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KAlo4OBi cAoBa: PE3IOME

paK MigwnyHKoBOI 3anos3u; Heoad'toBaHT-  AkTyanbHicTb. Kopucte npomeHeBoi Tepanii ([1T) y nikyBaHHi paky nigLmyHKOBOI

Ha MpomeHeBa Tepanis; nicnsionepauinHa  3anosu (Pr13) 3anuwaetbcs npegmeTom OBroBopeHHs mpoTtarom gecsatunite [1]. IcHye

naHkpeatuyHa dictyna; ¢ibpo3 nigwnyH-  6arato cynepevok wopgo MNT Ta i kombiHauiv 3 iHWnMyn MeTogamm nikysaHHsa PI13.

KOBOI 3aMn03u; ctepeoTakcuyHa npomeHeBa Meta pobotu — 3'acyBatu  XipypriyHi nepeBarm KOMOIHOBaHOI Heoad'toBaHTHOI

Tepanisi. Tepanii (HAT) PI13 i3 akueHTOM Ha iHAYKUi0 nokanbHOro ¢ibpo3y MiaLnyHKoOBOi 3ano3m
Ta WOro BMAMBY Ha MicnsionepauiiHuii cTaH. Bupiwuntyu nutaHHs ocobnusoi poni MNT
npu kombiHoBaHii HAT. 3ragatv mOTOuYHI paHOOMiI30BaHi KOHTPOMbOBaHi AOCHIMKEHHS
(PKL) Takoro Hanpsimky. OBroBopuT Cy4yacHe 3Ha4yeHHsI CTepeoTaKCUYHOI MPOMEHEBOI
Tepanii (CTINT) y Heoaa' toBaHTHOMY FliKyBaHHi.
Marepianu Ta M™meToau. 3 MeTOW MOLWYKY niTepaTtypu BUKOpUCTOBYBanu 6asu
MEDLINE/PubMed, Scopus Ta Web of Science. lNowyk BUKOHyBaBCS cepep aHrno-
MOBHOI MniTepaTypy 3a Takumu KIOYOBMMMK crioBamu: pancreatic cancer; neoadjuvant
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AAS LUTYBAHHS:

radiotherapy (NART); postoperative pancreatic fistula (POPF); pancreatic fibrosis;
stereotactic body radiotherapy (SBRT). Posrnsganucs meta-aHanisu, cucTteMaTuuyHi
ornagu  Ta  paHOOMI30BaHi  KMiHIYHI - OOCNIOKEHHS,, PETPOCNEKTUBHI  OOCHIAXKEHHS.
Cepen 148 nybGnikauif, WO 3aA0BiNbHUNM KpuTepism noLyky, 6yno BigibpaHo 44.
[ara octaHHboro nowyky 20.02.2022.

Pe3synbraTn Ta ix o6roBopeHHsi. Cepen nepesar HAT: Kpalli nokasHWKM OOTPUMaHHSA
pexumiB Heoan'toBaHTHOI XimioTepanii (HAXT) abo Heoan'toBaHTHOI XiMionpoMeHeBoil
Tepanii (HAXIMT), MmoxnuBicTe BUGOPY NALEHTIB i3 HEMETAcTaTUYHUM 3aXBOPIOBaHHSAM,
SIKUM MOXe OyTW KopucHa XipypriyHa pesekuisi 3 [OBroTpuBanol BWXKMBAHICTIO; NiKy-
BaHHS 3axBOPIOBAHHS 3 iIMOBIpPHMMW MiKkpOMeTacTa3amu, siki HemMae 3MOrM BUSIBUTU Ha
noyvaTtky nikyBaHHsi; Ginblua WMOBIPHICTb OOCATHEHHS 3HWKEeHHs cTyneHiB T i N, 36inb-
LweHHsi YactoTn RO-pesekuii. O6roBoploeTbCSA NMTaHHSA Heoa IoBaHTHOT NPOMEHEBOI Tepa-
nii (HAMT) y koHTekcTi komGiHoBaHoi HAT PI13. MNMpeacTtaBneHo OHKOMOriYHi Ta XipypriyHi
nepesaru gaHoro metogy. 3’scoBaHo ponb CTMT Ta cyyacHuii ctaH npobnemu. 3rapyoTb-
Csl MOTOYHI KOHTPONbOBaHI paHOoOMi30BaHi gocnigkeHHsi. Heoag'toBaHTHa CTMT nicns
MynbTUareHTHOI iIHAYKUiAHOI XiMmioTepanii moxe 6yTn manbyTHim TpeHgom y HAMT PM3.
BucHoBku. CTIMT moxe Oyt pekomeHOOBaHO AN 3acTOCyBaHHSA y crewianisoBaHux
LueHTpax K edeKTMBHWA MeTod nNiKyBaHHA nicns iHaykuinHoi HAXT y xBopux Ha
HemeTacTatuyHuii P13 i3 cyauHHoto iHBasieto, 6e3 YiTknx o3Hak pagionoriyHoi Biano.iai Ta
npu fobpomy 3aranbHOMY CTaHi naujieHTa.
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ABSTRACT

Background. The benefit of radiotherapy in the treatment of pancreatic cancer has
remained a matter of discussion for decades [1]. Many controversies exist in regard to
radiotherapy and its combination with other therapeutic modalities for pancreatic cancer.
Purpose — to find out surgical advantages of the combined neoadjuvant therapy (NAT)
for pancreatic cancer with an emphasis on induction of local fibrosis of a pancreas
and its influence on postoperative morbidity. To address the special role of radiation
therapy in combined NAT. To recall the current randomized control trials (RCTs) on this
topic. To discuss the current state of stereotactic body radiotherapy (SBRT) in NAT.
Materials and methods. MEDLINE/PubMed, Scopus and Web of Science bases were
used for the purpose of literature search. The search was performed among English
literature sources by the following key words: pancreatic cancer; neoadjuvant radio-
therapy (NART); postoperative pancreatic fistula (POPF); pancreatic fibrosis; stereotactic
body radiotherapy (SBRT). Meta-analyses, systematic examinations and RCTs, as well as
retrospective research were considered. 44 publications out of 148 which satisfied
the search criteria were selected. The data of the latest search: 20.02.2022.

Results and discussion. Among the advantages of NAT are better compliance for
neoadjuvant chemotherapy (NACT) or neoadjuvant chemoradiotherapy (NACRT), t
he opportunity for selection of patients with non-metastatic disease, who may further
benefit from surgical resection demonstrating long term survival; treatment of putative
micro-metastatic disease which cannot be detected at treatment initiation, and higher
probability of achieving better tumor and nodal downstaging, and increase in
RO-resection rate. The issue of neoadjuvant radiotherapy (NART) in the context of
combined NAT of pancreatic cancer is discussed. Oncological and surgical benefits
are presented. The role of SBRT and current state of the problem is elucidated.
Ongoing RCTs are mentioned. Neoadjuvant SBRT after multiagent induction
chemotherapy may be the future trend in NART of pancreatic cancer.

Conclusions. SBRT is advocated as a beneficial technique which can be conducted
in specialized centers after induction NACT in patients with non-metastatic pancreatic
cancer with vascular invasion, no clear signs of radiological response and good
performance status.

Zemskov SV, Dronov Ol, Burmich KS, Paul Renz, Kirichenko O, Ulrich Wellner, Louisa Bolm, Tobias Keck, Khairnasov RN,
Zemskova OV. Role and place of radiotherapy in neoadjuvant treatment of pancreatic cancer. Ukrainian journal of
radiology and oncology. 2022;30(1):91—104. DOI: https://doi.org/10.46879/ukroj.1.2022.91-104
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0.0. boromonbusa MiHicTepcTBa OXOPOHM  300POB’SA
YkpaiHn «Po3pobka Ta BAOCKOHANEHHS MiHiiHBa3MBHUX Ta
abnAuUinHMX TEXHOMOrI XipypriYHOro NiKyBaHHSA XBOPUX».
Homep pgepxaBHoi peecTtpauii  Ne  0120U100658,
iHiLiaTMBHO-MOLLYKOBA, TepMiH BMKOHaHHA 2020-2022 pp.,
KepiBHUK — 3aBigyBay Kadedpu 3aranbHol Xipyprii, JOKTOp
Mean4Hux Hayk, npogecop O.l. [JpoHoB.

BCTYN

Pak nigwnyHkoBoi 3ano3n (PlM3) € ogHum 3 Ham-
arpecuBHilLMX BUAIB paky, IO € YETBEPTOK 3a 4YacTOTOH
NPUYMHOK CMEPTi Bi4 OHKOMOrYHUX 3axBoptoBaHb [2].
Brnnsbko 20% ycix BunagkiB € pesektabenbHuMu abo
rpaHnyHo pesektabenbHumu. OpHak HaBiTb Yy pasi
pagukanbHOi pesekuii, 5-piyHa BWXMBAHICTb CTaHOBWUTb
nvwe npubnusHo 20% [3]. Kopucte MT B nikyBaHHI
PM3 sanuwaetbca npegMeToM OOroBOPEHHsI MPOTAroM
pecatvnitb [1]. IcHye Garato cynepevok wopo MT Ta ii
KoMbiHaUi# 3 iHWK1MKM MeTodamm nikyBaHHA PI13. Henerko
afleKBaTHO OUHMTK 1T ponb Ta edeKTUBHICTb Yepes Taki
dakTopn: HedoCTaTHS KiNbKiCTb AOCHigKEeHb edeKTuB-
HOCTI NiKyBaHHS i3 BUKOpUCTaHHAM aHanisy «intention-to-
treat», pi3Hi KiHUEBI TOYKM B AOCTYNHWUX AOCHIOKEHHSX,
rETePOreHHICTb y rpynax NopiBHSIHHSA, NpioputeTn y BUGOpI
metoay (iHOyKUiiHA NpoTU  KOHcomigytodoi  Tepanii),
cxemu ximiotepanii (XT) Ta BigMIiHHOCTI B TexHikax onpo-
MIHEHHS, TakMX SK KOHBEHUiHa AuCTaHLuiHa i cTepeo-
TakcmyHa npomeHesa Tepania (CTIMT). OctaHHe, mabyTb,
€ HapbKHUM KaMeHeM Yy NUTaHHAX eeKTUBHOCTI NyXInH-
HOro KOHTPOJIO Ta TOKCUYHOCTI.

