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Abstract

Background: Locally advanced pancreatic cancer (LAPC) remains a challenge for
current treatments. Local destructive therapies, such as irreversible electroporation
(IRE) and radiofrequency ablation (RFA), were used more and more frequently in
the treatment of LAPC.

Objective: This study aimed to compare the efficacy of IRE with RFA in patients
with LAPC.

Methods: From August 2015 to August 2017, 58 LAPC patients after IRE or RFA
therapy, which was performed through open approach, were retrospectively re-
viewed. The survival outcomes after IRE (36 patients) and RFA (18 patients) were
compared after propensity score matching (PSM) analysis.

Results: Before PSM analysis, IRE after the induction chemotherapy resulted in
significant higher overall survival (OS) rates and progression-free survival (PFS)
rates to RFA (2-year OS, 53.5% vs 30.8%, P = .013; 2-year PES, 28.4% vs 12.1%,
P = .043). After PSM analysis, compared with RFA, the survival benefit of IRE was
even more obvious, (2-year OS, 53.5% vs 27.0%, P = .010; 2-year PES, 28.4% vs
6.4%, P = .018). For patients with tumor larger than 4 cm, IRE resulted in compara-
ble OS and PFS between RFA and IRE while IRE also achieved better long-term OS
to RFA for those with tumor smaller than 4 cm. Multivariate analysis illustrated that
IRE was a favorable prognostic factor in terms of OS and PFS in patients with LAPC.
Conclusions: IRE after induction chemotherapy is superior to RFA after induction
chemotherapy for treating LAPC patients while these two therapies have comparable

efficacy for tumors which were larger than 4 cm.
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1 | INTRODUCTION

Pancreatic cancer (PC) is associated with poor survival
with a dismal 5-year survival rate of only 7%.' There was
little significant progress in the treatment of PC during
the past two decades.” Although surgery provides the
best chance to obtain better survival, only 15% of patients
were eligible candidates for surgery. More than half (55%)
of patients have metastatic PC. Another 40% of patients
were classified as locally advanced PC (LAPC), which
were characterized with vascular involvement prohibiting
upfront resection.*® There was no consensus on the most
suitable treatment for patients with LAPC. The most fre-
quently recommended treatment was chemotherapy and
chemoradiotherapy, which only achieved modest survival
benefit for patients with LAPC.” The median overall sur-
vival (OS) was only 9-12 months for LAPC patients treated
with chemotherapy or chemoradiotherapy.®'* In addition,
it was shown that locally destructive disease was responsi-
ble for half of mortalities in patients with LAPC, although
distant metastasis was found to be the most common form
of disease progression,'! indicating the importance of local
destructive therapies. Considering the limited success of
current therapy for the local control of disease and prolong-
ing survival of patients with LAPC, novel local destructive
therapies have been tried and viewed as more and more im-
portant treatments.'”

Nowadays, new insights have been focused on some
novel local therapies as new treatment options for LAPC,
including radiofrequency ablation (RFA) and irreversible
electroporation (IRE)."? Radiofrequency ablation has been
applied in solid organ malignancies, such as renal carci-
noma,14 hepatocellular carcinoma,l5 and LAPC.'%18 Also,
as a subsequent treatment after induction chemotherapy
in LAPC, there were many studies illustrating the survival
benefit of IRE.'”?' As a nonthermal method, IRE cre-
ates defects in cell membrane through the transmission of
high-voltage currents through the tumor, inducing loss of
homeostasis and apoptotic death of tumor cells.”! However,
there is only limited evidence of which ablation method is
survival beneficial to the LAPC patients.”* Therefore, the
primary aim of this study was the OS comparison and the
secondary aim was the progression-free survival (PFS)
comparison in LAPC patients who received IRE and RFA
after the induction chemotherapy.

