and two cell lines with non-function-
al p53 (NUGC3 and TMK1) with various concentrations of iri-
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Fig. 2. Effects of Nutlin-3a on CES2 Expression in Gastric Cancer Cells with p53 Mutation.

Human gastric cancer cell lines with p53 mutation (NUGC3, MKN1, MKN7, and TMK1) were treated with 5 uM nutlin-3a for 24 h. The expression of p21 (A) and CES2 (B)
was quantified by real-time reverse transcriptase PCR. GAPDH was used as the reference gene. Data represent the mean values + SEM (three independent experiments). There was

no significance between control and nutlin-3a. An unpaired two-tailed ¢-test was used.

Fig. 3. Synergistic Effects of Nutlin-3a and Irinotecan in Gastric Cancer Cells with Wild-type p53.

AGS (A) and NUGC4 (B) cells were treated with various concentrations of irinotecan in the presence or absence of 5 M nutlin-3a for 24 h. The cell viability was determined
by XTT assay. Data represent the mean values £ SEM (three independent experiments). *p <0 05; **p <0 01. A paired two-tailed #-test was used.

Fig. 4. Effects of Nutlin-3a and Irinotecan in Gastric Cancer Cells with p53 Mutation.

NUGC3 (A) and TMKI1 (B) cells were treated with various concentrations of irinotecan in the presence or absence of 5 uM nutlin-3a for 24 h. The cell viability was determined
by XTT assay. Data represent the mean values + SEM (three independent experiments). *p < 0 05. A paired two-tailed s-test was used.

notecan with or without nutlin-3a. In p53 wild-type AGS and
NUGCH4 cells, the cell viability was not significantly or only
slightly affected by single treatment with nutlin-3a, respective-
ly (Fig. 3A and 3B). We observed strong synergistic effects of
irinotecan and nutlin-3a in AGS and NUGC4 cells (Fig. 3A
and 3B). The IC50 value of irinotecan was decreased by nut-
lin-3a by 2-fold, from 82.94 uM (95% CI [confidence inter-
val]: 71.47-99.43 uM) to 42.94 uM (95% CI: 35.99-52.86
uM) (p < 0.0001) in AGS cells, and 7-fold from 59.59 uM
(95% CI: 47.99-78.01 uM) to 8.731 uM (95% CI: 5.058—
13.52 uM) (p < 0.0001) in NUGCH4 cells, respectively. In con-

trast, nutlin-3a had almost no effect on the sensitivity to iri-
notecan in cells with non-functional p53 (Fig. 4A and 4B;
the IC50 value from 38.69 uM [95% CI: 32.35-47.51 uM] to
35.79 uM [95% CI: 29.19-45.23 pM] in NUGC3 cells [p =
0.5735], from 74.25 uM [95% CI: 62.01-93.09 uM] to 56.71
UM [95% CI: 43.49-81.59 uM] in TMK1 cells [p = 0.1328]).
These results suggest that pS3 activation in gastric cancer cells
leads to increased conversion of irinotecan to its active com-
pound and thereby enhances the sensitivity to irinotecan.
Although a recent study has shown the survival bene-
fit of irinotecan monotherapy as third-line or later treatment
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in advanced gastric cancer,!® irinotecan has been mostly used
in combination with other anticancer drugs such as 5-fluoro-
uracil (5-FU), which also activates p53.'” Thus, the benefi-
cial effects of these regimens in gastric cancer may be in part
attributed to activation of p33 and upregulation of CES2, lead-
ing to efficient conversion of irinotecan. In this context, we
used nutlin-3a to investigate the role of p53 because it direct-
ly activates p53 signaling pathway without untoward geno-
toxic side effects that may compromise the interpretation of
the results. Consequently, we found that nutlin-3a upregulat-
ed CES2 expression only in gastric cancer cells with function-
al p53. Thus, p53 plays an important role in regulating CES2
expression in gastric cancer cells. p53 signaling is frequently
dysregulated in many types of cancer including gastric cancer.
Indeed, a genomic analysis of gastric adenocarcinomas has
found p33 to be the most frequently mutated gene, accounting
for 46% of total tumors.!'® In addition, irinotecan exhibits gas-
trointestinal toxicity and often causes severe diarrhea. Thus,
understanding 7P53 gene status of gastric cancer may be use-
ful to predict the efficacy of irinotecan-containing regimens.

In addition to irinotecan, several other anticancer prod-
rugs are also activated by CES2.12D) Capecitabine is an orally
administered prodrug of 5-FU, which is effective and well tol-
erated in the treatment of gastric cancer. Various capecitabine-
based chemotherapies have been shown to extend survival in
advanced gastric cancer.?2 LY2334737 is an oral prodrug of
the clinically efficacious anticancer agent gemcitabine. Gem-
citabine is widely used in the treatment of pancreatic cancer??
and advanced gastric cancer.29 CES2 also converts Pentyl
PABC-Doxaz to the active compound doxazolidine, a formal-
dehyde conjugate of doxorubicin that exhibits enhanced tox-
icity against a wide variety of tumor cell lines including cell
lines resistant to doxorubicin.?® Thus, the sensitivity of gas-
tric cancer cells to these prodrugs may also be enhanced by
pS3 activation.
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Objective: To evaluate the safety and oncological outcomes of laparoscopic colorectal
surgery using natural orifice specimen extraction (NOSE) compared with conventional
laparoscopic (CL) colorectal surgery in patients with colorectal diseases.

Methods: \We conducted a systematic search of PubMed, EMBASE, and Cochrane
databases for randomized controlled trials (RCTs), prospective non-randomized trials
and retrospective trials up to September 1, 2018, and used 5-year disease-free survival
(DFS), lymph node harvest, surgical site infection (SSI), anastomotic leakage, and
intra-abdominal abscess as the main endpoints. Subgroup analyses were conducted
according to the different study types [RCT and NRCT (non-randomized controlled
trial)]. A sensitivity analysis was carried out to evaluate the reliability of the outcomes.
RevMan5.3 software was used for statistical analysis.

