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Abstract

A systematic review and meta-analysis was aimed to assess the effectiveness of palliative photodynamic therapy for unresectable malignant
tumors of the biliary system in order to justify the feasibility of including photodynamic therapy (PDT) in the complex treatment of this category
of patients. Publications in the databases PubMed Central, the bibliographic database of scientific citations of the RSCI, and the Cochrane library
were considered. Heterogeneity was assessed graphically using forest plots and statistically using tau? and I? statistics. A meta-analysis of 5-year
survival revealed a statistically significantly longer pooled estimate of the survival period in groups where PDT was used - 339+161 days (95% Cl
25-710; p < 0.001) compared to groups where PDT was not used — 83+16 days (95% Cl 33-100; p < 0.001). Heterogeneity among studies was found
to be statistically insignificant (1> = 29%, p = 0.23). A meta-analysis of the risk difference for adverse events revealed a statistically significantly lower
risk (-0.2306; 95% Cl -0.3917-0.0696; p = 0.005) of adverse events after PDT compared with the comparison group. Heterogeneity among studies
was found to be statistically insignificant (1> = 0%, p = 0.35). There were no significant publication biases in either meta-analysis. The presented
meta-analysis demonstrated that PDT may be the method of choice in the palliative complex treatment of patients with unresectable cholangicar-
cinomas, increasing the five-year survival of patients along with the absence of increased risks of postoperative complications in comparison with
other methods of palliative surgical treatment.
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DDPPEKTUBHOCTb NMAJIJIMATUBHOU
dOTOOAMNHAMUYECKOU TEPATTNN Y NMAUMEHTOB
C HEPE3EKTABEJIbHbIMU 3JTOKAYECTBEHHBIMU
HOBOOBPA3OBAHNAMMU XEJTHEBbIBOAALLEU
CUCTEMbI. CUCTEMATHNHECKNN OB3OP U
METAAHAJIN3

A.E. Uenmax', A.H. Muwenko?, B.A. Kyptykos?, 4.H. LLoixet', N.B. Kynewosa'
TANTAMCKUI rOCyAPCTBEHHBIN MEAMUMHCKMIA yHuBepcuTeT, bapHayn, Poccus
Topoackas 6onbHuua Neb5, BapHayn, Poccus

Pesiome
CuctemaTyeckmin 0630p U MeTaaHanM3 HarnpaB/ieHbl Ha OLEHKY 3PpGeKTUBHOCTU MannmatvBHon dotoamHammueckon Tepanun (OAT) y
NaLUMEHTOB C Hepe3eKTabeNbHbICM 3/10KaYeCTBEHHbIMW HOBOOOPA30BaHUAMM XKEMUYeBbIBOASALLEN CUCTEMbI C Liefblo 060CHOBaHVA Lieneco-
obpasHocTn BKAtoueHna OAT B KoMmnneKkcHoe fieyeHre AaHHON KaTeropumn nauneHToB. PaccmoTpeHbl ny6nuvkaumm B 6asax PubMed Central,
6rbnuorpadurueckoi 6ase gaHHbIX HayuHoro LnTnposaHua PUHL|, 6nbnnoteke Cochrane. l[eTeporeHHOCTb OLeHMBany rpaduyeckiu, NCnosb-
3yA JIeCHble AnarpaMmbl, U CTaTUCTUYECKU, UCMONb3Ys CTaTUCTUKY tau? 1 I2. MeTaaHanv3 nATUNETHEN BbIXXMBAEMOCTM BbIABUM CTAaTUCTUYECKN
3HauVMO 6071bLLYI0 O6LLYI0 BbIXKMBAEMOCTb NPY 06bEANHEHHON OLeHKe B rpynnax, rae npumenanu OAT - 339+161 gHen (95% AW 25-710;
p < 0,001) no cpaBHeHuto ¢ rpynnamu, rae OAT He npumeHany — 83+16 aHen (95% AW 33-100; p < 0,001). leTeporeHHOCTb MCCNeA0BaHNM
6blna Npr3HaHa CTaTUCTUYECKN He3HauumMoi (1> = 29%, p = 0,23). MeTaaHan13 pasHuLbl PUCKOB HeXenaTesNIbHbIX ABNIEHWUIA BbIABU CTaTUCTV-
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YeCcKM 3HaUMMO MeHbLUniA prck (-0,2306; 95% [ -0,3917-0,0696; p = 0,005) HexenaTtenbHbIX ABfeHnn nocsie OAT no cpaBHeHWIO C Fpynnoi
CpaBHeHWs. [eTeporeHHOCTb NCCNEROBaHMI Obina Npr3HaHa CTaTUCTUYECKN He3Haumon (12 = 0%, p = 0,35). 3HauMMbIX My6ANKALMOHHbIX
OLINGOK 1 NPefB3ATOCTM B 060UX METaHann3ax BbIsIBIEHO He 6bi10. MpeAcTaBneHHbI MeTaaHanu3 npogemMoHcTpupoBan, uto OAT MoxeT
6bITb METOAOM BbIOOPA NPV NaNANAaTUBHOM KOMMIEKCHOM JIeYeHVN NaLMEHTOB C Hepe3eKTabenbHbIMY 3/10KaYeCTBEHHbIMM HOBOOOPa3oBa-
HUAMU XKeNn4YeBbIBOAALLMNX NPOTOKOB, YBENNUMBAIOLMM MNATUIIETHIOO BbIXKMBAEMOCTb NaLMEHTOB HapAAy C OTCYTCTBMEM MOBbILLEHHbIX PUCKOB
NocsieonepaLoOHHbIX OC/IOXKHEHWI B CPaBHEHWU C ApYrMI METOLAaMM MaifIaTUBHOTO XUPYPrYecKoro ieueHus.