2 | METHODS

2.1 | Patients

Patients who were diagnosed with LAPC and had received
IRE or RFA combined with induction chemotherapy from
August 2015 to August 2017 at Sun Yat-sen University
Cancer Center were retrospectively reviewed. The diagnosis
of LAPC and the final therapy were confirmed by a multi-
disciplinary team, which included specialized pancreatic sur-
geons, oncologists, pathologists, and radiologists. Patients
who were pathologically confirmed pancreatic adenocar-
cinoma and radiologically confirmed LAPC were included
into this study. Locally advanced pancreatic cancer was de-
fined as the description of AJCC staging system for pancre-
atic cancer.”** All LAPC patients had received four months
of induction chemotherapy (FOLFIRINOX or Gem-based
chemotherapy)25 and those who were also judged as unre-
sectable ones after induction chemotherapy were included
in this study. A total of 378 patients were included into this
study and 303 patients were excluded based on the follow-
ing exclusion criteria: (a) second primary cancer; (b) distant
metastases; (c) other treatments, such as surgical resection
and radiotherapy; (d) a history of heart arrhythmia; and (e)
missing or incomplete information. Finally, 75 patients were
enrolled into this study. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki and
obtained approval from the Ethics Committee of Sun Yat-
sen University Cancer Center. Written informed consent was
obtained from all patients.

2.2 | Data and treatment procedure

The associated clinical data were retrieved and analyzed.
Carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic
antigen (CEA) were taken after chemotherapy and prior to
ablation. Before induction chemotherapy, which was con-
ducted as the procedures described in our previous study,25
biopsy was finished for all patients and tumor grade was de-
termined. After induction chemotherapy, as long as no me-
tastases were detected, IRE or RFA was performed and the
same line of chemotherapy was followed after IRE or RFA
therapy. A diagnostic laparoscopy is adopted to confirm
that no metastasis is present. If none is found, IRE or RFA
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is performed. As shown in our previous study,25 specialized
pancreatic surgeons performed all IRE and RFA, which were
performed using an open technique and guided by intraopera-
tive ultrasound. The general anesthesia with deep neuromus-
cular block was adopted. In the procedure of IRE, under the
guidance of ultrasound during surgery, 2 to 6 probes were
adopted to create an electric field around the tumor, which
caused nanoscale pore formation in the cell membrane. Also,
the electrode of RFA was placed at the center of tumor. The
ablation of IRE and RFA was monitored with ultrasound dur-
ing surgery. The same line of chemotherapy was performed
7-14 days after IRE treatment. According to the guidelines
from National Comprehensive Cancer Network (NCCN),
4 cm was adopted as the cutoff value of tumor size in this
study. Tumors which were larger than 4 cm were classified as
large ones for pancreatic cancer. To further compare the ef-
ficacy of IRE and RFA in LAPC patients with large tumors,
the survival comparisons of IRE and RFA were conducted in
patients with tumors that are larger than 4 cm.

2.3 | Follow-up

The follow-up procedures, including hematological examina-
tion, such as CA19-9 and CEA analysis, and radiological ex-
amination (abdominal CT or MRI) were regularly performed
for patients, who had the first one at approximately 1 month
after IRE or RFA and the following ones every 2-3 months
thereafter. OS and PFS were defined as the duration from
the date of induction chemotherapy until death or disease
progression. If no endpoint event was observed, the date of
last follow-up was also used to calculate OS or PFS. The last
follow-up was completed on September 30, 2018.

2.4 | Propensity score matching
(PSM) analysis

To minimize selection bias, PSM analysis was utilized based
on the following factors: age, gender, tumor site, tumor size,
tumor grade, TNM stage, CA19-9, and CEA. A two-to-one
nearest-neighbor matching algorithm26 and “Matchlt” pack-
age in R software were adopted to perform PSM analysis.