Meta pob6oTu — 3’'cyBaTh XipypridHi nepesaru KoM-
6iHoBaHOi Heoap'toBaHTHOI Tepanii (HAT) PIM3 i3 akueH-
TOM Ha iHAOyKUilo nokanbHoro pibpo3y nigwnyHKoBOI
3ano3n Ta Woro BNNMBY Ha nicngonepauiiHun CTaH.
BupiwmnTtn nutanHsa ocobnueoi poni MT npu KomGiHOBaHI
HAT. 3ragatm nOTOYHI paHAOMI30BaHi  KOHTPONbOBAHI
pocnipkeHHss  (PKO) Takoro Hanpsimky. O6roBoputn
cyyacHe 3HayeHHsa CTIT y Heoa'toBaHTHOMY MiKyBaHHi.

MATEPIAAU TA METOAU AOCAIAXXEHHS

3 MeTol0 MowyKy niTepatypy BUKOPUCTOBYyBanu 6a3n
MEDLINE/PubMed, Scopus Tta Web of Science. MNowwyk
BMKOHYBaBCsl CEpef, aHrMOMOBHOI NiTepaTypu 3a Takumu
KM4oBMMUM croBamMu: pancreatic cancer; neoadjuvant
radiotherapy (NART); postoperative pancreatic fistula
(POPF); pancreatic fibrosis; stereotactic body radio-
therapy (SBRT). Posrnsiganuca merta-aHanisu, cucrtema-
TUYHI orNaan Ta paHAOMI30BaHi KMiHIYHI  OOCAIOKEHHS,
peTtpocnekTuBHi gocnigxeHHss. Cepen 148 nybnikauin,
IO 3aJ0BINbHUMM KpUTEpiaM nowyky, 6yno BigibpaHo 44.
[ata octaHHboro nowyky 20.02.2022.

PE3YABTATU TA IX OBFTOBOPEHHS

MepeBaru koM6iHOBAHOI HEOAA ' IOBAHTHOI Tepanii

OHkonoriyHi nepesarn Heoapn'toBaHTHOI Tepanii (HAT)
nobpe Bigomi. Cepen HWX: Kpalli MNOKasHUKM [OTPU-
MaHHA pexuMiB Heoap'toBaHTHOI XximioTepanii (HAXT)
abo Heoapn’'toBaHTHOI ximionpomeHeBoi Tepanii (HAXIT),
HX B ap'loBaHTi, BMOIp nauieHTIB 3 HemMeTacTaTU4YHUM
3aXBOPIOBAHHSIM, $IKi MOXYTb OTpUMaTtU KOpPUCTb Big

Ministry of Health of Ukraine «Deve-lopment and
improvement of minimally invasive and ablative
technologies for surgical treatment of patients». State
registration number No. 0120U100658, initiative search.
Period for performance: 2020-2022, led by Doctor of
Medical Sciences, Head of the Department of General
Surgery Ne1, Professor O. Dronov.

INTRODUCTION

Pancreatic cancer is one of the most aggressive
cancers being the 4th most frequent reason for cancer
death [1]. Around 20% of all cases are upfront or
borderline resectable. However, even with curative
resection, 5-year survival is only approximately 20% [2].
The benefit of radiotherapy in the treatment of pancreatic
cancer has remained a matter of discussion for deca-
des [3]. Many controversies exist in regard to radio-
therapy and its combination with other therapeutic
modalities for pancreatic cancer. It is not easy to adequa-
tely evaluate its role and efficacy due to the following
factors: lack of «intention-to-treat» analysis for the efficacy
of the treatment, different endpoints in available studies,
heterogeneity in comparison groups, priorities in modality
choices (induction vs consolidation therapy), chemothe-
rapy regimen, and differences in radiation techniques, such
as conventional radiotherapy and stereotactic body radio-
therapy (SBRT). The latter appears to be a cornerstone
in questions of efficacy of tumor control and toxicity.

The objective of the study was to find out surgical
advantages of the combined neoadjuvant therapy (NAT)
for pancreatic cancer with an emphasis on induction
of local fibrosis of a pancreas and its influence on post-
operative morbidity. To address the special role of
radiation therapy in combined NAT. To recall the current
randomized control trials (RCTs) on this topic. To discuss
the current state of stereotactic body radiotherapy
(SBRT) in NAT.

MATERIALS AND METHODS

MEDLINE/PubMed, Scopus and Web of Science bases
were used for the purpose of literature search. The search
was performed among English literature sources by the
following key words: pancreatic cancer; neoadjuvant
radiotherapy (NART); postoperative pancreatic fistula
(POPF); pancreatic fibrosis; stereotactic body radio-
therapy (SBRT). Meta-analyses, systematic examinations
and RCTs, as well as retrospective research were
considered. 44 publications out of 148 which satisfied
the search criteria were selected. The data of the latest
search: 20.02.2022.

RESULTS AND DISCUSSION

Benefits of combined neoadjuvant therapy
The oncological advantages of neoadjuvant therapy
(NAT) are well known. Among them are better compliance
for neoadjuvant chemotherapy (NACT) or neoadjuvant
chemoradiotherapy (NACRT) compared with adjuvant
one, a selection of patients with non-metastatic disease,
who may further benefit from surgical resection demonst-
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XipypriYHOT pesekuii Ta NpoAeMOHCTpyBaTK AOBroTpusany
BWXMBAHICTb; MiKyBaHHS MMOBIPHUX MiKpoMeTacTasiB, fKi
HEMOXINNBO BUSBUTM Ha MoYatKy MiKyBaHHs, i, KpiM Toro,
Oinblia MMOBIPHICTE 3HWXKEHHS nokasHukiB T i N, 36inb-
weHHsa vactotn RO-pesekuii [4]. HewopasHo ony6nikoBa-
HUA MeTa-aHani3 npocnektuBHux PKO y noTeHuinHo
pesektabensHomy (MPPM3) Ta rpaHu4HopesekTabenb-
HOMy paky nigwnyHkoBoi 3ano3u (FPPI3) nokasanu,
wo HAT 36inbliye MMOBIPHICTb pe3ekuii i3 HeraTMBHUMMU
kpasmm (RO) (RR 1,51, 95% Ol 1,18-1,93, 12 = 0%)
i YacToTy nauieHTiB 3 HeraTUBHUMU niMPaTUYHUMN
Byanamu (RR 2,07, 95% [l 1,47-2,91, 12 = 12,3%) [5].

Binblie TOro, OCTaHHIN KOMMJIEKCHUA MeTa-aHani3
PKO Ratnayake et al. BusiBuB, wo HAT y nikyBaHHi
MPPM3 T1a MPPMN3 moxe BMnuBaTtM Ha 4acToTy peuu-
OumBiB. 3BaXeHi 3aranbHi MOKa3HWKM 4acToTW peuuaun-
BiB Oynu Hwx4MmMu y rpyni i3 npoegeHHam HAT, 63,4
npotm 74% y rpyni, B skih Oyno npoBedeHo onepa-
TMBHE BTpyyaHHa 6e3 HAT (OR 0,67 (Ol 0,52-0,87),
p = 0,006). 3aranbHa 3BaxeHa 4actoTa MicLEBO-
MOLUMPEHUX peumamBiB Oyna HMKYOK Yy nauieHTiB nicns
nposedeHHa HAT, y nopiBHAHHI i3 rpynot, B SKin
6yno nposegeHo pesekuito 6e3 HAT (12 npotn 27%
OR 0,39 (Ol 0,22-0,70), p = 0,004). Y Bunagky 'PPI3
yactoTa MicueBux peumausiB 3Hu3unaca npu  HAT
(HAT 25,8%, 6e3 HAT 37,7% OR 0,62 (Ol 0,44-0,87),
p = 0,007). HAT TakoX acoUjileTbCA 3 MEHLLOK 3Baxe-
Holo uJacToTolo MeTactasiB y nedviHky (HAT 19,4%,
6e3 HAT 30,1%, OR 0,55 (Ol 0,34-0,89), p = 0,023) [6].

3aranom, Heoag'toBaHTHa Tepanisa P33 mae nosuTue-
HWI BNNUB Ha 6e3peuuanBHY Ta 3aranbHy BWKUBAHICTb.
HAT acouitoetbcs 3i 3Ha4HO OinblMM CcepeaHbOo3BaXe-
HUM Yacom Ao nepworo peunausy: 18,8 Mic. y NOPIBHAHHI
3 rpynoto, B dkin He 6yno nposegmeHo HAT (15,7 wic.)
(OR 0,18 (4l 0,05-0,32), p = 0,015) [6]. 3aranbHa
BwkuBaHicTb (3B) nauieHtis 3 IMPPIM3 Tta PPI3, ski
oTpymanu Heoag'toBaHT, Oyna mamke Ha 30% BMLLOM,
HiXX y nauieHTiB, sikum Gyno npoBegeHO TepMiHOBE ornepa-
TUBHE BTPYYaHHS, BiANOBIAHO A0 NnaHy NikyBaHHSA [5].

Cnig 3as3HauMTu, WO BULIE3ragaHi NpOCMNeKTUBHI Koi-
HiYHI OOCNIMKEeHHS BKMoYanu KoHeeHUuinHy T Ha doHi
pagiomoamdikalii 3 BMKOpPUCTaHHAM remumTabiHy. Heluo-
haBHO Oynu onyb6nikoBaHi BigganeHi pesynstatv Higep-
naHAcbKoro paHpomizoBaHoro gocrigkeHHs PREOPANC
[7] 3 megiaHot cnocTepexeHHs 59 Mmic., Ae nopiBHIOBaBCS
ehekT YoTUpbOX UMKNiB remumTabiHy B kombiHauii 3 MT
(COQO 36 Ip 3a 15 dpakuin) y akocti HAXIT Ta onepauii
nnoc 4 uvknu remumTtabiHy B ap’toBaHTi NpoTy onepadii
Ta 6 aploBaHTHUX UMKMiB remMumTabiHy y naudieHTiB 3
MPPMN3 Tta IPPMN3. MepBuHHi pesynstatn PREOPANC
3 BUKOpUCTaHHAM «intention-to-treat analysis» He nig-
TBEPOWMM CTaTUCTMYHO 3Hayywoi nepeeBarm y 3B
xgopux nicna HAXIT. MegiaHn BMXMBAHOCTI CTaHOBWUN
15,7 vs 14,3 wmicauiB. OgHak 5-piyHa BWXKMBAHICTb B
ocTaHHbOMY aHanisi craHosuna 20,5% (95% [l, 14,2-29,8)
ans HAMNXT Ta 6,5% (95% Al, 3,1-13,7) 6e3 HAMNXT.