KnioueBble cnoBa: 3/10Ka4yecTBeHHble HOBOO6pa3OBaHI/Iﬂ »KenueBblBOAALLEN CUCTEMbI, d)OTO,D,I/IHaMI/ILIECKaﬂ Tepanua, MeTaaHanums.

KonTakTbi: Lieiimax A.E., e-mail: alevtsei@rambler.ru

Onsa yutupoBaHus: Lleiimax A.E., MuweHko A.H., Kyptykos B.A., LLoiixeT Al.H., Kynewoga W.B. 3pdeKTnBHOCTL MannnaTmeHom GotogmHamu-
YecKol Tepannu Hepe3eKTabesibHbIX 3/1I0KaYeCTBEHHbIX HOBOOOPA30BaHMI XKelueBbiBOAALLEN cuctembl. CUCTEMATUYECKMI 0630p 1 MeTa-
aHanus // Biomedical Photonics. — 2024. - T. 13, N2 2. - C. 34-42. doi: 10.24931/2413-9432-2024-13-2-34-42.

Introduction

Biliary tract cancer is a rare oncological pathology,
which includes distal and proximal cholangiocarcinoma
and gallbladder cancer[1, 2, 3]. The structure of incidence
and mortality in biliary cancer is assessed together with
hepatocellular cancer [1]. Being one of the rarest onco-
logical pathologies, assessed together with hepatocel-
lular cancer with a prevalence of only 6.7 cases per 100
thousand population, malignant neoplasms of the bile
ducts have one of the highest overall mortality (35.2%)
and mortality in the first year from the date of diagnosis
(66.8%) [1, 2, 3, 4, 51.

Despite the development of radiation and chemo-
therapy methods, surgery remains the main method of
treating biliary cancer. However, at the time of diagno-
sis, 57.3% of patients already have advanced stage IV of
the underlying disease, and 80.3% of patients have an
advanced or locally advanced process [1, 2]. Thus, more
than 80% of patients can only undergo palliative treat-
ment, the main component of which is the elimination of
life-threatening complications of the underlying disease,
such as obstructive jaundice and cholangitis [4, 5, 6].

One of the methods of palliative treatment that com-
plements surgical treatment is photodynamic therapy
(PDT). PDT is a method of treating malignant neoplasms,
which involves irradiating the tumor with light of a cer-
tain wavelength, which causes molecules of a special
substance, a photosensitizer, selectively accumulated in
the tumor tissue, to an excited state in the presence of
oxygen. The resulting active oxygen species cause tumor
cells to die through apoptosis, necrosis, and autophagy.
The first successful application of PDT in the palliative
treatment of biliary tract cancer was a clinical example
published by McCaughan et al. [7], which began the
study of the effect of PDT on malignant neoplasms of the
bile ducts. Conducted in 2015-2023 years studies of the
effectiveness of PDT in biliary tract cancer have yielded
encouraging results, indicating the promise of the
PDT method in palliative treatment of this category of
patients [8,9, 10, 11, 12, 13]. The main advantages of PDT

include its safety and the absence of side effects com-
pared to chemotherapeutic treatment methods in the
presence of a therapeutic effect that exceeds the results
of treatment without PDT.

This systematic review and meta-analysis are aimed
at assessing the effectiveness of palliative PDT in patients
with unresectable malignant neoplasms of the biliary
system in order to substantiate the feasibility of includ-
ing PDT in the complex treatment of this category of
patients. To achieve the goal set during the preparation
of the systematic review and meta-analysis, it was neces-
sary to solve the following problems:

1) to evaluate the safety of PDT in palliative treatment
of patients with unresectable malignant neoplasms
of the biliary system;

2) to evaluate five-year survival after the use of pal-
liative PDT in patients with unresectable malignant
neoplasms of the biliary system.