Results: Fourteen studies were included (two RCTs, seven retrospective trials and
five prospective non-randomized trials) involving a total of 1,435 patients. Compared
with CL surgery, the NOSE technique resulted in a shorter hospital stay, shorter
time to first flatus, less post-operative pain, and fewer SSIs and total perioperative
complications. Anastomotic leakage, blood loss, and intra-abdominal abscess did
not differ between the two groups, while operation time was longer in the NOSE
group. Oncological outcomes such as proximal margin [weighted mean difference
[WMD] = 0.47; 95% confidence interval [Cl] —0.49 to 1.42; P = 0.34], distal margin
(WMD= —0.11; 95% Cl —0.66 to 0.45; P = 0.70), lymph node harvest (WMD = —0.97;
95% Cl —1.97 to 0.03; P = 0.06) and 5-year DFS (hazard ratio = 0.84; 95% ClI
0.54-1.31; P = 0.45) were not different between the NOSE and CL surgery groups.
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NOSE in Colorectal Diseases

Conclusions: Compared with CL surgery, NOSE may be a safe procedure, and can
achieve similar oncological outcomes. Large multicenter RCTs are needed to provide
high-level, evidence-based results in NOSE-treated patients and to determine the risk of

local recurrence.

Keywords: natural orifice specimen extraction, colorectal diseases, oncological outcomes, post-operative
function, totally intra-abdominal laparoscopic surgery, meta-analysis

INTRODUCTION

Laparoscopic technology has been widely used to treat colorectal
cancer (CRC) over the past two decades, and many studies
have demonstrated the advantages of laparoscopic surgery and
have suggested that it is a less traumatic procedure, with
similar oncological outcomes to those of open surgery (1-
3). However, current laparoscopic colectomy is considered to
be laparoscopically assisted surgery and not a totally intra-
abdominal procedure, as it inevitably extends the incision by
about 5-8 cm for specimen extraction and intestinal anastomosis
(4, 5). Moreover, the laparotomy incision is also a source of
post-operative morbidity, such as pain, wound infection, and
incisional hernia (6-8).

In an attempt to further reduce surgical trauma, minimally
invasive surgery has undergone unprecedented development.
Laparoscopic natural orifice specimen extraction (NOSE)
surgery is widely regarded as one of the representative
new technologies in minimally invasive surgery (4, 9-12). It
combines the concept of incisionless surgery and laparoscopy
to complete intra-abdominal procedures (including exploration,
dissection, and resection of lesions) and uses a natural
orifice as a delivery route for specimen extraction without
laparotomy incision (13). Compared with other minimally
invasive techniques, laparoscopic colorectal surgery with NOSE
adopts a transabdominal approach, which is more in line with the
surgeon’s practice and is easier to operate (5, 14-16). Recently,
several studies have reported that laparoscopic NOSE surgery
results in significantly fewer perioperative complications and
faster recovery of gastrointestinal function (4, 12). However,
the safety and oncological outcomes of laparoscopic colorectal
surgery with NOSE are unclear. Therefore, we conducted a
meta-analysis to determine the safety and oncological outcomes
of laparoscopic NOSE surgery compared with conventional
laparoscopic (CL) surgery for colorectal diseases.

METHODS
Search Strategy

Two independent researchers systematically searched studies
in PubMed, EMBASE, and Cochrane databases from January
1990 to September 1, 2018. The search keywords used
were “colorectal diseases,” “laparoscopic surgery,” “natural
orifice specimen extraction,” “transvaginal specimen extraction,”
“transanal specimen extraction,” and “transrectal specimen
extraction.” According to the different requirements of each
database, the search strategy was correspondingly changed.

Potentially relevant articles were also screened from the
references of relevant studies.

Inclusion and Exclusion Criteria

Studies were included if they conformed to the principle of
PICO (S) [participants, interventions, comparisons, outcomes,
(study design)] (17). Inclusion criteria were as follows: (1)
participants: patients were diagnosed with colorectal diseases,
either benign or malignant; (2) interventions: totally intra-
abdominal laparoscopic colorectal surgery, with the specimen
extracted via the rectum, vagina or anus; (3) comparisons:
laparoscopic colorectal surgery, with the specimen extracted
through the abdominal wall; (4) outcomes: 5-year disease-
free survival (DFS), lymph node harvest, proximal margin,
distal margin, operation time, hospital stay, total perioperative
complications, pain score, time to first flatus, anastomotic
leakage, surgical site infection (SSI), blood loss, and intra-
abdominal abscess; (5) study design: randomized controlled trials
(RCTs), prospective non-randomized trials and retrospective
trials based on NOSE. Exclusion criteria were as follows:
(1) traditional open surgery; (2) non-colorectal diseases; (3)
transanal total mesorectal excision surgery; (4) lack of data, or
inability to obtain original data from the author; (5) case reports,
letters, reviews, conference abstracts, animal experiments, and
expert opinions; (6) studies not written in English or Chinese
were excluded.

Data Extraction and Quality Assessment

Two researchers independently extracted data from the studies.
For each included study, the following information was extracted:
first author, year of publication, country of origin, number
of patients, characteristics of the patients [age, gender, body
mass index [BMI], clinical TNM stage, diseases type, extent of
resection, specimen extraction approach, location of diseases],
study type, information on outcome (primary outcomes: 5-
year DFS, lymph node harvest, anastomotic leakage, intra-
abdominal abscess, and SSI; secondary outcomes: operation time,
hospital stay, pain score, time to first flatus, total perioperative
complications, blood loss, proximal margin, and distal margin).
If there were any doubts or disagreements regarding outcomes,
these studies were submitted to a third researcher for arbitration.
For retrospective and prospective non-randomized studies, the
Newcastle-Ottawa Scale (NOS) was used (18). The assessment of
bias in the RCTs was based on the Cochrane Risk of Bias tool (19).

Statistical Analysis
Review Manager Version 5.3 software (Cochrane Collaboration,
Oxford, UK) was used for statistical analysis. For continuous
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FIGURE 1 | Flow diagram of study selection.

variables, weighted mean difference (WMD) was used. Odds
ratio (OR) was used to express dichotomous variables. The
hazard ratio (HR) of 5-year DFS was calculated from survival
curves using the methods presented by Tierney et al. (20).
The confidence interval (CI) was set at 95%, and P < 0.05
was considered statistically significant. The Chi-square test
or Cochrane Q test was used to calculate heterogeneity, and
I’ < 50% and P > 0.10 were defined as non-significant
heterogeneity, and such data were evaluated using the fixed
effect model; otherwise, the random effect model was used
(21, 22). Subgroup analyses were conducted according to
the different study types [RCT and NRCT (non-randomized

controlled trial)]. A sensitivity analysis was carried out to evaluate
the stability of the outcomes. In addition, publication bias
was assessed by Begg’s funnel plots and Beggs test (STATA,
version 12.0) (23).