Ha npotuBary LboMy, B iHLLOMY HeLoAaBHLOMY KpOCC-
BanigauinHoMy OOCRiAXEHHI aMepPUKaHCLKOro Ta HiMeLbK-
Oro KaHLep-peecTpiB, cepen Mamke N'aTUTUCAYHOT BUBIp-
KM XBOPUX, LLO MPOXOAWUIN Heoan toBaHTHE JliKyBaHHS, He
BAanocs NpoAeMOHCTpyBaTu nepesarn Ximiopagiotepanii
Hag XT [8]. LWonpaBga, B uUbOMy aHanisi He
BpaxoByBanncb METOOMKU OMPOMIHEHHS, [030Bi PEXUMMU
Ta pexvMmu pakLioHyBaHHS, siKi CYTTEBO BapitoBarnu.

3aranbHoBigoMo, o cxema noniximiotepanii
FOLFIRINOX mae HM3Ky nmepeBar y BCix acnekTax, BKIo-

rating long term survival; treatment of putative micro-
metastatic disease which cannot be detected at treat-
ment initiation, and higher probability of achieving better
tumor and nodal downstaging, and increase in
RO-resection rate [4]. A recently published meta-
analysis of prospective RCTs in potentially resectable
(PRPC) and borderline resectable pancreatic cancer
(BRPC) have shown that NAT increases the likelihood
of a margin-negative (R0O) resection (RR 1.51,
95% CIl 1.18-1.93, 12 = 0%) and rate of patients with
negative lymph nodes (RR 2.07, 95% CI 1.47-2.91,
12 =12.3%) [5].

Moreover, the latest comprehensive meta-analysis
of RCTs by Ratnayake et al. revealed that NAT in PRPC
and BRPC might influence the recurrence rate.
The weighted overall recurrence rates (OR) were lower
among the NAT group, 63.4% vs. 74% in the upfront
surgery (US) group (OR 0.67 (Cl 0.52-0.87), p = 0.006).
The overall weighted locoregional recurrence rate was
lower in patients after NAT compared to the US group
(12% vs. 27% OR 0.39 (Cl 0.22-0.70), p = 0.004).
In BRPC, locoregional recurrence rates decreased with
NAT (NAT 25.8% US 37.7% OR 0.62 (Cl 0.44-0.87),
p = 0.007). NAT was associated with a lower rate of
weighted hepatic metastases to the liver as well
(NAT 19.4% US 30.1% OR 0.55 (ClI 0.34-0.89),
p = 0.023) [6].

In general, NAT for pancreatic cancer is shown to
have a positive effect on recurrence free survival (RFS)
and overall survival (OS). NAT was associated with
a significantly longer weighted mean time to first recur-
rence 18.8 months as compared to US (15.7 months)
(OR 0.18 (C1 0.05-0.32), p = 0.015) [6]. The OS of patients
with PRPC or BRPC who received NAT was nearly 30%
longer than that of patients who underwent immediate
surgery according to the treatment plan [5].

It has to be noted that the above-mentioned
prospective neoadjuvant trials included gemcitabine-
based conventional radiotherapy. Recently, the long-
term results of the Dutch randomized PREOPANC
trial [7] with a median follow-up of 59 months were
published, which compared the effect of four cycles of
gemcitabine with 15 x 2.4 Gy radiotherapy as NACRT and
surgery plus 4 cycles of adjuvant gemcitabine vs surgery
and 6 adjuvant cycles of gemcitabine in patients with
PRPC and BRPC. Initial results of PREOPANC using
intention-to-treat analysis did not confirm a statistically
significant advantage in OS of patients after NACRT.
Median survival rates were 15.7 vs 14.3 months. However,
the 5-year survival rate in the latest analysis was
20.5% (95% CI, 14.2 to 29.8) for NACRT and 6.5%
(95% Cl, 3.1 to 13.7) without NACRT.

In contrast, another recent cross-validation study of
U.S. and German cancer registries analyzing a sample
of almost five thousand patients, who underwent neo-
adjuvant therapy demonstrated no advantage of NACRT
over NACT [8]. However, the latter analysis did not take
into account irradiation techniques, dose and fractio-
nation regimens, which varied significantly.

It is well recognized that FOLFIRINOX is a better
performer in every aspect including adjuvant therapy
and primary systematic treatment of metastases.
Potentially, neoadjuvant FOLFIRINOX could further improve
outcome. The PREOPANC-2 study aims to investigate
whether NACT with FOLFIRINOX improves OS compared
to neoadjuvant gemcitabine based chemoradiotherapy
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Yyalun af'loBaHTHY Tepanito, a TakoX NepBUHHE CUCTEMHE
nNiKkyBaHHA  MeTacTaTuyHMX GopMm. [loTeHUinHO  npwu
3acTocyBaHHi Heoag'toBaHTHOro pexunmy FOLFIRINOX
MOXHa MOKPaLUTK pe3ynbratv NikyBaHHA. [ocnimkeHHs
PREOPANC-2 mae Ha MeTi JocrniauTti, 4u nokpailye
Heoapg'toBaHTHa XxiMioTepanis 3a cxemot FOLFIRINOX
3B y nopiBHaHHI 3 HAXTIT i3 BukopucTaHHAM remuntabiHy
Ta ag'toBaHTHOK XimioTepanieto y nauieHTiB 3 TPPIM3 [9].
Habip nauieHTiB Ons UbOro OOCHiAXEHHS 3aBEPLUEHO,
o4ikyeTbcst nybrikauia pesynsrariB JOCMiKEHHS.

Xipypri4Hi nepesaru

Pesekuis nigwnyHkoBoi 3ano3n € cneundivyHo
Ta CKMNagHOK Mpouedypol, MOB'SI3aHOK 3 BUCOKUM
piBHeM nicngonepauiiiux ycknagHeHb Ao 30-45% i
CcMepTHiCcTIO A0 5% HaBiTb y cheuianizoBaHMX LeEHTpax
[10]. Tomy pekoMeHAOyeETbCA NPOBOAMTM  oOnepawuii
Ha NigLWnyHKOBIN 3anosi nuwe B LUEeHTpax, Ae BUKOHYTb
npvHanmHi 25 pesekuin Ha pik [11]. Hanbinbw cneundiy-
HAM YCKMagHEeHHAM € nicrsonepauiiHa naHkpeaTuyHa
dictyna (MOM®), 3a TaxkicTio BUAINs0OTL cTyneHi A, B i C
[12, 13]. CepenHsa 4yactoTa BMHMKHEHHSA [MOM®P cTaHo-
BUTb 15-30%, 3anexHo Big Tuny pesekuii MiawmnyHKoBOI
3ano3n. MOM® crtyneHs B i C BBaxawTbCA KIiHIYHO
3HaYyLLMMKN, BOHW MOB’A3aHi 3 noganblUMMU CEPRO3HMMM
YCKIMagHEHHAMMU KIiHiYHOro nepebiry, TakMMmn siK 3aTpumMka
CMOPOXHEHHS  LUMYHKY, BHYTpilWHbOYEpeBHi abcuecw,
KpOBOTeui Ta Ginbll BUCOKI MOKA3HMKM CMEPTHOCTI. BoHun
YyacTo NpY3BOASATb A0 A0OATKOBUX iHBA3VMBHMX MpoLeayp,
HeoOXiaHOCTI iHTEHCMBHOI Tepanii Ta NOBTOPHMX onepadint.
HarBnnueoBiwi daktopyn pusnky MMOMNP noe’szaHi 3i
CTPYKTYPOI MiALUNYHKOBOI 3anosu, [0 HUX BiAHOCATb:
M’sIKy TEKCTYpY 3anosu [14] i BUCOKY LWiMbHICTb auMHapHUX
KNITUH Ha Kpato pesekuii nigLwnyHKosoi 3anosm [15].

LlikaBo, Wo cepep iHWKX NUTaHb, SKi 06roBoptoBanmcs
Ha noyaTKy epu Heoap 'loBaHTHOI Tepanii, OyB cTpax nepes
MOXITMBMM 30iNbLUEHHAM MicnsionepauinHnx ycknagHeHb
Ta CMepTHOCTI. TUM He MeHW, HewoaaBHIN aHania Ha
OCHOBI AaHux aocnigpkeHHs ACS-NSQIP, ake Bkntoyano
3408 nauieHTiB (934 3 Hux nicna HAT), nokasye, LWwo
3aranbHi MOKa3HWKM nicnaonepauinHnxX ycknagHeHb Ta
CMepTHOCTI Bynn nogibHMMmM Mk nauieHTamu, siki oTpu-
myBanu HAT, i TMMK, XTO cnoyaTKy nepeHic onepadito.
Heoap'toBaHTHe niKyBaHHA Oyno MOB’SI3aHO 3 HMDKYUMMU
nokasHukamu MNOMM® (10,2% npotn 13,2%, p = 0,017) [16].
lHWe peTanbHO MpoAyMaHe peTpOCnekTMBHE Oocnia-
XEHHS, LWo BkMovano 753 nauieHTiB (346 3 dkux oTpu-
mMyBann HAT), TakoX He nokasdye HeraTMBHOIMo BMIMBY Ha
YacToTy TSKKUX ycknagHeHb abo 90-4eHHYy CMEepTHICTb.
PiBeHb kniHiyHO 3Havywux MOMN® 6yB y 3,6 pasn Hux-
yuMm Yy nauieHTiB, Aki oTpumyBanu HAT, y NOPIBHAHHI
3 nepBuHHOW pe3sekuieto (13 [3,8%] npotn 56 [13,8%];
p < 0,001) [4]. Moxn1MBe MNOSICHEHHSA MoOnsdrae B TOMY,
WO LWiNbHICTE  MigWMAYHKOBOI  3ano3u  36inbliyeTbes
3aBOSKM HeOad'toBaHTHIN Tepanii, i uen edekT nikyBaHHS
3HMKye yvactoty [OM® [16]. PiOpoTuyHy nigwnyHKoBy
3anosy 6esnevHille aHacToOMO3yBaTK (NpY Pe3eKLii roniBku
nigwnyHkoBoi 3ano3n) abo 3wuBatv (KyKCy RigLwnyH-
KOBOiI 3ano3u nicna AuctanbHOi naHKpeaTeKTomii) nicns
pes3ekuii NigWwnyHKOBOI 3ano3n, y MOPIBHAHHI 3 M’SIKOH
NiQWNYHKOBOIO 3amno30 3  BEMWKMM  BMICTOM  XXUpY.
B paHomy Bunagky c¢ibpos nigwnyHkoBoi 3amno3n BUSB-
naeTbca nepesarol nig 4ac onepadii [17]. Kpim Toro,
nepegonepauiiHa ximiopagiotepania He 36inbliyBana
YacToTy XipypriyHMX YycknagHeHb abo cmepTHOCTi Ta
3MeHLyBana 4acTtoTy nicnsonepauiiHol naHKpeaTuyHoI

and adjuvant chemotherapy in BRPC patients [9].
Accrual for this study has finished, awaiting trial results
to be published.