2.5 | Statistical analysis

The independent sample ¢ test, Mann-Whitney U test, and
chi-square test were used to compare the continuous and cat-
egorical variables, respectively. The survival differences in
terms of OS and PFS were compared by the log-rank test
and survival curves were analyzed using the Kaplan-Meier
method. Prognostic factors of survival and the associated
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corresponding 95% confidence intervals (Cls) were deter-
mined by multivariate analyses using the Cox regression
model. Statistical significance was considered when two-
tailed P value < .05 was obtained. All statistical analyses
were performed using R software version 3.4.2 software (R
Foundation for Statistical Computing, Vienna, Austria).

3 | RESULTS

3.1 | Patient

A total of 75 consecutive LAPC patients were identified to
have IRE or RFA after the induction chemotherapy. Among
this cohort, 8 patients were excluded due to other treatments
other than IRE or RFA. Additional patients were excluded
due to metastatic diseases developed after the induction
chemotherapy (n = 5), a history of second primary malignant
tumors (n = 3), or a history of heart arrhythmia (n = 1). After
the exclusion process, there were 58 patients available for
analysis (IRE: 36 and RFA: 22). The baseline characteris-
tics of patients allocated to IRE or RFA were described in
Table 1. Patients in the IRE group were likely to have tumors
located in the head of pancreas while tumors with tumor-
node-metastasis (TNM) stage III was a little more frequently
observed in patients in this group. After PSM analyses, 36
patients in the IRE group and 18 patients in the RFA group
were matched and compared. FOLFIRINOX- and Gem-
based chemotherapy were applied to 21 (58.3%) and 15
(41.7%) patients in the IRE group, which was similar with
that of the RFA group. All other factors were balanced be-
tween two groups after PSM analysis.

3.2 | Survival and tumor
progression analysis

The whole study cohort was regularly followed up at a me-
dian time of 10.0 months (range 1.2-75.0 months). The 1- and
2-year OS rates were 60.7% and 42.5%, respectively. A total
of 7 (19.4%) deaths and 11 (61.1%) deaths were observed in
the IRE and RFA groups, respectively (P = .005). Before
PSM analysis, the 1- and 2-year OS rates for patients in the
IRE and RFA groups were 71.4%, 53.5% and 41.3%, 30.8%,
respectively (P = .013, Figure 1A). After PSM analysis, pa-
tients in the IRE group still had significant higher OS rates
than those in the RFA group (1-year OS, 71.4% vs 40.5%;
2-year OS, 53.5% vs 27.0%; P = .010, Figure 1B).

Tumor progression was recorded in 17 (47.2%) and 15
(83.3%) patients in the IRE and RFA groups, respectively
(P = .018). Local recurrences were observed in 6 (16.6%)
patients in the IRE group and 5 (27.7%) patients in the RFA
group. In terms of distant metastases, patients in the RFA
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FIGURE 1 The Kaplan-Meier survival curves of overall survival stratified by treatment strategies for patients with LAPC before (A) and

after (B) propensity score matching

group have more cases (n = 10, 55.5%) than those in IRE
group (n = 11, 30.5%). The 1- and 2-year PFS rates for pa-
tients in the IRE and RFA groups were 28.4% and 28.4%, and
30.3% and 12.1%, respectively (P = .043, Figure 2A) before
PSM analysis while after PSM analysis, 1- and 2-year PFS
rates for patients in the IRE and RFA groups were 28.4%
and 28.4%, and 25.7% and 6.4%, respectively (P = .018,
Figure 2B).

Tumor size was an important factor which may have an ef-
fect on the efficacy of ablation therapy. Four centimeter was
adopted as the cutoff value of tumor size in this study. Fifteen
(41.7%) patients and 9 (50%) patients had tumors which were
larger than 4 cm in the IRE and RFA groups, respectively. For
cases with LAPC larger than 4 cm, long-term OS (P = .675,
Figure 3A) and PFS (P = .098, Figure 3B) rates were similar
between two groups. However, patients whose tumor sizes
were smaller than 4 cm had significantly higher OS rates
in the IRE group than those in the RFA group (P < .001,

A
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Figure 4A). In addition, the survival benefit for PES were
also different between two groups, although the difference
was not significant (P = .080, Figure 4B).