Materials and Methods

The systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) guidelines [15]. For inclu-
sion in the systematic review, we reviewed open-source
publications in Russian and English in the PubMed Cen-
tral database (Internet address: https://www.ncbi.nlm.
nih.gov/pmc/), the bibliographic database of scien-
tific citations RSCI (Internet resource: e-library.ru), and
the Cochrane Library (Internet address: https://www.
cochranelibrary.com/). The search for articles in these
databases was conducted using the following keywords:
photodynamic therapy, cholangiocarcinoma. The search
strategy included identifying full-text articles present-
ing the materials and results of clinical studies. The titles,
abstracts, and full texts of potentially eligible articles
were independently reviewed by two researchers. Dis-
agreements were resolved by a third investigator.

At the identification stage, 422 published full-text
articles published between March 1998 and January
2024 were selected (Fig. 1). At the screening stage, 395
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Hnentuduramms/
Identification

TMyomuxanm, wieHTHGHUMPOBAHHbIC B OTKPBITHIX HeToYHIKAX B Oasax PubMed Central (n — 257), 6ubmnorpadieckoii
Baze gaHHBX HayuHoro upTiposasns PHHIL (n— 123), 6udmiotere Cochrane (n— 42) 3a neprox ¢ mapta 1998 r. mo
ansaps 2024 r. Orpasirderng — pyccknii i anrnuiickiii aseikn / Publications identified in open sources in the databases
PubMed Central (n —257), the bibliographic database of scientific citations of the RSCI (n — 123), the Cochrane library (n
—42) for the period from March 1998 to January 2024 Restrictions — Russian and English languages

!

CxpHHHHT/
Screening

YaaneHsl cHCTEMATH3NPOBAHHbIE 0030pPHL, META-aHAMI3EL, AYOMIPYIOMIIE CTATHI, JKCIIEPIMEHTATBHEIE HCCISI0BAHIIA Ha
SRHBOTHRIX, TE3ICHL, IMIICEMA B PEIAKINI, KOMMEHTAPIIN K CTATBAM, ETIHIYECKIIS HaOMIOIeHIA 11 CEPIHI KITHHIMMECKITX
cayuaes (n— 395) / Systematized reviews, meta-analyses, duplicate articles, experimental animal studies, abstracts, letters
to the editor, comments on articles, clinical observations and case series were removed (n — 395)

|

ITpuemnemocts/
Eligibility

-1

[MonHOTEKTORBIE CTATEH, OLCHEHHBIE, KAK KAHIIIATHL 1
BETHMeHI B 0630p (n— 27), B ToM wicne B Hazax PubMed
Central (n — 25), 6nGmiorpadnrieckoii 6aze NaHHBIX HaydHOTO
upriposanna PHHIL (n— 1), 6uGmorexe Cochrane (n— 1)/

Full-text articles assessed as candidates for inclusion in the o
review {(n — 27), including in the PubMed Central database (n —
25), the bibliographic database of scientific eitations of the
Russian Science Citation Index (n — 1), the Cochrane library (n

HernoueHHBIE MOMTHOTERCTOBBIC CTATRI, I71e He
npeicTapieHsl HeoOXOMIMbIe JAHHbBIC HccaenoBans (n
— 17), npencraenena komOnHuporanHas OIAT (n—7),
HpeseBpeMeHHO 3aKphiToe liccaenopanme (n— 1)/
Excluded full-text articles that did not present the
necessary study data (n— 17), combined PDT (n—7),
prematurely closed study (n—1)

A

Bxmouenue/
Enrollment

HcenenoBanud, BKIOUeHHBIE B 0030p (n— 2) / Studies included in the review (n—2)

Puc. 1. Cxema npoBejeHUsi cucteMaTu4eckoro o63opa U metaaHanusa B COOTBETCTBUM ¢ peKomeHgauuammu PRISMA [15].
Fig. 1. Scheme for conducting a systematic review and meta-analysis according to PRISMA guidelines [15].

publications were excluded: systematic reviews, meta-
analyses, duplicate articles, experimental animal studies,
abstracts, letters to the editor, comments on articles, clin-
ical observations and clinical case series were removed.
As a result of multi-stage selection, 27 scientific publica-
tions were included.