Surgical advantages

Pancreatic resection is a specific and complex
procedure associated with high postoperative morbidity
rates of up to 30-45% and mortality up to 5% even in
specialized centers [10]. Therefore it is recommended
that pancreatic surgery be performed only in high
volume centers with at least 25 resections per year [11].
The most specific complication is postoperative pancrea-
tic fistula (POPF), graded as A, B, and C according to
severity [12,13]. The average incidence of POPF is
15-30% depending on the type of pancreatic resection.
POPF grade B and C are considered clinically relevant (CR)
and associated with further serious clinical course com-
plications like delayed gastric emptying, intra-abdominal
abscesses, bleeding, and higher mortality. They often lead
to additional invasive procedures, ICU care, and reope-
rations. The most influential risk factors for POPF are
related to the pancreas structure and are as follows:
the soft texture of the gland [14] and high density of
acinar cells at pancreatic resection margin [15].

Interestingly, among other questions discussed at the
beginning of the NAT era was a dread of a possible
increase in postoperative morbidity and mortality.
Nevertheless, a recent analysis based on ACS-NSQIP
data of 3408 patients (934 of them after NAT) reveals
that overall morbidity and mortality were similar between
patients receiving NAT versus those who underwent
surgery first. Neoadjuvant treatment was associated with
lower rates of POPF (10.2% vs. 13.2%, p = 0.017) [16].
Another well-designed retrospective study of 753 patients
(346 received NAT) also shows no negative influence
on severe complication rate or 90-day mortality.
The rate of CR-POPF was 3.6-fold lower in patients
receiving NAT vs upfront resection (13 [3.8%] vs 56 [13.8%];
p < 0.001) [4]. A possible explanation is that the
pancreatic gland firmness increases due to the NAT,
and this treatment effect decreases the rate of POPF [16].
A fibrotic pancreas is safer to anastomose (pancreatic
head resection) or to oversew (the pancreatic stump
after distal pancreatectomy) after pancreatic resection,
compared to a fatty and soft pancreas. Here, pancreatic
fibrosis turns out to be an advantage during surgery [17].
Furthermore, preoperative chemoradiotherapy did not
increase the incidence of surgical complications or
mortality and reduced the rate of postoperative pan-
creatic fistula after resection in patients with BRPC as this
was analyzed in PREOPANC-1 study [18].

Thus, combined NAT in PRPC and BRPC patients
appears beneficial both from an oncological and surgical
point of view. The next question raised is whether the
addition of radiotherapy to NAT significantly contributes
to the above-mentioned effects.
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dicTynu nicns pesekuii y nauieHTis 3 M'PPI3, BignosigHo
o pesynerartiB gocnigkeHHs PREOPANC-1 [18].

Takum 4nHom, kombiHoBaHa HAT y nauieHTis 3 MPPM3
Ta NPPIM3 € edeKkTMBHMM METOAOM JliKyBaHHS SIK 3 OHKO-
NorivyHol, Tak i 3 XipypriyHOi ToukM 30py. HacTynHe nuTaHHs
nondrae B TOMY, YW CYTTEBO CMpPWUSE BULLE3ragaHnM
edektam gogasanHs MNT go HAT.

MicueBi ¢pi6po3Hi 3MiHM NIALUAYHKOBOI 30A03M:

iHAYKOBQHi Ximio- a60 npomeHeBolo Tepanieto?

HAXMT BuknNukae 3HayHy aTpodito 4acTo4oK i BTpaTy
auMHyciB MigWwnyHKoBOI 3ano3n 4vepe3 ibpo3Hi  3MiHK
B NO3anyxnuHHIA 4YacTuHi nigwnyHkosol 3anosun [19].
I HAXT, i HAXTT iHgykytoTb (nepu-) nyxnuHHui ¢pibpos,
MOB’A3aHMI i3 3HAYHOK BIAMOBIAAK MYXMIMHW Ha TiKy-
BaHHA [17]. HepgasHe nonynsuinHe KOropTHe OOCHiAXEHHSA
nopieHsAno 2911 nauieHTiB, skum Oyno npoeegeHo HAXT,
Ta 2911 nauieHtiB 6e3 npoeageHHs HAXT. HAXT 6yna
NoB’A3aHO 3i 3HAYHO HWXKYMMU nokasHuMkamu 30-aeHHOoT
noBTopHoi rocnitanisadii (5,5% npotn 7,4%; p = 0,006),
SKi nigTBepannucsa nicna 6araToakTopHOro KOpUryBaHHs
(OR 0,74, 95% Al 0,60-0,92; p = 0,006). CtpaTudikauis
aHanisy 3a TunoMm onepadii (To6To naHkpeatogyo-
JeHanbHa pesekuis Ta guctanbHa MaHKpeaTekToMis)
npoaeMoHcTpyBanu BignosiaHi peaynsratu [20].

Kpim Toro, BuwiesragaHe pocnimkeHHa ACS-NSQIP,
wo Bkrtovano 934 nauieHTiB, SKi OTpMMyBanu Heoapn'to-
BaHTHy Tepanito: 496 Tinbku HAXT, 28 Tineku IMT i 410 na-
uieHTiB kOMBiHOBaHy XiMionpomeHeBy Teparnito, nokasarno,
wo obuasa daktopu, gk XT, Tak i IMT, 6ynn HesanexHo
MoB’sI3aHi 3 HMKYOH MMOBIPHICTIO yTBOpeHHA MOM® [16].

IHwMn meTa-aHanisa Ratnayake et al, akun 3ragy-
BaBCA paHille, MokasaBs, WO HasABHICTb abo BiACYTHICTb
HAXMNT B koropTi HAT, He BRnuMHyna Ha 4acToTy peuu-
ameiB (3 HAXMT 66% (Ol 54,6-75,8) npotn 68,9%
6e3 HAXIT (OI 53,4-81) [6].

IHWKMMKM croBamMu, AOCHIDKEHHSA, nepenivyeHi BuLle,
MOXYTb BKasaTu Ha piBHMW BHecok XT Ta [T B iHAYKUitO
nokanbHuUX IBPO3HMX 3MiH Ta 4YacTOTy BWHUKHEHHSI
MOr®, a TakoX y 3MiHYy OHKOMNOTYHOIO NPOrHO3Yy.

flky poAb Biairpae onpomiHeHHs B HAXMT?

Ha ocHoBi pesyneraTtiB HepaHOoMi30BaHUX Ta Oinb-
LWOCTi paHAOMI30BaHMX OOCHiKEHb MOXHa 3pobuTn
BUCHOBOK, WO HAXIIT i3 KOHBEHUINHOK XiMIONMPOMEHEBOID
Tepanielo nokpallye MiCUEBUN KOHTPOMNb Ta WMOBIPHICTb
pesekuii RO. OpgHak, un BMnAMBae came OMNPOMIHEHHS
B HAXIT Ha 3B, HeBigomo.

[eski gocnifxeHHs NpeacTaBnsaloTb Cynepeynusi pe-
3ynbTaty 3 TOYKW 30pY KMiHIYHOT 3HauvywwocTi. AHani3 i3
3aCTOCyBaHHAM MeToAy nceBaopaHaoMisalii, NpoBeaeHun
3a yJacTi 258 naujeHTiB 3 pe3ekTabenbHUMKU NyXIMHaMm
NigWnyHKOBOI 3ano3u, nopisHioBaB edektn HAXT i
HAXMT (31 nauieHt otpumyBaB HAXT npotu 227 nauieH-
TiB, wo otpumyBanum HAXIT) [21]. NauieHtn 3 HAXMOT
npoAeMOHCTpyBanu Kpatly ricTofnoriyHy BignoBigb nyx-
nvHN (<5% XMBUX NYXNMHHUX KNiTUH; 12,8% npotu 4,8%,
p = 0,002) ta Hwk4i nNoOKasHUKM niMdOBaCKYNAPHOI
(37,7% npotn 60,5%, p < 0,001) Ta nepuHeBpanbHOi
(75,7% npotn 86,8%, p = 0,002) iHBagsii. [icna cepenHbOi
TpUBanocTi cnoctepexeHHs 44,4 micsui He Gyno craTtuc-
TMYHO 3HAYYLLOI Pi3HULI B nokasHukax 3B Mix nauieHTamu
HAXMOT i HAXT (33,6 npotn 26,4 wmicaui, p = 0,09).
HAXIT acouitoeTbCA 3 MEHLLUOK YacTOTOK HNoKalibHUX
peumnamsis (16% npotn 33%, p < 0,01) nopiBHsiHO 3 HAXT.

Local pancredtic fibrotic changes:
induced by chemo or radiotherapy?

