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Medical Treatment in Germany

Germany takes a leading lepmaHns 3aHMMaeT nANpyloLuyto
position in medicine. no3nuuio B 06n1acT MeAULIMHBI.

German hospitals, clinics and medical | '€pMaHckue 60bHULbI, KIMHAKY U [O-
doctors enjoy an excellent reputation. | KTOPa UMEOT NPEKPACHYH penyTaLuto.

The continuously rising number [0CTOSIHHO PACTYyLLEe YMCNIO MHOCTPaH-
of patients, who come to Germany HbIX NAUMEHTOB, KOTOPbIE NPUE3XKAKOT B
to receive medical treatment and ['epMaHuio Ha neyeHme, NoATBEPXAAET
support, strongly confirms this fact. 9TOT (paKT.

Patients from the Gulf States gladly MaumneHTbI Co BCEro Mupa ¢ ya40BoJb-
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Germany as a safe place and rely on kak 6e30nacHyt CTpaHy 1 J0BEPSOT
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an open-minded and friendly way. CTBOM.
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renowned German hospitals, clinics eTCs NAPTHEPOM WM3BECTHBIX HEMELIKUX
and specialized practices, organizes KIMHWK, MENLIMHCKWX LEHTPOB, CreLy-
the best medical treatment for annCTOB M OPraHM3yeT caMmoe Nyuluee
patients from all over the world and NeyeHre Ans NaLUMeHToB CO BCEro MUpa,
offers them a full service package. npeanaras M BeCb CNEKTP YCNyr.

o

A

www.german-medical-council.de



Editor's Note

Dear Reader,

During the Syrian Civil War,
many people sought refuge in
Europe, especially in Germany.
Like some other countries,
Germany accepted the refu-
gees, provided extraordinary
humanitarian aid and assumed
a great responsibility.

The terrible war in Syria now
seems to have finally come
to an end. Large parts of the
country are pacified and the
post-war reconstruction is
already being planned.

One of the top priorities during
reconstruction is to restore the
country’s medical infrastruc-
ture so that people can get
the medical care they urgently
need and refugees can return
home.

The history of our own country
has taught us how important
confidence and support are for

the reconstruction of a country.

Reconstruction, safety and
confidence in the country are
also crucial factors to achieve
lasting peace.

There will be a lot to do. This
requires help from Europe,
especially from Germany, a
country which is highly trusted
in the Middle East. Beyond
financial support, it is essential
to have both the medical ex-
pertise resident predominantly
at German university hospitals
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and experienced enterprises
capable of erecting hospitals
and building up the necessary
infrastructure within a short
period of time.

A key aspect is to ensure the
safety of hospitals and medical
centres, in addition to equal
treatment of all people in need
of medical care. This can be a
first step towards reconcilia-
tion.

Enjoy your
German Medical Journal.

Nadine Baume
Managing Director

Visit the new German
Medical Journal website!

floporue yutatenu!

Bo Bpems rpaxaaHcKoii BOMHbI

B Cvpun MHOMe Mtoam uckanm
ybexxmia B EBpone, 0co6eHHo

B ['epMaHnn. Kak u HekoTopble
Apyrue cTpaHbl, [epmanmns npuHsna
GeXxeHLeB, okasana UM Konoc-
CanbHYH0 ryMaHUTapHY NOMOLLb U
B3sNa Ha ce6s 60NbLUyH0 OTBET-
CTBEHHOCTb.

Ceitvac yxacHas BoiHa B Cupu,
MNOXO0XeE, OKOHYATENbHO NofoLLna

K KOHLy. B 601bLuei 4acTv cTpaHbl
YCTaHOBIEH MUP, W YXKe 3annaHu-
POBAHa NOCNEBOEHHAs PEKOHCTPYK-
Lms.

OZnHWM U3 rNaBHbIX NPUMOPUTETOB B
9TOM MpoLiecce ABNSETCS BOCCTa-
HOBNEHME MELNLIMHCKON MH(hpa-
CTPYKTYPbI CTPaHbI, YTOOLI N0
MOTTIM NONy4aTb HEOBXOAMMYIO
MEMLMHCKYH MOMOLLb, 1 6EXKEHLb
MOTJI1 BEPHYTLCS JOMOIA.

WcTopus Hallen cTpaHbl Hayuuna
HaC MOHWUMATb HACKONbKO BaXHbI
[OBEpWe 1 NoAAepXKa ANs BoC-
CTaHOBMEHMS rOCyapcTBa.

BoccTaHoBneHue, 6e30nacHOCTb 1
YBEPEHHOCTb B By ayLLEM CTPaHbI
TakKe SBNSHTCS BAXKHLIMM (hak-
TOpaMm Ans BOCTUXKEHUS MPOYHOIO
Mupa.

Caenatb NPeACTONT 04EHb MHOTOE.
910 TpebyeT NOMOLLYW CO CTOPOHBI
EBponbl, 0c06eHHO 13 'epManm —

http://www.facebook.com/GermanMedicalJournal
https://twitter.com/GermanMedicalJo

OT pepakumm

CTPaHbl, KOTOPO# 04eHb JOBEPSIOT
Ha BrivxkHem BocToke. Momumo dm-
HaHCOBOW NOAAEPXKKM, HEO6XOAMMO
KaK 06y4eHne Bpayen B HEMELKMX
YHUBEPCUTETCKUX BOMbHULAX, TaK U
y4acTie OnbITHbIX NpeanpUHUMaTe-
nei, CNOCOBHbIX CTPOUTbL 60MbHUL
W HEO6X0AMMYHO MHAIPACTPYKTYPY

B TEYEHME KOPOTKOro nepuoaa
BPEMEHM.

KntoueBoi acnekT — obecneyeHune
6e30MacHoOCTV 60NbHUL U Meau-
LIMHCKWX LIEHTPOB B JOMOJHEHNE

K PaBHOMPaBHOMY OTHOLLEHMIO KO
BCEM NIOASM, HY>KAAOLLMMCS B
MEAULIMHCKOIA NOMOLLIM. ITO MOXET
ObITb NEPBbLIM LLIArOM Ha NYTU K
MPYMUPEHNIO.

[MonyuuTe yROBONLCTBUE OT
HemeLKoro MeanLmHCKoro
XypHanal

Nadine Baume
Managing Director
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JleueHne paka ¢ noMoLLbo
NPOTOHOB — NEPCNEeKTUBHAs
anbTepHaTVBa B paanoTepanuu

CoBpeMeHHas AnarHocTvka u
Tepanus HacneaCTBEHHOrO paka
MOJIOYHOM XXefe3bl 1
FMHEKONOrMYECKMX OMYXOMEBbIX
3a60/1eBaHNiA

PeBn3noHHas
apTponacT1ka KoneHa

MeTo bl BOCCTAHOBNEHUS
BpaLlaTenbHou
MaHXXeTbl nyeya

CoBpeMeHHbI Nporpecc
B JleYeHUN NO3AHeN cTanm
ONNMKYNAPHON UM OMBI
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Proton Beam Therapy

Dr. Sabine Frisch, MD
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Dr. Dirk Geismar, MD
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Dr. rer.nat. Paul-Heinz Kramer
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Keywords: proton beam
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tissue sparing

Abstract

Radiotherapy with protons is
an innovative method in cancer
treatment. Besides convention-
al radiotherapy with photons,
irradiation with protons is
identified to offer considerable
advantages for treating tumors
whenever high-precision and
sparing irradiation is required.
Protons have been already
used in clinical settings since
the 1950ies. Due to their par-
ticular physical characteristics,
the dose to healthy tissues and
as a result the risk for treat-
ment sequelae and induction
of secondary malignancies can
potentially be reduced. Special
clinical and physical treatment
planning expertise as well as
complex equipment support
makes treatment extremely
elaborate and complex. Previ-
ous investigations have gener-
ated evidence for the benefit
of protons in cancer treatment.
So far, the greatest experienc-
es in proton beam therapy (PT)
were gained in treating ocular
tumors, malignancies at the
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base of skull, and prostate can-
cer. Furthermore, to date PT is
implemented as the preferred
radiation modality in pediatric
cancer. Nowadays, an increas-
ing number of additional indica-
tions receive PT, e.g. brain tu-
mors, head and neck cancers,
sarcomas and gastrointestinal
tumors in adults. However,
availability of PT is still limited
to date, but the number of
facilities in clinical operation is
continuously increasing. Up to
now, protons were safely ap-
plied with encouraging results.
Further evaluation of clinical
data is ongoing. In future, mod-
ern delivery techniques will be
increasingly established to fur-
ther improve treatment options
and extend clinical indications.

Background and Features

Proton beam therapy (PT) is a
particular method in radiothera-
py to treat tumors with high-
energy, charged hydrogen ions.
Conventional photon-based
radiotherapy applies electro-
magnetic irradiation achieving
the highest dose at the begin-
ning of the application, i.e. just
beneath the surface of the
body, followed by a continu-

Knio4eBble cnoBa: npoToHHas
ny4eBas Tepanus, paguoTepanms,
LL@>XeH1e 380P0BbIX TKaHe

Te3ucol

PagnoTepanus ¢ NOMOLLbO NpoTo-
HOB — 3TO MHHOBALMOHHBIA METOR,
nevenus paka. Kpome 06b14HOM
ny4eBoil (hOTOHHOM Tepanun npu-
MEHSIETCS NPOTOHHOE 06/yYeHMe,
KOTOPOE UMEET 3HAUMUTENbHBIE Npe-
UMYLLIECTBA NPU NIEYEHUM ONYXONEN,
koraa TpebyeTcs BbICOKOTOUYHOE

W Wwapsee obnyyenHue. MpoToHo-
Tepanust UCNoNb3yeTCs B KIMHK-
4eckon npakTuke ¢ 50-x rofoB
noLLNIOro Beka.

Bnarogaps onpenenexHbIM huan-
YECKMM XapakTepucT1kam npo-
TOHOB, A03bl 06Ny4EHMS 3[0POBbIX
TKaHel u, cnefoBaTenbHo, PUCK
No60YHbIX 3CEKTOB M MHAYKUNS
BTOPUYHbIX 3/10KQ4ECTBEHHBIX
HOB0O06Pa30BaHNU NOTEHUMANLHO
MOryT 6bITb YMEHbLLEHbI. Cneum-
anu3npoBaHHOE KIMHUYECKOE 1
(h13n4ECKOe NNaHNpoBaHMe neve-
HWS, @ TaK KOMMIEKCHOE 06CNyXH-
BaHve 060py0BaHNs AeNarT aToT
BMA paaMoTeopanuu Ype3BblvaitHo
CTNOXHBIM W TPYAOEMKNM.
MpenblayLume nccneosaxmus no-
Kasanu NpeuMyLLecTBa NPOTOHHOM
My4eBON TEpanuv Npu fneYveHnn
paka. HanbombLumid OMbIT Ny4eBOi

NPOTOHHAas ny4vyesas Tepannsa

NPOTOHHOM Tepanuy (IT) 6bin
NOMyYeH NP1 NEYEHNM rNasHbIX
0onyxonei, 3noKa4eCTBEHHbIX HOBO-
06pa30BaHuiA y OCHOBaHWS Yepena
W paka NpeacTaTenbHON Xenesbl.
Kpome T0oro, Ha CEerofHsWHNIA eHb
MT cunTaeTca NPeanoUTUTENbHBIM
METOOM pasnoTepanim Npu neau-
aTPUYECKOM pake.

Cenyvac T npumeHsieTcs npu BCe
60MbLUEM YMCTE 3a00EBaHMIA:
HanpuMep, Npu ONyXonsx Mo3ra,
paKe rofioBbI 1 LUEW, CapKoMax 1
XKENYAOUHO-KULLIEYHBIX OMYXOMSX

y B3pOCAbIX NaumeHToB. OfHaKo
poctynHocTb [T no-npexxHemy
OrpaHnyeHa, XoTs KONM4ecTBo
MEAMLIMHCKIMX MPOTOHHBIX LIEHTPOB
MOCTOSHHO YBENMYMBAETCS.

[o HacTosLero BpeMeHu npo-
BEfieHWe NPOToHOTEpanum 6bino
6e30MacHbIM, 1 6bIAK NONYYEHD
06HafexX1BaroLWMMK pesynbTaTa-
Tbl. [poaomxaeTcs AanbHemwas
OLiEHKA KMHUYECKMX JaHHbIX. B
Oyanywiem ByayT BHeAPATLCS CO-
BPEMEHHbIE METOAMKN 06Ny4eHMs
AN fanbHeLwero yCcoBepLUeH-
CTBOBaHMS Tepanum 1 pacLUMperms
KITMHUYECKMX MOKA3aHWIA.

O6wue cBefeHUs M 0CO6EHHOCTH
lMpoToHHas nyyesas Tepanus (1T)

ABNAETCA paanoTepaneBTN4eckum
METOZO0M FEYEeHIs ONyXonen ¢
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NPOTOHHAaA ny4yesasa Tepannsa

A

dose

photons

protons

spread-out
bragg peak

tumor expansion

depth

Fig. 1: lllustration of depth dose curves of protons and
photons (reference: WPE)

ous, slow decrease (Fig. 1). In
contrast, protons show very
different physical characteris-
tics. The maximal energy of a
proton is precisely deposited in
the depth of the body, closely
followed by an abrupt, steep
decline. The maximum dose
peak is called bragg peak.

The distance and depth of the
proton beam inside the body
can be precisely determined

(< 1 mm) by choosing various
energy levels. Multiple bragg
peaks applied with various
energies are added up to a uni-
form plateau (spread-out bragg
peaks) to irradiate the whole
tumor. Because of the abrupt
beam-stop, healthy tissue di-
rectly behind the target volume
(tumor) does not receive any
radiation dose. This typical
behavior of the proton beam
may either allow feasibility to

increase the dose to the tumor
(dose escalation) while bet-

ter sparing adjacent, healthy,
sensitive tissues or may better
allow prevention of unaccep-
table radiation-induced impair-
ments while maintaining typical
dose levels. Furthermore, the
risk of induction of secondary
malignancies can be reduced.
Overall, the characteristics of
PT almost represent the ideal
of applying sufficient dose only
to the target volume while
sparing not affected sections
of the body.

In principle, all modern devel-
opments in radiation therapy
have this aim in common, to
improve the ratio between
dose to the tumor and unavoid-
able dose to non-target tissue.
Tolerance dose of healthy,
radiation-sensible tissues locat-
ed close to the radiation field

Puc. 1: M3o6pakenne KpubIx pacnpefeneHus o3kl no rnybuHe
npu MPOTOHHOM W (POTOHHOM 0671yueHNm (McTouHNK: WPE)

MOMOLLIbHO BbICOKOSHEPIeTUUECKMX
3apSKEHHbIX MOHOB BOJOPOA.
O6bIuHas hoTOHHAS paanoTepanms
MCNONb3YET 3NEKTPOMArHUTHOE 06-
nyYeHue, KOTOPOE AOCTUraeT MakK-
CMMarbHOW 03bl B CAMOM Hauane,
TO €CTb NPSIMO MOZ NOBEPXHOCTHH
Tena, 3aTeM CrnegyeT ee Henpe-
PbIBHOE, MEANEHHOE YMEHbLUEHWE
(puc. 1).

B NpoT1BONONOXHOCTL 3TOMY, NPO-
TOHbI MIMEIOT COBEPLUEHHO Apyrie
(hU3M4ECKME XapaKTepUCTHKM.
MakcumanbHas SHepris NpOTOHOB
BblAeNseTcs B rnybuHe Tena, nocne
4ero CregyeT ee peskoe nageHue.
MakcumanbHas paguaumoHHas
[03a 1032 HasblBaeTcs 6parros-
CKUM MUKOM.

[nnny n pa3bpoc NPOTOHHOMO
nyuKka BHYTPW Tena (<1 MM) MOXHO
TOYHO 3afaTth NyTem noaéopa
PasfMYHbIX YPOBHEN aHeprin. [ns
067y4eHs BCEW ONYX0NN MHO-
XKECTBEHHbIE BP3rTOBCKUM MUKKM C

Pa3MYHbIMK YPOBHAMM SHEPTiKN
[06aBASOTCS K OGHOPOAHOMY nfa-
TO (PacCpeaoTOYEHHbIM 6ParroB-
CKWM NUKam).

/3-3a pe3Kkoro npepbiBaHmus nyyka
061y4eHs 3[0POBble TKaHW, Ha-
XOASALLMECS HENOCPECTBEHHO 3a
LieneBbIM 06bEMOM (0MyXONbio), He
nomy4atoT 403y 061y4EHNS.

Takoe CBOCTBO My4Ka NPOTOHOB
[aeT BO3MOXHOCTb YBENUYUTb
L03y 0651y4eHns Onyxomm (ocy-
LLeCTBMTb 3cKanaumto fo3bl), 1 B
TOXE BPEMS COXPAHWTb NpUnexa-
LuWe, 300P0BbIE, YyBCTBUTESbHbIE
TKaHW WM NPeoTBPATUT WX
HeAOMyCTUMbIE PaAMaLMOHHO-
WHAYLMPOBaHHbIE MOBPEXAEHNS
Np¥ NMPUMEHEHNI HEOBXOAMMOM
TepaneBTMYeCcKoi 103bl. Kpome
TOr0, MOXET BbITh CHIKEH PUCK
BO3HWUKHOBEHWS BTOPUYHBIX 3/10Ka-
4eCTBEHHbIX HOBOOBPA30BAHWA.

B uenom, xapaxrtepuctuku MT cooT-
BETCTBYHOT NPaKTUYECKM Ufeanb-




Proton Beam Therapy

(organs at risk) can impede
application of adequate doses
needed to achieve tumor con-
trol. Planning studies compar-
ing dose distribution of photon
versus proton treatment plans
confirm that PT reduces dose
load to normal tissues [1, 2].
Therefore, PT is predestined

to treat deep seated tumors,
adjacent to sensitive structures
or if high radiation doses are
required, particularly when
complete resection is not feasi-
ble (Fig. 2).

Previous experiences in PT
have demonstrated promising
results. However, clinical evi-
dence is rated to be still limited
due to only few prospective
data on tolerance and tumor
outcome and only relatively
small cohorts so far. Prospec-
tive clinical trials and inter-
national, large registries will
further investigate long-term
tumor outcome and reduction
of side effects when compared
to conventional photon-based
radiotherapy.

History and Availability

The potential of protons in can-
cer treatment is known for over
70 years. In 1946, the physicist
Robert Wilson of the Harvard
University, Boston was the first
to suggest the use of protons
in clinical settings due to their
unique physical properties [3].
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Originally, in physics laborato-
ries sophisticated technical de-
velopment was promoted. First
clinical experience with protons
was gathered in the 1950ies
[4], but was not the primary fo-
cus at physics laboratory-based
research proton facilities. Over
time, technical obstacles were
overcome only slowly and im-
plementation in hospital-based
environment was considered
to be difficult. Decades passed
until in 1991, the first purely
medical, hospital-based proton
facility emerged in Loma

Linda, CA, USA [5]. Devices of
modern precision therapy, like
imaging-guided radiotherapy,
and software systems to plan
treatments and calculate dose
distributions were successfully
established. The field of PT
could expand significantly. To-
day, more than 60 proton facili-
ties are in operation worldwide
to treat cancer patients, pre-
dominantly in North-America,
Asia and Europe. Additionally,
40 facilities are under construc-
tion and 21 in planning phase
[6, 71. In Europe, 17 proton
facilities are operational today
(Fig. 3). In Germany, the West
German Proton Therapy Center
Essen (WPE) is one out of six
different facilities.

Delivery and Potentials

Recent progress of proton
technologies explores new

HOMY METOJY Ny4eBOr0 NEYEHMS C
NpUMEHeHNeM 0CTaTouHON A03bl
TONBKO K LieneBoMy 06bemy, npu
LL@XXEHNM BCEX OCTabHbIX y4acT-
KOB Tena.

B npuHuMne, BCE COBPEMEHHbIE
pa3paboTku B 06acTu paamo-
Tepanuu HanpasneHbl Ha 3Ty e
Lienb: yNyuLlMTb COOTHOLLEHME
MeX Ay 4030¥ 06Ny4EHNS ONyX0nu
1 HEU3BEXXHON J030i 06MyYeHNs
HeLeneBon TKaHu.

Heponyctumas 1o3a 06nyyenus
3[10POBbIX, PaANaLMOHHOUYBCTBM-
TENbHbIX TKaHEW, PACMONOXKEHHbIX
B6M3N paanaLmMoHHOro nons (opra-
HOB B 30HE PUCKa) MOXET 3aTpys-
HUTb UCMOMb30BaHNE afeKBATHbIX
103, HEOOXOANMbIX AN AOCTUXE-
HUSI KOHTPONS HAZ, ONYXOTbHO.
Wccnenosanns METOLO0B NnaHu-
POBAHWS NEYEHNS, B KOTOPbIX
CpaBHWBANOCh pacnpefenexue fo3
(POTOHHOrO 06My4EHNS MO CpPaBHe-
HUIO C MPOTOHHbIM, NOATBEPXKAAIOT,
yto npw T cHxaeTcs nyyesas
Harpyska Ha HopMasbHbIe TKaHM

(1, 2). Moatomy MT npeaHasHaueHa
ANs nieyeHns rny6oko pacnono-
XKEHHbIX OMyX0Men, NpUeratLLmx K
YyBCTBMTENbHBIM CTPYKTYpaM, Uiin
ecnu TpebyroTCs BbICOKWE pasm-
aLMOHHbIE [103bl, 0CO6EHHO B TexX
Crnyyasix Korfia nosHas pesexuust
ONyXOJN HEBO3MOXKHA (pKC. 2).
[penblayLwmi onbIT NPUMEHEHNS
MT npoaeMOHCTPUPOBAN MHOMO-
obeLuaiolime pesynbTatbl. OfHAKO
KIMHUYECKMe [oKa3aTenbCcTBa

Mo - MPEXHEMY OrpaHnyeHbl u3-3a
CKYOHbIX MPOCMEKTUBHbIX AAHHbIX O
YyBCTBUTENILHOCTM M MCXOAAX Ony-

NPOTOHHAaA ny4yesasa Tepannsa

XOnei OTHOCUTENBHO HEBONbLUMX
rpynn NauWeHToB.

[lanbHeiiwme npocnekTUBHbIE
KMMHNYECKME MCCTEA0BaHMS

W MEXXAYHAPOAHbIE KPYMHbIE
PErucTpbl U3y4aT AONTOCPOUHbIN
pesynbTaT NeYeHNs Onyxomnen u
YMEHbLLEHNE NOBOYHbIX AP EKTOB
MO CPABHEHMIO C 06bI4HOM HOTOH-
HOi pagnoTepanven.

WUcTopusa u gocTynHocTb

lMoTeHuwan NpoOTOHOB ANs NeYeHNst
paka u3BecTeH yxe 6onee 70 ner.
B 1946 ropy mank PobepT YuncoH
n3 "apBapAcKoro yHuBepeuTeTa

B BocToHe nepabIM NpeanoXxun
NCMONb30BATL MPOTOHbI B KNMHUYE-
CKO¥ NPaKTUKE 13-3a UX YHUKab-
HbIX (ON3NYECKMX CBONCTB (3).
[MepBoHaYanbHO B (hU3NUECKNX
nabopatopusix 6bI0 CO3AaHO
CNOXHOE TEXHUYECKMOE 060pY-
foBaHue. [epBblin KNMHUYECKIA
OMbIT NPUMEHEHNS MPOTOHHOMO
n3nyyerus Bbin nonyyeH B 1950-x
rogax (4), Ho 370 He 6bIno OCHOB-
HbIM HaNpPaBEHNEM UCCREeJ0BaHNUNA
B 06nacTv hu3nku NpoToHoB. B
TeueHue [ONroro BPEMEHN TEXHU-
yeckue npobnembl YCTPaHANUCh
0YeHb MEAJIEHHO, M BHEJPEHNE B
KIMHUYECKYHO NPaKTUKy 061yYeHms
NPOTOHaMMW NPEeACTaBAANOCh ClLL-
KOM CTOXHbIM.

lMpowwnu gecsTku net, u B 1991
rOAY NEePBbI MEANLMHCKMIA NPOTOH-
HbIA LEHTP OTKpbIcs B Jloma-JInk-
e, Kanucpophus, CLUA (5). Bbinm
YCMELUHO BHeAPEHb! YCTPONCTBa
LNst COBPEMEHHOM BbICOKOTOUHOM
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technical features. By now,
various delivery modes (scat-
tering and scanning tech-
niques) were established. Pen-
cil beam scanning modalities
were widely introduced and
enabled delivery of intensity-
modulated proton therapy
(IMPT), the most precise kind
of PT currently known [8]. Fur-
thermore, efforts were made
to optimize beam control, to
rise of capacity, and to extend
treatable indications. However,
still today, almost each current
proton facility is a prototype
and not all proton centers
provide all available modalities.
In addition, not many facilities
are able to offer PT for a high
number of patients for all indi-
cations. Moving targets, e.g.
lung or gastrointestinal tumors,
interfere with the scanning
technology and require com-
pensation techniques, like
respiratory-guided techniques
and others. Therefore, only few
centers can offer modern scan-
ning PT for moving tumors.
Even techniques requiring
large or multiple fields, e.qg.
irradiation of the craniospinal
axis, are complex and are not
offered everywhere. Therefore,
craniospinal irradiation remains
a technical and logistical chal-
lenge for many centers treating
tumors of the central nervous
system (CNS).