Published studies that met the following inclusion
criteria were considered eligible:

1) the study assessed the efficacy of PDT in the pallia-
tive treatment of unresectable cholangiocarcinoma
in the adjuvant setting. Studies of PDT in the neoad-
juvant setting or in patients with resectable cholan-
giocarcinoma were excluded;

2) the study assessed the efficacy of PDT monotherapy.
Studies of the combined effects of PDT and other
modalities such as chemotherapy and radiotherapy
without PDT monotherapy were excluded;

3) the study provided sufficient data to assess 5-year sur-
vival, analyze adverse events according to the meta-
analysis methodology, assess the risk of systematic
errors, and describe all parameters of the PDT.

At the stage of assessing the eligibility criteria, 25
articles were excluded, including 17 publications due to
missing data (recruitment to the studies was not com-
pleted, adverse events were not specified, five-year sur-
vival was not controlled, the full study design was not
presented); 7 publications — in connection with the study
of PDT in combination with chemotherapy and/or other
radiation exposure; 1 study — due to premature closure
of the study and the impossibility of correct calculation

of five-year survival. Thus, 2 scientific publications were
analyzed in a systematic review and meta-analysis.

When assessing the methodological quality of the
studies, an analysis of the design’s compliance with the
study objectives, an assessment of the correctness of
the statistical analysis and its compliance with the study
design, and an assessment of the risk of systematic errors
in the study were performed. The risk of systematic errors
(bias of results) in randomized studies was assessed
using the adapted and validated Russian version of the
Cochrane Collaboration questionnaire [16]. The risk of
systematic errors in non-randomized comparative case-
control studies was analyzed using the corresponding
Newcastle-Ottawa questionnaires [17].

Statistical analysis was performed using the Sigma
Plot software package, version 14.0 (Registration num-
ber 775400014), the meta-analysis was performed with
the additional use of the Cochrane RevMan Web Ver-
sion: 7.5.0 graphical editor. The proportions of individual
studies with survival rates (in days) and adverse events
were combined using the double arcsine transforma-
tion (Freeman-Tukey transformation). Heterogeneity was
assessed graphically using forest plots and statistically
using tau? and I? statistics.

A fixed effects model was used because heteroge-
neity was not statistically significant. The tau? statistic
reflects the degree of variation in prevalence observed
across studies. An I* of 0%-39% was considered statisti-
cally insignificant heterogeneity, 40-75% as moderate
heterogeneity, and 76%-100% as significant hetero-
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geneity among the compared studies. A p-value > 0.05
was taken to reject the null hypothesis that the studies
are heterogeneous. Publication effect and selection bias
in pooled estimates were tested using the Begg and
Mazumdar test. Publication bias was assessed by con-
structing funnel plots. A p-value < 0.05 was taken to be
statistically significant to support the null hypothesis.

Results

All studies that met the selection criteria were
comparative prospective. Of the two studies included
in the systematic review and meta-analysis, one was
randomized and one was a cohort non-randomized
study. When assessing the risk of systematic errors,
all studies were characterized by high methodologi-
cal quality (Table 1). All studies were characterized by
adequate methods of statistical processing of research

Ta6nmual

results in accordance with the objectives and design
of their implementation.

The characteristics of PDT methods in the studies
included in the systematic review and meta-analysis are
presented in Table 2.

In the study by Tseimakh A.E. et al. (2023), the effi-
cacy of intraluminal local and systemic PDT in patients
with unresectable malignant neoplasms of the biliary
tract was studied. The main group included 5 patients
with stage lll and 5 patients with stage IV according to
the TNM classification. Of these, 5 patients had proximal
cholangiocarcinoma: 2 patients - of type Il, 2 patients —
of type Illa/lllb, and 1 patient - of type IV according to the
Bismuth-Corlette classification. The comparison group
included 14 patients with stage Ill and 6 patients with
stage IV according to the TNM classification. Of these, 6
patients had proximal cholangiocarcinoma: 1 patient -

OueHKa pUcKa cucTemMmaTUYeCKUX OLNGOK B uccnegoBaHusax adppekTMBHOCTU uccnenoBaHuin appektuBHoctn AT
Hepe3eKTabenbHbIX 3/10Ka4eCTBEHHbIX HOBOOGPa30BaHUI }e4eBbliBOAsALEN CUCTEMbI

Table 1

Assessing the risk of bias in efficacy studies of PDT efficacy studies of unresectable biliary tumors

Kputepuii pucka cucremarunye-
cKoW olmn6KuM (oL eHKa B 6annax) B
KOrOpTHbIX HEPAHAOMM3NPOBaH-

HbIX nccnepoBaHmnax [17]

Llennmax A.E.
n ap. (2023) /

fBnseTcA N SKCMNOHVPOBAHHas
KoropTa penpeseHTaTuBHon? / Is the 1
exposed cohort representative?