NACRT causes extensive lobular atrophy and loss
of pancreatic acini due to fibrous replacement in the
non-neoplastic pancreas [19]. Both NACT and NACRT
induce (peri-) tumoral fibrosis when associated with
significant tumor response [17]. A recent population-based
cohort study compared 2911 NACT and 2911 noNACT
patients after matching. NACT was associated with
significantly lower rates of 30-day readmission
(5.5% vs. 7.4%; p = 0.006), which remained after mul-
tivariable adjustment (odds ratio [OR] 0.74, 95% confidence
interval [CI] 0.60-0.92; p = 0.006). Stratified analyses
by surgery type (i.e., pancreaticoduodenectomy [PD]
and distal pancreatectomy [DP]) demonstrated consis-
tent results [20].

Moreover, the above-named ACS-NSQIP study of the
934 patients who received NAT. 496 NACT alone,
28 radiotherapy alone, and 410 combined chemo- and
radiotherapy showed that both factors — chemotherapy
as well as radiotherapy appeared to be independently
associated with lower rates of POPF formation [16].

Another meta-analysis, as mentioned earlier by
Ratnayake et al., revealed that the presence or absence
of NACRT in the NAT cohort did not impact a significant
difference in  weighted overall recurrence rate
(with NACRT 66% (Cl 54.6-75.8) vs without NACRT
68.9% (Cl 53.4-81) [6].

In other words, the studies listed above may point
out the equal contribution of chemotherapy and irradiation
to local fibrotic changes and POPF rate, and changes
in oncological prognosis.

What is the role of irradiation within NACRT?

Based on results of non-randomized and the majority
of randomized studies it is recognized that NACRT with
conventional chemoradiation improves local control
and RO resection rates. However, whether radiotherapy
itself within NACRT contributes to OS is unknown.

However, some studies present controversial results
in terms of clinical relevance. A propensity score-adjus-
ted analysis carried out on 258 patients with PRPC
compared effects of NACT and NACRT (31 received NACT
alone vs 227 NACRT alone) [21]. NACRT patients de-
monstrated better pathological tumor response (< 5% alive
tumor cells; 12.8% vs 4.8%, p = 0.002), and lower rates
of lymphovascular (37.7% vs 60.5%, p < 0.001) and
perineural (75.7% vs 86.8%, p = 0.002) invasion.
After a median follow-up time of 44.4 months, there was
no statistically significant median OS difference between
NACRT and NACT patients (33.6 vs 26.4 months, p = 0.09).
NACRT was associated with less local recurrence
rate (16% vs 33%, p < 0.01) compared with NACT. Despite
critical aspects in this study such as the low number
of cases in NACT group and less than 20% of them
treated with modern chemo regimen (FOLFIRINOX
or Gemcitabine/Nab-paclitaxel), one still may assume
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HesBaxaroum Ha KPUTUYHI acnekTM LUbOro AOCHiIKEHHS,
SK HU3bKa KinbKicTb gocnigxysaHux y rpyni HAXT Ta MeHLw
Hx 20% 3 HuWx oOTpumyBamm cydacHy cxemy XT
(FOLFIRINOX abo lemuutabin/Nab-naknitakcen), MoxHa
npunyctuty, wo HAXIIT wmoxe nepesepwyBatM 3a
edektuHicTio HAXT y nauieHTiB 3 HemeTacTaTU4HUM
pakoMm NiALLTyHKOBOT 3ano3u.

BuknageHe npunyeHHsA NigTBepaXKyeTbCA peTpOoCneK-
TUBHMM [OCHIIKEHHAM i3 BKIOMEHHAM 472 naulieHTiB,
y skux BigcyTHicTb [T 6yna noe’asaHa 3 Ginbll BUCOKUM
piBHEM MO3UTUBHUX MNiMATUYHUX BY3MiB, | HWKYNUM
edeKToM Bif NiKyBaHHSA, BUMIPSAHUM 3a KiMbKICTIO XUTTE-
30aTHUX NyXNUMHHUX KNiTUH  (BCi 3HaveHHa p < 0,05).
BigcyTtHicTe nepeponepauinHoi XMNT 6yna nos’sidaHa
3 OinblU BMCOKOK 4acCTOTOK JOKanbHUX peunamBeiB, ane
6e3 icToTHOI pisHuui B 3B [22]. OgHak, HanbinbLl NnepekoH-
NVBUM [OCHIIKEHHAM, ke NIATBEPAUNO Le MPUMYLLEHHS,
€ HellofaBHe kopeincbke npocnektuBHe PKI, sike Gyno
NMPUNUHEHO Yepe3 CTaTUCTUYHY 3HAYYLLICTb €JDEKTMBHOCTI
HAXMOT. Mpwn intention-to-treat aHanisi 2-piyHa BwxMBa-
HiCTb Ta MediaHa BWXMBAHOCTI OynM 3HAYHO Kpalmmmu
y HAXIT i3 remumTabivom (COL 45 I'p 3a 25 dpakuin Tta
9 I'p 3a 5 cppakuin (5 pasiB Ha TMXAEHb, 3ararioM 6 TUXKHIB)),
HiXX y rpyni NepBMHHOIO onepatuBHOro BTpydaHHs [40,7%,
21 micsaub npotn 26,1 %, 12 micauiB, koedilieHT pu3nky
1,495 (95% QI 0,66-3,36), p = 0,028]. YacTtota pesekuji
RO Takox Gyna 3HauHo Buwoto B HAXIT, Hix y rpyni 6e3
HAXIT (n = 14, 51,8% npotu n = 6, 26,1%, p = 0,004) [23].

CnogiBaemocs, ManbyTHi pesynbratv [ABOX MPOCHeEK-
TUBHUX JOCTIAKEHb, NOOYA0BaHNX BiAMOBIAHO A0 Cy4aCHUX
pekoMeHpauin 3 XT, 3'AcytoTb, um nepesepwye HAXIT
3a edpekTusHicTio HAXT. Y gocnigyxeHHAX 3aCTOCOBYETLCS
BXXe cy4yacHa TpunnetHa XT Ta nigxoam go MNT, po3pobneHi
nicna Toro, sk B konabopauii rpynu pagiauiiHuX OHKO-
noris (RTOG) ta GERCOR pocearnu KOHCEHCyCy Loao
3aranbHOi 03K, BU3HAYEHHS! LiNbOBOro 06’'eMy, TEXHIKM
nnaHyBaHHA [T, KpUTUYHMX [03 ANA OopraHiB pusnKy Ta
3abesneyeHHs1 AKOCTi ONpoMiHeHHSs [24]. MNepwe — ue Hi-
nepnanacbke pocnimpkeHHss PREOPANC-2 [7], oe nopie-
HioeTbcst HAXT 3a cxemoto FOLFIRINOX npotn HAXMT
Ha OCHOBi remumTabiHy, a apyre — ue ESPAC-5, ake mae
4 nneyva: HAXMT 3a cxemoto FOLFIRINOX npotn GemCap
npotn HAXIT (y kit kaneuutabiH BACTYNae Sk pagioceH-
cubinizaTtop) NpoTu onepavuii Ha no4aTky nikyBaHHs [25].

CTepeoTaKCUYHA NPOMEHEeBA Teparnis

K HEOOA'IOBAHTHE AiIKYBAHHS

3rapgaHuii BuLe koHceHcyc RTOG i GERCOR y 2012 p.
6y BaxnuBoto Bixoto B esontouii MT PI3. MNpoTe Hello-
haBHO  onybnikoBaHi  HoBi  pekomeHpauii  ACROP
(ESTRO) [26] Ta koHceHcycHa 3asBa DEGRO/DGMP
BigoOpaxaloTb MPOrpec y pPO3yMiHHI 3axBOPHBaHHA Ta
MOXJMBICTb 3aCTOCOBYBaTU iHHOBATMBHI HagOaHHsI TEXHO-
noriyHoro nporpecy [27]. KoHBeHuiHa dpakuioHoBaHa
MT (25-30 dpakuinn), nomipHo rinodpakuyioHoBaHa MT
(12-15 dpakuin) i CTMNT (3—12 dpakyin) coorogHi
€ MPUNHATHUMKW BapiaHTaMM MPOMEHEBOIr0O JliKyBaHHS.
OpHosHavyHa nepeBara Oyab-sSIKOro 3 TakuMx Migxopgis
y nikyBaHHi Pl3 potenep He poBegeHa. Y NoedHaHHI
3 pagioceHcubinizatopamn (remuutabiHom abo dTop-
nipMMiaMHamMn) KoHBeHLUiMHa dpakuioHoBaHa IMT HasuBa-
€TbCS TPMBaNUM KypCcoM XiMiONMpOMeHeBOI Tepanii.

Lli nigxoan MOXyTb 3acTocoByBaTMUCA [ONs MNauieHTiB
nicna  iHaykyinHoi  XT  (NepeBaXxHO 33  CXEMOM
FOLFIRINOX a6o lemuutabin/Nab-naknitakcen) y naui-
€HTIB i3 3afoBifbHMM 3aranbHMM cTaTycoM. barato

that NACRT be superior to NACT in patients with non-
metastatic pancreatic cancer.

This assumption is supported by a retrospective
study of 472 patients in who the absence of irradiation
was associated with a higher rate of positive lymph
nodes, lymph node ratio, and a poorer treatment effect
score measured by a number of vital tumor cells
(all p values < 0.05). The absence of preoperative
chemo-radiotherapy was associated with a higher local
recurrence rate but no significant difference in OS [22].
However, the most convincing study reaffirming this
assumption is the recent Korean prospective RCT,
which was terminated due to the statistical significance
of NACRT efficacy. In the intention-to-treat analysis, the
2-year survival rate and median survival was signifi-
cantly better in the gemcitabine-based NACRT which
consisted of 45.0 Gy in 25 fractions and 9.0 Gy in
5 fractions (5 times a week for a total of 6 weeks) than
the upfront surgery group [40.7%, 21 months vs 26.1%,
12 months, hazard ratio 1.495 (95% CIl 0.66-3.36),
p = 0.028]. RO resection rate was also significantly
higher in the NACRT than in the upfront surgery group
(n=14,51.8% vs n =6, 26.1%, p = 0.004) [23].

Hopefully, the upcoming results of two prospective
trials constructed according to current chemotherapy
guidelines will elucidate whether NACRT is superior
to NACT or not. The trials use chemotherapy triplets
and are designed after the Radiation Therapy Oncology
Group (RTOG) and GERCOR cooperative groups have
reached the consensus on a total dose, target volume
definition, radiotherapy planning technique, dose
constraints to organs at risk, and quality assurance [24].
The first study, Dutch PREOPANC-2 study, [7] compares
NACT with FOLFIRINOX vs gemcitabine-based NACRT
and the second — ESPAC-5 having 4 arms: NACT with
FOLFIRINOX vs GemCap vs NACRT (capecitabine
as radiosensitizer) vs surgery upfront [25].