Modern proton facilities, such
as WPE in Germany, use differ-
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ent proton delivery modes. In-
tensity modulation resulting in
improved protection of normal
tissue and achieving individual
dose gradients in the target
area (simultaneous-integrated
boost) as well as radiotherapy
of the entire neuro-axis in

CNS tumors are routinely ap-
plied. WPE is an example of a
modern hospital-based facil-
ity, providing interdisciplinary
state-of-the-art care besides a
wide range of technical PT fea-
tures enabling to treat a broad
spectrum of clinical indications
(Fig. 4).

Technique and Equipment

Technical equipment in PT is
very complex requiring a team
of highly qualified physicists,
engineers, and software
specialists behind the clinical
scene. The protons need to be
accelerated in cyclotrons. Ac-
celerators used in PT typically
generate maximum energy
levels between 230 and 250
megaelectron volts (MeV) [9].
Thereby, for example protons
reach speeds up to 180.000
kilometer per second, which

is equivalent to approximately
60% of the speed of light. Until
reaching the patient, the beam
is guided in complex trans-
portation systems and huge
constructions, consisting of a
vacuum tube accompanied by
massive magnets, compound

paguoTepaniy, Takomkak pagmo-
Tepanus ¢ BU3yanu3aumoHHbIM
HaBeJEHWEM, U KOMMbIOTEPHbIE CH-
CTeMbI ANS NNAHMPOBAHMS NIeYEeHIs
W pacyeTa pacnpeneneHus 4osbl.
O6nactb npuMeHerus MNT Havana
CTPEMMTENBHO pacLLMpsieTcs.
CerognHs B Mupe paboTatoT 6onee
60 NPOTOHHBIX LIEHTPOB AN fe-
YEHWS OHKOMOTMYECKNX BOMbHbIX,
npenmyLLecTBeHHo B CeBepHOm
Amepuike, Asumn n Espone. Kpome
TOT0, B HACTOSILLEE BPEMS CTPOUTCS
ele 40, u 21 UEHTP HaxoamMTCs Ha
CTaauv nnaHuposanus (6, 7).

B EBpone gyHKumoHupytoT 17
NPOTOHHbIX LEHTPOB (puc. 3). B
'epMaHuv O4HWM U3 LLIECTH SBASET-
cst 3anafHorepMaHcKmiA LeHTp Npo-
TOHHO# Tepanuu B 3ccerHe (WPE).

Cnoco6bl AocTaBKK M NOTEeHUUan
BO3[eicTBuUSA

CoBpemeHHbI Nporpecc B 06nacTy
MPOTOHHbIX TEXHOMOT Wi 06ecneyu-
BAeT HOBOE TEXHNYECKOE 060pY-
posaHue. K HacToALeMY BPEMEHN
YK€ UCMOMb3YIOTCA PasnnyHbIe
Cnoco6bl JOCTaBKM MPOTOHOB (Me-
TOAb! PACCESHNS U CKAHUPOBaHWS).
MeToz CKaHMPOBAHMS Y3KIMM My4OM
CTa LUMPOKO UCMOMb30BATLCS U
NO3BOAMA NMPOBOAUTb MPOTOHHYHO
Tepanuio ¢ MOZYNALMEN UHTEHCUB-
HocTu (IMPT), Haubonee TOUHYHO

B HacTosLee Bpems meToauky MT
(8). KpoMe Toro, 6bin1 npeanpu-
HSTbI YCUNUS AN ONTUMM3aLMN
KOHTPONS MyYKa, NOBbILLEHMS
MPONYCKHOM CNOCOBHOCTH yCTa-
HOBKM 11 paCLUMPEHNs NoKa3aHui K

NPOTOHHAaA ny4yesasa Tepannsa

neyenmto. OfHaKo, [0 HACTOSALLEr0
BPEMEHW NPaKTUHECKM KaX AbliA
MPOTOHHbI LIEHTP SBASETCS OT-
LENbHBIM OMbITHBIM BAPUAHTOM
He BO BCEX W13 HWX NMPeAoCTaBNs-
t0TCS BCE JOCTYMHbIE METOANKN
nevenms. Kpome T0ro, NLub B He-
MHOMUX MOTYT NPeAnoxuTs [T no
BCEM BO3MOXXHbIM NOKa3aHUsM Ans
60MbLLOr0 YMCa NALMEHTOB.
[BuxyLimnecs uenv 06nyyeHns,
HanpuMep, Onyxonn B NErkux um
XKENyA0UHO-KULLIEYHOM TPaKTe,
3aTPYLAHSOT TEXHOMOMMIO CKaHWPO-
BaHWs 1 TPEBYHOT [OMNHUTENbHBIX
METOLOB KOPPEKLMHN, TakMX Kak
METOANKN HABEAEHMS [IbIXaHMS U
Apyrux. M03TOMy TOMbKO HECKONBKO
LIEHTPOB MOrYT NPEAJIOXUTb COBPE-
MeHHYH0 [T ABUXYLLMXCS OnyXonei
METOAOM CKaHMPOBaHMS.

Takxe METOAMKM C UCMONb30BAHM-
€M 60MbLLMX UM MHOXECTBEHHbIX
noneu, Hanpumep. 06ny4eHne
KPaHUOCTMHANBHON OCH, SIBNSKOTCS
CNOXHBIMK, W HE MpeanaratoTcs
nosctoy. Moatomy KpaHuocnu-
HamnbHOE 06Ny4YeHne 0CTaeTCs
TEXHUYECKMM W1 TEXHONOMMYECKUM
BbI30BOM [J151 MHOTWX LEHTPOB
NeYeHns Onyxonen LeHTPanbHO
HepaHoW cucTemsl (LIHC).
CoBpeMeHHble MPOTOHHbIE LEHTPbI,
Takue kak WPE B 'epmaHuu,
UCMONb3YHOT Pa3Hble METOAbI
[OCTaBKM NPOTOHHOIO NyyKa.
O6bI4HOM NPAKTUKON SBNSETCS
MOZYALMS UHTEHCUBHOCTH, MU~
BOAALLAR K YAYYLIEHWO 3aLLMTbI
HOPMaNbHOM TKaH U AOCTUXKEHUHO
WHAMBUAYaNbHBIX TPAANEHTOB AO03bI
B LieneBoi 061acTy (CUMynbTaHHbIA
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Fig. 2: Dose plan for proton treat-
ment of an astrocytoma grade |lI

of a 1,5-year old girl. Images from
planning system RayStation® Version
4.7.2, RaySearch, Sweden (refer-
ence: WPE)

control systems, range shifters,
other modulators, and scatter-
ers (Fig. 5). The thin beam can
be delivered by passive scatter-
ing or active scanning tech-
nigues needing different hard-
and software. In the treatment
room, fixed or rotatable nozzle
constructions are installed (Fig.
6). Additional patient-custom-
ized hardware devices may be
used to customize the beam to
the individual tumor geometry.
To ensure exact positioning
during treatment devices like
(head-)masks and vacuum bags
help to immobilize the patient
guided by imaging devices and
laser systems (Fig. 7).

Clinical Experiences

At the end of 2015 more than
130,000 patients in total were
treated with protons worldwide
[10]. Rationale and previous
results of PT treating the
standard and most common
diagnoses as well as promis-
ing indications are presented
below.

Proton Beam Therapy in
Ocular Tumors

Historically, treatment of ocular
tumors by radical surgery with
usually enucleation resulted in
loss of eye and vision. For ocu-
lar melanoma the successful
treatment with protons beams
was established decades ago.
Using PT, promising results
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were achieved depending on
tumor sizes while preserv-

ing the eyes and the vision in
the majority of patients. Local
tumor control rates of 95%
were reported [11]. It has been
demonstrated that especially

in large and posteriorly situated
tumors PT is favorable, in par-
ticular when tumor location is
not reachable by brachytherapy
[12].

WHTErPUPOBaHHbIN BYCT), @ TakxKe
nyyesas Tepanus Bcel Henpoocu
npu onyxonsix LIHC.

WPE sBnsieTcs npuMepoM cospe-
MEHHOIO MEANLIMHCKOrO y4pex ae-
HUSI, B KOTOPOM NMOMMMO HECKOSb-
kux Bugos [T, npegocTaBnseTcs
MEXANCLUMMIIMHAPHAS BbICOKO-
KBanMUUMpPOBaHHAs NOMOLLb, YTO
NO3BOASET NEUUTb LUIMPOKMIA CMEKTP
3abonesanuii (puc. 4).

NPOTOHHAaA ny4yesBasa Tepannsa

Puc. 2: MnaH npoToHHOX Tepaniu
actpountoms! Il crenenm y 1,5-netHei
[eBoyKM. 306paxeHns 13 cucteMsl nna-
HupoBaHua RayStation® Version 4.7.2,
RaySearch, Lseuus (nctouHuk: WPE)

TexHuka u o6opyaoBaHue

TexHuueckoe 060py0BaHNE ANS
[T o4eHb CNoXHOE 1 TpebyeT
06CAY>KMBAHS C MOMOLLbIO LiENoN
KOMaH[bl CeumManicToB, BKOUako-
LLel BbICOKOKBANMULUMPOBAHHbIX
(hM3MKOB, MHXXEHEPOB M CreLm-
anucToB B 0611aCTH NPOrPAMMHOrO
o6ecneyerms.

[MPOTOHbI YCKOPSKOTCS B LMKIOTPO-
Hax. YckopuTenm, 06bI4HO 1C-
nonb3ayemble ans 1T, reHepupytoT
MaKCcvMabHble YPOBHM SHEPr i
mexxay 230 1 250 MerasniekTpoH-
BonbT (MaB)(9). CnemoBatensHo,
MPOTOHbI JOCTUraKOT CKOPOCTY A0
180 000 KM B CEKyHAY, YTO 3KBMBA-
NEHTHO NpuMepHo 60% ckopocTy
ceeTa. [lo TOro Kak AocTUYb nauu-
€HTa, Ny4OK NyYen NpoxoanT Yepes
CTNOXHYH TPAHCMOPTHYO CUCTEMY W
OrPOMHOE YCTPOMCTBO, COCTOSALLNE
W3 BaKyyMHOW TPYOKN W MaCcCUBHBIX
MarHuTOB, @ TaKXe CIOXHYH CH1-
CTeMy KOHTPOJIS, NepeknoyaTenen
ANWHbI Npo6era u Apyrux Moayns-
TOPOB M paccenBatenei (puc. 5).
TOHKMIA fly4 MOXET BbITb JOCTAB-
TIEH C MOMOLLbLIO METOAO0B NacCcuB-
HOTO PacCesHUs Uk akTUBHOIO
CKaHWpOBaHusl, TPEBYHOLLMX pas-
TINYHOTO KOMMBIOTEPHOTO 060pY-
[0BAHMS 1 MPOrPaMMHOro 06e-
cneyenus. B neuebHoOM kabuHeTe
YCTaHOBMEHbI CTALMOHAPHbIE UK
BpaLLAIOLLMECS COMMOBbIE YCTPOW-
cTBa (puc. 6) .[ononnutensHoe an-
napatHoe o6ecrneyeHnn No3sonseT
HaCTPOWTb fy4 B COOTBETCTBMM

C reOMETPHEN 0MYyX0NM KAXKAOr0
nauwexTa.
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Fig. 3: Proton facilities in Europe Puc. 3: MpoTOoHHbIE LieHTPbI B EBpone

Fig. 4: Building of the WPE facility (reference: Puc. 4: CtpoutenscTo ueHTpa WPE (ncTounuk: WPE)
WPE)




Proton Beam Therapy

Proton Beam Therapy in
Tumors of the Base of Skull
PT serves as the standard
radiation procedure in the treat-
ment of skull-base chordoma
and chondrosarcoma. These tu-
mors are highly locally aggres-
sive. Total resections are rarely
achievable without risking
major impairments. Therefore,
additional or definite radio-
therapy is indicated to achieve
better local control rates and

to improve functional outcome
after cure. Unfortunately,
chordoma and chondrosarcoma
are highly radio-resistant and
therefore require very high
doses. Vulnerable structures in
close proximity, e.g. brainstem,
optic nerve, and temporal lobe
limit the delivery of sufficient
dose with conventional tech-
nigues. Chordoma and chon-
drosarcoma were historically
one of the first tumor types
being successfully treated with
high-precision PT [13]. By using
protons, higher doses could be
safely applied while improving
outcome. Local tumor control
rates were over 95% and 70%
for chondrosarcoma and chor-
doma, respectively [14].

Even other malignancies locat-
ed at or with infiltration of the
skull-base, i.e. brain tumors,
head and neck cancers, and
other sinonasal malignancies
were successfully treated with
protons. Prior plan comparisons
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to photon-based radiotherapy
demonstrate better dose
distribution, target coverage,
and sparing of organs at risk.
However, more clinical data are
required to fully establish PT on
a broader basis [12].

Proton Beam Therapy in
Childhood Cancer

In order to reduce the risk of
radiation sequelae, PT was
introduced to the multidisci-
plinary treatment concepts

of solid tumors in childhood
already some time ago. In
general, overall survival rates in
childhood cancer are excellent
(approximately 80%). However,
survivors of childhood can-

cer diagnosis are particularly
susceptible for radiation injury
and secondary malignancies
significantly affecting normal
life or impairing quality of life.
Children are very vulnerable to
radiation-induced late toxicities
due to their immature tissue.
Furthermore, childhood cancer
patients often experience a
multimodality treatment bur-
den due to surgery, and multi-
drug chemotherapy besides
irradiation. Therefore, advan-
tages of PT are increasingly
utilized to safely and effectively
treat pediatric cancers and to
reduce the stress of treatment.
Published data on clinical out-
comes in children are encour-
aging [15, 16]. Acute and late
sequelae were acceptable and

[ins ob6ecneyeHns TO4HOro No3u-
LIMOHMPOBAHMS NaLMeHTa BO BPEMS
NEYEHUs UCTIONb3YHOTCS MACKM U
BaKyyMHbIE MELLKM, KOTOPbIE MOMO-
ralT IMMOBMN30BATH NaUMeHTa
noj KOHTPOMNEM BU3yann3aumoH-
HOro 060pyA0BaHNS M Na3ePHbIX
CUCTEM (puC. 7).

KnuHunyeckwuia onbIT

B koHue 2015 rofa B o6Lueit
CTNOXHOCTHN B MUPE C NOMOLLbHO
MPOTOHHOM Tepanuu 61510 Npo-
neyeHo 6onee 130 000 nauneHTos
(10). O6ocHOBaHME 1 MpeablayLLMe
pesynbTathl [T Npu cTaHAAPTHbIX U
Haubonee pacnpoCTpaHEHHbIX Ana-
HO3aXx, & TaKXXe NepcreKkTUBHbIE
NOKa3aHusIX NPUBOASTCS HUXE.

MpoToHHas nyyesas Tepanus
Npu rAasHbIX ONyXonsx
WcTopuyeckun neyenne onyxonei
rnasa nyTem paaukanbHon Xvpyp-
UK C BHYKIeaumei NpuBoANNO K
noTepe opraHa v 3peHus. Ho yxe
[ECATUNETUS MENaHOMY rnasa
YCMELLHO NeYaT ¢ NOMOLLbO NPo-
TOHHOrO 061y4eHus.

Mpu nposeneHuu T, B 3aBUCUMO-
CTW OT pa3mepoB Onyxonn,6biau no-
nyYeHbl MHOroo6eLLaroLLne pesysb-
TaTbl, ¥ NPU 3TOM Yy 60MbLUMHCTBA
nauneHToB Bbln COXpaHEHbI rnasa
1 3penue. Takxe coobLianock, 4To
nokasaarenb KOHTPOAS onyXxonu
coctasnsan 95% (11).

Bb110 NPOAEMOHCTPUPOBAHO Npe-
UMYLLIECTBO B Cy4ae 60mbLUMX 1
PaCcMonoXeHHbIX C3aAn OT rnasa
onyxosen, 0coBeHHO KOorja HOBOOG-

NPOTOHHAaA ny4yesasa Tepannsa

pa3oBaHue 6bina HEAOCTYMHO AN
Opaxutepanuu (12).

MpoToHHas nyyesas Tepanus
Mpu ONyXonsix OCHOBaHMs
Yepena

[T aBnseTcs cTaHLapTHOK paamo-
TepaneBTUYECKO MPoLEeLypon

NPV NEYEHNM XOPLOMbI M XOHLPO-
CapKOMbI OCHOBaHWs yepena. JTu
ONyX0nu OTINYAKOTCS NOKASb-

HOW arpeccuBHOCTLHO. [1o3TOMY
BbINOMHUTL MONHYHO PE3EKLMIO
NPakT14ECKN HEBOSMOXHO 6e3
pucKa Cepbe3HbIX HEBPONOrNUECKMX
HapyLueHui. [103TOMy B 3TUX Cryya-
X NOKa3aHa AONONHUTENbHAS UK
OCHOBHas lyyeBas Tepanus ans
LOCTWXXEHWS NyYLLIMX noKasaTenen
MECTHOrO KOHTPOMS M YyULLIEHMS
(hYHKUMOHANBHOTO pesynbTarTa no-
cne neyeHus. K coxaneHuto, xop-
[I0Ma 1 XOHApocapkoma obnagaiot
BbICOKOW PaAMOPE3NCTEHTHOCTBIO U
MO3TOMY TPEBYHOT O4EHb BbICOKMX
L03.

Y43BUMbIE CTPYKTYPbl B HEMOCPEL-
CTBEHHON 6/IM30CTH OT ONYXOMH,
Hanpumep, MO3roBoi CTBOM,
3pUTENbHbIN HEPB 1 BUCOYHAS A0NS
FONOBHOMO MO3ra, OrpaHN4MBatoT
NpUMEHeHne [OCTaTOuHON 03kl C
MOMOLLbHO 06bIYHBIX paanoTepanes-
TUYECKMX METOLOB.

Xopaoma 1 xoHapocapkoma UeTo-
PUYECKM CTanN OAHUMM U3 NEPBbIX
TMNOB OMyXONEW, KOTOPbIE YCNELHO
NIEYMIN C NOMOLLBIO BbICOKOTOY-
Hoi T (13). Mpw ncnonb3oBaHum
MPOTOHHOrO 06/1Yy4eHUs CTano
BO3MOXXHbIM 6€30MacHO MPUMEHSTb
6onee BbICOKME A03bI MPW OAHOBPE-
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tumor control rates compara-
ble to photon-treated cohorts.
Recently, data on endocrine
function and quality of life in
brain tumor patients suggest
advantages when applying PT
[17]. In future, more data on
post-therapeutic quality of life
and neurocognitive function
will emerge.

In Germany, PT is widely im-
plemented into the interdisci-
plinary concepts of the Soci-
ety of Pediatric Oncology and
Haematology (GPOH) and the
European Society of Pediatric
Oncology (SIOPE). In localized
brain and sarcomatous tumors,
treatment with protons was
successfully established, espe-
cially with regard to very young
ages. However, any radiation
therapy in young children re-
quires particular expertise and
logistics. For infants and very
young children, sedation may
be required to guarantee exact
position in daily treatment. A
multidisciplinary team has to
ensure the well-being of the
children to administer concomi-
tant chemotherapy and to man-
age emergencies. Despite all
efforts, many centers are ready
to take on childhood cancer
patients due to the expecting
benefit. In Europe, the num-
ber of children treated with
protons has doubled in the

last two years, to up to now
over 400 children per year. It is
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estimated that two out of three
are treated in Germany. The
WPE in Germany is specialized
in treating children and offers
the most significant pediatric
program in Europe. A team
consisting of pediatricians,
experienced radiotherapists,
anesthetists and nurses, which
are specialized in infant care,

is well established and has
gained an enormous experi-
ence. Additionally, at WPE a
child life specialist provides
age-appropriate preparation for
medical procedures and sup-
ports the whole family.

Proton Beam Therapy in
Prostate Carcinoma
Radiotherapy is one standard
treatment option for prostate
carcinoma. It is well under-
stood, that relatively high
radiation doses (over 70 Gy)
are necessary to successfully
treat localized prostate carci-
noma. Due to its particularly
physical characteristic, PT is
an appropriate tool to escalate
radiation doses while reducing
radiation-induced gastrointes-
tinal and urogenital sequelae.
A very early randomized study
investigated the feasibility of
PT applying a dose escalation
and demonstrated the success-
ful use of protons by irradiating
prostate cancer [18]. However,
superiority of PT when com-
pared to other modern high-
precision radiotherapy tech-

MEHHOM YNyYLLEHWM Pe3ynbTaTos.
MecCTHble YPOBHM KOHTPONS OMyX0-
nm coctasnsnvm 6onee 95% u 70%
AN XOHAPOCAPKOMbI 1 XOPAOMbl,
COOTBETCTBEHHO (14).

Takxe fpyrve 3n0Ka4ecTBEHHbIE
OMyX0nu, PacronoXeHHbIE B
061acT OCHOBaHUS Yepena unm
WHAUIBTPUPYIOLLME 3Ty 061aCTb
— ONYX0AM FONOBHOTO MO3ra, pak
FOMOBbI W LLEN W IPYTUe CUHO-
Ha3anbHble 3N10Ka4YEeCTBEHHbIE
HOBO0O6PA30BaHus, bbl YCMELLHO
WN3NeyeHbl C NOMOLLbHO NMPOTOHOB.
CpaBHeHue npefBapuTENbHOMO
nnaHa T ¢ TakoBbIM NPy HOTOH-
HOi pagnoTepanuu LEMOHCTPUPYET
nyyllee pacnpenenexue fo3bl, Le-
NeBOW 0XBAT W LUAXEHWE OPraHoB B
30He pucka. OaHako Ans Toro, 4To-
6bl npumeHsTb MT 6onee Wwupoko,
TpebyeTcst 60NbLIE KIMHUYECKMX
LaHHbIX (12).

MpoToHHas ny4yeBas Tepanus
pakay peTeii

HekoTopoe Bpems Ha3ag, € Lenbto
YMEHbLUEHNS pUCKa PaanaLMOHHbIX
0CnoXxHeHuiA, MT 6bina BKNKYeHa B
MYNbTUAMCLMMNIMHAPHYHO KOHLEN-
LMK NEYEHUS CONMAHBIX ONyXOnei
y netein. B uenowm, B HacTosiLee
BPEMSI MoKasaTenb 06LLen Bbl-
XXMBAEMOCTM MPY [ETCKOM pake
A0CTATOUHO BbICOKMIA (MPUMEPHO
80%).

Tem He MeHee, [eTH, NepeHecLLne
paK, 0C06EHHO NPepacnoNoXeHbl
K paamaLmoHHOMY NOBPEXAEHMIO

1 BTOPWYHBIM 3110KQ4ECTBEHHbBIM
006pa30oBaHmMsIM, CYLLECTBEHHO
BNMSIOLLMM HA HOPMarbHYH XU3Hb

NPOTOHHAaA ny4yesBasa Tepannsa

W yXyaLatoLmm ee Ka4ecTso. OHu
04€eHb BOCTPUAMYMBLI K NO3JHEN
paanaumoHHO-MHAYLMPOBAHHOM
TOKCMYHOCTM M3-32 HE3PENOCTH
TKaHEM.