3.3 | Prognostic factors associated with
OS and PFS

As shown in Table 2, univariate analysis revealed that IRE
treatment, tumor grade, ALB, and CRP were associated
with OS. Moreover, multivariate analysis identified several
independent prognostic factors, including chemotherapy
followed by IRE treatment (HR = 4.120; 95% CI, 1.493-
11.371; P = .006) and ALB level (HR = 0.240, 95% CI,
0.074-0.780, P = .018). For PFS analysis, the only factor
identified by univariate and multivariate analyses was IRE
treatment (IRE vs RFA, HR = 2.330; 95% CI, 1.138-4.768,;
P =.021) (Table 3).
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FIGURE 2 The Kaplan-Meier survival curves of progression-free survival stratified by treatment strategies for patients with LAPC before

(A) and after (B) propensity score matching



HE ET AL. . . 4705
Cancer Medicine —WI LEYJ—
fOpen Acces:)
A . AR B g
100 1T m==Tw 1 Lul IRE 100 L : ——= IRE
90 L RFA = 90 g RFA
H [ Y
—~ 80— H 2 80 — L
5 e P-4
T 70 ; E 70 L.
2 ! g l
© - = _ 1
% 90 E g 89 e e b |
1
2 50 o L R el o 50 i
H | g !
® 40 — 1 b= 40 — i
g | s |
s 30— ! & 30— T DL D L i
[¢) -— 2
20 - 9 20
2
- P=.675 £ P =.098
0 — 0 —
T ! I X T Y I ! I 0 T I ! 1 ! I 4 I L I ' 1
0 5 10 15 20 25 0 5 10 15 20 25
Number at risk Survival time (months) Number at risk Survival time (months)
Group: IRE Group: IRE
15 8 3 3 1 0 15 8 1 1 1 0
Group: RFA Group: RFA
9 4 4 4 3 3 9 3 2 2 0 0

FIGURE 3 The Kaplan-Meier survival curves of overall survival (A) and progression-free survival (B) stratified by treatment strategies for

LAPC patients whose tumor was larger than 4 cm
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FIGURE 4 The Kaplan-Meier survival curves of overall survival (A) and progression-free survival (B) stratified by treatment strategies for

LAPC patients whose tumor was smaller than 4 cm

3.4 | Complications comparison

As shown in Table 4. No intra-abdominal hemorrhage after
treatment was observed in both groups. Drainage of seroperi-
toneum was conducted in one patient in the IRE group and
two patients in the RFA group. In addition, acute pancreatitis
occurred in two patients in the RFA group while no cases
occurred in the IRE group. In terms of minor complications,
fever and pain were the most common complications in both
groups. Significantly more cases in the RFA group (9 of 18
patients) had fever than those in the IRE group (4 of 36 pa-
tients) while similar proportions of patients in both groups
had pain after treatment and required analgesics. Notably,
more patients in the RFA group had vomiting (4 of 18 pa-
tients) than those in IRE group (1 of 36 patients). All patients
with complications received appropriate therapy and reached
the discharge criteria.

4 | DISCUSSION
Locally advanced pancreatic cancer, a devastating disease,
owns relatively high mortalities and extremely low long-term
survival rates.””?® IRE and RFA can be used as local ablation
methods after the induction chemotherapy for patients with
LAPC, while the comparison of treatment efficacy of IRE
and RFA remains unclear. The present study showed that al-
though patients in the IRE group were associated with more
advanced TNM stages, IRE was superior to RFA with respect
to 1- and 2-year OS and PFS for all patients and those whose
tumor sizes were smaller than 4 cm. The survival differences
were even more obvious when the baseline factors were bal-
anced between two groups.

As a local thermal ablative method, RFA generates
local high temperatures through the high-frequency alter-
nating current, leading to coagulative necrosis and protein



HE ET AL.