Kaknm o6pasom bbina
cpopMUpoBaHa HEIKCMOHMPOBaHHAsA 1
koropta? / How was the unexposed
cohort formed?

Kakvm obpa3om 6bin ycTaHOBNEH
baKT BO3AenCcTBUA 13yYaemMoro
dakTopa? / How was the fact of 1
the influence of the studied factor
established?

Bbino v NoaTBEPXKAEHO OTCYTCTBUE
WHTEPECYIOLLEro NCXoha B Havane
nccnenoBanua? / Was the absence of 1
the outcome of interest confirmed at
baseline?

KpuTepuii pucka cncteMmaTnyeckoil olmo6Kkmn
(oueHKa B 6annax) B paHAOMMN3NPOBaHHbIX

nccnegoBaHmax [16]

MeTog paHaoMu3aLun (crucTeMaTyeckas owrbka
pacnpefeneHus nauMeHToB No rpynnam) /
Randomization method (systematic error in the

Husknin puck /
Low risk
distribution of patients into groups)

CoKpbITUE paHAOMU3ALVIOHHON

nocnepoBaTeNbHOCTY (CcUCTeMaTUYecKan olmnbKa
pacnpefeneHnsa nauMeHToB no rpynnam) /
Concealment of the randomization sequence
(systematic error in the allocation of patients to

Huzkuin puck /
Low risk

groups)

«OcnennieHne» NaLMeHTOB 1 MegnepcoHana
(MacKkMpoBaHMe/COKpPbITME BMELIATENbCTBA OT
naLmneHTOB 1 MearnepcoHana) B npoLecce neyeHuns
(cucTemaTnyecKas olnOKa NCMOSTHEHMA; MOXKET
OL|EHMBATbLCA OTAENbHO OT KaX4oro ncxoga) /
Blinding of patients and staff (masking/concealing
the intervention from patients and staff) during
treatment (performance bias; may be assessed

Husknin puck /
Low risk

separately for each outcome)

npOFIYCKI/I B AaHHbIX 06 ncxopax (cnctematmyeckas

ABNATCA NN CpaBHMBaeMble
KoropTbl conoctaBumMbiMn? / Are the 1
comparing cohorts comparable?

Kakol ncTtouHuk nHpopmavmm ob
ncxopax ncnonb3oBancs? / What
source of outcome information was
used?

olMnbKa NPonycka AaHHbIX; MOXKET OLleHUBATbCSA
oThAeNbHO ANna Kaxagoro ncxoga) / Missing
outcome data (missing data bias; may be assessed

Husknin puck /
Low risk

separately for each outcome)

MNpepcTaBneHve pesynbTaToB UCCIe[0BaHMA
(cnctematnyeckan owmbKa NnpeAcTaBaeHNA
pe3ynbTaToB nccnenoBaHua) / Presentation
of research results (systematic error in the

Huskun puck /
Low risk

presentation of research results)
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Bbina nv NpoaomKUTENbHOCTb
HabngeHnA 4OCTaTOUYHOW AnA

methodological quality

Bbicokoe MeTofonornyeckoe Kauectso — 8-9 6annos /
High methodological quality - 8-9 points

YpoBneTBoputenbHOEe METOAONOMMYECKOE KauecTBO —
6-7 6annos / Satisfactory methodological quality - 6-7
points

Hu3koe meTogonornyeckoe Kayectso — 0-5 6annos /
Low methodological quality — 0-5 points

Ta6nuuya 2

Bbicokoe meToponormyeckoe KauecTBo, NPy HU3KOM PUCKE BCeX
OLWMBOK MNIN HeonpefeneHHOM PUCKe OAHON CUCTEMATNYECKON
own6ku / High methodological quality, with low risk of all biases or
uncertain risk of one bias

L Lpyrvie BO3MOXXHble UCTOYHUKY CUCTEMATNYECKNX .

oL B°3HMKH%BeH”H VIHTEPECYIOLINX 1 owmnbok / Other possible sources of systematic Huskmiz puck /

- ncxopos? / Was the duration of errore Low risk

— follow-up sufficient for the outcomes

< of interest to occur?