KpoMe Toro, naumeHTbl ¢ OHKONO-
rM4eckuMu 3a60NeBaHMAMM 4aCcTo
WUCTIbITBIBAKOT TSXKENOE Bpems
MYNbTUMOAANBHOW TEpanim, KoTo-
past BKI04aeT, NOMUMO 06My4eHms,
XMPYPruvecKoe BMeLLaTenbCTBo 1
MHOTOKOMMOHEHTHYO XUMMOTepa-
nuto. Takum 06pa3om, npenmyLie-
ctea 1T BCe yaLle ucnonb3ayroTes
Ans 6e30nacHoOro M 3thPEKTUBHOTO
NEYEHMs NeaMaTpUYecKoro paka u
CHUXXEHWS CTPECCa NIeYeHns.

Ony6nnKoBaHHbIE faHHbIE O
KIMHUYeCKMX pesynbTartax y AeTen
o6HagexwuBaroT (15, 16). OcTpble
W NO34HWE OCNOXHEHNS Bbln [oMy-
CTUMbIMM, @ MOKA3aTENM KOHTPONS
0nyxomu 61N CONOCTaBUMbI C
TaKOBbIMM B rpynnax naumeHToB,
KOTOpPblE NoNyyany OTOHHYHO
paguoTepanuio.

HepnasHO Noly4eHHbIE AaHHbIE 00
SHAOKPUHHOM ChYHKLMM M Ka4ecTBe
XKU3HW NALMEHTOB C OMyXONsMU
FONOBHOIO MO3ra yKasblBatoT Ha
npenmyLectsa MT. B 6yaywiem no-
SBUTCS 60/bLUE JaHHbIX O NOCTTE-
PaneBTMYECKOM KaYeCTBE dKN3HM
1 COXPaHHOCTW HEMPOKOrHUTUBHO
yHKUMm (17).

B epmanum T BKNKOUEHA B MEX-
ANCLMNNMHAPHbIE KOHLENUWM Te-
panun ObLyecTsa neamaTpuyeckon
OHKonorum n rematonorin (GPOH)
1 EBponeiickoro 06LiecTsa neau-
aTpuyeckoi oHkonoruu (SIOPE).
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Fig. b: View on beamline and cyclotron (reference: iba)

nigues being available today
was not demonstrated yet, and
is still controversially discussed
[12]. There is no doubt that
dose load to rectal wall volume
can be reduced with protons.
Application of protons might be
particularly beneficial if extend-
ed radiation volume is required
for higher stage prostate
cancer patients. For example, if
radiation of seminal vesicle or
lymph nodes has to be cov-
ered by radiation, PT may have
significant advantages over
conventional techniques to
spare normal tissue.

Proton Beam Therapy in
Brain Tumors, Sarcomas, and
Head and Neck Cancers

Brain tumors (e.g. glioma,
meningeoma), head and neck
cancers (e.g. nasopharyngeal
carcinoma), and sarcomas in
adults are already routinely
treated with protons in facilities
to date.

PT is particularly advantageous
for tumors of the CNS due to
their precise, local high-inten-
sity without spreading widely
low and medium doses result-
ing in sparing critical structures

[poToHoTEpanus 6bina yenewHo
MPUMEHEHA MPKW NIOKANM30BAHHbIX
MO3rOBbIX 1 CapPKOMATO3HbIX OMyX0-
nsix, 0CO6EHHO y AeTelt MnajLero
Bo3pacTta. OfHako nto6as nyyesas
Tepanus y ManeHbKux nauneHToB
TpebyeT 0coboi KBanumKauum u
obecneveHus.

MoapocTkam 1 ManeHskM AeTsam
MOXXET NnoTpeboBaTLCs cefa-

Lmsi, YTOBbI 06€CNEUNTD TOUHOE
MONOXXEHUE NPN eXXEeHEBHBIX
ceaHcax npoToHoTepanuu. Mex-
ANCUMNANHAPHAS KOMaHAA AOMKHA
obecrneunTb 6narononyyne aeTei
BO BPEeMst POBEAEHNs CONYTCTBYHO-

NPOTOHHAaA ny4yesasa Tepannsa

Puc. 5: Bug Ha nMHKIO Nyya v LMKNOTPOH (MCTOYHKK: iba)

LLeA XMMUOTEPANMM 1 MOMOLLLb MPK
OCTPbIX OCAIOXKHEHNSIX.

HecMOoTpS Ha BCe CNOXHOCTU, MHO-
rue NPOTOHHBIE LIEHTPbI, Y4UTbIBAS
0XKWAaeMble XOpOLLME pe3ynbTaThl
Tepanuu, roToBbI NPUHUMATL feTeN
C pakoMm Ha nevenve. B Espone
4nCAO AETeM, KOTOPbIE NEYMIUCH C
MOMOLLbIO MPOTOHHOM Tepanuu, 3a
nocnefHve fBa roja yaBounoc,

W B HACTOSILLEE BPEMS COCTaBNISET
6onee 400 peteit B rop. o ouex-
Kam, ABOe U3 Tpex AeTei neyartcs B
epmaHum.

WPE 8 ['epMaHum Takxe cneuu-
anu3npyeTcs Ha NeYeHun aeTei 1
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Fig. 6: Treatment room with rotatable gantry (reference: WPE)

and reducing overall brain dose
[19]. At WPE, most treated
diagnoses in adult patients
were CNS malignancies (36%),
followed by sarcomatous tu-
mors (29%) and head and neck
cancers (19%).

Previous analyses of the in-
house, prospective register
showed promising results sup-
porting safety, good tolerance,
and excellent feasibility of PT.

Proton Beam Therapy in
Gastrointestinal Tumors
Moreover, patients with

other malignancies could
benefit from advantages of

PT. In several gastrointestinal
tumors (e.g. liver, esophageal,
and pancreatic cancer) PT is
promising due to possibility of
safe dose escalation for achiev-
ing sufficient curative radiation
doses and of avoiding radiation-
induced toxicity to sensitive

npeanaraeT camyto 60MbLIYI0 neau-
aTpuyeckyto mporpammy B EBpone.
KomaHpa cocTosiLas U3 neauma-
TPOB, OMbITHBIX PAANOTEPANEBTOB,
aHeCcTe3unonoroB u MeacecTep,
MMEIOLLMX KBanmMChKaLMKO MO yXomy
3a leTbMM, XOPOLLIO pacrnonaraeT
OrPOMHbIM OnbIToM. Kpome Toro,

B WPE peTckunid ncuxonor obe-
crneyrBaeT naumeHTam cooTBeT-
CTBYHOLLYHO BO3PACTy NOLATOTOBKY

K MEAMLIMHCKWM NpoLieaypam 1
MoAAEPXKY BCEN CEMBU.

Puc. 6: KomHaTa ans neyexus ¢ spaiarommes reHtpu (uctouHnk: WPE)

MpoToHHas nyyeBas Tepanus
MpU KapuMHOMe NpeAcTaTenbHO
xenesbl

PagnoTtepanus SBNSETCS OAHUM

W3 CTaHAAPTHbIX METOLOB JIEYEHNS
paka npeacTaTenbHON Xenesbl. Xo-
POLLIO M3BECTHO, YTO ANs achdpek-
TMBHOrO fle4eHNst NIoKann30BaHHoM
KapuMHOMbI NPOCTaThbl HEOOXOAUMbI
OTHOCUTENbBHO BbICOKWE A03bI 06-
nyyenus (6onee 70 I'p).

Bnaronaps 0co6eHHbIX hnan-
veckum xapakTepucTtukam, MT
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tissues of the gastrointestinal
and genitourinary system. Until
now, the number of patients
with gastrointestinal malignan-
cies treated with protons is
already small. However, the
majority of ongoing clinical
trials focus on gastrointestinal
tract tumors [20]. Most previ-
ous experiences using protons
are made in treating hepatocel-
lular carcinoma resulting in high
local tumor control rates of
80-95% with low hepatotoxic-
ity [21].

Conclusion and Outlook

Physical advantage of PT
enables exactly tailored ir-
radiation while reducing risk for
radiation-induced toxicities and
secondary malignancies. Since
decades, proton beams are
successfully applied to treat
tumors at difficult sites nearby
sensitive normal structures. In
particular, ocular malignancies,
base of skull tumors, and pedi-
atric cancers are already widely
accepted as standard indica-
tions for PT. Moreover, protons
are applied in radiotherapy of
prostate carcinoma since dec-
ades. Additionally, adult CNS
tumors, sarcomas, and head
and neck are routinely treated
by now. Even further diagno-
ses, e.g. gastrointestinal tu-
mors are increasingly referred
to PT. However, in Europe only
a few facilities are equipped to
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offer PT for a wide spectrum
of indications, depending on
technical equipment and clini-
cal focus. Therefore, in future,
an increasing use of protons
have to be expected in new
indications also covering mov-
ing targets like breast cancer
or lung. Intensity modulation
and complex treatments are
available nowadays in several
modern centers, like the WPE
in Germany. Gantry design,
treatment delivery, clinical im-
aging, and treatment planning
systems of proton facilities are
continuously optimized and will
expand clinical portfolio of PT.
Clinical research is ongoing.
International trials and regis-
tries collect prospective data,
analyze feasibility and clinical
long-term effectiveness as well
as reveal most suitable patient
groups for PT.

SBNSETCA NOAXOAALMM UHCTPY-
MEHTOM s 06eCrneyeHms BbICOKOM
L03bl 06/Ty4EHNS NMPK YMEHBLIEHUN
pagnaLMOHHOMHAYLIMPOBAHHbIX
XKEMYAOUHO - KMLIEYHbIX W YPOreHn-
TanbHbIX OCNIOXHEHWHA.

Bo Bpems paHAOMU3MPOBAHHOMO
UCCneLoBaHNs, B KOTOPOM WU3yya-
nock npumerene MNT ¢ akckana-
Lmeii £o3bl, 661110 NPOJEMOHCTPH-
POBAHO YCNELIHOE MCMONb30BaHue
MPOTOHOB Mpu 06My4eHun 3noKaqe-
CTBEHHOW OMyX0MW NpeacTaTeb-
HOM xenesbl (18).

Opnnaxo, npesocxoactso PT no
CPaBHEHWIO C APYriMN COBPEMEH-
HbIM BbICOKOTOYHbLIMW METOAAMM
Ny4eBOM Tepanum eLe He 6bIno
NPOLEMOHCTPMPOBAHO, W [0 CUX
nop SABNSAETCS NPEAMETOM JuC-
Kyccuid (12). Ho y>xe HeT COMHEHWi
B TOM, YTO NPV NPOTOHOTEPANMM
pajuaumoHHas 4o3a Ha 0bnacTb
MPSAMON KMLLIKK MOXET BbITh
yMeHbLUeHa. [pumeHeHne npoTo-
HOTepanuu MOXET BbITb 0COBEHHO
LienecoobpasHbIM y NaLUMeHToB

C pacnpoCTpPaHEHHbIM PakoM
NpeacTaTenbHO Xenesbl, Koraa
TpebyeTcs yBenuueHue obbema
06nyyeHus. Hanpumep, ecrnn He-
06X04MMO 06Ny4eHNe CEMEHHbIX
Ny3bIPbKOB MK IMMATUHECKNX Y3-
no., MT MOXET UMETb 3HAYUTENb-
Hble MPEUMYLLECTBA NO CPABHEHNIO
C 06bI4HbIMY METOAAMM, MOCKONBKY
LaauT HOPManbHYH TKaHb.

MpoToHHas nyyeBas Tepanus
NPy ONyXonsix roNoBHOr0 MO3ra,
capKoMax 1 pake rofnoBbl U Len
Onyxomu ronoBHOTO Moara (Hanpu-

NPOTOHHAaA ny4yesasa Tepannsa

Mep, TIMOMY, MEHUHIEOMY), paK
FONOBbI W LEN (HanpuMep, HOCOrno-
TOYHY0 KapLMHOMY) 1 CapKOMbI Y
B3POCIbIX MALMEHTOB Y>Ke HEPEaKO
neyaT ¢ NOMOLLbK MPOTOHHOM
Tepanuu B CNeLManmanpoBHHbIX
LieHTpax.

PT nmeeT npenmyLLecTsa npu
neyeHnn onyxonei LIHC 3a cuet
€€ TOYHOCTW,MECTHON BbICOKOM
WHTEHCMBHOCTYM 6€3 LUMPKOro pac-
MPOCTPAHEHMS HUBKUX U CPELHMX
[103, YTO COXpaHsieT 6am3Kopacno-
NIOXKEHHbIE XWU3HEHHO BAXHbIE
CTPYKTYPbI ¥ CHUXKAET 06LLYH J03Y
0671y4eHus Ha ronosHoOM Mo3r (19).
B WPE y B3pocrbix naumeHTos
yale BCero npoBOAMNIOCh NeYEHNe
Mo NoBOAY 3110KA4YECTBEHHbIX HOBO-
o6pasosaHuii LIHC (36%), capko-
MaTo3HbIX Onyxonen (29%) u paka
ronosbl v wen (19%).
MMpedbipywmia aHann3 cobCTBEH-
HOrO MPOCNEKTUBHOrO permcTpa
nokasan MHoroo6eLlatoLme
pesynbTathl, 06ecneumsaroLLme
6e30MacHOCTb, XOPOLLYH NEPEHOCH-
MOCTb W LienecoobpasHocTb [1T.

MpoToHHas ny4yeBas Tepanus
Npu ONYXONsX Xenyao4Ho-
KULIEYHOro TpaKTa

lMaumeHTbI ¢ ApyrMm 3nokade-
CTBEHHbLIMW HOBOOOPA30BAHUSAMM
npu nposedexum MT Takxe MoryT
nomny4uTb psi NpeumMyLLecTs. Mpu
HEKOTOPbIX XXENYAOUHO-KULLIEUHBIX
ONyXONsiX, HANPUMEP, NEYEHN,
NULLEBOAA W NOLXKENYAOYHON Xe-
ne3bl, T sBnseTCS MHOroobeLLato-
MM METOJOM 3a CHET BO3MOXKHO-
cTi 6e30MacHOK aKcKanaumm fo3bl
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ANS [OCTVXKEHUS AOCTATOYHOM

TepaneBTNYeCcKon [03bl 00Ny4eHus,

W B TOXE BPEMS! MPeLOTBPaLLEHMS!
PaAMaLMOHHOM TOKCUYHOCTM YyB-
CTBMTENbHBIX TKAHEN Xenyf04HO-

KMLLEYHOM 11 MOYErnOSIOBON CUCTEM.

B HacTosILLMIN MOMEHT YKcno naum-
€HTOB C XenyL04YHO-KULLEYHbIMM
3110Ka4eCTBEHHbIMM HOBOOOPA30-
BaHWSIMU, KOTOPbIE NIEYUIIUCK C MO-

moLbto MNT, ewe HeBennko. OpHako

OOMbLUMHCTBO TEKYLUNX KUHUYE-
CKVUX MCCrEeA0BaAHUA 3TOro MeToAa
paaunoTepanin hokycupyroTcs Ha
ONYXONSX XENYLOUYHO-KULLIEYHOTO
TpakTa (20).

B ocHOBHOM npefblayLLuii OnbIT
Takoi Tepanuu 6bin Noay4eH Npu
NeYEHUN renaToLentonapHON

KapUMHOMbI 1 NPOAEMOHCTPMPOBAN

BbICOKWIA NOKa3aTesb OKaNbHOro
KOHTpOns onyxonu 80-95% npw
HM3KOW renaToToKCUYHOCTY (21).

3aknioyeHne U nepcneKTUBbI

®uanyeckmne npenmyiuectsa MT
MO3BONSOT TOYHO NOAOOPATHL
[03y 06/Ty4EHNS NPK CHUKEHUM
pUCKa pafnaLMOHHON TOKCUYHOCTH
W BTOPUYHBIX 3110KAYECTBEHHbIX
HoBOOGpa3oBaHwit. B Teuerne
LeCSTUNETWIA NPOTOHHAS Ny4eBas
TEpanus yCreLHo NPUMEHSETCS

ANS NIEYEHNS OMyXONEW CO CNOXKHOW

nokanu3aumen B6inM3n YyBCTBY-
TeNbHbIX HOPMASTbHbIX CTPYKTYP.

B vacTHocTH, onyxomnu rnasa, OCHo-

BaHWs Yepena 1 3110Ka4eCcTBEHHbIE
ONyX0mnu y [eTei yXXe NPU3HaHb! B
KayecTBe CTaHAAPTHbIX NOKA3aHWUi

University Hospital Essen
Clinic for Particle Therapy
West German Proton Therapy
Center Essen (WPE)

West German Cancer Center
45157 Essen, Germany
www.wpe-uk.de
wpe@uk-essen.de

NPOTOHHAaA ny4yesBasa Tepannsa

ans IT. Kpome T0ro, NnpoToHoTepa-
nus y>xe Bonee 4ecaTu neT npuMe-
HAETCS NpW pake NpeacTaTeNbHOM
Xenesbl.

Tak>xe B HacTOsILLEE BpeMS Npo-
TOHOTEPANMS cTana PyTUHHBIM
MEeTOZAOM Nnevenns onyxonei LIHC,
CapKOM F0J10BbI W LLEU Y B3POCIbIX
naumeHToB. [laxxe Takue 3abonesa-
HWS KaK, HaMpPUMEP. XXenya04HO-KK-
LUEeYHbIE OMyXOMu, BCE Yalle nevat
¢ nomoubto [1T.

OnHako B EBpone ToNbkO HECKOb-
KO LIEHTPOB C COOTBETCTBYHLLMM
060pyA0BaHMEM MPeAnarar,

B 3aBMCMMOCTM OT TEXHMYECKO-

[0 OCHALLEHNS 1 KIMHUYECKOM
cneumranusaumu, MT Ans LWwupokoro
CreKTpa nokasaxuid. B ByyLuem
CrnefyeT 0XnaaTh UCNONb30BaHMS
NPOTOHOTEPANUKM NPY OMyXONsX,
CBA3AHHbIX C ABXKYLUMMMCS
opraHamu, Hanpumep, Npu paxke
MOJIOYHOM XKenesbl unn nerkux. Mo-
LyNSILMS MHTEHCUBHOCTM W pyrue
CTNOXHble TEXHONOrM JOCTYMHbI B
HaCTOsILLeE BPEMS! B COBPEMEHHbIX
MPOTOHHbIX LEHTPAX, TakuX Kak
WPE 8 ['epmaHuu.

YCTPOWCTBO reHTpu, MeToAbl 061y-
YeHus, KIMHUYecKas Bu3yanuaaums
W CUCTEMBI NAIAHMPOBAHMS NIEYEHNs
B LIEHTPpax NPOTOHHOM Tpanum
MOCTOSHHO OMTUMU3NPYHOTCS, YTO
PaCLLMPSAIOT KIMHUYECKOe NopTo-
o MNT. MpoponxatTes KNuHuye-
CKME UCTbITaHMS.

Me>xayHapoaHble uccneaosaHns

W PEECTPbI COBMPAIOT NPOCTeK-
TUBHbIE JaHHblE, aHANW3MPYIOT
LienecoobpasHOCTb M KIIMHUYECKYHO
LONTOCPOYHYH 3hPEKTUBHOCTD, a
TakXXe BbISBNAOT Hanbonee noaxo-
Aslume rpynnbl nauneHTos ang MT.
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Fig. 7: Customized mask to ensure precise radiation of the head (reference:  Puc. 7: UHanBuayanbHas Macka Ans 06ecneyeHns TOYHOro 061y4eHns ronosb (c-
WPE) TouHuK: WPE)
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State-of-the-Art:
Diagnostics and
Therapy with Here-
ditary Breast Cancer
and Gynaecological
Tumour Diseases

The knowledge of genetic and
non-genetic risk factors among
women with a family history

of breast cancer and other gy-
naecological tumour diseases
is constantly increasing. DNA
tests can be offered more cost-
effectively, and can always be
implemented more quickly. The
following article presents the
level of knowledge at the mo-
ment and provides an insight
into future developments.

Multiple molecular events of a
genetic and epigenetic nature
are held responsible for the
pathogenesis of breast cancer
and ovarian cancer.

Familial clustering, described
for the first time in 1866 by
Paul Broca, is regarded as one
of the most important risk
factors. Based on mutations in
the genes BRCA1 and BRCA2
(1, 2) discovered in the mid-90s
and clearly associated with
the pathogenesis of breast
cancer and ovarian cancer,

the technical progress in the
field of genetic analysis due to
“next-generation sequencing”
(NGS) in recent times enables
an increasingly faster identifica-
tion of other high-risk genes
and risk genes in translational

research projects. Mutations in
BRCA1/2 are found in approxi-
mately 20-25% of examined
high-risk families, and approxi-
mately 9% of mutations are
additionally found in nine other
“core” genes. Eleven so-called
“core” genes as well as anoth-
er 84 genes (e.g. the high-risk
genes BRCA1, BRCA2, PALB2,
CDH1 and TP53, as well as the
risk genes CHEK2, ATM and
FANCM for breast cancer and
RAD51C/D and BRIP1 for ova-
rian cancer) are currently being
examined on a routine basis
within the scope of multigene
analyses (3, 4).

The so-called "“hereditary colo-
rectal cancer genes” MLH1,
MSH2, MSH6 and PMS2 are
also currently in the validation
phase for breast cancer and
ovarian cancer. For patients
with mutations in these genes,
the “Lynch syndrome”, also
known as hereditary non-
polyposis colorectal cancer
(HNPCC), which is primarily
associated with a significant
increase of risk for colorectal
cancer, but is also significantly
associated with other cancers

(especially endometrial cancer),

was involved in the past.

'MHekonorus

CoBpeMeHHas anarHo-
CTUKa U Tepanus
HacneACTBEHHOro paKa
MOJIOYHOM XKenesbl U

FMMHEKOJIOrM4eCKux ony

XOneBbIX 3ab0neBaHui

3HaHUs O FEHETUYECKMX W He-
reHeTUYeckux dhakTopax pucka

Y SKEHLUWH C CEMEIHO UCTOPHEN
paka MOJIOYHOM Xenesbl U Apyrux
TMHEKOMNOrMYECKMX OMyXONEBbIX
3a60/1€BaHMI1 NOCTOSHHO YBENH-
umsatotcs. [1HK TectuposaHue
CTaHOBUTCS Bonee aPheKTUBHBIM
9KOHOMMYECKM U BbICTPEE BBOANT-
¢S B npakTuky. Hawa 063opHas
CTaTbsi NPeACTaBnsEeT YPOBEHb
3HaHWiA B 3TOM 0611aCTH HA faHHbIA
MOMEHT W [aeT NpeAcTaBfieHue 0
Oy nyLLMX NepcrnexkTusax.

3a naToreHes paka Momo4HoM
XKENe3bl 1 paka SMYHNKOB OT-
BETCTBEHHbI MHOXXECTBEHHbIE
MOMEKYNSIPHbIE MEXaHW3Mbl FeHeTH-
4eCKOM W 3NUreHeTUYECKOM Npu-
poabl. CemeiiHas knacTepuaaums,
onucaxHas snepsble B 1866 roay
Monom Bpoka, cunTaeTes 0gHUM

13 Hanbonee BaXHbIX (DaKTOpPOB
pucka.

B nocnenHee Bpemst TeXHUHECKMA
NpOrpecc B 061acTh reHeTUYECKOro
aHanmsa Ha 6a3e 06Hapy>XEHHbIX

B cepeanHe 90-x rof0B MyTauui

B reHax BRCA1 n BRCA2 (1, 2),
accoUMMPOBAaHHBIX C NATOreHe30M
paka MOJI04HOM Xenesbl 1 paka
SNYHUKOB, NO3BONSIET C NOMOLLbHO
«CEKBEHMPOBAHWS CrieaytoLero
nokoneHusi» (NGS) B TpaHCASLMOH-

HbIX MCCNE0BATENbCKUX MPOEKTax
6onee 6bICTPO NAEHTUDUUMPOBATL
[APYrUe reHbl 00bI4HOM0 U BbICOKOTO
pucka.

MyTauum BRCA1 / 2 o6Hapy>xwnBa-
toTCs npuMepHo y 20-25% o6cneso-
BaHHbIX CEME C BbICOKUM PUCKOM,
W [ONOJHATENBHO BbISBIAETCS NpK-
6nM3NTENBHO 9% MyTaLMiA B [pYrinX
[EBSATN «OCHOBHbIX>» FEHaXx.