JUNOD [[99 POO[q AMYM ‘DM oFeIs
SISBISLIOW-IPOouU-Iown) ‘ANL UIqNIIIq 210} “TIg.L Sunod jo[aeld ‘114 ‘siseisejowr apou ydwAy ‘N'T urqniiqiq joaxpur “rgy ‘uesSnue soeyns g snnedoy ‘Sysgy ‘ueSnue ooejins g snnedoy ‘Sysgy :osepndodsuen jAweiny3d
‘1LOD ‘urajoid 9an0RI-D) ‘YD ‘UeSTUR OTUOAIQUILOUTIIRD ‘YD ‘6-6] UeSNUE 91eIpAyoqIed ‘6-6] V) ‘oserojsuenourwe ojeyredse ‘[ SV ‘oseurwesue) suruefe ‘[ TV ‘osejeydsoyd sureye ‘g TV ‘urunge ‘g TV :SUONRIAIQQY

@

MWI EY—Cancer Medicine

wen
IN 80T TOI'TSHP0  6TLO IN 8¢’ 66T°1-80S0  TIS0 /XONRIIATOA  2d&) Adesogrowoy)
900" ILETI€6Y'T  0TI'Y  SIO° SIL'SH9TT  0TEE 8000  €0SOI-9TH'T  OL8C  SIO0 ov1'8-0TTT  IST'E VA /A1 dnoip
IN 926’ 81696110 8060 IN €06 989'9-911°0  T88'0  9ANISOd /oAneSoN 3vsaH
IN s61° 89v'9-¥89'0  €01°C IN 9T 020'9-€¥9'0 96T SE</SES (w/n) 6-61VD
IN YOE” VY9790  YLYT IN 6Tt 6L6'€-9SS0  SSY'T §</SS (Tw/3u) vad
W8T T99S-€090  SYS'T 120 0ST'8-S8I'T  LTI'E €75 OPLETISO  PSET 650 61S'9-LYOT  €19T €< /€S (1/3W) J4D
IN 91L €68°6-L6T0  SIET IN sy 8656880  OLT'T SI</STS (7/10uwm) Trdr
IN 05" 89T°T061°0 9590 IN s 0LTTT6I0 1990 $0T< /S'0T5 (7/10wm) gL
810"  08L0-VL00  OvZTO  #00° €65°0-8900  00T0 00" 18502900  681°0 100 L9V'0-0900  L9T0 0v< /0v> 13) 91V
IN 9L9’ SLOE-T8H0  8ITT IN 989’ €L6'T8SY0  SOTT Sh< /SHS (1/0) 199
IN oL CETTHEED 1980 IN (743 PPTTI9€0 0060 001< /001> (V) 4TV
IN 626 1L9°€-S0€0  6S0'T IN 661" Ovvv-v8Y°0 9%l ov< /Ov> (V) LSV
IN S6t° 996'1-LYT0  L69°0 IN 18§ 910'C-L8T0  09L0 ov< /Ov> (V0 L1V
IN L TISYLSE0 6971 IN 598 SOT'€-0970 8680 00€< /00> (01+) L'1d
IN zss 61T7-1L00  O¥SO IN 0LS 1TTH-€L00 9SS0 0T1< /0TIS (1/3) 94oH
IN €T 19L°6-085°0  299'1 IN e 1SOS-LLYO  THO'T 01< /01> (01+) DM
IN 8€9" 6vTT-8090  OLI'T IN 6v9’ €01'T-6290  ISI'T el /&pod /pesH a)1s Jowng,
IN 651" 916'8-LEL0  €9ST IN 8€T’ LSL'STVL'O  1SST U821 d UISqY sIseiseioW N'T
1004
L8O’ LTTS68°0 91T LTO° 6v6'S-vIT'T  YLST  LTO SLS9-1ZI'T  SILT  €10° PLL'9-6STT  176T [PVeIOPOIN /TIOM apeid sowng,
IN 818’ L89°T-8SK'0 6011 IN 198° 081'Tv6€0  LT60 v<t~ TS (wo) 9z1s Jown,
IN 08¢’ 1S6'€-T6S0 6781 IN €8¢ 1S8°€-9650  SIS'T S[BIN /TBW 10pudD
IN 9L €€6'T-SSH0  SST'T IN 9 80S°€-695°0  SOV'T 09< /095 (K) 98y
d 1D %S6 ¥H d 10%S6 ¥H d 10%S6 ¥H d I0%S6 ¥H ansRRIEY)