('

LLJ K . Heonpe-
aKoBO 6blJ10 BblObIBaHKE [loNONHUTENbHBIN NCTOYHMK CUCTEMATUYECKNX SneHHbIIA

= nauuerToB? / What was the patient 1 oLWn60K: KOHGNUKT MHTepecos / Additional source A Nk /

— attrition rate? of bias: conflict of interest Unczrtain risk

L

O Osg'iﬂcgéeyga\]/rglogg;gm::t'(gfro Bbicokoe / O6lLas oLeHKa MeToI0/IONMYeCcKoro KavecTsa / Bbicokoe /

) High Overall assessment of methodological quality High

Ll

=

Ll

('

YaoBneTBOpUTENbHOE METOAONONMYECKOE KauecTBo, Npu
HeonpejeneHHOM pUCKe ABYX 1 6onee CMcTeMaTUYeCcKnX OLWN6OK /
Satisfactory methodological quality, with an uncertain risk of two or
more systematic errors

Hun3Kkoe MeTopoNOrMyeckoe KauecTBo, MPU BbICOKOM PUICKE OfHOM
1 6onee cuctematuyeckoi owmnbkm / Low methodological quality,
with a high risk of one or more systematic errors

XapaKtepucTtuka uccnegoanui apdpektusHocty GAT Hepe3eKTabeNbHbIX 3/T0KAa4eCTBEHHbIX HOBOOGPAa30BaHUM
eNyeBblBOASALEN CUCTEMDBI, BK/IIOYEHHbIX B CUCTEMATUYECKUIA 0630P U MeTaaHanus3

Table 2

Characteristics of studies on the effectiveness of PDT for unresectable malignant tumors of the biliary system
included in the systematic review and meta-analysis

UccnepoBanune/AusanH/

1. Uenimax A.E. n gp.
(2023) [18] / OTKpbITOE
HepaHAOMM3UPOBaHHOE
cpaBHUTeNbHoe /

1. Tseimakh A.E. et al.
(2023) [18] / Open non-

[o3a poToceHcmbunusaTopa n TeXHUKa

oaT/

®otoanTasuH 1-1,4 Mr/Kr 3a 5 u o a3Kcno3nymn
C AJIVHOW BOJTHbI 662 HM C 3KCMO3ULIMIOHHOM
no3on ceeta 220 [>k/cv?, INOTHOCTbIO
MoLLHOCTY n3nyyeHus 0,22 Br/cm?/ 1/3
Photoditazine 1-1.4 mg/kg 5 hours before

BbIK1BaeMocTb OCHOBHOM rpynnbi/rpynnbl
CpaBHEHUA U HeXXenaTtesibHble ABNIEHNA
OCHOBHOI rpynnbl/rpynnbl cpaBHeHNsA/

1704100 (95% AW/CI 25-365)/
6617 (95% AW/Cl 33-99)
p < 0,05

exposure to a wavelength of 662 nm with an
exposure light dose of 220 J/cm?, radiation
power density 0.22 W/cm?

randomized comparative

2.Ortner M.E.J. et al. DoTodpMH 2 MI/KF 3a 48 4 [0 SKCMO3NLUN C 493+217 (95% OW/Cl 276-710)/

(2003) [19] / OTKpbITOE INTMHOW BOJTHbI 630 HM C 3KCMO3ULMIOHHOM 98+15 gHamu (95% AW/Cl 83-100)
paHAoOMU3MPOBaHHOE [o30i cBeTa 180 [I>K/Ccm?, MNOTHOCTbIO p < 0,001
CcpaBHUTENbHOE / MOLLUHOCTM n3nyyeHus 0,24 Bt/cm?/ 9/13

2. Ortner M.E.J. et al. (2003)
[19] / Open randomized
comparative

Photofrin 2 mg/kg 48 hours before exposure
to a wavelength of 630 nm with an exposure
light dose of 180 J/cm?, radiation power
density 0.24 W/cm?

Cepbe3sHble HeXXenaTeNbHble ABMEeHSA: 2 ClyYas
XOJIaHrTa, OCNIOKHEHHOTO CeMncuUcom. /
Serious adverse events: 2 cases of cholangitis
complicated by sepsis.

MprimeyaHue: p — cTaTUCTYECKas 3HAUMMOCTb PA3NNUNIA MeXAY OCHOBHOW rpynmnoi U rpynmnoi CpaBHEHUs.
Note: p - statistical significance of differences between the main group and the comparison group.

that did not receive PDT with a median overall survival of
66+17 days (95% Cl 33-99; p < 0.05). No adverse events
associated with PDT were identified [18]. One patient
had acute posthemorrhagic anemia after percutane-
ous transhepatic monolobar drainage of the bile ducts

of type Il and 5 patients - of type llla/lllb according to the
Bismuth-Corlette classification. A statistically significant
increase in survival was found in patients who received
PDT with a median overall survival of 170+100 days (95%
Cl 25-365; p < 0.05) compared to the comparison group
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for mechanical jaundice. In the comparison group, 2
patients had loss of percutaneous transhepatic drainage
with the development of bile peritonitis; 1 patient had
postoperative acute hemorrhagic anemia after percuta-
neous transhepatic monolobar drainage of the bile ducts
for mechanical jaundice [18].