OpnHHapuaTh Tak HasbiBaeMbIX
«OCHOBHbIX» FEHOB, a Takxe 84
LPYrvX reHa (Hanpumep, reHol
Bbicokoro pucka BRCA1, BRCA2,
PALB2, CDH1 n TP53, a Takxe
FeHbl YMEPEHHOr0 prcKa paka
Mono4Hou xenesbl CHEK2, ATM u
paka suyHukos FANCM n RAD51C
/D and BRIP1) B HacToslLee Bpems
PErynspHoO UCCeaytoTCs B paMKax
MYNbTUrEHHOr0 aHanmaa (3, 4).

MeTobl cCnefoBaHNs TaK Ha3bl-
BAeMbIX «HaCcNeACTBEHHbIX FeHOB
KonopekTanbHoro paka» MLH1,
MSH2, MSH6 n PMS2 Takxe B
HACTOSLLEE BPEMS HAXOAATCS Ha
CTajvn Banuaauum NpUMEHEHNS
Yy MauUMEeHTOB C PakOM MONOYHOM
XKENe3bl N PakoM MYHMKOB.

,D,J'IFI naunMeHToB ¢ MyTaunsaMu B
9TUX reHax U «CMHAPOMOM JInHya»
(TaK)Ke M3BECTHbIM KaK «Ha-
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Table 1: Risk groups of the German
Consortium for Hereditary Breast
and Ovarian Cancer

During initial diagnosis, ~25%
of primary endometrial cancers
are characterised as so-called
“microsatellite instability”
(MSI) due to mutations in the
genes MLH1, MSH2, MSH6
und PMS2. In light of new
clinical trial data, this charac-
terisation will increasingly have
a therapeutic consequence in
the future.

Consequently, microsatellite
instability is meanwhile being
routinely examined during
initial diagnosis of endometrial
cancer within the scope of
general pathological diagnos-
tics at the Ludwig-Maximilians
University of Munich (LMU)
Department of Gynaecology
and Breast Center. In addition
to possible additional therapeu-
tic options, supplementary ge-
netic counselling and possibly
further diagnostics will also be
offered in the event of positive
findings.

The detection of a BRCA1
mutation in a family with
several diseases is associated
with a lifetime risk of up to
80% for breast cancer and a
lifetime risk of up to 55% for
ovarian cancer (5). The corre-
sponding likelihoods of disease
for BRCA2 are 60-70% and
somewhat lower (~20%). The
average age at onset among
patients with a BRCA1 muta-
tion, mid to end-forties, is a

Flenziso)
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Risk Groups of the German Consortium for Hereditary
Breast and Ovarian Cancer

2 BC, 1 diagnosed < 51y

3 BC of close blood relatives

1BC and 10C of close blood relatives, diagnosed at any age

1BC diagnosed < 36y

1 BC of both breast sides and first diagnosis < 51y

1BC + 1 0C, both diagnosed in an individual person

1BC triple-negative, diagnosed < 49y

1 ovarian cancer (G3, serous) <79y

Healthy relatives with a heterozygote risk > 20 % of lifetime risk > 30 %

BC: breast cancer, OC: ovarian cancer

decade of life lower than with
an existing BRCA2 mutation.
An increased contralateral risk
of breast cancer is common
to both forms compared to
sporadic forms.

There are other highly pene-
trant genes for breast cancer,
but these are only very rarely
altered and usually become
manifest in connection with
specific syndromes.

For example, a mutation in the
TP53 gene can be exposed as
Li-Fraumeni syndrome (LFS),
which is associated with the
occurrence of breast cancer at
a particularly young age, and
with other malignant tumours
such as sarcomas, brain tu-
mours or leukaemias. Women
with a TP53 mutation have the
highest risk of breast cancer
with an up to 6-fold increased
risk compared to the general
population (6,7).

CNEeACTBEHHBbIA HENONMMMO3HbIM
konopekTanbHbIi pak» (HNPCC)),
accoUMMPOBAHHbBIM CO 3HAYMTEb-
HbIM YBEJTMYEHNEM PUCKA KONOPEK-
TanbHOro paka, a Takxe ApyruMu
BMAaMM paka (0CO6EHHO pakoM
9HAOMETpMS), 3TO BbINO CAenaHo
paHee.

[Tpn nepsoHauanbHOM AnarHose
~25% NepBUYHbIX ONYX0Nei aH-
LOMETPUS XapakTepuayeT Tak Ha-
3blBaeMas «MUKpocaTeNanTHas He-
cTabunbHocTb» (MSI) BCneacTame
MyTauwi B reHax MLH1, MSH2,
MSH6 1 PMS2. B cBeTe HOBbIX
AaHHbIX KIIMHNYECKMX MCCRE[oBa-
HUiA daHHas xapakTepucTuka bynet
UMETb BCe 60NbLUee 3HaYeHWe ans
Tepanuu.

[ToaTomy MMKpocaTeNNUTHaS
HEeCTabubHOCTb MCCNeayeTes

Mpu YCTaHOBMEHNM fMarHo3a paka
9HLOMETPMS Hapsay CO BCeMM
LPYrMMKM SMarHoCTU4eckumm obcerne-
J0BaHMSMU B [ MHEKONOrMYECKOA
KnuHuke YhusepeuTeTa JTiogsura-

'MHekonorus

Tabnmua 1: Mpynnbl pucka cornacHo pe-
KOMeHpaunii HemeLkoro KoHcopumyma no
WU3YYEHMIO 1 NIEYEHNO HACNEACTBEHHOMO
paka MOJIOYHOIA XKENe3bl U ASNYHUKOB

Makcumunmana (LMU) B MionxeHe.
KpoMe Toro, B cyyae nonoxu-
TeNbHbIX Pe3ynbTaToB, Npeana-
raeTcs LONONHUTENbHOE reHeTH-
4eCK0e KOHCYNbTUMPOBAHME W, MK
HeoBXOANMOCTH, AanbHeMLLas
AMarHocTuka.

O6Hapy>enne BRCA1 myTaumm

B CEMbE C HECKOJIbKUMU Cryyast-
MW paka accoummnposaHo ¢ 80%
PUCKOM Pa3BuTUS paka MOSIOYHO
Xesesbl B TEYEHWE XN3HU U 5%
NO>XM3HEHHBIM PUCKOM BO3HUKHO-
BeHus paka muHuKos (5). CooT-
BETCTBYHOLLAS BEPOSTHOCTb 9TUX
3abonesanuii npu BRCA2 myTauum
coctasnstoT 60-70% 1 YyTb HUXKE
~20%.

CpepnHuii Bo3pacT Hauana 3a-
60neBanus y NaLUMEHTOB C
myTaumen BRCA1 coctasnset

45 - 50 neT, uTo Ha fiecaTb NeT
MEHbLLE, YeM MpK MyTaLmuu
BRCA2.,[0BbILIEHHbIA PUCK pas3-
BMTWS paka B KOHTpanatepanbHoi
MOJIOYHOM XXenese, Mo CPaBHEHNIO
C cnopagmueckumm hopmamu,
CYLLECTBYET Npu 06enx MyTauunsX.

CyLeCTBYIOT Apyrve NeHeTpaHT-
Hbl€ FeHbl paKa MOMOYHOM Xeneabl,
HO OHM OYeHb PEAKO MOBpexaa-
t0TCS 1 06bIYHO NPOSABASOTCS

Mpy ONPELAENEHHbIX CUHAPOMAX.
Hanpumep, myTaums B rese TP53
06Hapy>XuUBaAeTCA NpK CUHAPOME
Ju-Opaymenm (LFS), koTopbii
accoUnMpoBaH C BO3HMKHOBEHWEM
paKa MOJIO4HOM Xene3bl B 0CO6EH-
HO MOJI0/J0M BO3PACTE U C APYrMM
310Ka4eCTBEHHbLIMM OMyXONAMM,
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Table 2: Short version of recom-
mendations for an intensified early
diagnostic program and preventive
methods in genetic high risk assess-
ment

The most frequently mutated
high-risk gene for heredi-

tary breast cancer after the
BRCA1/2 genes is the PALB2
gene (8,9). The risk of breast
cancer is more than 50% (OR4-
7).

The risk of developing breast
cancer (clustered by lobular
type) by age 50 in the event
of a CDH1 mutation (10) is
currently up to 10% and can
increase to a risk of up to 50%
up to age 80.

Interdisciplinary Consultation
with Risk Assessment and
Clinical Recommendations
Identification by the primary at-
tending physicians is an impor-
tant prerequisite and a crucial
first step in the optimal care of
families with an increased risk
of familial breast cancer and
ovarian cancer. This gener-

ally occurs through licensed
medical specialists providing
primary care or in the course of
treatment at specialised breast
cancer and gynaecological can-
cer centers. In accordance with
German guidelines, high-risk
patients and/or their relatives
should make an appointment
for consultation at specialised
centres (consortium centres
and cooperation partners of
specialised breast cancer and
gynaecological cancer centers).
In addition to the proven risk
groups (Table 1), an individual
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Short Version of Recommendations for an Intensified Early
Diagnostic Program and Preventive Methods in
Genetic High Risk Assessment

Intensified
Diagnostic
Program

BRCA1/BRCA2

CDH1

PALB2

RAD51C(FANCO
und RAD51D,
BRIP1

Prophylactic
Mastectomy

Individual cases”

Individual cases”

Prophylactic
Adnexectomy

+, at the age of
40 or 5y before
earliest case

+, postmeno-
pausal or by
before earliest
case

+ (optional)

(full version: http://www.konsortium-familiaerer-brustkrebs.de/

konsensusempfehlung)

Ain dependence of familiy tree and concurrent risks
*in dependence of genetic risk (in premenopausal cases)

- no recommendation
+ recommendation

case of ovarian cancer with
serous histology and poor de-
gree of differentiation (up to 79
years of age), or an individual
case of triple-negative breast
cancer up to age 50 can also
be tested since recently.

Early Detection and
Prophylaxis

For those seeking advice due
to a pathogenic mutation in
one of the genes ATM, CDH1
and PALB2, participation in

a screening programme in
Germany starts from age 30,
in the event of TP53 mutations
from age 20, or respectively 5
years before the earliest age at
onset of breast cancer within

TakuMu Kak CapkoMbl, OMyxomnu
TOMOBHOMO MO3ra M NEKo3bl.
JKeHwwHb! ¢ MyTaumeit TP53
WMEIOT CaMblid BbICOKMIA PUCK pas3-
BMTUS paka MONIOYHOM Xenesbl ¢
6-KpaTHbIM YBENTMYEHNEM BEPOSIT-
HOCTM 3a60/1€BaHNS N0 CPABHEHMIO
¢ obLei nonynsumei (6, 7).
Hanbonee 4acTo MyTUPYHOLMM re-
HOM BbICOKOr0 pucka s Hacnep-
CTBEHHOTO paka MOJIOYHOM Xenesbl
nocne BRCA1 / 2 reHoB sBnsieTcs
reH PALB2 (8, 9): puck paka Monou-
HOW XXeNe3bl MU Takoi MyTaLmum
coctaensieT 6onee 50% (OR4-7).
Puck pa3BuTus paka MONOYHOM Xe-
ne3bl NoBYNSPHOroTMNA B Cry4ae
myTauum CDH1 (10) gocturaet 10%
K 50 rojamM 1 MOXET YBESINUMTLCS
10 50% « 80 rosam.

'MHekonorus

Tabnmua 2: Kpatkas Bepcus pekomeraa-
LMiA N0 paHHei MHTEHCM(NLMPOBAHHO
ANarHoCTMKe 1 NPOUNAKTUKE paka npu
BbICOKOM FEHETUYECKOM PUCKE

MexaucuunnuHapHasi KOHCYNb-
TaLus ¢ OLIEHKOM p1cKa 1
KSIMHUYECKUMU PEKOMeHAaLMAMU
BbisiBNEeHMe HacneacTBEHHOMO
XapakTepa paka nepBUYHbIMU
nevalumm Bpadamu SBnsSeTCs
Ba)XHO NPeAnOChINKON M NepBbIM
LIaroM [N1s 0Ka3aHus cneupanu-
3MPOBAHHOM MOMOLLYW CEMbSIM C
MOBbILLEHHbLIM PUCKOM CEMEVHOTO
paKa MOJIO4HOI XeNesbl 1 paka
SMYHUKOB.

O6bI4HO 3TO NMPOMCXOANT C NO-
MOLLIbKO MEeJMLMHCKMX Ccrieumant-
CTOB, OKa3bIBAKOLLNX NEPBUYHYIO
MOMOLLb, M1 BO BPEMSI NNEYEHMS
B CMeuManm13npoBaHHbIX Mammo-
NIOTUYECKMX W TUHEKONIOrMYECKNX
OHKOJOrMYECKNX LIEHTpPaX.

B co0TBETCTBUM C NOCNEAHUM He-
MELKUM PYKOBOACTBOM, NALMEHTbI
C BbICOKWM PUCKOM W / UM WX POA-
CTBEHHUKM [OMKHbI 6bITh HaNpas-
NEHbI HA KOHCYMNbTaLMIO B CreLm-
aNnu31POBAHHbINA LEHTP (B OANH W3
LIEHTPOB HeMewKoro KoHcopumyma
MO W3YYEHWIO U NEYEHMIO HACNEA-
CTBEHHOTO paka MOJOYHON XXenesbl
W IMYHUKOB MM B NAPTHEPCKWiA
LEHTP OTAENEHMIA paKa MONOYHOM
XKENe3bl U FTMHEKONOrMYECKMX OHKO-
NOrnyeckmx 3a60neBaHui).

PaHHee BbisiBNeHue U
npocunakTuka

[ns Tex, KTo 06paTuncs 3a KoH-
CyNbTaumen no NOBOLY NATOreHHOM
MyTaLum B 0BHOM 13 reHoB ATM,
CDH1 n PALB2, yuacTve B npo-
rpamme CKpuHuHra B ['epManum



Gynecology

the family. It ends with 70
years of age and includes an-
nual ultrasonography and MRI
examinations (last dependent
of the densitiy classification

in mammography). Ultrasono-
graphy is recommended on a
semi-annual basis for TP53 and
PALB2 as well as for BRCA1
and BRCA2. Depending on
the mammary gland density, a
mammography at intervals of
1-2 years is additionally con-
ducted from 40 years of age.

For non-mutation carriers with
an increased genealogical risk,
the screening programme is
currently offered from age
30-50, and after that routine
mammography screening is
available.

The decision for prophylactic
operative measures means the
maximum possible reduction of
risk, even if complete certainty
also cannot be obtained as a
result of this. In this context,
most women also opt for a
simultaneous reconstruction of
the breast by means of silicone
implants or autologous tissue.

Prophylactic adnexectomy

is increasingly gaining im-
portance, since not only an
effective reduction of risk by
approx. 95 % (with respect to
the risk of ovarian cancer) can
be attained by this, but the risk
of breast cancer (particularly
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for BRCA2 carriers) can also
be very positively influenced.
An explicit age recommenda-
tion for the surgical procedure
cannot be derived yet from
the current data situation. In
consideration of the increas-
ing incidence of ovarian cancer
from age 40, the operation is
said to be sensible here, but
always taking into account
the individual situation of the
person concerned.

Table 2 shows current recom-
mendations of the German
Consortium for Hereditary
Breast and Ovarian Cancer for
early detection and prophylaxis.
In addition, these recommen-
dations are always updated and
available at http://www.konsor-
tium-familiaerer-brustkrebs.de/.
In the meantime, up to 40% of
high-risk patients throughout
Europe and internationally opt
for such a step in terms of a
bilateral mastectomy and/or
bilateral adnexectomy (11).

Therapeutic Approaches in
Case of lliness

In particular, direct therapeu-
tic consequences from the
genetic findings currently
result during the detection of a
pathogenic BRCA1 or BRCA2
mutation with recurrent ovarian
cancer. At this time, the muta-
tion detection in BRCA1 and
BRCAZ is a prerequisite among
these patients for maintenance

HaunHaeTcs ¢ 30 net, B cnyyae My-
Taumm TP53 — ¢ 20 net, uim 3a 5
NEeT 10 CaMOro paHHero Bo3pacTa,
B KOTOPOM B CEMbe Oblfl AMarHOCTH-
POBaH pak.

Mporpamma npogonxaetcs Jo70-
NETHero Bo3pacra v BKNKYaeT

B cebs exeropHble Y3 n MPT-
uccnegoBaHue (Ha3Ha4aeTcs B
3aBMCMMOCTY OT NoKa3aTens nnoT-
HOCTW TPy LM Npu Mammorpacun).
YnbTpacoHorpagums Ha nony-
rOA0BO¥ OCHOBE PEKOMEHAYeTCS
ang TP53 n PALB2, a Takxe ans
BRCA1 n BRCA2. B 3aBucumocTy
OT MIOTHOCTY MOJIOYHON Xenesbl,
JononHuTensHo ¢ 40 net nposo-
LMTCH MamMMorpadms ¢ uHTepBaa-
nom 1-2 roga.

[ing HeHOCHTENE MyTauwii C
MOBbILLEHHbLIM FEHeanorn4ecknm
PUCKOM MpOrpamMmMa CKpUHWHIa B
HacTosILLee Bpems npeanaraeTcs
B Bo3pacte o1 30 no 50 neT; nocne
9TOr0 NPOBOANTCS 0ObIYHbINA MaM-
MOrPacMUECKMiIA CKPUHMHT.

Peluenue B nonb3y npodunaxktuye-
CKOM XMpYprim 03Ha4aeT Makcu-
MaribHO BO3MOXXHOE CHIKEHMe
pucKa, faxe Npu 0TCyTCTBIM
MOJHOW YBEPEHHOCTH B TakoM
pesynbTate. B aToM cnyyae 601b-
LUMHCTBO XXEHLLUMH NPeanoumMTaoT
OLIHOBPEMEHHYO PEKOHCTPYKLMIO
TPy4u C MOMOLLbHO CUIIMKOHOBbIX
UMMNNIAHTATOB WK ayTONOTNYHOM
TKaHM.

[MpochunakTuyeckas afHEKCIKTO-
Mus npuobpeTaeT Bee bonbluee

mHeKonorus

3HAYEHME, NOCKOSbKY HE TONBKO
CHWXKAET PUCK Pa3BuTHhs paka
SUYHUKOB Ha 95 %, HO 1 pUCK paka
BO3HWKHOBEHWS! paka MOJOYHOM
Xenesbl (0C06eHHO AN HocuTenen
BRCA2).

YeTkux pekoMeHaaunin 0THoCK-
TenbHO ONTUMASILHOrO BO3pacTa
ANS XMPYPru4ecKoi MpoLeLypb! npu
TenepeLLHen cuTyauun ¢ JaHHbIMU
He CyLLeCTBYeT. YunTbiBas yBe-
n4yeHne 3a6oneBaemMoCTi pakom
AUYHUKOB € 40 NneT, onepauus cuu-
TaeTCs pasyMHON B 3TOM BO3pacTe,
HO BCeraa HeobXx0AMMO yunTbIBaTL
WHAMBMAYANbHYIO CUTYaLMIo.

B Tabnuue 2 npuseaeHbl no-
CrnefHve pekoMeHzaunn Hemeu-
KOrO KOHCOpLMyMa MO U3YUEHWIO W
NIEYEHMIO HACNEACTBEHHOrO paka
MOJIOYHOM XXENe3bl U SUYHUKOB
OTHOCMTESIbHO PAHHETO BbISBNEHMS
W NPOhUNAKTUKMA 9TUX BUAOB paka.
TV peKOMeHAaLmMN NOCTOSHHO 06-
HOBIISOTCS U JOCTYMHBI MO aApecy
http://www.konsortium-familiaerer-
brustkrebs.de/.

B HacToswee Bpems [0 40%
NauneHToB C BbICOKUM PUCKOM M0
BCeit EBpone 1 no BceMy Mupy B
KayecTBe MeToaa NPOUNAaKTUKM
paka BbIOVpaoT ABYCTOPOHHYHO Ma-
CTIKTOMMIO W / UK 1BYCTOPOHHIOH
afiHeKcakTommio (11).

TepaneBTuUyeCKue Noaxoabl B
cnyyae 60ne3Hu

O6Hapy>xeHWe NaToreHHon MyTa-
umn BRCA1 nmm BRCA2 y nauw-
EHTOB C PELIMAMBMPYIOLLIMM PaKOM
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therapy with a PARP inhibitor.
In previous study data, the
therapeutic effect on mutation
carriers had quite clearly shown
that the BRCA mutation status
was classified as a predictive
test that predicts the response
of PARP inhibitor therapy (12).
But notwithstanding the above,
the knowledge of mutation sta-
tus with ovarian cancer is also
of great relevance for assess-
ment of the clinical course,
since mutation carriers have

a better overall prognosis and
renewed therapy-free inter-
vals are possible in the event
of a recurrence. This is why

in the meantime all patients
with ovarian cancer are already
offered counselling in the ge-
netic consultations upon initial
diagnosis.

In case of breast cancer
platin-based therapies are
demonstrably effective chemo-
therapeutic agents. Studies are
currently being conducted on
the use of parp-inhibitors with
breast cancer. Initial results for
the adjuvant are expected next
year.

New Genetic Diagnostics
State-of the-art laboratory diag-
nostics are also being now con-
ducted since recently within
the scope of special consulta-
tion hours for counselling with
regard to hereditary breast
cancer and ovarian cancer es-
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tablished at the Ludwig-Maxi-
milians University of Munich
(LMU), Department of Gy-
naecology and Breast Center
over 20 years ago. The offer
encompasses the multigene
panel diagnostics (TruRisk®)
established by the German
Consortium for Hereditary
Breast and Ovarian Cancer; in
addition, exome sequencing
can also be offered.

The presentation of affected
female and male patients

who are suffering from breast
cancer, ovarian cancer or endo-
metrial cancer occurs via the
genetic risk consultation hours.
In addition to the detailed

case history, a genealogical
tree with resulting risk profile
will also be compiled in this
connection. Depending on this
constellation, a genetic test will
be conducted afterwards. The
test is established for muta-
tions in the BRCA1 and BRCA2
genes, and provides patients
with a high degree of certainty
and additional information with
regard to therapeutic options in
the event of illness.

New high-risk genes and risk
genes can now also be quickly
and reliably identified through
the technical progress in the
field of genome analysis by
means of “next-generation
sequencing”. As one of the
leading members of the Ger-

ANYHUKOB TPEOYET N3MEHEHNS!
TepaneBTUYecKoro noaxoAa. Bol-
sBNEHNe MyTaumii B reHax BRCAT1 n
BRCA2 y 3Tx nauneHTOB ABNSIETCS
NPELNOCLINKON AN1S NOAAEPXKMBAKD-
Len Tepanun uHruéutopom PARP.
[anHble npedblayLLmx uccnefoBa-
HWIA MX TepanesTUYECKOro adhchex-
Ta y HOCUTENEN MyTaumii CoBep-
LLIEHHO SiCHO nokasanu, uto BRCA
CTaTyC KnaccuuumpyeTcs kak
MPOrHOCTUYECKUI TECT, KOTOPbIiA
NpefckasbiBaeT OTBET Ha NieyeHne
nHruéutopom PARP (12).

KpoMe aToro 3HaHue cTaTyca rem-
HOW MyTaLmMu NP1 pake SMYHNKOB
TakxXe MMeET 60SIbLLIOE 3HAYEHME
ANS OLEHKM KIMHUYECKOro Teye-
HUSI, NOCKOJIbKY HOCUTENM MyTaLmii
UMEIOT NTyuLLIniA O6LLUMIA NPOrHO3

W Y HUX JOMYCKAOTCS Nepuoaos
6e3 Tepanuu. BoT nouemy Bcem
nauneHTam ¢ pakom SNYHUKOB
NPeLNarakTCcs reHeTUYECKUE KOH-
CynbTauuW Npu nepBoHaYanbHoM
AMarHoCTuKe.

B cnyyae paka MOMOYHOM Xenesbl
cambIMi 3DEKTUBHBIMU XUMUO-
TepaneBTMYECKUMI CPeACTBaMM
SBASIOTCS Npenapatbl Ha 0CHOBE
nnatuHbl. B HacTosLee BpeMs Be-
[yTCS MCCNESOBAHMS MO NPUMEHE-
Hu0 PARP vHrMGMTOPOB Npm pake
MOMNOYHOM Xenesbl. [lepBoHavans-
Hble Pe3ynbTaTbl afblOBAHTHON
Tepanun 0XXMAAKTCS B CREAYHOLLEM
rogy.