SISA[eUR J)BLIBATINIAI

SISATeUR d)RLIBATU()

SISA[eUR J)eLIBATINIAI

SISA[eUR dJBLIBATU()

INSd BYV

INSd 21039

syuaned ur SO JO sesAJeue QjeLIBAD AW PUR ARLATU) T A TIV.L



4707

JUNOD [[99 POO[q AYM ‘DA oFeIs
SISE)SBIQW-ApoU-JoWwn) ‘IAN.L SUIqniIyiq (8103 “rg.L unod 19[terd ‘114 ‘siseiserowr opou ydwA| ‘N curqniyiq joaarpur “Jrgy ‘uasnue aoejins g snneday ‘SysgH ‘uadnue aoeymns g snnedoy ‘Sysgy tosepndadsuen [Awen3
‘LOD ‘urejord 9ANORAI-D ‘D {ueSnue JTU0AIqUILOUTIRD VD) (6-6] UISHUE 91eIpAY0qIed ‘G- V) ‘oseIojsuenourue eiedse 1Sy oseuruesuen autuee [Ty ‘esejeydsoyd aureye ‘g TV ‘urunqge ‘qIy :SUONRIAIQQY

—WILEY

ICIne

Cancer Med

HE ET AL.

wan
IN 9¢6’ 8EY T-91L°0 YI0'T IN 779" 0€S'T-69L°0 ¥80'T /XONIIIATOA  2d& deroqiowey)
89L't 0cet
120°0 8EI'1 0€€T 120’ 89Lv-8€1'1 0€€'T 8€0°0 “€h0'1 STIe LYO" 62176001 170°C VA /381 dnoin
IN SeL T80 P ILED 0€T 1 IN LOL Y91'7-08€°0 8GT'T  PADISOJ /AATIESON SysdH
IN sSr 16T 776L°0 98’1 IN 661° 1207-6¥L°0 SeLl Se</ses (quw/n) 6-61VD
IN 08T €50°€-¥TL0 L8F'T IN 09" 669'C-8€9°0 TIeT S</SS (Tw/3u) VD
IN LLL 0St'TTIS0 0TIl IN 96’ 790°C-19t°0 SL60 €< /€5 (1/3u) 2AD
IN 0LE 880'%-265°0 9661 IN Tse LET'H-€09°0 08S'T SI</SS (‘T/10wn) 141
IN L8T SYE1-0TT0 vPS0 IN ¥$T ESTI-€7T0 7650 $0T< /S°0TS (‘T/10wn) 1AL
888°0
IN LOT SLT'T-681°0 L0 920°0 9G1°0 TLEO vE0" 0£6'0-$91°0 T6£°0 0F< 0v> (1/3) 91V
IN 91T £0€ 1-60€°0 $€9°0 IN €r STT1-00€°0 9090 SP< /SPS (1/n) LoD
IN Wl 00T 1-6LT°0 8LS0 IN 0Er SLI'T-¥8C0 8LS0 001< /001> (TN d1v
IN 956° S6vT-1T 0 STo'1 IN 69S° £P6°T-€5S°0 SLT1 0r< /0v> (1) LSV
IN Wy £08°1-¥8€°0 €80 IN LSS £89°1-08€°0 0080 0F< /0> (1N L1V
IN Iy 1102 181°0 ¥09°0 IN 691" LTV T-TET0 PEY0 00€< /00€> (01+) L'1d
IN SLED S0T'T-TTI0 0280 IN L9€’ 081°C-221°0 SIS0 0TI< /0TI> (1/3) 95H
IN €8¢ 8LOP-€8S°0 el IN 69¢° 60172650 0981 01< /01> (01 D9M
IN 1LL 9LL1-€59°0 LLO'T IN 606° SPSI-€19°0 €L6'0 I /Apog /peeH 3N Jown,
IN oLg 9TTE-919°0 laad IN 9LE 681°€-$79°0 Yerl Jussald /UASqY SISEISEIOW N'T
1004
IN oYL 0S6'1-619°0 860°1 IN 08" 6611690 TETT  [PIBIPOIN /IPM opeds Jowmn,
IN L69° SITTL8S0 1711 IN 9L8’ SIS 1-L610 0$6°0 < ~TIS (wro) dzIs own,
IN €LT 06£'€-€08°0 0591 IN L6T 206'T-CTL0 81 S[BIN /o[eWa] Iopuon
IN seg Y88 1-LSH0 LT60 IN LOL 6LTTTLS 0 Wl 09< /09> (sreak) o3y
d IO %S6 dH d 1D %S6 dH d 10%S6 aH d 10%S6 4H RIENACIRLAL! g)