RESULTS

Study Selection and Characteristics

A total of 14 studies were included in the meta-analysis [two
RCTs (12, 24), seven retrospective studies (4, 5, 10, 11, 25—
27), and five prospective non-randomized studies (9, 16, 28—
30)]. A flow diagram of study selection is shown in Figure 1.

Frontiers in Oncology | www.frontiersin.org

-199-

July 2019 | Volume 9 | Article 597


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

NOSE in Colorectal Diseases

Liu et al.

‘gousI8jel Joi

leroausued) 'Y feuibeAsuel) A ‘feuesuel) ‘S fwinjoal ‘oY [Uuojoo ybL ‘DY ‘uojod Yoy ‘D7 ‘uojoo piowbis ‘0S ‘ueublew ‘eyy ‘ublueq ‘ueg ‘elewsy Y fafew ‘ ebels N [BOIUIO YNLO ‘[eL} paziuuopuei-uou aapoadsoid | Nd el
BON10adS01al ‘1Y el pajjouod paziopuel | DY ‘a|qejieA. Jou ‘v Xepul sSew Apoq ‘g ‘uoneinep piepuess ‘ds !(abuel) uepaul 10 gS F uesw ‘y [Aisbins 01d0oso.sede) [RUORUBAUOD T [UOIORIIXS UBWIOSUS 8olLI0 [Binjeu ‘JSON

L'SF 86

0S8  /8YFT8l -1 e SL INd L F6¢ET TLFLee  0CLFve9 8LLF6L9 842 v/ ze/9L BuUIUD 1102 (0€) e 10 Buix

o N -1 e AL INd  €eFeee 6CFSec  L0LF2€9 06F829 (48 () 85 85/85 ©2I0Y 7102 (62) 'Te 1o wiy

(82)

o8y ‘O VN VN ueg dl INd ©@te-v6l) 9z  (60e-261) 922 (1882098 (29-92) /v 0L/Ok 1/€ 02/0L  PuUepezimMS  ZL0g '[e 19 SIpuojoIslyD

08y ‘0] N -0 S SL 14 geFeee l'2¥F22% GELFGE9 v6F0E9  OLEl oL/el £2/82 ZN[Vie} 9102 (22) e e nx
€S FEGlL

o8y ‘0S /8°G F 9L [epN/ueg SL 14 ZeFvve TY¥Fvve  60LFLV9 6CLFEE9  L1/S9 Se/ly 901/28 uemel 210z (92) e 1o ygeines

o8y N E SL 14 (e8e-88l)8Ge (9ee-e21)eve (98-G2)S9 (06-02) €9  62/69 2S/0. 86/22 douel4 Gloz  (G2) e ¥eIsoueq
(ee—21)

0S 8L/lv—2l) Se YN [e/ueg dl 104 (62-02) 2 6z-81)g'ee (6201 8S (2L-1e)vS  OLOK GlL/S 02/02 wniBeg 710z (72) e 1 SNUHOM

o4 N -1 e AL INd  ZZFLee I'EF6EZ 9LLFOE9 TLLFOL9 (e ) ve vE/7E ©0I0Y L0z (91) 'Te 10 ed

o1 N e SL 104 YN vN (v8-6¥) 2. (98-1G)29  €z/2L ze/el Ge/se euyD €10z (c1) e e bune

o8y ‘0S N e SL 14 L' F L'eg 6'CF L€ S6FGSSS ©6F LS GL/LS £6/28 ze1/59 BulyD vLoz  (11) e ye Bueyz
892 F L0V

o4 /BSFrve -1 rewyueg AL 14 €8F9le L'9F 1'Se 68F699 06F9€9 ()oz () oz 02/02 vsSn 710z (01) e 10 premy

(6)

oS N N ueg Sl INd TV FGO0e 0eFGSSe  92LFS6S ¥6F 09 S/ LL/9 6/L1 souel LI0Z  [e 18 OUBURISOD

o8y N -0 AN AL/SL 14 zeFeee 6CF¥ec  SLLFY09 90LFE09 L6/ 904/2e 8e1/8¢E ©2I0Y 1102 () "fe 1o >ed

o8y N -1 e SL 14 N N OLLF€99 06F L9 N 8/z1L 05/02 ueder 102 (v) "le 1o epesiH

(19/3sON) (/W)
uonoasai adfy adfy (19/3SON)  (19/3SON)  ease
uoneoo]  Joudx3 WNLO oseasigyoeouddy  Apms (19/3SON) elNg (19/3SON) £obV Japuan sjuened  /Aiunod  Jesp sooudI9sRY

*SOIPN}S PEPNIOUL 8U} JO SOlsUeIoBIRUD dised | | 31GVL

July 2019 | Volume 9 | Article 597

-200-

Frontiers in Oncology | www.frontiersin.org


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Liu et al.

NOSE in Colorectal Diseases

FIGURE 2 | Risk of bias of randomized controlled trials assessed with the
Cochrane Risk of Bias tool.

Nine studies were from Asia, four from Europe and one from
North America. A total of 1,435 patients were included; 660
in the NOSE group and 775 in the CL surgery group. The
two groups were similar in terms of age (P = 0.12), body
mass index (BMI, P = 0.15), and extent of resection (P =
0.86). In the included studies, the main steps of NOSE and
CL regarding exploration, mobilization, and dissection were the
same. NOSE involves a natural orifice for specimen extraction.
However, CL surgery involves specimen extraction through the
abdominal wall. The basic characteristics of the studies included
are summarized in Table 1. All non-randomized studies had a
NOS score of >5, and RCTs had a low risk of bias. Quality
assessment results of the included studies are shown in Table 2,
Figure 2, respectively. Forest plots of all the outcomes are shown
in Figures 3-5 and Supplementary Figures 1-10. The meta-
analysis of the main endpoints is summarized in Table 3. The
meta-analysis of endpoints for cancers is shown in Table 4,
Supplementary Figures 1A, 4A-1.