SBRT as neoadjuvant treatment

The RTOG and GERCOR consensus in 2012
mentioned above was a significant milestone in the
evolution of radiotherapy in pancreatic cancer. However,
reflecting the evolution in understanding the disease
and the possibility to use innovative achievements
of technological progress, new ACROP (ESTRO)
guidelines [26] and DEGRO/DGMP consensus statement
for radiotherapy have been recently published [27].
Conventionally  fractionated  radiotherapy = (CFRT)
(25-30 fractions), moderately hypofractionated radio-
therapy (12-15 fractions), and SBRT (3-12 fractions)
are acceptable treatment options today. The superiority
of either approach in the management of pancreatic
cancer is not yet proven. In combination with radiosensi-
tizer (gemcitabine or fluorpyrimidine) CFRT is called
long course CRT.

These approaches can be performed in patients
after induction chemotherapy (preferably FOLFIRINOX
or Gemcitabine/Nab-paclitaxel — based in patients with
good performance status). Radiotherapy after induction
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aBTOpiB pekoMeHaytTb nposoanth T nicnsa iHOYKUinHOT
XT [28, 29] i po3rnsgaloTb Takmin Nigxig SK cTpaTerito,
SKa O03BOMSAE 30iMCHIOBATU paHHE MiKyBaHHS MikpomeTta-
CTaTU4YHOrO ypaxeHHs Ta nposoguTtu MT nuwe 3a ymoBu
ctabinizauii 3axBoptoBaHHA abo HasABHOCTI  BigMNoOBIAi
Ha XT. KniHivHi pe3ynstatv umx nigxodis posrnsgaroTbes
B iHWin ctatTi [30].

Btim, ogHy 3 Takux onuin MNT BapTO po3rnsHyTH GinbLu
petanbHo. CTMNT — ue pagioTepaneBTMYHA MeToAMKa,
O [J03BOMSE MPOBOOUTU OMPOMIHEHHSI B PEXMMI TFiMno-
(opakLioHyBaHHS, TOOTO MEHLLOI KiNbKIiCTIO dopakui Ta
BULIMMM Pa30BMMM [03aMM, 3 NPEUU3IAHUM BigMeXyBaH-
HAM MilLeHi ONMPOMIHEHHS Ta ypaxyBaHHSIM pyXy OpraHis.
TM caMUM 3HAYHO 3MEHLLYETHLCS NMPOMEHEBA TOKCUYHICTb
ONs npunernux 4o MilweHi onpoMiHEHHS TKaHWH. Beaxa-
€TbCA, WO LS MeToaMKa BUKIMKAE NMOMIPHE MOKpaLleHHs
2-piyHOi 3B 3i 3HWXKEHHAM 4YacTOTM FOCTPOi NPOMEHEBOI
TOKCUYHOCTI 3—4 CTyneHa npu  MicLeBO-NOWNPEHOMY
paKky nigwnyHKoOBOI 3ano3n, 3rigHo 3 HelloAaBHIM MmeTa-
aHani3om, skun BUCBITNMB NopiBHAHHA 870 nauieHTis, dKi
oTpuMyBanu KoHBeHUinHy MT, i 277 nauieHTiB i3 CTMT [29].
lHwe HewopaBHo onybnikoBaHe pocnimkeHHa LAPC-1
npogemoHcTpyBano 12% (6 nauieHTiB) nepeTBOpeHHs
MicueBo-nowmnpeHoi dopmu Ha MPPI3, wo npusseno go
nosHoi (RO) pesekuii y uMx nauieHTiB. [JBOE 3 LUMX NALEHTIB
Manu noBHy rictonoriyHy Bignosiab [31].

CTIMT TakoX akTUMBHO OOCHIAKYETLCA B Heoan loBaHT-
HOMYy pexumi. Benvke peTpocnekTMBHE [OCHIMKEHHS
5828 nauieHTiB NpogeMoHCTPyBarno 36inbLUEHHsT 3acToCy-
BaHHa CTIT B CLUA 3 0 y 2004 p. oo 9,5% y 2015 p., i3
3pocTaHHAM piyHoro Bigcotka nicna 2010 poky (p <
0,001). Y upomy pocnigxeHHi 332 (5,7%), 3234 (55,5%)
i 2262 (38,8%) nauieHtn otpumysanu HAXT + CTIMT,
Tinbkn XT Ta XT 3 koHBeHUinHot [T BignosigHo. KoropTta
XT + CTNT npopgemMoHcTpyBana 6Ginbw Bucoky 3B ao
i nicnst nceBgopangomisadii (p < 0,05 onsa 060x NOPIBHSHD).
Yactota pesekuii RO 6yna Buwoto B rpyni HAXIT, Hix
y koropTi HAXT (p < 0,001) [32].

Metog CTIMT pos3Bonse 3MeHWUTUM BTpaTy 4Yacy Bif
novatky HAT go XxipypriyHoi pe3ekuii, TuM camunm, obmexy-
IOYM LWaHCW Ha nporpecyBaHHs 3axBoptoBaHHA [33—35].
CborogHi ASTRO yMOBHO peKkoMeHAye pexvM Heoap 'to-
BaHTHOro nNiKyBaHHA i3 BUKOPUCTaAHHAM cucTtemHol XT 3
noganbLuoto MynstudpakuinHoto CTIMT ana HAXMT 3 koH-
ceHcycom 77% [36]. Lie Buknukae onTMMiaM LOAO MOXIKU-
BocTi BkmtoveHHa CTMT go HAT nicnsa iHgykuivHoi XT Ta
POpMYyBaHHS, TaKUM YNHOM, HOBOTO KITiHIYHOrO nigxoay.

Ao30Bi pexumun Ta dopakuioHyBaHHs HAXIT

LLlogo onTMmanbHOro A030BOrO pexuMmy, pakLuioHy-
BaHHA Ta TEeXHIYHMX acrekTiB MPOMEHEBOro IiKyBaHHS
xBopux Ha PT13, koHconigoBaHOT AYMKU CbOrOOHiI He iCHYE.
MpoTe, y pasi 3acTocyBaHHs OMPOMIHEHHSI B KOMIMMEKC-
HOMy nikyBaHHi xBopux Ha PI3, HanvacTiwe ue 3gincHio-
€TbCHA ONPOMIHEHHAM 3a fgonomorot  3D-KoHGOpPMHOIT
abo IMRT MNT. CTMT HabyBae Benukoi MOMNYNSAPHOCTI
3aBOskM ©e3neyvyHocTi Ta edeKTUBHOCTI, NPOAEMOHCTPO-
BaHOI B OQHOLEHTPOBMX KITiIHIYHUX OOCHIAXKEHHSX, a TakoX
3a paxyHOK 3HA4YyHO MeHLUOI TpmBanocTi nikyBaHHA [37].
AOXe 3MeHLIeHHA KinbKocTi BigBigyBaHb nauieHTaMu
nikyBanbHUX 3aknagiB 3MeHLWye SK NOTEHLUiNHI enigemio-
noriyHi puankn (y T.4. COVID-19), Tak i HaBaHTaXXeHHs
Ha MeOWYHWIA NepcoHar Ta TeXHIYHE YCTaTKyBaHHS.

Y 2019 p. ogHa 3 nigepis CBITOBOI pafiauilHOI OHKO-
noriyHoi cninbHoTn, — ASTRO, onybnikyBana KniHiYHi Ha-
ctaHoBm 3 T xBopux Ha PI3 (Clinical Practice Guideline:

chemotherapy is recommended by many authors [28, 29]
as a strategy that allows for early treatment of micro-
metastatic disease and only delivering radiation therapy
if patients have stable disease or better response.
Clinical results of these approaches are reviewed
elsewhere [30].

Nonetheless, one of the treatment strategies is yet
worth mentioning. SBRT is a radiotherapeutic technique
that allows for hypofractionated dose-escalated delivery
limited to tight margins with strict organ motion manage-
ment, thereby decreasing the radiotoxicity for intact
neighboring tissues. This technique is considered to
cause modest improvement in 2-year OS with decreased
rates of acute grade 3/4 toxicity in LAPC according
to a recent meta-analysis, which included 870 patients
treated with CFRT, and 277 with SBRT [29]. Another
recently published study LAPC-1 demonstrated 12%
(6 patients) of conversion-to-resection rate among LAPC
patients resulting in a complete (RO) resection. Two of
them had a complete pathological response [31].

SBRT is actively investigated in the neoadjuvant
regimen as well. A large retrospective study of 5828 pa-
tients demonstrated an increase in SBRT application
in the USA from 0% in 2004 to 9.5% in 2015, with
a greater annual percent after 2010 (p < 0.001). In this
study 332 (5.7%), 3234 (55.5%) and 2262 (38.8%) pati-
ents received neoadjuvant chemo-SBRT, chemotherapy,
and chemo-CFRT, respectively. The chemo-SBRT cohort
was associated with a higher OS rate before and after
propensity matching (p < 0.05 for both). The rate of
RO resection was higher in NACRT than in the NACT
cohort (p < 0.001) [32].

SBRT allows for short time expenditure from chemo-
therapy to surgical resection thereby limiting chances
of progression [33-35]. Today, neoadjuvant therapy
regimen of systemic chemotherapy followed by multi-
fraction SBRT is conditionally recommended for NAT
by ASTRO with consensus of 77% [36]. These findings
increase optimism regarding SBRT after induction chemo-
therapy in NAT of pancreatic cancer as an evolving trend.

Dose regimens and fractionation in NACRT

There is no consensus today regarding optimal
dose regimens, fractionation, and technical aspects of
radiotherapy in pancreatic cancer. However, in complex
treatment of this condition 3D conformal external beam
radiotherapy and IMRT are the most frequent approaches.
SBRT has gained popularity due to its safety and efficacy,
as well as significantly shorter treatment duration de-
monstrated in single-center clinical trials [37]. Indeed,
reducing the number of patient visits to treatment
facilities lowers potential epidemiological risks (including
COVID-19) as well as medical staff and equipment
overburden.