HoBas reHeTUueckas
AVarHocTuKa
C HefiaBHEro BpeMeHu B paMkax

MHeKonorus

CMeunanm3npoBarHbIX KOHCYNbTa-
LiniA N0 NOBOAY HACNEACTBEHHOIO
paKa MOJIOYHOM Xenesbl 1 paka
SMYHUKOB, KOTOPbIE BbIW OpraHu-
30BaHbl B OTAENEHUN TMHEKONOMUH
1 MaMMOJIOTUYECKOM LIEHTPE B
Yuusepcutete Jlroasura-Makcu-
munnana (LMU) B MionxeHe 6onee
20 neT Hazap, TakKe NPOBOANTCS
COBpeMeHHas nabopaTopHas reHe-
TMYeCKas AMarHoCTuKa.

lMpeanaraeTcs ucnonb3osaHue
MYTbTUIrEHHON AMarHOCTUHECKON
naHenm (TruRisk®), koTopas 6bina
pa3spaboTaHa HemeLkuM KOHCop-
LIMyMOM 10 M3YUEHHIO U1 IEHEHNIO
HacneACTBEHHOTO paka MOJOYHOM
XKENe3bl U paka SNYHNKOB; KpoMe
TOrO, TAKXKE MOXET ObITb MPOBELE-
HO CEKBEHWPOBaHWE 3K30Ma.

[TpMEM XKEHLLMH 1 MYXKUMH,
CTpafaroLLmx pakoM MOJOYHOM
XENesbl, PakoM SUYHWUKOB UMK
paKoM 3HAOMETPWSI, NPOBOANTCS B
4achl KOHCYNbTaLmiA NAUMEHTOB C
TEHETUYECKMUM PUCKOM.

B mononHeHue K noapo6Hoi
ncTopun 601e3HM, COCTABNAETCS
reHeanornyeckoe APEBo C C npo-
chunem pucka. B 3aBucumoctn ot
MOMY4EHHBIX AAHHbIX MPOBOAUTCS
FEHETUYECKNA TECT.

TeCT MOXET BbISBUTL MyTaLuUK B
reHax BRCA1 n BRCA2 ¢ Bbico-
KOV CTENEHbIO0 JOCTOBEPHOCTH U
06eCneynBaeT AONONHUTENBHYIO
WHOPMALMIO OTHOCUTENBHO
TepaneBTMYECKNX BO3MOXHOCTEN B
cnyyae 60ne3Hu.
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man Consortium for Hereditary
Breast and Ovarian Cancer, the
continuous further develop-
ment of clinical consequences
from the genetic findings are
the focus in our center.

BaHus, OLEHKA CyLLECTBYHLLEro
prCKa 1 0Ka3aHue MHTEHCUBHOM,
afianT1POBaHHOM K pUCKy, cneuma-
NM3MPOBaHHOM NOMOLLM NaLMeHTaM,
4TO NpepoTBpaLLaeT Hauano 6ones-
HM NOCPeCTBOM CBOEBPEMEHHOTO

9. Cybulski C, Kluzniak W, Huzarski T Et HoBble reHbl BbICOKOro pucka onpepenexHna cteneHn pucka, nnu
. . . Al. Clinical Outcomes In Women With
The main objectives are Breast Cancer And A Palb2 Mutation: | Y T€Hbl 0BbIYHOTO pUCKa Takxe 3HAUMTENBHO YNy4LLIAET Te4eHne
therefore the identification A Prospective Cohort Analysis. Lancet 3a6orneBaHus.
retor _ ation Oncol 2015, 16. 638624 MOryT BbITb BbICTPO W HALEXKHO
of individuals with a high risk  10.Hansford S, Kaurah P, Li-Chang H Et Al. | UAGHTUCOMLIMPOBAHBI, Gnarofaps
: Hereditary Diffuse Gastric Cancer Syn-
ofiliness, the assessment of drome: Cdh1 Mutations And Beyond. TEXHWU4ECKOMY NPOrPeccy B 06-
actually existing risk, and an Jama Oncol 2015; 1: 23-32
. V . 9 11. Metcalfe Ka, Narod Sa Et Al (2008) 11aCT! aHan3a reoma ¢ MoMOLLLI0
intensive, risk-adapted and International Variation In Rates Of «CEKBEHMPOBAHMS CeflytoLLero
] Uptake Of Preventive Options In Brcal
speqﬂc care of those aﬁ:eCted’ And Brca2 Mutation Carriers. Int J MOKONEHNSA>.
which prevent the onset of Cancer 122: 2017-2022
12. Ledermann Ja, Harter P, Gourley C,

illness through timely diagnos-
tics or significantly improve the
course of disease.
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PeBU31oHHas

Revision Knee
Arthroplasty

Total knee arthroplasty (TKA)
for patients with osteoarthritis
is one of the most common
procedures in orthopedics.
Worldwide the numbers of
implantations are still increas-
ing with more than 2.000.000
procedures performed every
years [1]. Annually, there are
about 700.000 TKA in the US
and 150.000 in Germany [2, 3].

Due to the high number of
primary implantations there

is also an increasing number
of revision knee arthroplas-
ties worldwide. In 2014 there
were about 50.000 revisions
performed in the US and over
20.000 revision procedures
conducted in Germany [2, 3].

The most common reasons for
revision knee arthroplasty are
aseptic loosening, peripros-
thetic joint infections (PJI)

and instability of the knee.
These three conditions will

be described in the following
paragraphs.

Aseptic Loosening

According to the annual report
2015 of the German Arthro-
plasty Registry (EPRD), the
majority of revision TKA (34.5
%) in Germany was performed
due to aseptic loosening [3]. In
contrast, it was only the fourth
common reason (13%) in the
UsS [4, 5].

The main cause for aseptic
loosening is wear of the poly-
ethylene (PE) inlay, causing the
resulting abrasive particles to
initiate permanent inflamma-
tory reactions of the joint [6].
The ensuing osteolyses at the
interface between bone and
implant leads to a detachment
of the prosthesis from the
bone. For the patient, this usu-
ally causes pain. Due to mate-
rial improvements, the average
life expectancy of most knee
prostheses until occurrence of
aseptic loosening is more than
15 years.

After securing the loosening
of the implant by radiographs
or, if necessary additional bone
scan, the next step is planning
the revision surgery. If the
loosening occurred in an early
stage (in the first 3-b years
after primary implantation),
periprosthetic joint infections
(PJI) should be excluded (for
example by joint aspiration).
The choice of the type of
revision prosthesis depends
on the location and the extent
of osteolyses as well as the
stability of the knee joint. If
only the tibial or the femoral
compartment of the prosthe-
sis has loosened, usually only
this component is replaced.

A precondition for such an
isolated revision is a sufficient
stability of the knee in case of
an unconstrained TKA.

OpToneauyeckas xupyprus

apTporJiacTHKa

KOJieHa

ToTanbHas apTponnacTuka KoneHa
(TAK) y naumeHTOB C 0CTEOaPTPH-
TOM SBNISIETCA 0AHON U3 Hanbonee
pacnpoCTPaHeHHbIX MpoLesyp B
optoneauu. HecmoTps Ha 6onee
yeM 2 000 000 Takux onepaumi,
BbIMOMHSEMbIX KaX[ibli rof, BO
BCEM MUPE, KONIMYECTBO UMMaHTa-
LiMin KONEHHOrO CycTaBa NPOAOIKa-
et pactv (1).

B HacTosLLee BpeMs €XXerofiHo
nposoautcs okono 700 000 TAK

B GLLIA 1 150 000 Takux Bme-
watenbcTs B 'epmanum (2, 3).
Bcnenctaue 60MbLLOTO KOIMYECTBA
MEepPBUYHbIX MMMNAHTaLMI, BO

BCEM MMPE TaKXXe yBENN4MBAETCS
YMCNO PEBU3MOHHBIX aPTPOMNACTMK
KoNieHHoro cyctasa. B 2014 6bino
nposezeHo okono 50000 Takux
pesu3uii B CLLA 1 6onee 20000
PEBU3MOHHbIX MPOLEAYP ObIN0 BbI-
NoNHeHo B 'epManuu (2, 3).

Hawnbonee pacnpocTpaHeHHbIMH
NPUYMHAMM PEBU3MOHHOM apTPO-
NnacTuKK KONIEHHOrO CyCTaBa
SBNAKTCS aCENTUHECKOe pacluaTbl-
BaHue, NepuUnpPOTE3HbIE CYCTaBHbIE
nHcpexumm (NMCK) n HecTabub-
HOCTb KOMNeHa. OTU TPW COCTOSHUS
GyayT OnucaHbl B CReaytoLmx
naparpacax.

AcenTuyeckoe pacliaTtbiBaHue
CornacHo exxerogHomy soknagy
o1 2015 roga Hemewkoro apTpo-
nnactuyeckoro peectpa (EPRD),
60nbLUas 4acTb PeBM3NOHHBIX TAK
(34,5%) B ["epmaHmuu bbina npo-
BeAeHa 13-3a acenTmyeckoro pac-

watbiBaHus (3). B npoTMBONonox-
HOCTb 3TOMY, 3TO COCTOSIHME 6bIN0
TOMbKO YETBEPTOM MO 3HAYMMOCTH
npu4mnHon (13%) Takux pesuanii B
CLUA (4, 5).

OCHOBHO# MPUYMHOIA acenTn4ecKo-
ro pacluaTtbiBaHus SBASETCS U3HOC
NONMATUNEHOBOO BKNAAbLILLA, B
pesynbTarte Yero o6pasytoLumecs
abpasuBHble YaCTWLbl BbI3bIBAKOT
NOCTOSHHYO BOCMANUTENBHYIO
peakuuto B cyctase (6). Mocneny-
tOLLMIA OCTEO0/N3 Ha MOBEPXHOCTY
MEeX [y KOCTbIO 1 SHAONPOTE30M
MPUBOJMT K OTAENEHNHO UMMNaH-
Tara oT KOCTW. Y naumeHTa 910
06bI4HO BbI3bIBAET H0b.
Bnarofaps ycoBepLUEHCTBOBaHHIO
MaTep1arnoB, CPeaHAS MPOAOIKM-
TENbHOCTb XKW3HM 60MbLUMHCTBA
3HAONPOTE30B KONEHHOrO CycTaBa
[0 NOSIBNIEHMS aCENTUYECKOro
pacLaTbiBaHus COCTaBMseT bonee
15 neT.

Mocne BbISBNEHUS pacluaTbiBaHNs
WMMNaHTaTa C MOMOLLBK PEHTTE-
Horpachu u, Mpu HEOBXOAUMOCTH,
LONOJHUTENBLHOTO CKAHMPOBAHUS
KOCTeit, NnaH1pyeTCs Xupypriye-
CKO€ BMeLlaTenbCTBo. Ecnm pacia-
TbIBaHWE MPOU3OLLIO Ha PaHHEN
cTaguu (B Teuenue 3-5 neT nocne
NEPBUYHON UMNNaHTaumu), cre-
LyeT UCKJTOUMTb NEPUNPOTESHOE
nHdmumpoBaxme cyctasos (ICH),
Hanpumep, C NOMOLLbK acTpaLymm.
Bbi6op TMNa peBr3anoHHOro npo-
Te3a 3aBUCUT OT MECTOMOMOXKEHHS
W CTENEHW OCTEONN3a, a Takxe oT
CTeneHun CTabuabHOCTM KONEHHOrO
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OpToneauyeckas xupyprus

Fig. 1a,b: Radiographs of tibial loosening of a medial UKA

(a) and after revision in an unconstrained TKA using an
autologous bone graft from the proximal lateral tibia (b).

In case a complete revision of
the prosthesis is needed, usu-
ally a different type of implant
will be used. If an unicompart-
mental knee arthroplasty (UKA)
is loosened, a revision using

an unconstrained primary TKA
is possible in most cases (Fig.
1a and b) [7]. Once a primary
TKA has loosened, a semi-
constrained or a completely
constrained revision prosthesis
with anchoring stems is neces-
sary in most cases (Fig. 2a

and b). Modern revision knee
prostheses are usually modular
implants.

The adequate sizes of the
tibial and femoral component
as well as the thickness and
length of the stems anchor-
ing in the femur and in the
tibia are determined using
trial prostheses. In the next
step the original implants are
assembled modularly. In this
way, a revision prosthesis is
created tailored/customized to
the patient’s dimensions and
the particular bone situation.
Bone defects produced by
osteolyses can be addressed
using augments, also called
wedges or spacers, which are

Puc. 1a u 1b: PenTreHorpammbl TMGMALHOMO pacLLaTbiBaHUs
nocne meanansHot OAK (a) n nocne peuanonHon TAK HecBsizaH-
HbIM 3HAOMPOTE30M C UCNOMb30BAHNEM ayTONOMMYHOTO KOCTHOrO
TpaHcnnaHTaTa u3 npoKCcUManbHo natepansbHon 60bLiebepLo-
BOW KocTH (D).

cycTasa. Ecrv nponsoLwuno pac-
LaTbIBaHME TOMbKO BonbLuebep-
Li0BOro U 6eapeHHOro 0TAeNa
9HONPOTE3a, 06bIYHO 3aMEHSETCS
TONBKO 3TOT KOMMOHEHT. Npes-
BAPUTENbHBIM YCIOBMEM TaKO#
N307MPOBAHHON PEBU3NN ABNSETCS
[0CTaTO4Has CTabuAbHOCTb KONeHa
B cnyyae TAK HecBsI3aHHbIM SHAO-
npoTe3oM. B cnyyae Heobxoanmo-
CTVW NOJIHON PEBU3NN SHAONPOTESA,
06bIYHO UCMIONB3YETCS APYroM TUN
nmnnaHTara. Ecnv pacwarbisaque
BO3HMKAET NOC/E OJHOMOMKOCHON
aptponnacTtuku konena (OAK),

B 60/bLUMHCTBE CAy4aeB npu

peBn3nn BOSMOXHO BbIMNONHEHNE

nepsuyHoi TAK HeCBS3aHHbIM
3Hgonpote3om (Puc.1a u b)(7).
Ecnu Takoe cocTOsHME AMarHoCTH-
pyeTcs nocne nepsuyHoit TAK, To B
OOMbLUMHCTBE CNy4aeB HEOOXOANMO
NPUMEHeHUe PEBU3NOHHOTO Mony-
CBSA3AHHOIO WU/ CBA3AHHOIO 3HA0-
npoTe3a C LEeMEHTHOI cukcaumeil
HOXKY (Puc.2a u 6).

CoBpeMeHHble 3HA0MPOTESbI
KONEHHOro CycTaBa — 370, Kak
Npasuso, MOJYMbHbIE UMMAHTATbI.
TouHble pa3mepbl 6onbLiebepLio-
BOrO 1 6€PEHHOT0 KOMMOHEHTOB,
a TaKxe TONLMHA U ANKHA HOXKEK
B 6eipeHHoi 1 B 60/bLLIEGEPLIOBON
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Fig. 2a: Radiograph in two plains
revealing aseptic loosening of a TKA
with osteolysis at the tibial tuberos-
ity.

mounted on the backside of
the respective component. The
shafts can be anchored in the
femoral canal and in the tibial
canal without or with bone ce-
ment [8]. Choosing the wright
techniquedepends on the bone
quality and the extent of the
osteolyses. Cementless shafts
require a sufficient cortical
anchorage of at least 5-6 cm.

A further selection to choose is
the level of constraint [9, 10]. If
the osteolyses are limited and
the knee still provides a resid-
ual stability, a semiconstrained
revision implant (also called
condylar constrained knee)

can be used. For this type of
implant, the two components
are not strictly constrained. The
additional stability is provided
by a post integrated in the tibial
component or the inlay articu-
lating between the condyles
with the femoral component.
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In contrast, for a completely
constrained prostheses (also
called hinged knee), a fixed
connection is created between
the two components using an
axis.

Periprosthetic Joint
Infections (PJI)

The second most common
reason for revision of knee
arthroplasty in Germany is

PJI with 19.3% (according to
EPRD data [3]). Only regard-
ing the situation in Germany,
this data corresponds to about
4,000 surgeries per year or
about 2.5% of all primary
implants and revisions. In con-
trast, in the US, with 40%, PJI
the most common reason for
revision [5].

The adequate procedure for
PJI depends on the duration of
the infection [11]. If the infec-
tion occurs within the first 4-6

KOCTSIX ONpEeAenstoTCs C NOMOLLbHO
NPO6HbIX NPOTE30B. 3aTEM C NOMO-
LbI0 MOZYNEeN COBUPAETCS OCHOB-
HOM MmMnaHTart. Takum 06pasom,
PEBW3MOHHBIN NPOTE3 CO3AAETCS
nyTeM MHANBMAYANbHOMO N0AX0Aa
C Y4€TOM Pa3MEPOB MauyeHTa u
oco6eHHocTei kocTen. KocTHble
AeeKTbl, Bbl3BaHHbIE OCTEONM30M,
MOTyT 6bITb YCTPaHEHbI METOLOM
ayrMeHTauuu, C MOMOLLBIO TaK Ha-
3bIBaEMbIX KITMHLEB UM CNENCEPOB
(pacnopok), KoTopble ycTaHaBmMBa-
tOTCS HA 3aiHel CTOPOHE COOTBET-
CTBYIOLLEro KOMMOHeHTa. CTepxHM
nMmnnaHTaTa MoryT 6bITh 3akpense-
Hbl B 6eipeHHOM 1 B 60NbLuebepLio-
BOM KaHare ¢ MOMOLLbK) KOCTHOTO
LemeHTa 1nu 6e3 Hero (8). Boibop
MeTOAa KpenmeHus 3aBucut ot
Ka4yecTBa KOCTU 1 CTENEH OCTEO-
nu3a. Ang 6ecLueMeHTHON UMMnaH-
Tauum TpebyeTcs KOPKOBBIA COW
He MeHee 5-6 cMm.

TaK>xe Heobx0AMMO BbIBpaTh CTe-
MeHb CBA3AHHOCTM 3HA0MpoTesa (9,
10). Ecnm ocTE0NM3 OrpaHnyeHHbIR,

OpToneauyeckas xupyprus

Puc. 2a: PeHTtreHorpamma B AByX npo-
eKLMSIX, AEMOHCTPHpYHOLLas acenT-
4ecKoe pacllaTbiBaHie ¢ 0CTEONN30M
6yrpucTocTy 60NblUE6EPLOBON KOCTH
nocne TAK.

d B KONNEHEHOM CyCTaBe BbIABIA-
€TCS 0CTaTOYHAs CTAOUNBHOCTD,
NPV PEBU3NM MOXET BbITb UCMONb-
30BaH I'IOJ'IyCBﬂ3aHHbIﬁ MMNONaHTaT
(TaK)Ke Ha3blBaEMbIH MbILLENKOBbIM
CBA3aHHbIM 3H,£lOI'IpOTe3OM). B aTom
Tne npoTe3a ABa KOMNOHEHTa
CBsA3aHbl YaCTUYHO. ﬂOﬂOﬂHMTeﬂb-
Has CTabUnbHOCTb 06ECMEeUYMBaAETCS
C MOMOLLbIO MHTErpaunm 61oka

B TMOMANbHbIN KOMMOHEHT WK
COeMHAIOLLEro Bknaapliia Mexay
MblILLENKaMn 1 6eﬂpeHHbIM KOMNO-
HEHTOM.

B npoTvBONON0OXHOCTb 3TOMY, NpK
MCMOMb30BaHUN NOMHOCTbIO CBS-
3aHHOr0 3HAONPOTE3a (TaKXe ero
Ha3bIBAKOT LWAPHUPHBLIM KOJIEHHbIM
MMﬂﬂaHTaTOM) MexXay nByMs KOM-
MOHEHTaMM CO3LAETCS (IMKCHPO-
BaHHOEe aKcuanbHOE COeaMHEHMe.

MepunpoTesHble cycTaBHble
uHdexuuu (MCH)

BTopoit Haubonee pacnpocTpa-
HEHHO MPUYUHON PEBU3NOHHON
apTpOMNNacTMKi KONIEHHOro cycTasa
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Fig. 2b: Radiograph in two plains
after revision using a modular con-
dylar constrained revision implant
with a cemented tibial stem.

weeks after primary implan-
tation or revision, a revision
with exchange of the inlay and
throughout jet lavage can often
be curative. A similar proce-
dure is possible in the event
of an acute infection, which is
mostly due to a hematogenic
infection, lasting not more than
2 weeks. The success rate of
irrigation and exchange of the
inlay is crucially linked to the
duration of the infection and
the type of pathogen. With
every day the infection exists,
the chances for success are
decreasing. Furthermore, the
success rate decreases, the
more challenging the treat-
ment of the bacterial infection
presents. These are bacteria
with biofilm formation, such as
staphylococcus epidermidis,
coagulase-negative staphylo-
coccus and enterococci. Addi-
tionally, multi-resistant germs,
such as MRSA or ESBL, also
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imply a decreased success
rate.

If the PJI persist for longer, a
complete exchange of all im-
plant components is necessary.
As a variant of a PJI, so-called
low-grade infections are more
difficult to treat because the di-
agnosis is more difficult. These
patients often report complains
for several years. In order

to ensure the diagnosis of a
low-grade infection, it is often
necessary to perform up to five
joint aspirations. An important
factor is a long-term incuba-
tion of the samples for at least
10-14 days [12]. If the causing
bacteria can be detected, the
preconditions for the neces-
sary revision are improved.
According to the antibiogram,
the antibiotic integrated in the
bone cement as well as for

the intravenous treatment can
be adapted specifically to the
bacteria.

B l'epmanmun ssnsetcs NCU ¢
19,3% (cornacHo aaHHbiM EPRD
(3)). OT0T NOKA3aTens cooTBET-
cTByeT npumepHo 4000 onepaumii B
rof u COCTaBNAET NPUMEPHO 2,5%
OT BCEX NEPBUYHbIX MMAIAHTALMNA
1 peBN3uiA. B NpoTMBOMONOXXHOCTL
aTomy, B CLLIA Hanbonee pacnpo-
CTPaHEHHO NPUYMHON PEBU3NOH-
HbIX BMeLaTenscTB sensetcs MNCU
¢ 40% (5).

XapaxkTep npoueayps! npu MNCU
3aBMCHT OT NPOJOCIIKMTENBHOCTH
nHpexumm (11). Ecnm nHcpekums
pasBuBaeTCs B TeueHue 4-6 Hefienb
nocne NepBUYHON MMNNAHTALMM
WAY PEBM3MOHHO Onepauuy,
3ameHa BKnagpllia u CTpyitHoe npo-
MbIBaH1e YaCTO MOXET MPUBECTY K
naneyexmto. NofobHas npouenypa
BO3MO>XKHA TaKXXe B CAy4ae 0CTPOiA
UHChEKLMH, KOTOPast B OCHOBHOM
pPacnpoCTPaHSETCs reMaToreH-
HbIM NyTEM, AIMTENbHOCTBIO HE
6onee 2 Hefenb. PPEKTUBHOCTL
Vppuraunmn 1 3ameHbl BKNagbllua

OpToneauyeckas xupyprus

Puc. 2b: PeHTreHorpamMma B iByx Npoek-
LiMsIX MOCANE PEBU3NM C UCMOSb30BAHNEM
MOZY/bHOMO MbILLENKOBOrO CBA3aHHOM0
9HA0MPOTE3a C LIEMEHTUPOBAHHON
60nbLLE6EPLIOBOV HOXKON.

HanpsMYIo CBA3aHa C NPOAOKK-
TENbHOCTbH MHAEKLMM 1 TUMOM
NaToreHHoro Mukpo6ba. C KaxapiM
HOBbIM IHEM MPOAOIKAIOLLENCS
WHDEKLNK, NEYEHNE CTAHOBMTCS
60nee CNOXHbIM W LLIAHCHI Ha NOfT-
HYHO CaHALMIO CHUXXAIOTCS.

MHcbexums vaLle BCEro Bbi3biBa-
eTcs 6akTepusMn 06pasyoLLMm
OMONNEHKY, TaKUMM KaK anuaep-
MarnbHbIiA CTagpMIOKOKK, Koarynasa-
OTpULATENBHBIA CTACUIOKOKK 1
9HTEPOKOKKKM. Kpome Toro, MynbTu-
PE3NCTEHTHbIE MUKPOObI, TakKe Kak
MRSA nnmn ESBL, Taroke yxyawarot
pesynbTat neyenns. Ecnm MCU
COXPaHsETCA JOCTATOYHO AOArO,
Heo6x0a1Ma NoNHas 3aMeHa BCeX
KOMMOHEHTOB UMNaHTaTa.