Oncological Outcomes
Five-year DFS was reported in two studies (5, 25). Both of which
were NRCTs. There was no significant difference in 5-year DES
between the NOSE and CL surgery groups (HR = 0.84; 95% CI
0.54 to 1.31; P = 0.45). No significant heterogeneity was observed
(I* = 0%); therefore, the fixed effect model was used (Figure 3,
Supplementary Figure 1A).

A total of seven studies reported lymph node harvest
(4, 10, 11, 16, 26, 29, 30). All of which were NRCTs.
There was no significant difference in lymph node harvest

between the two groups (WMD = —0.97; 95% CI —1.97 to
0.03; P = 0.06). No significant heterogeneity was observed
(I* = 0%); therefore, the fixed effect model was used
(Figure 3, Supplementary Figure 1B).

Data on proximal and distal margins were available in three
studies (26, 27, 29). All of which were NRCTs. There was no
significant difference in proximal margin (WMD = 0.47; 95% CI
—0.49 to 1.42; P = 0.34) (Figure 3, Supplementary Figure 1C)
and distal margin (WMD = —0.11; 95% CI —0.66 to 0.45; P
= 0.70) (Figure 3, Supplementary Figure 1D). No significant
heterogeneity in proximal margin (I* = 0%) and distal margin
(I* = 24%) was observed; therefore, the fixed effect model
was used.

Safety Outcomes

A total of seven studies reported SSIs (4, 5, 10, 12, 26, 29, 30).
There were fewer SSIs in the NOSE group, and the difference
was significant (OR = 0.15; 95% CI 0.05 to 0.42; P < 0.001).
No significant heterogeneity was observed (I> = 0%); therefore,
the fixed effect model was used. The pooled OR for the NRCT
subgroup was 0.16 (95% CI 0.05 to 0.48; P = 0.001, I> = 0%)
(Figure 4, Supplementary Figure 2A).

Anastomotic leakage was reported in six studies (5, 9,
11, 26, 27, 29). All of which were NRCTs. There was no
significant difference in anastomotic leakage between the NOSE
and CL surgery groups (OR = 0.71; 95% CI 0.36 to 1.38;
P = 0.31). No significant heterogeneity was observed (I* =
0%); therefore, the fixed effect model was used (Figure 4,
Supplementary Figure 2B).

A total of seven studies reported blood loss (4, 5, 11, 16, 26, 27,
30). All of which were NRCTs. There was no significant difference
between the two groups (WMD = —12.23; 95% CI —29.35 to
4.90; P = 0.16). Heterogeneity was observed (P for heterogeneity
<0.001, I? = 89%); therefore, the random effect model was used
(Figure 4, Supplementary Figure 2C).

Data on intra-abdominal abscess were included in three
studies (5, 16, 29). All of which were NRCTs. There was no
significant difference between the two groups (OR = 1.34; 95% CI
0.30-6.05; P = 0.70). No significant heterogeneity was observed
(I’ = 0%); therefore, the fixed effect model was used (Figure 4,
Supplementary Figure 2D).

Data on total perioperative complications (such as wound
infection, anastomotic leakage, ischemia, bleeding, ileus, and
anal dysfunction) were reported in 12 studies (4, 5, 9-11, 16,
24-29). The results showed that the NOSE group had fewer
complications than the CL surgery group (OR = 0.56; 95% CI
0.41 to 0.75; P < 0.001). The difference was significant. No
obvious heterogeneity was observed (I> = 15%); therefore, the
fixed effect model was used. The pooled OR for the NRCT
subgroup was 0.55 (95% CI 0.41-0.74; P < 0.001, I* = 21%)
(Figure 4, Supplementary Figure 2E).

Other Outcomes

Data on operation time was available in 12 studies (4, 5, 9-
12, 16, 26-30). Compared to the NOSE group, the operation time
was shorter in the CL surgery group (WMD = 17.34; 95% CI
6.14-28.54; P = 0.002). Significant heterogeneity was observed
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TABLE 2 | Newcastle-Ottawa Scale for bias risk assessment of retrospective and prospective non-randomized studies.

References Case Representativeness Control Definition of Comparability Ascertainment SMACC Non- Total
definition selection controls of exposure response
rate
Hisada et al. (4) 1 1 1 1 1 1 1 0 7
Park et al. (5) 1 1 1 0 2 1 1 1 8
Costantino et al. (9) 1 1 1 1 1 1 1 0 7
Award et al. (10) 1 1 1 1 1 1 1 0 7
Zhang et al. (11) 1 1 1 0 1 1 1 0 6
Park et al. (16) 1 1 1 0 1 1 1 0 6
Denost et al. (25) 1 1 1 0 2 1 1 1 8
Saurabh et al. (26) 1 1 1 0 1 1 1 0 6
Xu et al. (27) 1 0 1 0 1 1 1 0 5
Christoforidis et al. (28) 1 1 1 1 1 1 1 0 7
Kim et al. (29) 1 1 1 0 1 1 1 1 7
Xing et al. (30) 1 0 1 0 1 1 1 0 5

SMACC, same method of ascertainment for cases and controls.

FIGURE 3 | Forest plot of oncological outcomes following natural orifice specimen extraction (NOSE) compared with conventional laparoscopic (CL) surgery.

(P for heterogeneity <0.001, I? = 81%); therefore, the random
effect model was used. The pooled WMD for the NRCT subgroup
was 18.83 (95% CI 6.48-31.17; P = 0.003, I> = 82%) (Figure 5,
Supplementary Figure 3A).

A total of 12 studies reported data on hospital stay (4, 5, 9-
12, 16, 26-30). Patients in the NOSE group had a reduced
hospital stay compared with patients in the CL surgery group.
The difference was significant (WMD = —0.56; 95% CI —1.09
to —0.04; P = 0.03). Significant heterogeneity was observed (P

for heterogeneity = 0.01, I’ = 54%); therefore, the random effect
model was used. The pooled WMD for the NRCT subgroup was
—0.66 (95% CI —1.22 to —0.10; P = 0.02, I* = 50%) (Figure 5,
Supplementary Figure 3B).