SISA[eu d)eLICA)NIA

SISA[eU® JJELIBATU()

sISA[eue JeLIBAT)[NIA

SISA[BUR 9)CLIBATU)

NSd BV

INSd 21039

syuaned ur Sd JO SesATeur ojelIA)[NW pue ojeleATU) € HTAV L



HE ET AL.

4708 .
—I—Wl EY—Cancer Medicine _

TABLE 4 Procedure-related

Before PSM After PSM L
complications
IRE RFA IRE RFA
Variables m=36) (n=22) P (n = 36) (n=18) P
Major complications 2 7 2 7
Seroperitoneum 1 2 551 1 2 255
(require drainage)
Acute pancreatitis 0 2 .140 0 2 107
Abdominal infection 1 3 148 1 3 .103
Minor complications 24 37 24 33
Fever (axillary 4 11 .002 4 9 .005
temperature > 38.5°C)
Pain (requiring 23 18 234 23 16 .062
analgesics)
Diarrhea 2 3 .357 2 3 319
Vomiting 1 4 .063 1 4 .038

denaturation inside neoplastic tissue.”> The efficacy is
partly limited by the heat sink effect in the heavily vascu-
larized pancreas. Heat was dissipated by the blood vessels
near ablation probes, leading to an area of lower tempera-
ture of the neighboring tumor cells.”*" Moreover, during
the procedure of RFA, temperatures higher than 90°C could
induce thermal injuries and the injuries will increase with
the elevation of temperatures. Therefore, the whole tumor
ablation usually is avoided. The procedures of pull-backs of
the tips left a “security ring” at the periphery of the tumor,
preventing high temperature diffusing to healthy surround-
ing tissues.?%3! Therefore, to some extent, RFA can hardly
achieve complete ablation in PDAC.?* The incomplete ab-
lation would result in rapid local recurrence and decreased
long-term survival. In contrast, relying on the applica-
tion of short and high-voltage current pulses through the
tumor, IRE causes irreversible permeabilization in cell
membrane integrity and induces subsequent apoptosis.33
Therefore, IRE is not affected by the heat sink effect. The
use of multiple needles allows bracketing the artery and
leads to negligible amount of heat. Therefore, whole tumor
can be surrounded by electric field of extremely high volt-
age without harming nearby important structure around
pancreas.22 Therefore, the application of IRE seems to be
more appropriate than RFA for PDAC, which is charac-
terized by encapsulating celiac axis or superior mesenteric
artery. In addition, by disrupting the dense stroma of LAPC
and reconstruction of microcirculation,34 IRE contributed
to the chemotherapy delivery to tumor, which also partly
explained the survival benefit of IRE combined with sys-
temic chemotherapy in patients with LAPC. Additionally,
compared to other thermal ablative methods, IRE owns
the nonthermal feature, which ensures the clinical effect
is free of heat sink effect and leaves the supporting tissue
largely unaffected. Considering the nature of preservation