Taxoi BapuanT MNCW, kak nogo-
CTPbIE UK XPOHNYECKME MHGDEKLINK,
NeYnTb TPYLHEE, NOTOMY YTO TaKO
AMArHo3 yCTaHOBUTb AOBOSbHO
CNOXHO. Takue naumeHTbl 4acTo
NPEAbABNAIOT Xanobbl B TEYEHNE
HECKOJIbKMX NET.
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Puc. 3a: PeHTreHorpamma, AeMOHCTpH-
pytowas MCK peBU3MOHHOro KONEHHOTO
9HOMPOTE3a C OCTEONM3OM MPOKCH-
MarbHoM 60/1bLLIe6EpPLOBOI KOCTU.

Fig. 3a: Radiograph indicating a PJI
of a revision knee prosthesis with
osteolysis of the proximal tibia.

Puc. 3b: PentreHorpadoms nocne yaa-
NEHUS MHMLMPOBAHHOTO SHAOMPOTE3A
1 UMNNaHTaunm cneiicepa 13 KOCTHOro
LileMeHTa C aHTMOMOTUKOM.

Fig. 3b: X-ray after removal of the
infected prosthesis and implantation
of an antibiotic-loaded bone cement
spacer.
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Fig. 3c: After successful treatment of

the infection a condylar constrained |34

revision prosthesis was implanted.

A further evidence for an
infection can be provided by
determining the cell count of
the joint aspiration. Accord-

ing to the literature there is a
threshold of >1700 or >3000
cells / ul fora PJI [13, 14]. If
the suspected diagnosis of

a low-grade infection per-

sists after the aspirations, an
arthroscopy with biopsies of
the synovial membrane can

be performed. On the basis of
the tissue samples, a detection
of the bacteria is often pos-
sible. Additionally, pathological
examinations of the samples
can provide further evidence
supporting the diagnosis of PJI.
Additional diagnostic investiga-
tions are positron emission
tomography (PET) and granulo-
cyte scintigraphy.

For the majority of patients, the
operative therapy of a late PJI
is a two-stage revision of the
arthroplasty [15]. A single-stage
revision is only performed in
case of a known, easy-to-treat
bacterium. After securing the
diagnosis of a PJI, the first pro-

|
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cedure persists in the explanta-
tion of the infected prosthesis
and the insertion of a spacer
consisting of antibiotic-loaded
bone cement. The spacer
should be made out of two
parts to allow a certain mobility
of the knee joint until the re-
implantation can be performed
(Fig. 3a and b). The therapy is
accompanied by a systemic
antibiotic treatment. In most
cases the reimplantation is
undertaken at least 6 weeks
after explantation with normal
or at least decreasing infection
parameters. Depending on the
extent of bone defects and the
stability of the joint, a modular
constrained revision prosthesis
is used in most cases (Fig. 3c).

Ligament Instability
According to EPRD data, the
third most common cause of
revision knee arthroplasty in
Germany is ligament instabil-
ity with a share of 9.4% [3]. In
the US, instability is, with 20%
of all revisions, the second
most common reason [5]. In
the case of unconstrained UKA

[ns noaTBEpXXAEHMS AnMarHo3a no-
LOCTPOiA (XPOHUYECKONA) MHAEeKLMM
4acTo HEO6XOANMO BbINOMHUTL A0
NSTY aCnnpaumii CyCTaBHOM XMAKO-
CTW. BaxKHbIM (hakTopoM ABAsSeTCS
J0NrocpoYHas uHKy6aums nony-
YeHHbIX 06pa3LOB: Kak MUHUMYM,

B TeyeHue 10-14 gHei (12). Ecnm
6aKTepun 06HapyXeHbI, UCXOAHbIE
YCNOBMS ANS NPOBELEHNS PEBU3NN
ynyuwatrotes. CornacHo aHTmoumo-
TUKOrpaMme noabupaeTcs aHTUbak-
TepuanbHbIid npenapar, KoTopbIn
BBOAMTCS B KOCTHBIN LIEMEHT, @
TaKXXe NPUMEHSETCS BHYTPUBEHHO.
Eile ogHo noateepxaeHne uHGu-
LIMPOBAHMS MOXET ObITb NONYYEHO
nyTeM onpeaesnieHns KonuyecTsa
KNeToK B acnmpaLnoHHOM cy-
CTaBHOM XupkocTu. CornacHo
nutepartype, npu NMCK noporosas
BenuuuHa coctasnset > 1700 nm >
3000 knetok / Mkn (13, 14).

Ecnu noospeHve Ha Hannume
MOJOCTPOA U XPOHUYECKOA
WHEKLIMM COXPaHSIETCS NOChe
OTpULATeNbHbIX PE3ynbTaTOB acnu-
pauum, NpOBOANTCS apTPOCKONMS C
61oncreit CMHOBUAMBHON MEM-
6paHbl. B nonyyeHHbIx o6pasuax
TKaHe# 4acTo MOXXHO 06HaPYXUTb

OpToneauyeckas xupyprus

Puc. 3c: Mocne YCNELHOro n3ne4yeHuna
I/Iqu)eKLlVIVI nposeAeHa nMnnaHTauusa pe-
BU3NOHHOIO MbILLIENIKOBOro CBA3aHHOI0
JHAonpoTeaa.

6akTepuun. Kpome TOro, Ux ructo-
naTonoruyeckme nccneoBanHns
MOXET NOATBEPAMTL AnarHo3 NMCH.
[lononHuTenbHble AnarHoCTMYe-
CKMe UCCrej0BaHNS BKIHOHAOT
NO3UTPOHHO-IMUCCUOHHYO TOMO-
rpacouto (M3AT) u cumHTUrpadmio
rpaHysnoLmTOB.

[1ns 6onblWMHCTBA NALUMEHTOB
XMpypruyeckas Tepanus No3gHUX
ctaguii NICU npeacTaBnseT coboil
[ABYX3TanHyt PEBU3MOHHYIO apTpo-
nnactuky (15). OLHOMOMEHTHas pe-
BM3KS NPOBOANTCS TONBKO B Clyyae
BbISIBNIEHWS NErKOW AN IeYeHNs
6aKTepuanbHoN MHGEKLMM.

Mocne ycTaHOBAEHUS AnarHo3a
ICW, nepsas npoueLypa CocTouT

B YAANEHNN MHPULIMPOBAHHOIO
9HAO0MPOTE3a W YCTAHOBKE Crew-
cepa (pacnopku), COCTOALLErO 13
KOCTHOrO LiEMEHTa C aHTMOUOTMKa-
Mu. Cneiicep [OMKEH COCTOSTb U3
ABYX YacTen, 4Tobbl 06ecrneymnTh
OnpefeneHHyo NoABUXHOCTb
KONEHHOr0 CycTasa [i0 BbINoJHe-
Hust peumnnanTauum (Puc. 3a un b).
MecTHOE neyeHre ConpoBOXAaeT-
CSl CUCTEMHO# aHTMBaKTepuanbHoM
Tepanveit. B 6onbluMHCTBE Cnyyaes
peuMNaHTauuio NpoBOAST He
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Fig. 4a: Radiograph in two plains indi-
cating a pronounced multidirectional
instability of an unconstrained TKA.

or TKA a sufficient stability,
especially of the collateral
ligaments, in extension and
flexion of the knee is a pre-
condition for a regular function
of the arthroplasty [16, 17]. A
pronounced instability can be
easily detected in radiographs
(Fig. 4a). But in most cases the
diagnosis is made on the basis
of the clinical examination. Dif-
ficult to diagnose is a so-called
mid-flex instability, which is
characterized by an instabil-

ity in 30-60° of flexion with a
sufficient ligament stability in
full extension. Nevertheless,
these patients often complain
about load-dependent chronic
pain. As operative therapy, an
isolated exchange of the inlay
is only useful, if the extent of
instability of the medial and
lateral collateral ligament is the
same in extension as well as
flexion. In most cases, how-
ever, a complete revision using
a semi-constraint or a hinged
prosthesis is necessary (Fig.
4b).

Further reasons for revision
arthroplasty are pain, wear of
the inlay, arthrofibrosis and
periprosthetic fracture.
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Conclusion

The most revision arthroplas-
ties are not performed due to
aseptic loosening. In the case
of PJI, instability, arthrofibrosis
or pain revisions are frequently
necessary within the first 12
months after implantation. This
statement reflects the results
of several clinical trials reveal-
ing up to 20% of unsatisfied
patients after primary implan-
tation [18]. This high number

is partly due to the complex
kinematics of the knee joint
which cannot be completely re-
constructed even with modern
prosthesis designs. Numer-
ous intraoperative parameters
influence the clinical outcome.
Therefore, the experience of
the surgeon is a decisive factor
for the success of TKA [19].

paHee, YeM vepes 6 Hedenb nocne
yhaneHus sHAoNPOTE3a, npu 0T-
CYTCTBUM UK, N0 KpaHen Mepe,
YMEHbLUEHNM NPU3HAKOB MHCEK-
Lmu. B 3aBUCUMOCTY OT CTeneHu
LEeChEKTOB KOCTEN W CTabMNIBHOCTH
cycTaBa, Npu peBu3nn B 601b-
LUIMHCTBE Clly4aeB UCMoNb3yeTes
MOZYbHbIY CBA3aHHbBIA 3HAOMPO-
Te3 (Puc.3c).

HectabunbHOCTb CBA30K
CornacHo gaHHbiM EPRD, TpeTbeii
Hanbonee pacnpoCTPaHEHHO
MPUYMHON PEBM3MOHHON apTPo-
NAACTUKM KONIEHHOrO CycTaBa B
["epmaHum 9BNISIETCS HeCTabwsb-
HOCTb CBSI304HOr0 annapara ¢
nokasatenem 9,4% (3). B CLLA

¢ 20% OHa ABNSIETCS BTOPOHA HAMB0-
nee pacnpocTPaHeHHON NPUUMHON
Takux peBuanit (5).

B cnydae ofHONOMOCHOM apTpo-
nnacTtuku koneHa (OAK) nmm TAK
HECBA3aHHbIM 3HAOMPOTE30M [0-
CTaTO4Has cTabunbHOCTb, 0CO6EH-
HO KonnatepasbHbIX CBA30K, MK
pasrubaHuu 1 crubaHuu KoneHa
ABNSAETCH 0653aTENbHBIM YCIOBUEM

OpToneauyeckas xupyprus

Puc. 4a: PentreHorpamma B Byx npo-
EKLMSIX, MOKa3bIBAOLLAs BbIPAXKEHHYHO
MHOrOHaNPaBEHHYH HECTAOMBHOCTb
nocne TAK HeCBSA3aHHbIM SHAOMPOTE3OM.

AN CTabunbHOro GhyHKLMOHMPOBA-
HWg umnnaHTara (16, 17).
BbipaxxeHHast HecTabunbHOCTL
MO>ET ObITb NIErko 06Hapy>xeHa

C MOMOLLbIO PEHTrEHOrpachum
(Pwc.4a). Ho B 6ombLUMHCTBE
Cny4aeB AnarHo3 ycTaHaBMBa-
€TCS Ha OCHOBE KJIMHUYECKOrO
o6c¢nenoanms. O6bIYHO TPYAHO
AMarHoCTMPOBaTh TaK Ha3blBaeMYyHO
CpefHe-crubaTenbHy HecTabub-
HOCTb, KOTOpPAs XapakTepuayeTcs
HECTabWbHOCTbH NpK crubaHum
30-60° u focTaTo4HOM CTAbUNBLHO-
CTbtO CBSI30K NP MOJTHOM pasrit-
6aHuu. lMpn 3TOM NaLMEHTbI 4acTo
XanytTcs HA XPOHMYECKYH0 6071b,
BO3HUKAIOLLYIO MPU Harpy3ke.
Takoe xupypruyeckoe neveHue, kak
W30/IMPOBaHHbIA O6MEH BKNAAbILLA,
3(hHEKTUBHO TONBKO B TOM Cryuae,
KOria CTENeHb HECTAbMIbHOCTH
MeJmnansHoW v natepansHon Kon-
natepanbHbiX CBS30K 0AMHAKOBA
KaK npu pasrnbaHum, Tak u npu
cruéanmm.

B 60nbLlLUMHCTBE CNy4aes, 04HaKo,
Heo6Xx0a1Ma MoNHas PEBN3MS C
WUCMONb30BAHNEM MOMYCBA3AHHOMO
WAV LUAPHMPHOTO SHAOMPOTE3A
(Puc. 4b). pyrumu nokasaHusimm

K PEBM3MOHHON apTponnacTuke
ABNAOTCH 60M1b, U3HOC BKNALbILLA,
apTporbpo3 1 NEPUNPOTESHBIN
nepenom.
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Fig. 4b: Radiograph after revision
using a condylar constrained implant
with cemented stems.
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OpToneauyeckas xupyprus

Puc. 4b: PenTreHorpamMma nocne pesuaun
C MCMONb30BaHNEM MbILLENKOBOrO
CBSI3aHHOI0 3HAOMPOTE3A C LIEMEHTHO
(huKcaLmMen HOXex.

BobiBoAb!

BOonbLUNHCTBO PEBU3NOHHBIX apTPO-
NNACTVK BbINONHAETCS N0 NPUYMHe
acenTnyecKoro pacllatbiBaHus.

B cnyyae MCW, HecTabunbHOCTY
KOJEHHOr0 cycTaBa, apTpohnbposa
nm 601eBOro CMHAPOMA PEBU3UK
3a4acTyt0 HEOBX0AMMbI B TeYe-

HWe nepBbIx 12 MecsLes nocrne
umnnaHTaumu. Takoe yTBepXAeH1e
OTPaXaeT pesynbTaThbl HECKOSb-
KUX KSIMHUYECKNX UCCRes0BaHNM,
BbIsiBUBLLMX 10 20% HeyAoBMeTBO-
PEHHbIX NALMEHTOB MOCNE NePBUY-
HOW MMMNaHTaUMM SHEONPOTE3A
KOMNeHHOro cyctasa (18).

Takoe 60/1bLLIOE KONMYECTBO PEBY-
3MOHHbIX BMELLATENbCTB YaCTUYHO
CBSI3aHO CO CMOXHON KMHEMATUKOM
KOMNEHHOrO CyCcTaBa, koTopas He
MO>ET BbITb MOMHOCTbIO BOC-
Npou3BefeHa Aaxe C MOMOLLbH
3HA0MPOTE30B, UMEHOLLMX CaMyHo
COBPEMEHHYHO KOHCTPYKLMHO.

Ha KnuHnyeckmii pesynbTaTt pesu-
3MOHHOM OMepaLmmn BAUSIOT MHOTO-
YNCTIEHHbIE MHTPAONEPALMOHHbIE
napameTpbl. CnegoBaTenbHo, OnbIT
Xvpypra sBnseTcs peLuatoLmm
(haKkTOpPOM YCMELIHOrO NPOBEAEHNS
TAK (19).
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Rotator Cuff

Techniques

Keywords: Rotator cuff tear,
repair technique, single row,
double row, suture bridge, knot
tying, knotless

Abstract

There are a lot of techniques to
repair rotator cuff. For the small
tear size prefer single-row (SR)
technique, but large tear size
prefer double-row (DR) tech-
nique. Based on biomechanical
studies on DR, suture bridge
double-row (SB-DR) seem to
be stronger than conventional
double-row (C-DR). In biome-
chanical studies on knot tying
SB-DR, the double mattress
(DM) stronger than single
mattress (SM), but by clinical
studies showed higher re-

tear rate in both techniques.

In biomechanical studies on
knotless SB-DR, the double
tendon perforation (DTP)
technique is stronger than the
single tendon perforation (STP)
technique, but clinical studies
showed an equal re-tear rate.
In biomechanical studies, knot
tying is stronger than knotless
systems, but no systematic
review on clinical studies. Not
only the strength of the repair
construct, the biologic proper-
ties of degenerative rotator

cuff tendon plays an important
role in clinical outcomes and re-
tear rate. Randomized clinical
trials and systematic reviews
on clinical studies are need to
compare knotless versus knot
tying, STP versus DTP and SM
versus DM techniques.

Introduction

The prevalence of shoulder
pain is estimated to be about
16% in primary care unit [1].
Between 30% and 85 %

of shoulder pain is due to a
rotator cuff pathology [2, 3.
Rotator cuff tears usually result
in shoulder pain, stiffness,
weakness and loss of motion
[4]. Primary non-operative treat-
ment can be sufficient for most
rotator cuff tears, especially in
patient with lower demands

[4]. Operative treatment is
often required in patients who
have persistent symptoms and
functional impairment usually
more than 3 months of con-
servative treatment [4].

The arthroscopic repair can
provide equal structural and
mechanical properties to open
repair [5]. Arthroscopic tech-
nigues had several advantages
such as less pain, surgical scar

MeToAbl

OpToneauyeckas xupyprus

BOCCTaAHOBJIEHUA
BpaLlaTenbHOM
MaH)XeTbl NnJeya

KnioueBble c10Ba: paspbis
BpaLLATEenbHOM MaHXXETbI, METOAb!
PEKHCTPYKLMMW, O[HOPSIAHBIA KO-
HbIA LLIOB, ABYXPAAHbIA SKOPHbIiA
LLIOB, MOCTOBWAHbIiA LLIOB, y3110Bas
cukcaums, 6e3y3nosas ukcaums

Tesucobl

CyLLecTBYET MHOIO XMpypruye-
CKWX METOL0B BOCCTAHOBJIEHMS
BpaLLATENBLHON MaHXXETbI Mneya.

B cnyyae He6onbLLOTO pa3pbiBa
MPeAnoYTUTENLHO NPUMEHEHNE
OLHOpAAHOM MeToaMkU(SR), a
pa3pbiBbl 60/1bLIOMO pa3mepa
TPEOYIOT MCMONb30BaHMS ABYX-
psaHoi (DR) TexHuku. CornacHo
61OMEXAHNYECKNM MCCTIe0BAHMSM
DR, AByxpsifHas MOCTOBMAHAS
peKoHCTpyKums Suture Bridge
(SB-DR) siBnsieTcs 6onee Haaex-
HOW TEXHOMOrMEi, YeM 0BbI4Has
asyxpagHas metoguka (C-DR). Mpwn
61OMEXaHNYECKNX UCCNIEAOBAHMSIX,
U3yyatoLLmMX y3noByto dmkcaumo
SB-DR, [BO#HO# MaTpauHbIii LLOB
(DM) 6b1n NpoYHEE, YEM OLMHOM-
Hblil MaTpauHbIi WoB (SM), oaHako
pe3ynbTaThbl KNMHUYECKNX UCCNERO-
BaHWiA MPOAEMOHCTPHpOBanu 6onee
BbICOKMiA NOKA3aTENb MOBTOPHOTO
pa3pbiBa Npy 060MX BKAAX LUBA.

B xofie bromexaHnyeckmux uccne-
[0BaHuiA 6e3y3n0BON (UKCLMK
SB-DR, MeT0A ABO¥HOM Nepdo-
pauum cyxoxxunus (DTP) nokasan

cebs 6onee HafieXKHbIM, YEM
TeXHUKa 04MHOYHOW Nepchopaumei
cyxoxunms (STP), ofHaKO KnHK-
yeckue 1CcnenoBaHus nokasanu

B 000MX CNyyasix 9KBUBANEHTHBIN
nokasaTefb NOBTOPHOrO paspbiaa
MaHxeTbl. Mpn 61oMEXaHUYECKMX
uccneaoBaHusx yanosas uxcauns
oKasanacs npoyHee, 4em ,6es-
y310Bast PEKOHCTPYKLMS, 0fiHAKO
cucTemMaTUyecknin 0630p aHanoruy-
HbIX KITMHUYECKNX UCCNEAOBAHNIA He
npoBoaucs. He TOMbKO NPOYHOCTb
BbIMOSTHAEMO# KOHCTPYKLMM, HO U
Buonornyeckme CBoICTBA fere-
HEPaTMBHOIO CyX0XMWNUS BpaLla-
TEMbHOW MaH>XeTbl 00yCnaBnMBaroT
KMUHWYECKMIA PE3YNbTAT U BIMSKOT
Ha nokasarenb NOBTOPHOrO pas-
pbiBa. [ns cpaBHEHNs METOA0B
6e3y3n0B0oM W y3N10BOI hrkcaumm,
STP ¢ DTP, a Takxe METOANK

SM ¢ DM Heo6x0a1Mo npoBecTu
PaHAOMU3MPOBAHHbIE KIMHUYECKNEe
WUCCNEeA0BaHNS 1 BbINOMHUTbL CUCTE-
MaTnyeckue 0630pbl KIIMHNYECKMX
UCTIbITAHNA.