Five studies reported pain score using the visual analog scale
(VAS) on post-operative day 1 (9, 11, 16, 29, 30). All of which
were NRCTs. The NOSE group had a lower VAS score than
the CL surgery group. The difference was significant (WMD
—1.42; 95% CI —1.94 to —0.90; P < 0.001). Significant
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FIGURE 4 | Forest plot of surgical outcomes following NOSE compared with CL.

FIGURE 5 | Forest plot of other outcomes following NOSE compared with CL.

heterogeneity was observed (P for heterogeneity < 0.001, I’ =
85%); therefore, the random effect model was used (Figure 5,
Supplementary Figure 3C).

Data on time to first flatus was included in five studies (11,
16, 26, 27, 29). All of which were NRCTs. Compared with the CL
surgery group, time to first flatus was shorter in the NOSE group.
The difference was significant (WMD = —0.57; 95% CI —0.70
to —0.44; P < 0.001). No significant heterogeneity was observed
(I* = 0%); therefore, the fixed effect model was used (Figure 5,
Supplementary Figure 3D).

Publication Bias

We performed a funnel plot of the studies included to assess
publication bias. No obvious asymmetry was noted and none of
the studies were outside the limits of the 95% CI (Figure 6). No
significant publication bias among these studies was observed
using Begg’s test (P = 0.373). In addition, a sensitivity analysis
was performed using six outcomes (lymph node harvest, SSI,
anastomotic leakage, total perioperative complications, operation
time, hospital stay) and the results are shown in Table 5. Forest
plots based on exclusion criteria in the sensitivity analysis are
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TABLE 3 | Meta-analysis of main endpoints.

Endpoints No. of No. of trials NOSE CL HR/OR/WMD P-value 2 (%) P-value for
patients (No. of RCTs) (95%Cl) heterogeneity

ONCOLOGICAL OUTCOMES (REFERENCES)

Five-year DFS (5, 25) 496 2(0) 260 236 0.84 (0.54 to 1.31) 0.45 0.83

Lymph node harvest 727 7 (0) 295 432 —0.97 (—1.97 t0 0.03) 0.06 0 0.76

4, 10, 11, 16, 26, 29, 30)

Proximal margin, cm 350 3(0) 163 187 0.47 (—0.49 t0 1.42) 0.34 0 0.72

(26, 27, 29)

Distal margin, cm 350 3(0) 163 187 —0.11 (—0.66 to 0.45) 0.70 24 0.27

(26, 27, 29)

SAFETY OUTCOMES

Surgical site infection 808 7(1) 369 439 0.15(0.05 t0 0.42) < 0.001 0 0.99

4, 5,10, 12, 26, 29, 30)

Anastomotic leakage 819 6 (0) 383 436 0.71 (0.36 to 1.38) 0.31 0 0.96

(5,9, 11, 26, 27, 29)

Blood loss, ml 893 7(0) 378 515 —12.23 (—29.35 t0 4.90) 0.16 89 < 0.001

(4,5, 11,16, 26, 27, 30)

Intra-abdominal abscess 460 3(0) 230 230 1.34 (0.30 to 6.05) 0.70 0 0.47

(5, 16, 29)

Total perioperative 1,317 12 (1) 609 708 0.56 (0.41 t0 0.75) < 0.001 15 0.30

complications

(4, 5,9-11, 16, 24-29)

OTHER OUTCOMES

Operation time, min 1,175 12 (1) 518 657 17.34 (6.14 t0 28.54) 0.002 81 < 0.001

4, 5,9-12, 16, 26-30)

Hospital stay, day 1,175 12 (1) 518 657 —0.56 (—1.09 to —0.04) 0.03 54 0.01

4, 5,9-12, 16, 26-30)

Pain score 455 5(0) 190 265 —1.42 (—1.94 t0 0.90) < 0.001 85 < 0.001

9, 11, 16, 29, 30)

Time to first flatus, day 615 5(0) 262 353 —0.57 (—0.70 to —0.44) < 0.001 0 0.48

(11, 16, 26, 27, 29)

NOSE, natural orifice specimen extraction; CL, conventional laparoscopic surgery; HR, hazard ratio; OR, odds ratio; WMD, weighted mean difference; 95%Cl; 95% confidence interval;

DFS, diseases-free survival.

shown in Supplementary Figures 5-10. Finally, exclusion of any
single study and sensitivity analysis based on various exclusion
criteria did not affect the pooled results, except hospital stay based
on prospective studies.

DISCUSSION

This meta-analysis mainly focused on the oncological and safety
outcomes of laparoscopic colorectal surgery using NOSE. We
found that oncological outcomes and safety outcomes of NOSE
were not significantly different to those of CL surgery.

Surgical safety is always an important concern for surgeons.
Severe post-operative complications may even lead to failure
of the entire operation (31-34). An enterotomy within the
peritoneal cavity and insertion of an anvil into the abdominal
cavity through a natural orifice are necessary in some approaches
of NOSE, which can cause bacteriological concerns (13, 28, 35).
Costantino et al. and Wolthuis et al. studied the bacterial positive
rate in peritoneal fluid culture and demonstrated that, although
NOSE had a higher risk of peritoneal contamination, there
were no significant differences in clinical outcomes between the
two groups (9, 24). Recently, a multicenter study of 718 cases
from China further showed that the incidence of intraperitoneal

infection after NOSE was only 0.8% (36). To reduce the risk of
peritoneal bacterial contamination, pre-operative administration
of prophylactic antibiotics, pre-operative bowel preparation,
intraoperative peritoneal irrigation and intraoperative transanal
lavage are considered routine procedures in NOSE (15). From
our pooled data, SSI was reduced in the NOSE group and
the incidence of intra-abdominal abscess was not significantly
different between the two groups. Post-operative anastomotic
leakage is another severe complication in colorectal surgery, and
must be avoided. Several factors are considered to increase the
incidence of anastomotic leakage, such as excessive tension in
the reconstructed bowel, anastomotic ischemia, and anastomotic
technique (4, 33). A circular stapler device and end-to-end
anastomosis are commonly used in both groups. However,
anastomosis in CL colectomy is performed extracorporeally
and differs from that in totally laparoscopic surgery with
intracorporeal anastomosis (IA). During laparoscopic left
colectomy with extracorporeal anastomosis (EA), exteriorization
of the bowel requires greater mobilization of colonic segments
and the mesentery, which may result in mesenteric laceration
and bleeding, further endangering the blood supply of the
anastomotic stoma. However, IA requires less mobilization than
EA, and therefore facilitates the achievement of tension-free
anastomosis. Recent studies have demonstrated that compared to
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TABLE 4 | Meta-analysis of endpoints for cancers.