In 2019, ASTRO, one of the leaders of international
oncological community, published Clinical Practice
Guideline: Radiation therapy for pancreatic cancer pati-
ents [36]. The guidelines were developed in collaboration
with the American Society for Clinical Oncology and
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Radiation therapy for pancre-atic cancer patients) [36].
HacTtaHoBu 6ynu po3pobnedi y cniBnpaui i3 AmepukaH-
CbKOIO acoujauieto kniHiYHMX oHkonoriB (American Society
for Clinical Oncology) Ta Acoujauieto xipypri4Hoi oHKonorii
(Society of Surgical Oncology) i cxBaneHi €BponencbKo
acouiauieto pagiotepanii Ta oHkororii (European Society
for Radiotherapy and Oncology) Ta KoponiBcbkum
konemkem papgionorie  Asctpanii Ta Hoeoi 3enaHgii
(The Royal Australian and New Zealand College of Radio-
logists). Byno cTBopeHO MynbTMAMCUMMNIHAPHY pobody
rpyny, 4O 3aBAaHb KO Hanexano BignoBiCTM Ha 7 Kito-
YOBMX MUTaHb LIOAO NPOMEHEBOIO JliKyBaHHS XBOPMX Ha
pak nigwnyHKoBOI 3anosn, 3oKkpema, pakuioHyBaHHS,
[030BOr0 pexuMmy Ta O00’'eMy OMpPOMIHEHHSA, cumynauii
Ta MnaHyBaHHA MiKyBaHHS, MpodinakTukn pagiauiiHo-
acouinoBaHol TOKCUMYHOCTI. BignoigHO AO0 UbOro, B Ha-
ctaHoBax ASTRO 6yno npeacTtaBneHO CUCTEMHUI Ornsg
iCHYIOUMX NiAX0AiB WOoAO0 NPOMEHEBOro NiKyBaHHA XBOPUX
Ha pak MigwnyHKoBOi 3anosu, y TOMYy 4ucri, 1 Heoap'to-
BaHTHOro, Ta YTOYHEHO MOKa3aHHA N TEXHiYHi acnekTn
Takoro nikyBaHHA. Byno pekomeHOOBaHO MpPOBEAEHHS
koHBeHUiHOT MT CTMNT pna Heoand'toBaHTHOI  Tepanii
neBHUx kateropin xsopux Ha PI3. MNpn ubomy ASTRO
NPOOEMOHCTPYBArNo BWUCOKUA piBEHb KOHceHcycy (92%)
Woao AouinbHOCTi Heoan'toBaHTHOT KoHBeHUiMHOT MT yn
CTNT y xBopux Ha pesektabenbHy hopmy PI13.

Ona xeopux Ha PPM3, Bigibpanmx ana HAXIMT, i3
92% koHceHcycom ASTRO pekoMeHOye pexuM KOHBEH-
uinHoi MT i3 cymapHoto BorHuwesow gosot 45,0-50,4 p
y bpakuisx i3 pasoBow BorHuwiesow fosow 1,8-2,0 Ip
nocunaHHam Ha MD Anderson Cancer Center, akui
Mae HanbinbLni B icTopii npocnekTnBHMiA goceig HAXIT
y xBopux Ha 'PPI3 [38, 39]. XBopum Byno 3actocoBaHo
Taki peXumy OMPOMIHEHHS: CyMapHa BOrHuUWEBa [03a
50,4 p y @pakuisax i3 pa3oBO BOMHULLEBOK 0300
1,8 p abo cymapHow posoiwo 30,0 p y dpakuisax
i3 pa3oBol BoOrHuwiesow fosow 3,0 p 3 ogHo4yacHoK
XT 5-dpropypaumnom. Lli gocnigxkeHHs npoaeMOHCTpy-
Banu BigMiHHI nokasHuku yactotu RO-pesekuini (Big 66%
£o 89%) Ta cnpusaTnuBi pesynsTaTu BWKMBAHOCTI (Megdi-
aHa 3B 15-25 micsLiB) ons Tux, XTo NepeHic onepaLito.

o nokasie ana CTMNT i3 6Ginbl BUCOKMMK pPaso-
BUMMW BOTHULLEBMMW [03aMU Ta OOMEXKEHOM KiNbKiCTHO
dpakuii  3aMiCTb TpuBanoro Kypcy XiMionpomeHeBoro
nikyBaHHA HanexaTb NyXAMHW < 6 CM, po3TalloBaHi
Ha BigcTaHi = 1 cm Big CnNM30BOI OOOMOHKM OpraHiB
LUITYHKOBO-KULLKOBOrO TpakTy ©0e3 MepeKkoHnUBMX O3HaK
NyXfIMHHOI iHBa3ii Ta He MNOB’si3aHMX i3 OyOb-sSIKUM 3Hay-
HUM HoganbHUM ypaxkeHHaMm [40 — 43].

HesBaxatoum Ha BiACYTHICTb MPOCMEKTUBHUX AaHMX,
iCHYIOTb PETPOCMNEKTUBHI OOCHIAXEHHS, WO NigTBEPOXY-
IoTb 6e3neyvHicTb Heoap'toBaHTHOI CTIMT ana xBopux
Ha MPPI3, npu uboMy paHi Bidyanisauii AeMOHCTPYHOTb
piBeHb pesekuii RO >90% [44].

3rigHo 3 notoyHnmK HactaHoBamu ASTRO, icHye 100%
KOHCEHCYC (Xxo4a MeauyHi pisnmkm Ta oHKoXipypru poboyoi
rpynu yTpumanucb Bif Ui€i pekomeHaauii) woao 3acrocy-
BaHHS HACTYMHOTO PEXUMY ONPOMiHEHHS xBopux Ha TPPTI3,
ski 6ynu Bigibpani gna CTIMT: cymapHa BorHuweBa [o3a
30,0-33,0 I'p y 5 cbpakuisix i3 pa3oBO BOrHULLIEBOK 40300
6,0-6,6 p 3 ypaxyBaHHAM MOXNMBOCTI CUMYNbLTAaHHOIo
iHTerpoBaHoro 6ycty o 40,0 'p Ha cyanHu nyxnuHu [36].

JlikyBaHHs 3a gonomoroto CTIMT go3sonse npoBecTu
MOBHWUI KypC MPOMEHEBOro fiKkyBaHHA 3a 5 OHIiB, 3aMiCTb
Oinbw TpuBanoi TpaguudinHoi MT, wo TpuBae 6inblue
5 TvxHiB. OKpiM BULLE3a3HaYeHNX, iCHYIOTb | iHLWWI JoBeaeHi

the Society of Surgical Oncology and approved by the
European Society for Radiotherapy and Oncology and
The Royal Australian and New Zealand College of Radio-
logists. A multidisciplinary working group was established
to address seven key questions concerning radiation
therapy in pancreatic cancer patients, as follows: frac-
tionation, dose and volume, simulation and treatment
planning, prevention of radiation-associated toxicity.
According to them, a systematic review of existing
approaches to radiotherapy in pancreatic cancer, inclu-
ding neoadjuvant treatment, was presented in ASTRO
guidelines and indications and technical aspects of such
treatment were specified. Conventional radiotherapy
or SBRT for NAT in certain categories of patients was
recommended. A high level of consensus (92%) on the
appropriateness of neoadjuvant conventional radio-
therapy or SBRT in patients with resectable pancreatic
cancer was demonstrated by ASTRO.

For BRPC patients selected for NACRT, with 92%
consensus ASTRO recommends conventional radio-
therapy regimen with total dose 45.0-50.4 Gy (1.8-2.0 Gy
per fraction) based on MD Anderson Cancer Center,
which has the most experience of NACRT in BRPC pati-
ents [38, 39]. Patients received the following radiation
regimens: total dose of 50.4 Gy in 28 fractions (1.8 Gy per
fraction) or total dose 30.0 Gy in 10 fractions (3.0 Gy per
fraction) with concurrent 5-fluorouracil-based chemo-
therapy. These studies demonstrated excellent
RO-resection rates (66% to 89%) and favorable survival
outcomes (median OS of 15-25 months) for those who
underwent surgery.

Indications for SBRT with higher single doses per
fraction and limited number of fractions instead of
long-term chemoradiotherapy include tumors < 6 cm,
located =2 1 cm from the mucous membrane of the
gastrointestinal tract organs without convincing signs of
tumor invasion and significant nodal involvement [40—42].

Despite the lack of prospective data, there are retro-
spective studies confirming the safety of neoadjuvant
SBRT for BRPC patients, with imaging data demonstrating
RO resection rates > 90% [43].

According to current ASTRO guidelines, there is 100%
consensus with conditional strength of recommendation
(medical physicists and surgical oncologists of the working
group abstained from this recommendation) regarding
the SBRT regimen for BRPC patients: total dose
30.0-33.0 Gy in 5 fractions (6.0-6.6 Gy per fraction)
with the possibility of a simultaneous integrated boost
up to 40.0 Gy on the tumor vessels [36].

SBRT allows a complete course of radiation
therapy in 5 days instead of a longer treatment with
traditional radiation therapy lasting more than 5 weeks.
Besides the above-mentioned, there are other proven
advantages of hypofractionated NACRT regimens in
pancreatic cancer patients. Shortening the time of
radiation therapy reduces the interval between systemic
treatment and possible surgery, which is associated
with convincing clinical benefits [37].

However, it should be noted that there are certain
limitations in the selection of SBRT patients (tumor size,
invasion into the surrounding tissues, the degree of
involvement of peripancreatic lymph nodes, etc.).
Obviously, the selection criteria of SBRT patients can be
characteristic of a prognostically more favorable cohort
of patients. However, this assumption requires more
detailed further study.

BesnepepBHa MegmMyHa ocsiTa
Ta OpraHi3aLisi OXOPOHU 300POB’st

Continuing medical education
and health care organization



YKpaiHCbKWI pafionoriYHWin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 1. C. 91-104

Ukrainian journal of radiology and oncology. 2022;30(1):91-104

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

nepesarn 3acTocyBaHHSA rinodpakuiiiux cxem HAXMT y
XBOpMX Ha pak MiawnyHkoBoi 3ano3u. CkopoveHHs 4acy
MT 3MeHWye NPOMIKOK MiXX CUCTEMHUM HiKyBaHHAM Ta
MOXIMBOK OnepaLi€to, Lo MOB'A3aHO0 i3 NEPEKOHNTUBUMMN
KniHiYHMMK nepeBaramu [37].