BsepneHue

Bornb B nneye coctasnseT okono
16% B CTpYyKTYype 3a60neBaemo-
CTY yUpEXXAEHNSAX 0Ka3bIBAOLLMX
NEPBUYHYI0 MEANLIMHCKYO MOMOLLb
(1). Ot 30% Lo 85% cnyyaes 60mm
B nieye 06yCNOBAEHbI NATONOrnei
BpaLLaTeNbHOM MaHXeTh (2, 3).
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Single-row (SR) versus double-row OpHopsaHbIn WoB (SR) versus AByXpsiA-
(DR) studies (Fig. 1, 2 and 3) Single-Row (SR) versus Double-Row (DR) Studies (Fig. 1, 2 and 3) HbliA Wwos (DR) (Puc. 1,21 3)

Kim, 2006 Gap formation: SR > C-DR C-DR better than SR
Cadaver Strain over footprint: SR > C-DR
Stiffness: SR < C-DR
Load to failure: SR < C-DR

Mazzocca, 2005| Gap formation: SR = C-DR C-DR better than SR
Cadaver Load to failure: SR = C-DR
and complications, shorter Cyclic displacement: SR = C-DR Pa3pbIBbl POTATOPHOM MaHxXe-
recovery and rehabilitation Footprint contact area: SR < C-DR Tbl 06bIYHO BbI3bIBAIOT 60/Ib B
[4]. This papgr prov?des a Carbonel, 2012 | Tear size >3 cm: UCLA, ASES, SSI, | C-DR better than SR MNE4e, CKOBAHHOCT®, CﬂaéOCbel
comprehensive review of the 160 patients | ROM: SR < C-DR yMEHbLUEHNE 00bema ABUKEHUHA
evolution of rotator cuff repair F/U 24 months | Tear size <3 cm: ROM: SR < C-DR (4). NMepBUUHOE KOHCEPBATUBHOE

techniques and describes our Re-tear rate: SR = C-DR neyeHne MoXeT BbITb AOCTATOY-
current techniques. HbIM NP1 60MbLUMHCTBE Pa3pbiBOB

Panella, 2016 UCLA, CS, ROM, Pain, Strength: SB-DR better BPALLATENbHOM MaHETb, 0C06eH-

. . F/U 24 months | SR =SB-DR than SR
Evidences Based Review 24SR, 20SB-DR| Strength compare to asymptomatic HO Y NaLMEHTOB C HeGOMbLIMMM
contralateral: SR < SB-DR 3anpocamu (4). MaumeHTam ¢
e Single-row (SR) versus _ . MOCTOSHHLIMM CUMMTOMAMM W
double-row (DR) studies Duquin, 20]0 Tear size > 1 cm: Re-tear rate: DR better than SR (DYHKLVOHTbHbIMIA HADYLLEHNSIMM,
(Fig. 1,2 and 3): Systematic SR group > DR group Kak npasuno, nocne 3 MecsLes
9. 1, 2an ’ review (SR group = Transosseous and P o 4
anchor suture) KOHCepBaTMBHOM Tepanuu 4acto
- SR, Single-row (Fig. 1) (DR group = C-DR and SB-DR) TPEOYETCS XMPYPrivecKoe neveHne
- C-DR, conventional double (4). ApTpockonuyeckoe BOCCTaHOB-
; C-DR, conventional double row (Fig. 2); SB-DR, suture bridge double row (Fig. 3); HVe B TEMNbHOI MaHXeTbl
row (Fig. 2) . UCLA, University of California at Los Angeles Shoulder Score; ASES, American JIEHE BPALLATENIbHOV MaHXE .
a e S CRelilele Y CIVSICI Soulder and Elbow Surgeons Shoulder Score; SSI, Shoulder strength index; MOXXET 06ECreUTL CTPYKTYpHbIiA

row (Fig. 3) ROM, Range of motion; CS, Constant score. W MeXaHW4ecKuid pesynbTar,

Kim, 2006 [6]; Mazzocca, 2005 [5]; Carbonel, 2012 [7]; Panella, 2016 [8]; Duquin,2010 [9] 9KBUBANEHTHbIA TaKOBOMY MpH OT-
KPbITOM XUpypruyeckoM BmeLla-
TensCTBeE (5). APTPOCKONMYECKMIA
MEeTO[ MMEKT PAJ NPenMyLLeCTB.
YMEHbLUEHNE 6onesoro CnHAapoma,
XMPYPru4eckoro pybua 1 ocnox-
HeHuid, 6onee BbICTPOE BOCCTAHOB-
nexue 1 peabunutaumio (4). B aton
cTaTtbe npeacTaBneH BCGCTOpOHHMVI
0630p 3BONKOLMM METOAOB BOCCTa-
HOBNEHUA pOTaTOpHOVI MaH>XeTbl
nneva u onucaHbl COBpEMEHHbIE

TEXHOJIOrnK.
U/ Y W 0630p AaHHBIX UCCTIEAOBAHMIA
. . . . _ _ + OnHopsaHbIA Wos (SR) versus
Fig. 1: SR, Single-row Fig. 2: C-DR, conventional double Fig. 3: SB-DR, suture bridge double < .
row row ABYXPALHbINA LLIOBV(DR)(PMCJ 213):
Puc. 1: SR, 0aHOPAAHBIN OB Puc. 2: C-DR, 06bIuHblii ABYXpsiAHbI WoB  Puc. 3: SB-DR, AByXpsaHbIii MOCTOBMA- -SR, OﬂHOpﬂﬂHva 1os (Puc. J)
HbiiA OB Suture Bridge - G-DR, 00bI4HbIA ABYXPSIAHbBIA LLIOB

(Puc. 2)
- SB-DR, 1BYXpsAHbIA MOCTOBMA-
HbIi Wwos Suture Bridge (Puc. 3)
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Conventional double-row versus
suture bridge double-row (Fig. 4, 5
and 6)

Burkhart, 2009
cadaver

SB-DR better than
C-DR

Yield load to failure:

C-DR = Knotless, parallel SB-DR
Ultimate load to failure:

C-DR = Knotless, parallel SB-DR
Operative time:

C-DR > Knotless, parallel SB-DR

e Conventional double-row
versus suture bridge double-
row (Fig. 4, 5 and 6):

Park, 2009
cadaver

SB-DR better than
C-DR

Contact area:

cross SB-DR > C-DR > SR
Contact pressure:

cross SB-DR > C-DR > SR

- Knotless, parallel SB-DR
(Fig. 4)

- Knot tying, cross 4 suture
bridge (Fig. 5)

- Knot tying, cross 2 suture
bridge (Fig. 6)

Park, 2007
cadaver

SB-DR better than
C-DR

Contact area:

cross 4 SB-DR > 2 SB-DR > C-DR
Contact pressure:

cross 4 SB-DR > 2 SB-DR > C-DR

Park, 2007
cadaver

Stiffness: SB-DR = C-DR

Gap formation: SB-DR = C-DR
Ultimate load to failure:
SB-DR > C-DR

SB-DR better than
C-DR

C-DR, conventional double row; SB-DR, suture bridge double row;
Burkhart, 2009 [10]; Park, 2009 [11]; Park, 2007 [12]; Park, 2007 [13]

Conventional Double-Row versus Suture Bridge Double-Row (Fig. 4, 5, 6)

Fig. 4: Knotless, parallel SB-DR Fig. 5: Knot tying, cross 4 suture

bridge

Fig. 6: Knot tying, cross 2 suture
bridge

Puc. 4: besysnosoii, napannenbHbli
SB-DR

Puc. 5: Yanosoit Suture Bridge ¢ 4
nepexkpecTamu

Puc. 6: Y3nosoii Suture Bridge ¢ 2
nepekpecTamu

OpToneauyeckas xupyprus

O6bI4HbIN ABYXPALHbINA LLIOB VErsus [ByX-
PSAAHBIA MOCTOBMAHBIN WoB Suture Bridge
(Pvc. 4,51 6)

+ O6bIu4HbBIN ABYXPSAAHbIiA OB
VErsus ABYXPAAHbIA MOCTOBUAHbIN
wos Suture Bridge (Puc. 4, 5 v 6):

- beayanosoi, napannenbHblit SB-
DR (Puc. 4)

- Yanoson Suture Bridge ¢ 4 nepe-
kpecTamu (Puc. b)

- YanoBoi Suture Bridge ¢ 2 nepe-
kpecTamm (Puc. 6)
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Knot tying SB-DR study (Fig. 7, 8, 9 Viccneposanve y3nosoro SB-DR (Puc. 7,

and 10) Knot Tying SB-DR Study (Fig. 7, 8, 9 and 10) 8,9110)

Pauly, 2010 Ultimate tensile strength: Strongest
40 porcine | Single mattress (SM)=204.3 +/-90 N | construct are

Double mattress (DM)=368.6 +/- 99.5N| DM, DP, SM, CS,
Cross stitch (CS)=184.9 +/- 63.8 N respectively
Double pulley (DP)=248.4 +/- 122.7 N

e Knot tying SB-DR study Pauly, 2010 [14] * Vccneposanme yanosoro SB-DR
(Fig. 7, 8, 9 and 10): (Puc. 7,8,9 1 10):

- Knot tying, cross 4 suture - YanoBow Suture Bridge ¢ 4 nepe-
bridge, single mattress KpecTamu, OAMHOYHBI MaTPALHbIA
(Fig. 7) wos (Puc. 7)

- Knot tying, cross 4 suture - Y3noBo# Suture Bridge ¢ 4 nepe-
bridge, double mattress KpecTamu, IBONHON MaTpauHblil
(Fig. 8) wos (Puc. 8)

- Knot tying, cross 4 suture - Yanoow Suture Bridge ¢ 4 nepe-
bridge, cross stitch (Fig. 9) KpecTamu, NepexpecTHbIN LB

- Knot tying, cross 4 suture (Puc. 9)
bridge, double pulley (Fig. 10) - Yanoson Suture Bridge ¢ 4 nepe-

KpecTamu, BOIHOM 6110KOBbIN
wos (Puc. 10)

Fig. 7: Knot tying, cross 4 suture Fig. 8: Knot tying, cross 4 suture Fig. 9: Knot tying, cross 4 suture Fig. 10: Knot tying, cross 4 suture
bridge, single mattress bridge, double mattress bridge, cross stitch bridge, double pulley
Puc. 7: Yanosoit Suture Bridge ¢ 4 nepe-  Puc. 8: Yanosoit Suture Bridge ¢ 4 nepe- Puc. 9: Yanosoii Suture Bridge ¢ 4 Puc. 10: Y3anoson Suture Bridge ¢ 4

KpecTamm, OMHOYHbIA MaTpaLHbIA LWOB  KPecTamu, ABOMHOI MaTpaLiHbIii LLIOB nepekpecTamu, NepekpecTHbI LWOB nepekpecTami, ABONHON BI0KOBbIN LLOB
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Knot tying, SB-DR, single mattress:
clinical outcomes study (Fig. 11) Knot Tying, SB-DR, Single Mattress: Clinical Outcomes Study (Fig. 11)

Author / year Conclusion

Rimmke, 2016 ASES, VAS, FF, IR = improved Single mattress =
42 patients Re-tear rate = 14.28% good result
F/U13.5 months | Larger tear size associated with

higher re-tear rate

Toussaint, 2011 CS, VAS, FF = improved Single mattress =
154 patients Re-tear rate = 14% good result
e Knot tying, SB-DR, single F/U 15 months | Stiffness = 17/154 case (11.04%)
mattress: clinical outcomes
study (Fig. 11): Panella, 2016 UCLA, CS, ROM, Pain, Single mattress =

20 patients Strength = improved good result

. . F/U 24 th
- Medially knot tying, 2 tendon G

perforatlon, smgle mattress, UCLA, University of California at Los Angeles Shoulder Score;

cross 4 suture bridge (Fig. 11) I TR LT IR = e AT e R T T R o
ROM, Range of motion; CS, Constant score;
VAS, Visual Analogue Scale for pain; FF, foreward flexion ; IR, internal rotation
Rimmke, 2016 [15]; Toussaint, 2011 [16]; Panella, 2016 [8]

Fig. 11: Medially knot tying, 2 tendon
perforation, single mattress, cross 4
suture bridge

Puc. 11: MeanansHas y3nosas cvkcaums,
2 nepcdopaLmi CyxXoXXUams, 0AMHOYHbIA
maTpauHblii Wos, Suture Bridge ¢ 4 nepe-
KpecTamu

OpToneauyeckas xupyprus

Y3noBoit SB-DR, 041HOYHbI MaTpaLHbIii
LLOB: KNMHKYeckue pesynbTatsl (Puc. 11)

* Y3noBoi SB-DR, 04MHOYHbIN
MaTpauHblii LIOB: KNUHUYECKNE
pesynbTatsl (Puc. 11):

- MeawmanbHas y3nosas dukcauns,
2 nepchopaunm CyxoxXmms, 0au-
HOYHbII MaTpaLHbIi LWOB, Suture
Bridge ¢ 4 nepekpecTamm
(Puc. 11)
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Knot tying, SB-DR, double mattress : Yanosoit SB-DR, nB0oiHOM MaTpaLHbiii
clinical outcomes studies (Fig. 12) Knot Tying, SB-DR, Double Mattress: Clinical Outcomes Studies (Fig. 12) LLIOB: KNMHKYECKme pesynbTathl (Puc. 12)
Author / year Conclusion
Stahnke, 2016 Re-tear rate 6/13 (46.15%) Double mattress =
13 patients Medial cuff failure 4/6 (66.67%) | high re-tear rate
Gerhardt, 2012 SSV =92.9% Double mattress =
20 patients CS=77.0% high re-tear rate
F/U 23.4 months | WORC = 90.7%
_ Re-tear rate =25 % . L.
* Knot tying, SB-DR, double Medial cuff failure = 80% + Y3noBoi SB-DR, ABOWHOIA
mattress: clinical outcomes MaTpaLHblif LLIOB: KITMHUYECKNE
studies (Fig. 12): CS, Constant score; SSV, subjective shoulder value; pesynbTathl (Puc. 12):

WORC, Western Ontario Rotator Cuff Index
Stahnke, 2016 [17]; Gerhardt, 2012 [18]

- Medially knot tying, 4 tendon - MeawmanbHas y3nosas dukcauns,

perforation, double mattress, 4 nepcbopaunm CyxoxXunms, ABOW-
cross 4 suture bridge (Fig. 12) HOW MaTpaLHbIi LWoB, Suture
Bridge ¢ 4 nepekpecTamm
(Puc. 12)

Fig. 12: Medially knot tying, 4 tendon
perforation, double mattress, cross 4
suture bridge

Puc. 12: MeanansHas y3nosas dvkcauus,
4 nepchopaunm Cyxoxunus, ABONHOM
maTpauHblii Wos, Suture Bridge ¢ 4 nepe-
KpecTamu
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Mccnenosanme 6esyanosoro SB-DR Ha
TpynHom matepuane (Puc. 13, 14, 151
16)

Knotless SB-DR cadaveric study
(Fig. 13, 14, 15 and 16)

Knotless SB-DR Cadaveric Study (Fig. 13, 14, 15 and 16)

Pauly, 2011
36 porcine

with medial mattress

stitch (MMS) > DTP > DTP with lateral

simple stitch(LSS) >

single tendon perforation (STP)

Pauly, 2011 [19]

e Knotless SB-DR cadaveric
study (Fig. 13, 14, 15 and 16):

- Knotless, single tendon
perforation (Fig. 13)

- Knotless, double tendon
perforation (Fig. 14)

- Knotless, DTP (double tendon
perforation) with MMS (me-
dial mattress stitch) (Fig. 15)

- Knotless, DTP (double tendon
perforation) with LSS (lateral
simple stitch) (Fig. 16)

Ultimate tensile strength:
Double tendon perforation (DTP)

DTP better than
STP

MMS better than
non-augment
MMS better than
LSS

* ViccnepoBanme 6e3y3nosoro SB-

DR Ha TpynHom Matepuane
(Pwc. 13, 14,151 16):

- besyanosas cmkcaums, eAnHNY-

Hast nepcopaLmst Cyxoxunms
(Puc. 13)

- besyanosas dukcauns, ABoHAS

nepcpopaums cyxoxunus (Puc. 14)

- beayanosas gmkcaums, DTP

(nBOMHas nepdpopaums Cyxoxu-
ms) ¢ MMS (meanansHbiM
MatpauHbiM LwWBom) (Puc. 15)

- besyanosas dukcauns, DTP

(mBOVHas nepchopaums Cyxoxm-
nms) ¢ LSS (natepanbHbim
NpOoCTbIM LLIBOM)(Puc. 16)

X

A r

‘ "

‘ '

Fig. 14: Knotless, double tendon
perforation

Fig. 13: Knotless, single tendon
perforation

Puc. 14: Beayanosas ukcaums, ABoiHas
nepcopaLms Cyxoxunns

Puc. 13: Beayanosas dukcauns, eanHny-
Has nepcopauns Cyxoxumns

Fig. 15: Knotless, DTP (double ten-
don perforation) with MMS (medial
mattress stitch)

Puc. 15: Besyanosas cukcaums, DTP
(nBOMHas nepdopaums Cyxoxmunms) ¢
MMS (MepmansHbiM MaTPaLHbIM LLBOM)

Fig. 16: Knotless, DTP (double
tendon perforation) with LSS (lateral
simple stitch)

Puc. 16: Beayanoas cpukcaums, DTP
(nBOHas nepchopauuns cyxoxunus) ¢ LSS
(naTepanbHbIM MPOCTHIM LUIBOM)
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Knotless SB-DR: clinical studies

(Fig. 17 and 18)

e Knotless SB-DR: clinical
studies (Fig. 17 and 18):

- Knotless, single tendon
perforation (Fig. 17)

- Knotless, double tendon
perforation (Fig. 18)
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Besy3nosoit SB-DR: knuHuueckue uc-
Knotless SB-DR: Clinical Studies (Fig. 17 and 18) cnenosarus (Puc. 17 1 18)

Author / year Conclusion
El-Azab, 2010 CS, ASES, muscle strength STP = high re-tear

20 patients, STP | ROM = improved rate
F/U 14 months Re-tear rate = 20%

Hug, 2015 SSV =288.7 CS=78.2 WORC = 87.1| DTP = high re-tear

22 patients, DTP | Re-tear rate = 22.7% rate
F/U 24 months Medial cuff failure = 2/5 (40%)

« beayanosoi SB-DR: knuHuueckue

ASES, American Shoulder and Elbow Surgeons Shoulder Score; uccrnegosaqus (Puc. 17 1 18):
ROM, Range of motion; CS, Constant score

SSV, subjective shoulder value; WORC, Western Ontario Rotator Cuff Index; } )
STP, single tendon perforation Be3y3nosaﬂ q)I/IKcaLll/Iﬂ, OAMHOH

DTP, double tendon perforation Has nepdopaLms Cyxoxumns

El-Azab, 2010 [20]; Hug, 2015 [21] (Puc. 17)

- beayanosas ukcaumsa, iBoitHan
nepcopaums cyxoxunus (Puc. 18)

X A

b r '

Fig. 17: Knotless, single tendon Fig. 18: Knotless, double tendon
perforation perforation

Puc. 17: beaysnosas pukcaums, oanHod-  Puc. 18: besdyanosas cvkcauns, ABoiHas
Has nepcopaLms Cyxoxnms nepcopaLms Cyxoxums
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Medially knot tying versus knotless
SB-DR: Systematic review on biome-

chanics studies (Fig. 19 and 20)

* Medially knot tying versus
knotless SB-DR: Systematic
review on biomechanics
studies (Fig. 19 and 20):

- Knotless, double tendon
perforation (Fig. 19)

- Knot tying, double tendon
perforation (Fig. 20)
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MeananbHblid y3noBoii versus 6e3y3nosoit
SB-DR: cuctematuyeckuii 063op 6ruome-
XaH4eckux uccnenosaquia (Puc. 19 n 20)

Medially Knot Tying versus Knotless SB-DR:
Systematic Review on Biomechanics Studies (Fig. 19 and 20)

Author / year Conclusion
Mall, 2013
systematic
review on
biomechanics
studies
DTP

Load to failure, Strength, Gap
formation, Contact area:
Knot tying better than knotless

knot tying better
than knotless

+ MemanbHblid y3nosoi versus 6es3-
y3noBoit SB-DR: cuctematmyeckuii
0630p 6MOMEXaHYECKMX UCCeoBa-
Huii (Puc. 19 n 20):

DTP, double tendon perforation
Mall, 2013 [22]

- besyanoas ukcauus, ABoHaS
nepcopaums cyxoxunus (Puc. 19)

- Y3noBas ¢pukcauus, ABOHas
nepcopaums cyxoxunuii (Puc. 20)

‘ '

Fig. 20: Knot tying, double tendon
perforation

Fig. 19: Knotless, double tendon
perforation

Puc. 19: Beayanosas dukcaums, aBoiHas
nepchopaLmns Cyxoxunms

Puc. 20: Y3noBas chukcauus, AsoiHas
nepchopaums CyxoxXuaui
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Discussion

- Small tear size prefer SR,
large tear size prefer DR.
Tendon loss and retraction
may switch from DR to SR
[23].

- Based on biomechanical stud-
ies on DR, SB-DR seem to be
stronger than C-DR.

- In biomechanical studies on
knot tying SB-DR, the DM
stronger than SM, but by
clinical studies showed higher
re-tear rate.

- In biomechanical studies on
knotless SB-DR, the DTP is
stronger than the STP, but
clinical studies showed an
equal re-tear rate.

- In biomechanical studies, knot
tying is stronger than knotless
systems, but no systematic
review on clinical studies.

- Not only the strength of the
repair construct, the biologic
properties of degenerative
rotator cuff tendon plays an
important role in clinical out-
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comes and re-tear rate.

- Randomized clinical trials and
systematic reviews are need
to compare knotless versus
knot tying, STP versus DTP
and SM versus DM tech-
niques (Fig. 21, 22, 23 and
24):

- Knotless, STP (single tendon
perforation)(Fig 21)

- Knotless, DTP (double ten-
don perforation)(Fig 22)

- Knot tying, DTP, SM (single
mattress)(Fig. 23)

- Knot tying, DTP, DM (double
mattress)(Fig. 24)

O6cyxaeHne

Mpu paspbisax HeGONbLLLOMO pas-
Mepa NpesnoyTUTENBHO NPUMEHAT
TexHuky SR. B cnyuae 60nbLunx
Pa3pbIBOB MCMOSb3YETCS TEXHUKA
DR. Mpw nospexaeHnn 1 peTpak-
LK cyxoxunui BMecto DR MoxeT
notpebosarbcs MeToanka SR.

C y4eTOM fiaHHbIX GroMexaHuye-
CKux uccnefosanmii DR, oueBnaHo,
yTo SB-DR, npouHee, yem C-DR.
BromexaHnyeckue UCCnefoBaHms
yanosoro SB-DR nokasanu, 4to DM
Haae>xHee SM, HO KITMHUYeCKme uc-
NbITaHUS NPOLEMOHCTPUPOBanu 60-
nee BbICOKMiA NoKa3aTesb NOBTOP-
HOro pa3pbiBa. bruomexaHnyeckue
nccnefoBaHns 6e3yanosoro SB-DR
BbIsiBUIK, YTO DTP npoyHee, yem
STP, 0fHaKo npu KNMHUYECKNX
nccnenoBaHnsx 6bin 3achmKeupo-
BaH 9KBMBA/IEHTHbIA NOKa3aTesNb
NOBTOPHOrO paspbisa. Mpu 61o-
MEXaHN4ECKNX 1CCRes0BaHNsX
y3noBas cukcaums bbina Hafex-
Hee, YeM 6e3y3N0Bast KOHCTPYKLMS,
O[IHAKO cUCTEMATUYECKMNIA 0630p

OpToneauyeckas xupyprus

KIMHUYECKMX UCCNEA0BAHMIA He
npoBoAnAcs. He TOMbKO NPOYHOCTL
MPUMEHSIEMOI KOHCTPYKLMM, HO U
61oNornyeckme CBOMCTBA AereHe-
PATMBHOIO CyXOXWUNMS BpaLLaTeb-
HOW MaHXXETbI MrPAKOT BaXKHYHO
POfb AN KIMHUYECKNOT0 PE3yb-
TaTa v BEpOsATHOCTU NOBTOPHOTO
pa3pbiBa. HeobxoamMmo cpaBHUTHL
MeTOAbI 6€3y3N10BO¥A W y3N0BOA
cukcaumm, STP n DTP, a Takxe
SMc DM (Puc. 21,22,23 1 24) B
PaHA0MU3MPOBAHHBIX KIMHUHECKMX
WCMbITAHUSIX U CUCTEMATUHECKMX
0630pax.

- besyanosas dukcauns, STP
(onHOKpaTHas nepdhopaums cyxo-
xunus)(Puc. 21)

- besyanosas dukcauns DTP
(nBOMHas nepchopaums CCyxoxu-
nus)(Pue. 22)

- Yanosas ukcaums, DTP, SM
(OAMHOYHBIA MaTPALHbINA LIOB)
(Puc. 23)

- Yanosas ¢pukcaums, DTP, DM
(DBOWHOM MaTpaLHbIA LWOB)

(Puc. 24)

A

Fig. 21: Knotless, STP (single tendon
perforation)

Puc. 21: beayanosas cukcaums, STP
(oaHOKpaTHas nepdopaLms CyxoxXunus)

Fig. 22: Knotless, DTP (double ten-
don perforation)

Puc. 22: beaysnosas ukcaums DTP
(nBOWMHAs NepchopaLmnst CCYXoXXununs)

Fig. 23: Knot tying, DTP, SM (single
mattress)

Puc. 23: Yanosas cukcauus, DTP, SM
(0OAMHOYHBIV MATPALHbIi LLIOB)

Fig. 24: Knot tying, DTP, DM (double
mattress)

Puc. 24: Y3nosas cukcaums, DTP, DM
(BBOMHOM MaTPALHbI LLIOB)
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Author prefer technique

In our institute we use the
cross suture bridge DR repair
technique (SpeedBridge TOE)
using FiberTape. Medially knot-
less anchor and single tendon
perforation were selected
because there is no subacro-
mial impingement from the
knot, these technique could

be done in shorter operative
time without strangulation of
the tendon, good contact area,
contact pressure and strength
but equal in re-tear rate com-
pared to double tendon perfo-
ration. The number of anchor
and suture bridge configuration
depend on tear size [24]. V con-
figuration, two medial anchors,
one lateral anchor for tear size
< 1 cm (Fig. 25). X (Original)
configuration, two anchors on
medial and lateral row for tear
size 1-3 cm (Fig. 26). W config-
uration, three medial anchors,
two lateral anchors for tear size
3-5cm (Fig. 27). 2X configura-
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tion, four medial anchors, three
lateral anchors for tear size
>b cm (Fig. 28).

-V configuration (Fig. 25)

- X (QOriginal) configuration
(Fig. 26)

- W configuration (Fig. 27)

- 2X configuration (Fig. 28)

MeTopa, KoTOpblit NpeanoYuTaloT
aBTOpbI CTaTbK

B HalleM MHCTUTYTE Mbl NpUMe-
HsIEM NEPEKPECTHYI0 MOCTOBUA-
HYIO [BYXPSIAHYHO KOHCTPYKLMIO
(SpeedBridge TOE) ¢ ucnonb3oBa-
HWeM LLOBHOM neHTbI FiberTape.
Hawmu 6111 BbIGpaHsl MenansHas
6e3y3noBas sKopHas ukcaums v
OLMHOYHAs Nepdopaums Cyxoxu-
S, TaK Kak npu 3TUX TeXHUKax
OTCYTCTBYET CybakpoOMUanbHbIi
MMMUIKMEHT - CUHIPOM U3 - 33
y3na, TaKyto PEKOHCTPYKLIMIO MOXK-
HO BbINOMHUTBL 3a 601ee KOPOTKOE
onepaumoHHoe Bpems 6e3 yLiemne-
HUS CYXOXXUNUs, Npn 3TOM 061aCTb
KOHTaKTa, KOHTaKTHOE faBfieHue

1 NPOYHOCTb [OCTATOYHbIE, @
nokasaTeslb NOBTOPHOr0 paspbiaa
9KBMBAIEHTEH TaKOBOMY NPy BOW-
HOM Nepchopaumnm CyxoXKnms.
KonnuecTso SKopHbIX hukcaTo-
POB 1 MOCTOBMAHBIX LLUBOB 3a-
BMCHT OT pasmepa paspbisa (24).