Endpoints (references) No. of No. of trials NOSE CL HR/OR/WMD P-value 12 (%) P-value for
patients (No. of RCTs) (95%Cl) heterogeneity

Five-year DFS (5, 25) 496 2(0) 260 236 0.84 (0.54 to 1.31) 0.45 0 0.83

Lymph node harvest 499 5(0) 193 306 —1.15(—2.40t0 0.11) 0.07 0 0.75

4, 11, 16, 29, 30)

Proximal margin, cm (27, 29) 162 2(0) 81 81 1.24 (—1.03 to 3.50) 0.28 0 0.74

Distal margin, cm (27, 29) 162 2(0) 81 81 —0.48 (—1.21 t0 0.25) 0.20 0 0.59

Surgical site infection 580 5(1) 267 313 0.14 (0.04 to 0.46) 0.001 0 0.98

(4, 5,12, 29, 30)

Anastomotic leakage 605 4 (0) 284 321 0.65 (0.31 t0 1.37) 0.25 0 0.88

(5, 11, 27, 29)

Blood loss, ml 705 6 (0) 296 409 —12.35 (—32.62 to 7.93) 0.23 91 < 0.001

4,5, 11,16, 27, 30)

Total perioperative complications 993 7 (0) 460 533 0.52 (0.37 t0 0.73) < 0.001 0 0.46

(4,5, 11,16, 26, 27, 29)

Operation time, min 891 8 (1) 389 502 13.70 (0.97 to 26.43) 0.03 83 < 0.001

4,5, 11,12, 16, 27, 29, 30)

Hospital stay, day 891 8 (1) 389 502 —0.64 (—1.19 to —0.09) 0.02 55 0.03

4,5,11,12, 16, 27, 29, 30)

NOSE, natural orifice specimen extraction; CL, conventional laparoscopic surgery; OR, odds ratio; WMD, weighted mean difference; 95%Cl; 95% confidence interval; Unite; min, minute.

FIGURE 6 | Funnel plot of publication bias based on total perioperative
complications (Begg’s test, P = 0.373).

EA, IA is not associated with a greater incidence of anastomotic
leakage (37-39). NOSE has a significant advantage in that it
reduces anastomotic leakage in ultra-low rectal anus-preserving
surgery (40). Unlike CL surgery in a narrow pelvic cavity,
NOSE can evaginate the rectal specimen through the anus
to the external, and easily close the distal rectum end under
direct vision, further reducing the incidence of anastomotic
leakage (41). The incidence of anastomotic leakage across the
included studies in the NOSE group was 3.6% and was 5%
in the CL group (Figure4). From the pooled data in the
present study, the incidence of anastomotic leakage was not
significantly different between the two groups. In summary,
we consider that laparoscopic colorectal surgery with NOSE is
surgically safe.

Lymph node metastasis, local recurrence (LR) and positive
margin are life-threatening conditions in colorectal cancer

surgery, often associated with worse overall survival (OS) and
DFS (42-47). In this study, we used 5-year DFS to evaluate
the long-term oncological safety of the NOSE technique.
Anatomically, the distribution of lymphatic vessels is in parallel
with the colonic mesenteric vessels. When the pre-resection
margin of the bowel is determined, the corresponding mesenteric
vessels are ligated, and the adherent lymph nodes are removed
accordingly. The exploration, mobilization and dissection steps
in NOSE and CL are almost the same, which indicates a similar
lymph node harvest in both groups. In our meta-analysis,
the number of lymph nodes harvested was not significantly
different between the two groups. In addition, the 2017 National
Comprehensive Cancer Network guidelines recommend removal
of at least 12 lymph nodes during lymphadenectomy for cancer
surgery. In all the studies included, more than 12 lymph
nodes were removed in each group. Therefore, we suggest that
laparoscopic NOSE can achieve adequate lymph node harvest
similar to CL surgery. Complying with the principle of tumor-
free during surgery is another challenge for NOSE. This concern
arises from an incision at the colorectal stump (or vagina) in
the abdominopelvic cavity and specimen extraction through a
narrow natural orifice which may cause cancer cell implantation,
and is a significant issue regarding LR and DFS (48). However,
in clinical practice, the following steps are taken to reduce
the risk of tumor seeding and peritoneal contamination: distal
cytocidal rectal lavage; and a specimen extraction bag or a
professional platform [transanal endoscopic operation [TEO]
device or transanal endoscopic microsurgery [TEM] device] is
inserted during the retrieval phase (15). Moreover, previous
studies have confirmed that LR after NOSE is comparable to
CL (5, 25). A tumor can achieve distant invasion by intramural
spread; therefore, inadequate surgical resection may lead to a
positive margin which is an independent factor of DFS (49).
Three of the included studies reported surgical margin status
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TABLE 5 | Sensitivity analysis of endpoints of interests.