In the study by Ortner M.E.J. et al. (2003), 20 patients
with unresectable malignant neoplasms of the bile ducts
received intraluminal local and systemic monotherapy
with PDT, 19 patients in the comparison group did not
receive PDT. The main group included 4 patients with
stage lll and 16 patients with stage IV according to the
TNM classification. Of these, 20 patients had proximal
cholangiocarcinoma: 4 patients — of type llla/lllb and 16
patients - of type IV according to the Bismuth-Corlette
classification. The comparison group included 3 patients
with stage lll and 16 patients with stage IV according to
the TNM classification. Of these, 19 patients had proximal
cholangiocarcinoma: 2 patients - of type Il, 2 patients —
of type llla/lllb, 15 patients - of type IV according to the
Bismuth-Corlette classification. A statistically significant
increase in overall survival was found in patients who
received PDT, with a median overall survival of 493+217
days (95% Cl 276-710; p < 0.05) compared with 98+15
days (95% Cl 83-100; p < 0.05) with PDT monotherapy
[19]. In the main group, there were 2 cases of photosen-
sitivity reaction, 5 cases of cholangitis (including 2 chol-

angitis complicated by sepsis), and 2 cases of stenosis
after PDT. In the comparison group, there were 13 cases
of cholangitis.

A meta-analysis with fixed effects of the proportions
of individual studies and a pooled estimate of overall sur-
vival after PDT monotherapy was performed (Fig. 2).

The meta-analysis revealed a statistically signifi-
cantly higher overall survival in the pooled assessment
in the main groups where PDT was used — 339+161 days
(95% ClI 25-710; p < 0.001) compared to the comparison
groups where PDT was not used — 8316 days (95% Cl
33-100; p < 0.001). The heterogeneity of the studies was
considered statistically insignificant (12 = 29%, p = 0.23).

The probability of publication bias was assessed by
visual analysis of the funnel plot (Fig. 3), where no visu-
ally significant asymmetry or disruption of the plot struc-
ture was detected, and the crossover point is in the area
of no asymmetry (p < 0.01). The Begg and Mazumdar test
also showed the absence of publication bias (Kendall’s
tau b -1.0000; p =0.3173)

Then, a meta-analysis of the difference in the risks of
adverse events in the compared groups was performed
(Fig. 4), which revealed a statistically significantly lower
risk (-0.2306; 95% Cl1-0.3917-0.0696; p = 0.005) of adverse
events after PDT monotherapy compared to the com-
parison group. The heterogeneity of the studies was
considered statistically insignificant (I> = 0%, p = 0.35).
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Experimental Control
Study Mean SD Total Mean
LleAmax A.E. v ap. (2023) 170.00 100.0000

Ortner M.E.J. et al. (2003) 493.00 217.0000

10 66.00 17.0000
20 98.00 15.0000

Total (95% Cl) 30
Heterogeneity: Tau® = 0.0826; Chi® = 1.42, df = 1 (P = 0.23); I? = 29%
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M 06beANMHEHHYI0 OLIEHKY 00l e BbIXKUBAEMOCTU nocne moHoTepanun ®/T.
Fig. 2. Forest plot of fixed effects demonstrating analysis of individual study proportions and pooled estimates of survival time following

PDT monotherapy.

e J
=3

0.1

Standard Ermor

0.3

0.4

Lisfosax A E. w op. (2023) &

vy

Ortner M.E.J. ot al (2003) &

T T
1.5 20

Standardised Mean Difference

Puc. 3. BopoHKooGpasHbii rpaduK AN OLEHKU BEPOATHOCTM HaNIU4Us NyGIMKaALUOHHON OWIMGKUM B 06beAMHEHHOW OLeHKe obLuen

BbIXXMBAeMOCTU nocne moHotepanuu ®T.

Fig. 3. Funnel plot to assess the likelihood of a publication error in pooled estimates of survival time following PDT monotherapy.
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Experimental Control Risk Difference Risk Difference
Study Events Total Events Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
LleAmax A.E. n ap. (2023) 1 10 3 20 60.7% -0.05[-0.29;0.19] _
Ortner M.E.J. et al. (2003) 9 20 13 19 39.3% -0.23 [-0.54; 0.07] —.—f——
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04 02 0 02 04

Puc. 4. [ipeBoBuaHan guarpamma ¢ pukcupoBaHHbiMK apdeKTamu, AeMOHCTPUpytoLas aHanm3 NponopLmi oTaeNbHbIX UCCiedoBaHUM
U 06beAMHEHHOr0 PUCKA HeXenaTebHbIX ABNEeHUI nocsie MoHoTepanuu OAT.
Fig. 4. Forest plot of fixed effects demonstrating analysis of individual study proportions and pooled risk of adverse events after PDT

monotherapy.
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Fig. 5. Funnel plot to assess the likelihood of a publication error in pooled estimates of risk difference of adverse events after PDT

monotherapy.