of vessels which is helpful for the transmission of immune
molecules or cells, IRE may be more immunological sen-
sitive than thermal ablations. Robert et al had shown that
greater immune effect and therapeutic efficacy caused by
IRE therapy in immunocompetent mice were observed
than those in immunodeficient models, indicating that IRE
could induce a systemic response beyond the targeted ab-
lation region.35 Previous studies have illustrated the im-
mune-stimulation effect induced by IRE was helpful for the

36-38 \which would also act as the reason

survival elevation,
why IRE could work better than RFA in improving survival
in LAPC patients.

A summary of studies which included a total of 106 LAPC
patients after RFA treatment showed that the median postop-
erative complication rate and mortality were 28.3% and 7.5%,
respectively.32 The median survival was 6.5 months in that
study, which was similar with that of our results. In this study,
LAPC patients who were treated with IRE combined with
induction chemotherapy had a median OS of 21.6 months,
which was in accordance with the results from study of the
largest cohort conducted by Martin et al*® Moreover, Martin
et al also reported a median PFS of 12.4 months, which was
higher than that of our study. However, radical resection and
margin accentuation by IRE were applied in nearly a quarter
of all patients while our study only focused on LAPC pa-
tients who were not candidates for surgical resection. Similar
with other study which showed that IRE could reduce local
recurrence by allowing increased drug delivery to the tissue
in the reversible electroporation zone,40 IRE combined with
chemotherapy, as a kind of multidiscipline approaches, could
contribute to the elevated PES rates. In this study, the median
PFS was 7.7 months for patients in the IRE group, which was
significantly longer than that of patients in the RFA group.
Therefore, across-study comparisons of long-term survival
consolidated the survival benefit of IRE over RFA for patients
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with LAPC. Moreover, it was reported that the complication
rate and mortality of IRE were 29% and 2%, respectively,””*!
indicating that compared with RFA, IRE was a more feasible
and safe local ablation method.

In addition, the prognostic factors for patients with LAPC
were explored and it was found that compared with IRE,
RFA contributed to better OS and PFS. Also, low albumin
level was an unfavorable prognostic factor for OS and PFS,
whereas poorly differentiated tumor were negative prognos-
tic factor for OS, consistent with results from previous stud-
jes. 4243 Interestingly, when subgroup analyses stratified by
tumor size were conducted, it was shown that patients had
similar OS and PFS rates in both the IRE and RFA groups
if tumor sizes were larger than 4 cm; although IRE dis-
played better in elevated long-term survival rates in all pa-
tients or patients whose tumor sizes were smaller than 4 cm.
Compared with a single ablation, multiple overlapping abla-
tions may partly enlarge the possible ablation area and shrink
the “security ring” around the tumor. Moreover, due to the
presence of viable “security ring” of RFA at the periphery
of tumor, the addition of IRE targeted at this area will make
a complete ablation. Therefore, combining the advantages of
IRE and RFA, it was suggested that maybe the combination
of RFA ablation followed by tumor margin accentuation by
IRE was a feasible local destructive method for the treatment
of patients with LAPC. However, more appropriate random-
ized controlled studies are needed to evaluate the feasibility
and efficacy of this new combination therapy.

There were several limitations which should be consid-
ered. The small sample size of patients and the potential
patient selection bias kept us from drawing definitive con-
clusions. To improve the intergroup comparability, PSM
analysis was applied to reduced selection bias. Large-scale
prospective randomized controlled studies are warranted to
confirm results of this study.

In conclusion, it was the first time to show that compared
with RFA, IRE resulted in better survival after the induction
chemotherapy in LAPC patients and should be considered as
the first-line ablation modality. The efficacy of the combina-
tion therapy of IRE and induction chemotherapy is needed to
be confirmed by randomized clinical trials.
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