Endpoints (references) No. of patients No. of trials NOSE CL OR or WMD (95%Cl)  P-value 12 (%) P value for
heterogeneity
LYMPH NODE HARVEST
All included trails (4, 10, 11, 16, 26, 29, 30) 727 7 295 432 —0.97 (-1.97 t0 0.03) 0.06 0 0.76
BMI < 30 (kg/m?) (4, 11, 16, 26, 29, 30) 687 6 275 412 —0.87 (-1.89t0 0.16) 0.10 0 0.77
Sample number >30 (11, 16, 26, 29) 569 4 239 330 —0.59 (—1.99t0 0.80) 0.41 0 0.64
Non-RCT (NOS = 6) (4, 10, 11, 16, 26, 29) 679 6 279 400  —0.71(-1.981t0 0.56) 0.27 0 0.71
Prospective trials (16, 29, 30) 232 3 108 124 —1.11(-2.5910 0.38) 0.14 0 0.53
TOTAL PERIOPERATIVE COMPLICATIONS
All included trails (4, 5, 9-11, 16, 24-29) 1,317 12 609 708 0.56 (0.41 t0 0.75) <0.001 15 0.30
BMI < 30 (kg/m?) (4, 5, 11, 16, 24, 26, 27, 29) 1,001 440 561 0.50 (0.34 t0 0.74) < 0.001 0.52
Sample number > 30 (5, 11, 16, 25, 26, 29) 1,065 499 566 0.57 (0.41 t0 0.79) <0.001 0.59
Non-RCT (NOS > 6) 1,231 10 566 665 0.57 (0.42t0 0.78) <0.001 1Al 0.34
(4,5,9-11, 16, 25, 26, 28, 29)
Prospective trials (5, 9, 16, 24, 29) 526 5 267 259 0.58 (0.36 to 0.93) 0.03 0 0.41
ANASTOMOTIC LEAKAGE
All included trails (5, 9, 11, 26, 27, 29) 819 6 383 436 0.71(0.36 to 1.38) 0.31 0 0.96
BMI < 30 (kg/m?) (5, 11, 26, 27, 29) 793 5 366 427 0.68 (0.34 to 1.34) 0.26 0 0.95
Sample number > 30 (5, 11, 26, 29) 747 4 343 404 0.70 (0.35t0 1.42) 0.33 0 0.92
Non-RCT (NOS = 6) (5, 9, 11, 26, 29) 773 5 360 4183 0.73(0.37 to 1.46) 0.38 0 0.94
Prospective trials (5, 29) 392 2 196 196 0.75(0.31t0 1.78) 0.51 0 0.60
SURGICAL SITE INFECTION
Allincluded trails (4, 5, 10, 12, 26, 29, 30) 808 7 369 439 0.15(0.05 to 0.42) < 0.001 0 0.99
BMI < 30 (kg/m?) (4, 5, 12, 26, 29, 30) 768 6 349 419 0.14 (0.04 to 0.42) < 0.001 0 0.99
Sample number > 30 (5, 12, 26, 29) 650 4 313 337 0.12 (0.03 to 0.45) 0.002 0 1.00
Non-RCT (NOS > 6) (4, 5, 10, 26, 29) 690 5 318 372 0.14 (0.04 to 0.47) 0.001 0 0.99
Prospective trials (5, 12, 29, 30) 510 4 247 263 0.14 (0.04 to 0.53) 0.004 0 0.93
OPERATION TIME
All included trails (4, 5, 9-12, 16, 26-30) 1,175 12 518 657 17.34 (6.14 to 28.54) 0.002 81 <0.001
BMI < 30 (kg/m?) 1,079 471 608 13.17 (1.86 to 24.47) 0.02 80 <0.001
4,5,11,12, 16, 26, 27, 29, 30)
Sample number > 30 (5, 11, 12, 16, 26, 29) 915 412 503  11.08(0.46 to 21.70) 0.04 72 0.003
Non-RCT (NOS > 6) (4, 5, 9-11, 16, 26, 28, 29) 1,011 444 567 14.84 (1.04 to 28.63) 0.03 81 <0.001
Prospective trials (5, 9, 12, 16, 29, 30) 604 298 306 17.36(11.43t023.28) <0.001 0 0.65
HOSPITAL STAY
All included trails (4, 5, 9-12, 16, 26-30) 1,175 12 518 657 —0.56 (—1.09 to —0.04) 0.03 54 0.01
BMI < 30 (kg/m?) 1,079 471 608 —0.71(-1.19to —0.23) 0.004 51 0.04
4,5,11,12, 16, 26, 27, 29, 30)
Sample number > 30 (5, 11, 12, 16, 26, 29) 915 412 503 —0.84 (—1.16t0 —0.53) <0.001 43 0.12
Non-RCT (NOS = 6) (4, 5, 9-11, 16, 26, 28, 29) 1,011 444 567 —0.88(—1.21to —0.56) <0.001 41 0.09
Prospective trials (5, 9, 12, 16, 29, 30) 604 298 306  —0.57 (—1.35t00.20) 0.15 62 0.02

NOSE, natural orifice specimen extraction; CL, conventional laparoscopic surgery; OR, odds ratio; WMD, weighted mean difference; 95%Cl; 95% confidence interval; BMI, body

mass index.

(26, 27, 29). All of which showed no positive surgical margin in
the NOSE procedures, and the margin was the recommended
distance from the center of the tumor (50). From our pooled
data, the proximal margin and distal margin in the NOSE
group were not significantly different compared to the CL
group. We also conclude from this meta-analysis that 5-year
DEFS in the two treatment groups was not significantly different.
Based on the above findings, we suggest that laparoscopic
colorectal surgery with NOSE meets the expectations concerning
oncological safety.

Previous studies have reported faster gastrointestinal recovery,
less post-operative pain and shorter hospital stay following
laparoscopic colorectal surgery with NOSE (51-54). The results
of our meta-analysis also suggested that the NOSE group had
less post-operative pain, shorter hospital stay and shorter time
to first flatus. Possible reasons for these advantages are as
follows: Laparotomy incision which traumatizes the abdominal
wall, is more likely to cause vessel and nerve injury, and lead
to increasing post-operative somatic pain (16). Reduction of
pain is constructive for post-operative stress which consists
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of inflammatory cascades, which once activated, may have an
adverse influence on recovery and hospital stay (55). Several
studies have also reported a decrease in post-operative analgesia
requirement, which may be beneficial for faster recovery (24, 26,
29). The NOSE technique is conducted totally intraperitoneal;
therefore, avoids intraabdominal organs contacting the external
environment, and disturbance in the abdominal cavity is slight
(56). In addition, patients in the NOSE group had early
ambulation which also led to faster gastrointestinal recovery
(11, 57). However, the operation time in the CL surgery group
was shorter than that in the NOSE group, probably due to
the time needed for purse-string suturing and anastomosis of
the colorectal stump (10, 16). One study reported a decreasing
trend in operation time, indicating the existence of a learning
curve in NOSE (4). Therefore, we are convinced that an
experienced surgeon may not need more time to complete
this procedure. In conclusion, as an incisionless operation,
the NOSE technique can aid early post-operative recovery of
gastrointestinal function.