MpoTe cnig 3BepHyTM yBary, LIO iCHYOTb NEBHi obMe-
XeHHs npu Biabopi xeopux Ha CTIT (po3mipn MyxmuvHw,
iHBa3ia B OTOMYIOMi TKaHWHW, CTYMiHb YpaXeHHA nepu-
naHKpeaTnyHuUx nimdaTtuyHux By3nie, Towo). BoueBnab,
WO BigNOBigHICTL KpuTepisam Bigdopy xBopux Ha CTIT
MOXe OyTu npuTamaHHOK ANs MPOrHOCTMYHO GinbL
CcnpuaATIMBOI Koroptn xBopux. OpgHak LUe npunyLLeHHSs
notpebye GinbLu AeTanbHOro NoAanbLIOrO BUBYEHHS.

MakcumanbHO MOXIMBE BUKITHOYEHHSI OTOYYHOUUX HOP-
MarnbHUX TKaHUH 3 00’eMy MilLIeHi ONPOMIHEHHS € iHCTpY-
MEHTOM OBMEXEHHSI MOTEHLINHOT MPOMEHEBOI TOKCUYHOCTI
npu 3actocyBaHHi CTIT, y NOpPIBHAHHI i3 TpaguuiiHUm
dpakuiiHUM ONpPOMiHEHHSIM. Y CBOK 4epry, ue notpebye
BMCOKOIO CTYMEHS KOH(OPMHOCTI Ta MPeumsinHOCTI npu
nigBeAeHHi 403K iOHI3yH4HOro BUNPOMIHIOBAHHSA A0 MilLeHi.
B pesynbrati npu CTMT HanvacTille BMKOPUCTOBYHOTLCH
MOAOyNbOBaHi METOAUKUA OMPOMIHEHHSs. PeTpocnekTUBHI
naHi, wo nopisHioBanu CTMNT 3 3D KOHPOPMHUM
onpomiHeHHsAM, IMRT abo pagioxipyprieto npu [MPPI3,
BUSIBUNM HWXKYY CepedHlo | MakcumarnbHy [03y Ha
HUpkoBi cyanHu npu 3D KOHMOPMHOMY OMPOMIHEHHI,
ane nokpalleHy cepegHld Ta MakcMmanbHy [03M Ha
nediHKy 1 BepxHo BpmkoBY apTepito Ta iHAEKC BigNoBigHOC-
Ti npn IMRT-CTMT. KniHiyHi gaHi He npoaeMoHcTpyBanu
BiLMIHHOCTW Y FOCTpIN Ta Ni3HiA TOKCUYHOCTI NPU BUKOPUC-
TaHHi CTIT, ockinbku OiNbLIICTb XBOPUX OMPOMIHIOETLCS
i3 BUKOPWCTaHHAM MOAYrbOBaHUX METOAIB, SKi HadawTb
nepesaru B OLaanvMBoCTi MO BiAHOLIEHHIO A0 HOpMarbHUX
opraHiB Ta TkaHuH. Tomy poboya rpyna ASTRO npwu nna-
HyBaHHI NiKyBaHHS pPEeKOMeHAye 3acToCOByBaTW MeToam
IMRT/VMAT, BpaxoByk4mn Binblly KOHOPMHICTb, MEHLUE
NPOMEHEBE HaBaHTaXXEHHS Ha OpraHu pu3uKy, NoTeHLUiiHe
3HWXKEHHS TOCTPOl Ta Mi3HbOI TOKCUYHOCTI, a TaKoX
eKBiBaneHTHi KNiHiYHi pesynesraTty [36].

BUCHOBKMU

Ha cborogHi Hemae gaHMx BUCOKOro piBHS JOKa30BOCTi,
WO nNigTBEPAXYTb nNepeBarn [[oAaBaHHA Oyab-sKoro
nigxogy MT po HAT Pl3. PerpocnektuBHuiA aHanis
30e6inbLloro He Aae AeTanbHOro nopiBHAHHA metogis [T,
Taknx sik cTepeoTakcuyHa abo koHBeHUinHa. NoTouni PKL
Oynn posnoyati 6 pokiB TOMY, i BOHW He HagagyTb Ham
iHpopmauilo Npo edeKkTUBHICTL HOBMX pagioTepaneBTuy-
Hux TexHonorin. CTMT wmoxe OyTn KopuCHOW nicns
iHgykuii HAXT y nauieHTiB 3 nyxnuHamu i3 CYAWHHOIO
iHBasieto, 6e3 4iTKMX O3HaK papjionoriyHoi BignoBidi Ta
i3 3a00BiNbHUM 3aranbHUM CTAaHOM NPU  MPOBEAEHHI
nikyBaHHA Yy cneuianisaoBaHNX MaHKpeaTUYHUX LeHTpax.
Hoei PK[O nosuHHi 6yTn pospobneHi 3 ypaxyBaHHAM
HOBUX XiMiO- Ta pagioTepaneBTUYHMX NiaAXo4iB, HEOBXiAHNX
Ans ouiHku poni CTMT y HAT PM3.

CMUCOK BUKOPUCTAHOI AITEPATYPU

1. Siegel R. L., Miller K. D., Jemal A. Cancer statistics. CA: a cancer
Journal for clinicians. 2019. Vol. 69. P. 7-34.

The maximal possible exclusion of the surrounding
normal tissues from the volume of the target radiation
is a tool to limit the potential radiotoxicity in the SBRT
compared to conventional irradiation. It requires a high
degree of conformity and precision in the delivery of the
radiation dose to the target. That is why modulated
irradiation techniques are most commonly used in SBRT.
Retrospective data comparing SBRT with 3D conformal
radiotherapy, IMRT, or radiosurgery in BRPC revealed
decrease in mean and maximum dose to the renal
vessels with 3D conformal irradiation, but improved mean
and maximum doses to the liver and superior mesen-
teric artery and IMRT-SBRT compliance index. Clinical
data showed no difference in acute and late toxicity i
n SBRT patients, since most of them are irradiated using
modulation techniques that are parsimonious with respect
to normal organs and tissues. Therefore, the ASTRO
working group recommends the use of IMRT/VMAT
techniques in treatment planning, given the greater
conformity, lower radiation exposure to organs at risk,
potential reduction in acute and late toxicity, and equi-
valent clinical outcomes [36].

CONCLUSIONS

Today, there is no high-level evidence proving the
advantages of adding any radiotherapy approach to NAT
in pancreatic cancer. Retrospective analyses mostly fail
to perform detailed comparisons of radiotherapy techni-
ques such as SBRT or CRT. The ongoing RCTs were
initiated up to 6 years ago, and would not provide us with
further data on new radiotherapeutic technologies.
SBRT might be beneficial after induction NACT in patients
with tumors with vascular invasion, no clear signs of
radiological response and good performance status
when conducted in high volume pancreatic centers.
New RCTs should be designed to consider the novel
chemotherapeutic and radiotherapeutic approaches
needed to evaluate the role SBRT in NAT of pancreatic
cancer.
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HepcneK‘rusM MOAQABbLUUX AOCAIAXEHD

3actocyBaHHs MNT B Heoag'toBaHTOMY nikyBaHHi P13 nos’asaHe
i3 NO3NTMBHMM BMMIMBOM Ha BWKMBAHICTb Ta SIKICTb XKUTTS
XBOPUX, 3MEHLUEHHSAM KinbKOCTi nicnsonepauinHux ycknagHeHb
Ta piBHA nicrnsonepauiiHoi  netanbHOCTi.  BnpoBagkeHHs
BUCOKOTEXHOMOMNYHUX METOAIB NPELUSINHOIO CTEPEOTaKCUYHOro
ONPOMIHEHHS [03BOMSAE 3MEHLWUTU TepMiH Big novaTtky HAT go
XipypridHOi pesekuil, MiHiMi3yBaTh HaBaHTaXeHHA Ha MeauyvHWUn
nepcoHan Ta YyCTaTKyBaHHS KMiHIK, a TakoX enigeMionorivHi
puaukn. Heoap'toeaHtHa CTMT nicns MynsTuareHTHOI iHOYKLiNHOT
XT moxe 6yTn mainbyTtHim Tpengom y HAT PI3. 3 mertoto oTpu-
MaHHSl AaHWX BWCOKOrO PiBHS AOKa30BOCTi, WO MiATBEPOXKYOTb
nepesarn gopasaHHs MNT go HAT PI3, HeobxioHO npoBedeHHsi
noganblwMX  MPOCMEKTUBHUX  MYMbBTULEHTPOBMX  PaHAOMI30-
BaHWUX AocChigKeHb.

KoHdAikT iHTepeciB

ABTOpPWU pyKONUCY CBIAOMO 3acBiAYYIOTb BiACYTHICTb (DAKTUYHOIO
abo noTeHUiiHOro KOHNIKTY iHTepeciB o0 pesynbraTiB Liel
po6oTn 3 hapMaLEBTUYHUMW KOMMNaHisiMK, BUPOGHMKaMu Giome-
OWYHWX NPUCTPOIB, iHLLIMMW OpraHi3auisimMmn, Yni NPOAYKTW, MOCIyrn,
biHaHcoBa NiATPMMKa MOXYTb ByTW NOB’A3aHi 3 NpeagMeTOM Haaa-
HWUX MaTepianiB abo siki cnoHcopyBanv NpoBeAeHi AOCHIIKEHHS.
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Prospects for further research

Radiotherapy in the NAT of pancreatic cancer is associated
with a positive impact on the survival and quality of life of the
patients. It decreases postoperative morbidity and mortality.
The introduction of high-tech methods of precision irradiation
can minimize the time from the beginning of NAT to surgical
resection, the burden on medical staff and equipment, and
epidemiological risks. Neoadjuvant SBRT after multiagent
induction chemotherapy may be a future trend in NAT for pancre-
atic cancer. Further prospective multi-centric RCTs are required
to obtain a high level of evidence proving the advantages of
adding any radiotherapy approach to NAT in pancreatic cancer.
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