The probability of the presence of a publication bias was
assessed by visual analysis of the funnel plot (Fig. 5). No
visually significant asymmetry or disruption of the graph
structure was detected, and the crossover point is in the
area of no asymmetry (p < 0.01). The Begg and Mazum-
dar test also showed the absence of a publication bias
(Kendall’s tau b — 1.0000; p = 0.3173).

Discusiion

Cholangiocarcinoma is a rare malignant neoplasm
characterized by one of the worst prognoses among
tumors of the digestive system [1, 3-5, 22-24]. About
80% of cholangiocarcinoma cases are diagnosed at a
late stage, when radical surgical treatment is impos-
sible [1, 3-5, 22-24, 25-26]. Chemotherapy and radiation
therapy without surgery do not contribute to a signifi-
cant increase in overall survival of patients [1, 3-5, 22-24].
Effective palliative treatment by decompression of the
bile ducts to eliminate the clinical picture of mechanical
jaundice and prevent cholangitis and sepsis are the main
goal of surgical treatment and are the final intervention
for most patients [1, 3-5, 22]. PDT is a promising treat-
ment method for unresectable cholangiocarcinoma.
Patients with unresectable cholangiocarcinoma have a
median overall survival of 3 months without intervention

and 4-10 months with bile duct decompression [1, 3-5,
22]. The presented systematic review and meta-analysis
show that PDT can increase overall survival of patients
with unresectable cholangiocarcinoma along with the
absence of increased risks of adverse events compared
with other methods of minimally invasive surgical treat-
ment. A special role is played by targeted action on the
tissue by performing choledochoscopy with intraluminal
laser delivery to cholangiocarcinoma under visual con-
trol.

The aim of this meta-analysis was to evaluate the
efficacy of palliative PDT for unresectable biliary tract
malignancies. Survival meta-analysis revealed statisti-
cally significantly higher overall survival in the pooled
assessment in the main groups where PDT was used —
332+229 days (95% Cl 25-710; p < 0.001) compared to
the comparison groups where PDT was not used — 82+23
days (95% Cl 33-100; p < 0.001).

Meta-analysis of the difference in the risks of adverse
events in the compared groups revealed a statistically
significantly lower risk (-0.2306; 95% Cl -0.3917-0.0696;
p = 0.005) of adverse events after PDT monotherapy com-
pared to the comparison group. The strength of the con-
ducted meta-analysis is the high homogeneity and reli-
ability of the obtained results, achieved by careful selec-
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tion of studies with a homogeneous, clearly described
design, study results and the same target access for local
PDT - intraluminal under visual control.

Thus, the conducted meta-analysis allows to say with
high statistical reliability that PDT is a promising and safe
method of surgical intervention that can increase overall
survival in patients with unresectable cholangiocarci-
noma, and can be included in the complex treatment of
this category of patients. The disadvantage of the con-
ducted meta-analysis is the small number of patients in
the study samples due to the rare occurrence of malig-
nant neoplasms of the biliary system. Another weak-
ness of the meta-analysis is the small number of studies
included in the systematic review and meta-analysis.
This is due to the fact that most published studies of the
effectiveness of PDT evaluate PDT in combination with
chemotherapy and/or radiation therapy.

At the same time, the synergy of PDT and chemother-
apy, their possible antagonism associated with immu-
nosuppression during chemotherapy treatment and the
involvement of mechanisms of immune response stimu-
lation in PDT have not been fully studied, and there is no
consensus on PDT irradiation protocols in combination

with radiation therapy. All these factors led to the inclu-
sion of combined PDT as an exclusion criterion in the
systematic review and meta-analysis. Another weakness
of the meta-analysis is the differences in the PDT tech-
nique, which are characteristic of all studies in this area.
This is due to both different photosensitizers and differ-
ent parameters of cholangiocarcinoma irradiation.

Thus, given the above shortcomings, in order to
obtain more reliable results and improve the quality of
subsequent meta-analyses, large randomized studies of
the effectiveness of PDT in unresectable cholangiocar-
cinoma are required. At the same time, the conducted
meta-analysis proves the promise of PDT in the treat-
ment of this category of patients.

Conclusion

The conducted meta-analysis demonstrated that
PDT can be a method of choice in palliative complex
treatment of patients with unresectable malignant neo-
plasms of the bile ducts, increasing the five-year survival
of patients along with the absence of increased risks of
postoperative complications in comparison with other
methods of palliative surgical treatment.
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