However, there were some limitations in our meta-analysis.
Firstly, only two RCTs were included in our study, which may
influence the power of pooled results. Secondly, differences in
surgical proficiency in NOSE technology, T stage and tumor
location may lead to heterogeneity of some results. For instance,
operation time ranged from ~105-240 min and hospital stay
from about 4.8-12.9 d in the NOSE group. Thirdly, long-term
outcomes such as LR and OS are still lacking which could provide
further support of oncological safety.

Ma et al. conducted a meta-analysis on NOSE in 2015 (58).
The analysis included nine studies and a total of 837 patients,
and concluded that laparoscopic colorectal surgery with NOSE
can reduce the duration of hospital stay, accelerate post-operative
recovery with better cosmetic results, and result in less post-
operative pain. However, there are still concerns regarding the
surgical and oncological safety of this technique. Therefore, we
conducted a meta-analysis of 14 studies including a total of
1,435 patients. Moreover, we analyzed studies only involving
malignancies and concluded that the results were consistent
with our conclusions. The results of the sensitivity analysis and
subgroup analyses also support our conclusions and further
provide robust evidence on the reliability of our results. All
statistical methods mentioned above add credibility to the pooled
results of our meta-analysis. In summary, 5-year DFS, lymph
node harvest and surgical margin in the NOSE group were
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MRT—~ 1. Characteristics of cortical spreading depression and c-Fos expression in
a mouse model having the same mutation as the familial hemiplegic
migraine 2

2. Cortical spreading depolarization-induced photophobic behavior and
hypomotility can be reversed by sumatriptan and olcegepant.

FLUER) BB | mEEt O
REBR— LHIRMR

1) Purpose( B 1Y)

To clarify the pathogenesis of FHM2 by comparing the characteristics of cortical spreading
depression (CSD) and the expression of c-Fos in the brain after CSD in adult mice.
2) Approach (¥H5)

CSD is thought to be the underlying mechanism of migraine aura. Three relatives defined as
familial hemiplegic migraine 2 (FHM2) characterized by complicated forms of aura had the point
mutation E700K in ATP1A2 exon 15[,

3) Materials and methods (1%} & 775%)

CSD was induced by applying stepwise increases of KCl concentration to C57BL/6J-
Tg(Atpla2*E700K)9151Kwk mice (Tg, both sexes) and corresponding wild-type animals (WT).
Under urethane anesthesia, the responsiveness and threshold to CSD were examined(?], and the
distribution of expression of c-Fos, a neuronal activity marker, was immunohistochemically
determined.

4) Results (RER%ER)

Overall, Tg mice showed both faster propagation velocity and longer full-width-at-half-
maximum than WT, representing a slower recovery from DC deflection. The CSD threshold
tended to be lower in Tg, especially in females. c-Fos-positive cells were markedly enhanced in
the ipsilateral somatosensory cortex, piriform cortex, and amygdala, and weakly enhanced in
striatum. Numbers of c-Fos positive cells were greater in the ipsilateral amygdala of Tg, as
compared with WT.

5) Discussion (%£%%)

The effect of CSD may be greater in E700K transgenic mice than that in WT, while threshold
for CSD shows little change, but the. Higher c-Fos expression in the amygdala may indicate
alterations of the limbic system in Tg, suggesting an enhanced linkage between CSD and
amygdala connectivity in FHM2 patients.

6) Reference(Z7% X#k)

[1] Pierelli F, Grieco GS, Pauri F, et al. A novel ATP1A2 mutation in a family with FHM type
I1. Cephalalgia. 2006,26(3):324-328.

[2] Unekawa M, lkeda K, Tomita Y, et al. Enhanced susceptibility to cortical spreading
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depression in two types of Nat,K+-ATPase o2 subunit-deficient mice as a model of familial
hemiplegic migraine 2. Cephalalgia. 2018, 38(9):1515-1524

FE " 2HRHME

1) Purpose( B &Y)

To elucidate whether cortical spreading depolarization(CSD) induction caused
photophobic behavior in mice and whether this phenomenon can be reversed by sumatriptan
(SUM; 5-HT1B/1D agonist) or olcegepant (OLC; calcitonin generelated peptide receptor
antagonist).

2) Approach (E:R)

CSD is regarded as the neural mechanism underlying migraine aura ['-?l. Photophobia is not
only a most bothersome accompanying symptom during migraine attacks but also a
persistent complaint in the interictal period in some patients, which leads to significantly
lowered quality of life. Photophobia is known to be more prevalent in patients with migraine
with aura than in those with migraine without aura P!,

3) Materials and methods (#1 %} & J57%)

Adult male C57BL/6 mice were divided into 5 experimental groups (Sham-Vehicle, CSD-
Vehicle, CSD-SUM 0.6 mg/kg, CSD-OLC 0.25 mg/kg, and CSD-OLC 1.0 mg/kg; each
N=8). Five times of CSD were elicited by the application of KC] over the occipital cortical
surface. Locomotive behavior was monitored for 30min in the free-moving light/dark
chamber at 24 h before and 24 h after CSD or sham operation. The drugs and vehicle were
intraperitoneally injected just before the last behavior test.

4) Results (RERER)

The mice subjected to CSD spent significantly less time in the light compartment than
sham-operated mice at 24 h after surgical procedures (121 £ 39 sec vs. 412 = 103 sec,
P=0.0021), indicating development of photophobia. Locomotive activity significantly
reduced in CSD-affected mice than in sham-operated mice in both zones. Both SUM and
OLC prolonged the time spent in light and reversed CSD-induced reductions in ambulatory
time and distance.

5) Discussion (5%8)

CSD is causative of photophobia, which can be alleviated by sumatriptan and olcegepant.
Further, these agents are capable of improving locomotive activity irrespective of the
presence of light stimulation.

6) Reference(Z% X#k)

[1] Leao AAP. Spreading depression of activity in the cerebral cortex. J Neurophysiol.
1944,7:359-90.

[2] Ayata C. Cortical spreading depression triggers migraine attack: pro. Headache. 2010;
50(4):725-30.

[3] Noseda R, Copenhagen D, Burstein R. Current understanding of photophobia, visual
networks and headaches. Cephalalgia. 2018:333102418784750.
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