V - KOH(urypaums, BknouaroLast
ABa MefinanbHbIX aHKepa, 0auH

OpToneauyeckas xupyprus

natepanbHblid aHKEP NPUMEHSIETCS
B Ciyyae paspbisa <1 cM (Puc. 25).
X (opuruHanbHas) - KoHurypaums
C MCNONb30BAHNEM [IBYX aHKEPOB B
MeaunanbHOM W naTepansHoM Py
NPUMEHSIETCS B Cly4ae paspbisa
1-3 cM (Puc. 26). W - KoHdpurypa-
LS U3 TPEX MeananbHbIX U [BYX
natepanbHbIX aHKepOB BbIMOJHS-
eTcs npy paspebise 3-5 M (Puc.
27). MNpu pa3mepe paspsisa > 5

CM nokasaHa 2X - KoHurypauus,
KOTOPas COCTOUT W3 YeTbIpeX
MeauanbHbIX U TPex naTepanbHbIX
aHkepos (Puc. 28).

-V - KoHpurypaums (Puc. 25)

- X (opurunanbHas) - KoHdurypa-
ums (Puc. 26)

- W - koHcpurypauus (Puc. 27)

- 2X - KOHpurypauus (Puc. 28)

\ XX

117 S\

Fig. 25: V configuration
Puc. 25: V - KoHdmrypaums

Fig. 26: X (Original) configuration

Puc. 26: X (opurnHanbHas) - KoHgury-
paums

Fig. 27: W configuration
Puc. 27: W - koHdurypaums

Fig. 28: 2X configuration
Puc. 28: 2X - KoHdmrypaums
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SpeedBridge Technique with
X (Original) Configuration
Predrilling the bone socket at
margin of articular surface (Fig.
29). Preload FiberTape pass
through the eyelet of anchor
(Swivelock, Arthrex, FL). Insert
the anchor of the medial row
(Fig. 30). Tighten the screw
just below the cortical surface.
Inserted the next anchor 1

cm apart, at least 2 anchors in
the medial row. Pass Banana
suture lasso via Neviaser portal
(Fig. 31 and 32). Pass through
2-3 mm lateral to musculoten-
dinous junction of the tendon
(Fig. 33). Retrieve laterally with
grasper (Fig. 34 and 35). Pass
FiberTape through cuff tendon
to subacromial space by shutt-
ling device. Retrieve one tall
from each FiberTape together
(Fig. 36). Adjust the arm in
mild abduction. Prepare bone
socket for first anchor of lateral
row. Pass suture limbs through
eyelet. Tension the FiberTape
(Fig. 37). Insert the anchor (Fig.
38 and 39). Insert another one
anchor of the lateral row. Com-
plete SpeedBridge, X (Original)
configuration, single tendon
perforation (Fig. 40).
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Fig. 29: Pre-drilling bone socket

Puc. 29: MNpensapuTensHoe BbICBEPMBA-

HWe KOCTHOro KaHana

Fig. 31: Banana suture lasso

Fig. 30: Inserted the anchor
Puc. 30: YctaHoBka aHkepa

Puc. 31: YenHouHoe ycTpoiicTBo Banana
Suture Lasso

Fig. 32: Passed Banana suture
lasso via Neviaser portal

Fig. 33: Passed through rotator cuff
tendon

Puc. 32: Beepenue Banane Suture Lasso

yepes pocTyn Hesuasepa

Puc. 33: MpoxoxAeHe Yepes CyXoxunme

BpaLLaTeNbHOM MaHXeTbI

OpToneauyeckas xupyprus

Texnuka Speed Bridge ¢ X (opu-
FMHaNbHOM) - KOHUrypaLme
BHavane BbinonHseTcs npeasapu-
TENbHOE BbICBEPMBAHNE KOCTHOTO
KaHana no Kparo CycTaBHOM no-
BepxHocTu (Puc. 29). MposoanTcs
BBEJEHMe AKOpHOro dmkcatopa
(SwiveLock, Arthrex, FL), 3apsokeH-
HOTO C MOMOLLbHO YLLKA LLIOBHOM
neHtoi FiberTape. 3atem ycTaHas-
NMBAETCS aHKEP MeanabHOro psaa
(Puc. 30). MNMocne atoro 3aTarmMBaeT-
CS BUHT YyTb HIXKE KOPTUKANBHON
nosepxHocTy. [lanee BBoAUTCS
LPYroi aHKep Ha paccTosHUM 1 CM,
YCTaHABNMBAETCS, KaK MUHUMYM,

2 MeaunanbHbIX SKOPHbIX uKca-
Topa. Yepes poctyn Hesnasepa
BBOAMTCS YENHOUHbIA MHCTPYMEHT
Banana SutureLasso (Puc. 31 1

32) M NPOXOAMT CYXOXMIne Ha

2-3 MM nateparnbHee MbILLEYHO-
CYXOXXMIBbHOrO coefiuHenHus (Puc.
33). U3BnexaeTtcs natepansHo ¢
MOMOLLbIO 3axkuma (Puc. 34 u 35).
C NoMOLLbKO PETPOrpagHo TEXHU-
KK LLIOBHbI MaTepuan FiberTape
MPOXOJMT YePE3 CyXOXnme
MaHXeTbl B Cy6akpommuanbHoe
npocTpaHcTeo. CBOGOAHBIE KOHLI
kaxpoi FiberTape nepekpecTHo
nepepacnpegensiorcs (Puc. 36).
Pyka npuBoauMTCS B NONOXEHME
HebonbLLOro 0TBEeAeHHs. Moa-
rOTaBAMBAETCS KOCTHbII KaHan
NS NEPBOro0 aHkepa natepalib-
Horo psiga. MponyckaeTcs KOHUb!
LLIOBHOW HATW Yepes ero YLUKO.
Hatsrusaetcs FiberTape. (Puc. 37).
YcTaHaBnmuBaeTcs aHkep (Puc. 38
1 39). 3aTem BBOANTCS ELUE OfMH
SKOPHbIA ChMKCATOP NaTepansHoro
psaa. OuKCupyeTcs KOHCTPYKLUMS
SpeedBridge ¢ X (opuruHansHoi)

- KOH(hurypaumei ¢ 0fHOKPATHOM
nepcbopaumeit cyxoxxunms (Puc.40).
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Fig. 34: Retrieved the wire Puc. 34: M3BneueHne HUTu

Fig. 35: Retrieved the wire Puc. 35: BoiTarveanue H1Tu

Fig. 36: Retrieved one
tail of each FiberTape
together

Puc. 36: MNepekpecTHoe
nepepacnpeaneHue
koHuoB FiberTape

Fig. 37: Tension the
FiberTape

Pwc. 37: Hatsixxenue
FiberTape
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Fig. 38: Inserted the anchor

Fig. 40: Complete knotless anchor,
cross suture bridge (SpeedBridge), X

(Original) configuration.

Puc. 40: 3aBepLueHme 6e3y3n0Boii
SKOPHOWN orKcaLmn NepekpecTHoro
MOCTOBMAHOrO Waa (SpeedBridge) ¢ X
(opurHanbHoi) KoHUrypaumen
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Puc. 38: BeeaeHue aHkepa

Fig. 39: Inserted the
anchor

Puc. 39: YctaHoBneHue
aHkepa
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Recent Progress CoBpeMeHHbliA
in the Treatment niporpecc B neye-

of Advanced
Stage Follicular
Lymphoma

Background

Follicular lymphomas (FL) are
the second most frequent sub-
group of malignant lymphomas
and experience a rising inci-
dence particularly in countries
of the western world.

The treatment of FL is pre-
dominantly directed by the
spread of the disease (stage)
at diagnosis. While in patients
with limited stages | and Il
radiotherapy is recommended
(1-3), the management of
patients with advanced stage
[Il or IV depends on the tumor
burden and the presence or
absence of clinical symptoms
and/or laboratory alterations.
In patients with a low tumor
burden and without clinical
symptoms treatment is with-
held and the clinical course

is observed only (,watch and
wait"” approach). In patients
with a high tumor burden

Follicular Lymphoma — Standard Treatment Concepts

Stage I/11
(10— 15% of patients)

NELERIY
(85 —90% of patients)

DonnukynsapHas numgoma

HUK NO3[HEN CTa-
AU poNnmUKynsap-
HOM NUME@OMbI

Radio-Therapy
(involved field)

Low Tumor Burden
~watch and wait"

High Tumor Burden
Immuno-Chemotherapy

Table 1: Follicular Lymphoma — Standard Treatment Concepts
Tabnuua 1: GonnukynsapHas MMMdoMa: CTaHAAPTHBIE CXEMbI NIEYEHNS

and clinical symptoms and/or
signs of an impairment of the
hematopoetic system chemo-
immunotherapy followed by
maintenance with an anti-CD
20 antibody is currently the
treatment of first choice
(Table 1) (1).

O61wue cBefeHUS
®onnvkynsipHas numdoma (OJ)
SBNSIETCS BTOPOW MO pacnpocTpa-
HEHHOCTY MOArPYNNOit 3noKave-
CTBEHHbIX NuMdpom. 3abonesae-
MOCTb 3TOW TMMEPOMON MOCTOSAHHO
pacTeT, 0CO6EHHO B 3anafHbIxX
CTpaHax.

Jleuenue OJ1 onpegensetcs, B
OCHOBHOM, CTEMeHbt0 pacnpo-
CTpaHeHHoCTH 6onesHu (cTaavei
3a60/1eBaHms), BbISIBNIEHHON NPy
MOCTaHOBKE AnarHosa. B 1o Bpewmsi,
KaK neveHne paHHux | v Il ctagui
BKItOYaET paguotepanmio (1-3),
NeveHmne naumeHToB ¢ 6onee
no3aHumu ctagusmm — [l unn 1V
3aBMCHT OT BENWYMHBI ONyXONEeBON
HarpysKu 1 HANYMS UK OTCYT-
CTBMS KITMHUYECKMX CUMMTOMOB

/ A U3MEHEHMIA NTabopaTopHbIX
nokasarenei.

Y NauMeHTOB C HU3KOW OMyXONeBoi
Harpy3Koi 663 KIIMHUYECKNUX CUM-
NTOMOB JIeYeHNe He NPOBOAMTCS, a
NPakTUKyeTCs NOAXOA «HabntoaaTh
W KAaTtb». Y NauMeHTOB C BbICOKON
OMyXOMEeBOM HArpy3Kon W KInHK-
YeCKUMU CUMMTOMAMM 1 / Unn 3Ha-
YNMbIM HaPYLLEHWEM FEMOMN0aTH-
4eCKOoM CMCTEMbI METOLOM BbiBopa
SBASETCS XMMUOMMMYHOTEPANNS C
nocneayoLLMM NOAAEPXKMBALOLLNM
neveHnem aHTr-CD 20 aHTMTENOM
(Tabnuua 1)(1).
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Treatment of Advanced Stage
Follicular Lymphoma with a
High Tumor Burden

Current Standard Therapy
After decades of stagnation

a real break through in the
treatment of advanced stage
FL occured with the introduc-
tion of the anti-CD 20 antibody
Rituximab into clinical practice
and particularly by ist combina-
tion with chemotherapy. In four
large prospective randomized
trials a significant improve-
ment of remissions rates,
progression free survival and
even overall survival could be
demonstrated when Rituximab-
chemotherapy combinations
were compared with chemo-
therapy alone (4-7).

This major achievement was
further improved by the sub-
sequent finding that two years
of Rituximab maintenance
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Current Strategies in
Follicular Lymphomas

Induction

: Therapy in Remission
|

|
—D—D—D—D—D—D—': |Rituximab Maintenance l

Chemotherapy plus Rituximab I

=> Lymphoma Reduction=> Lymphoma Control

Fig. 1: Current Strategies in Follicular Lymphomas

Pvc. 1: Hoseiwwme ctpaterim nedeHns honankynsapHbIX IMMAGOM

following inital immuno-chemo-
therapy prolonged the progres-
sion-free survival further (8).
Hence, initial immuno-chemo-
therapy followed by two years
of Rituximab maintenance
comprizes the current stand-
ard of therapy in patients with
advanced stage FL and a high
tumor burden (Fig. 1) (1).

With this approach more than
90% of patients achieve a
complete or partial remission
after initial immuno-chemo-
therapy and with Rituximab
maintenance more than 50%
of cases remain in first remis-
sion for more than 10 years.

Recent Advances

Most recently a further im-
provement could be achieved
by the new anti-CD 20 antibody
Obinutuzumab. This antibody

is the first class Il antibody

and has a higher direct and

JleyeHne no3gHUX cTapuit
thonnukynspHoii nuMcoMbl ¢
BbICOKOIA OMyX0neBoii Harpy3Koii

CoBpeMeHHasi cTaHAapTHas
Tepanus

nocine JecaTuneTid ctarHauum
peasnbHbIi NPOPLIB B NEYEHWM

®J1 npon3oLuen npy BBEAEHUN B
KITMHUYECKYH NpakTuky aHtu-CD
20 anTuTena Putykcumaba, B
YaCTHOCTW, NPY ero COMETaHMM C
XMMUoTepanuen.

B yeTblpex KpynHbIX MPOCNEKTUB-
HbIX PAHAOMM3MPOBAHHbIX UCCNEL0-
BaHwsix 6b1710 NPOLEMOHCTPUPOBAHO
3HAYMMOE ynyuLLeHWe nokasartens
PEMUCCHM, BbIXMBAEMOCTH 6e3
NPOrpeccupoBaHmus 1 gaxe obLuen
BbIXX1BAEMOCTH Npu Putykcumat

- Tepanum B COYETaHUN C XUMUO-
Tepanueii N0 CPaBHEHWHO C O[HO
xumuoTepanuei (4-7).

OT0 3HAYMMBINA pe3ynbTart Obin
[OMONHUTENBHO NOATBEPXKAEH
nocneayoLLMM 06Hapy>XeHEM
TOro (paKTa, 4To 2 rofa NoAAEPXU-

DonnukynspHas niumcoma

BaloLLEro fieyeHus Putykcumabom
nocne MHAYKUMOHHOM MMMYHO

- XMMWUOTEPANNN 3HAUUTENBHO yBe-
NMYMBAET B JanbHeiLIeM Nepuos
BbIXMBAEMOCTY 6€3 NPOrpeccHpo-
BaHus 3abonesaHus (8).

[M03TOMY WHAYKUMOHHAS XMMMO-
UMMYyHOTEpanus ¢ NocneayroLLen
NOAAepXXVBaroLLeit Tepanueit Pu-
TYKCMMaBbOM SBNSETCS CTaHaapT-
HOW CXEMOW NEYeHUs y NaUMeHToB
C no3fHeit ctaaneit ®J1 v BbICOKOM
onyxoneBsoit Harpy3kon (puc.1)(1).
[py TaKkom TepaneBTMHECKOM
noaxoge y 90% nauueHToB nocne
WHAYKLUMOHHOM XUMUOUMMYHO-
Tepanuu JOCTUraeTcs nosHas

WA YacTU4Has PEMUCCHS, a Npu
NOALEPXKMBAIOLLEM NEYEHUN PuTyk-
cumabom y 6onee 50% nauneHToB
nepsas PeMUCCHs COXPaHSIETCS B
Teyenue 10 ner.

MocnegHue
yCOBepLLUIEeHCTBOBAaHUA
[anbHeiLLIee yiyJlleHne pesynbTa-
TOB NIeYeHUs MOXET BbITb [OCTUT-
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antibody dependend cellular
cytotoxicity as compared to
Rituximab. Under the scientific
leadership of the German Low
Grade Lymphoma Study Group
and the British NCRI lymphoma
group Obinutuzumab and
Rituximab underwent a head
to head comparison both being
combined with chemotherapy
and two years of maintenance
in the so called GALLIUM
study.

The recently published results
indicate a clear superiority of
Obinutuzumab over Rituximab
in significantly prolonging
progression free survival and
reducing the risk of progres-
sion by more than 30% (Fig. 2)
(9).

It can be estimated that this
improvement translates into
a further prolongation of the
progression free survival by
another three years and is
therefore of great benefit for
the respective patients.
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1
IS

—— R-chemo (N=601)
—— G-chemo (N=601)
Censored

o
o

0

GALLIUM Progression-free Survival

R-chemo,
n=601

G-chemo,
n=601

Pts with event, 144 101

n (%) (24.0) (16.8)
3-yr PFS 73.3 80.0

% (95% Cl) (68.8,77.2) (75.9, 83.6)
Median, NE NE

mo (95% Cl) (47.1, NE) (NE, NE)
HR (95% CL), 0.66 (0.51, 0.85),
stratified p-value p=0.0012

0 6 12 18 24 12 36 42

Ti ith:
No. of patients at risk M (et

R-chemo 601 562 505 463 378 266 160 68
G-chemo 601 570 536 502 405 278 168 75

48 54
Median follow-up: 34.5 months

10
13

Fig. 2: GALLIUM Progression-free Survival (9)
Puc. 2: Uccneposanve Gallium: BbxuBaemocTb 63 MporpeccrpoBanus 3abonesaqus
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Optimizing Current Therapies
While clinical symptoms and
CT based imaging comprize the
current standard for reponse
evaluation, new techniques
may offer the tools for earlier
and more precise read-out

of treatment efficacy. One

of these approaches is the
monitoring of so called mini-
mal residual disease (MRD) by
molecular markers and quanti-
fication of the Bcl2-IgH rear-
rangement. MRD negativity or
positivity after initial cytoreduc-
tive therapy are strongly corre-
lated with long term outcome
(10). Monitoring of MRD can
also be used for the early de-
tection of relapse and may thus
allow to adapt the therapeutic
strategy accordingly. Another
tool is provided by positron-
emission-tomography (PET)
which measures the metabolic
activity. Similarly to MRD PET
negativity or positivity at the
end of induction are strongly
associated with progression-

HYTO C NOMOLLBIO HOBOrO aHTK-CD
20 antutena O6uHyTy3ymaba
(Obinutuzumab).

OTO aHTUTENO SBNSIETCS NEPBbLIM
antutenom Il knacca v ume-

eT 60ee BbICOKYHO NPSIMYHO 1
AHTUTEN03ABUCUMYHO KIIETOUHYIO
LMTOTOKCMYHOCTb MO CPABHEHMIO C
Putykcumabom.

oA Hay4HbIM PyKOBOACTBOM
HewmeLKoit rpynnbl No U3yueHnto
3M10KQYECTBEHHON NMMCOMbI 1
Bputanckoii rpynnsl NCRI 6bin
NPOBEAEH CPABHUTENbHbINA aHANM3
O6uHyTy3ymaba v Putykcumaba
NPV UX COYETaHUM C XUMUOTEPaNK-
€/, ¥ Npu ABYXrOAMYHON NOAAEp-
XUBAKOLLE Tepaniv B UCCNEL0Ba-
Hun GALLIUM.

HenasHo ony6n1koBaHHbIE pe-
3ynbTaThl yKa3blBaOT Ha NPEBOC-
x0fcTB0O O6MHYTY3ymaba nepes
PuTyKCcMMaboM: 3HaUMTENbHOM
YBEIMYEHNM Bb>KMBAEMOCTH 6€3
MPOrpeccupoBaHms 3a6oneBanmns 1
CHV>KEHWUM pUCKa MPOrpeccmpoBa-
Hus Ha 30% (Puc.2)(9).

M03TOMY MOXXHO paccyMTLIBaTL
Ha T, 4TO NPUMEHEHe 3TOrO Npe-

®onnukynspHas numdoma

napara npuBeeT K NposoHraumm
nepuofa BbXNBAEMOCTH 6e3 npo-
rpeccvpoBaHus 3a60NeBaHus eLle
Ha TpW rofa, W, ClefioBaTenbHo,
neveHue ctaHeT 6onee adhdex-
TUBHbIM ANA COOTBETCTBYHOLLMX
NauneHTOB.

OnTUMM3aLMa coBpPEeMEHHOIA
Tepanuu

B TO BPEMSI, KaK Ans OLEHKM 0TBETA
Ha NeYeHmne B Ka4eCTBe KpUTEpHeB
UCMONb3YHKOTCS BbIPAXXEHHOCTb
KIMHUYECKMX CUMMTOMOB 1 AaHHbIE
KOMIMbKOTEPHOM TOMOrpacum,
MNOSIBUANCh HOBbIE METOAMKM ANS
6onee paHHero 1 TOYHOro onpefe-
nenmns 3hEKTUBHOCTM Tepanuu.
OnuH 13 Taknx METOL0B — MOHM-
TOPWHT TaK Ha3bIBAEMOW MUHU-
MaJsbHOW 0CTaTO4HON 60ME3HN
(MRD) ¢ NoMOLLbH MONIEKYTNAPHBIX
MapKepOB U KONMYECTBEHHOE
onpenenexre nepecTpoiiku Bl
2-lgH. HeratnsHOCTb MK NO3nTHB-
HocTb MRD nocne nepsoHa4asnbHoV
LMTOPERYKTUBHOI Tepanum YeTKO
KOPPENMPYET C [OATOCPOUHbIM
pesynbTatoM nedenuns (10). MoHu-
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free survival and may also be
used to guide therapeutic deci-
sions (11).

New Agents

Based on increasing insides
into the biology of FL a vari-
ety of different agents was
developed and tested in clinical
phase | and Il studies. Among
those are new monoclonal an-
tibodies such as Ofatumumab
(12). This antibody has a high
single agent activity in relapsed
FL but little activity in patients
being refractory to Rituximab.
Other antibodies target CD 22
and CD 23 as well as CD 80.

A highly attractive approach
are bispecific antibodies such
as Blinatumumab which are
directed against CD 19 and CD
3 (Fig. 3).

While antibody based therapies
are still in early phases of clini-
cal exploration more informa-
tion is already avaible for
inhibitors oft he B-cell receptor
pathway (13).

German
Medical e
Journal

L EMEIIRT
1)L ol
I

]
J
JYPHAN

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Antibody Therapy for B - Cell Lymphomas

~ Monoclonal antibody
- Engineered antibody
- Recombinant toxin

-~ None

~ Conjugation
+ Radioisotopes
* Drugs
+ Toxins

Fig. 3: Antibody Therapy for B-Cell Lymphomas

Puc. 3: Tepanus B-kneTouHbIx nMMdOM aHTUTENaMM

Promising data were reported
for inhibitors of the PI3K path-
way such as Idelalisib and Co-
panlisib but also for inhibitors
of the Bruton-Tyrosin-Kinase
mediated signaling such as
Ibrutinib (14,15). Very interest-
ing results were also described
for Bcl 2 inhibitors such as
Venetoclax.

More mature data have already
been published for the im-
munmodulator Lenalidomid
which acheives high response
rates in second and even

first line therapy when being
combined with Rituximab (16).
This combination is currently
explored a a large international
phase Il study, the so called
RELEVANCE trial.

New Risk Factors

Several years ago the Follicular
Lymphoma Prognistic Index
(FLIPI) was introduced which
is based on clinical symptoms
and a few laborytory values.

TopuHr MRD TaKoke MOXeT 6bITb
MCMOMb30BaH ANst PaHHEro 06Ha-
PY>KEHWS PELMANBA W KOPPEKLMK
TepanesTUYeCcKon cTpaTerim.

ELe ogHMM MeTOOM SBRSIETCS
NO3UTPOH - 3MUCCUOHHAS TOMOrpa-
us (M3T), koTopas nokasbiBaeT
MeTab0MM4ECKYH0 aKTUBHOCTb.
AHxanornyno MRD, HeratuBHOCTb
UK No3uTMBHOCTL 3T B KOHLIE
WHOYKLMM acCOLMMPOBaHa C Bbl-
)KMBAEMOCTbH0 63 MPorpeccnpoBa-
HWS 3200N1EBAHNS U TAKXKE MOXKET
UCNONb30BaTLCS 4015 ONpeAeNeHus
TepanesTuyeckoro noaxoaa (11).

Hosble npenapatbl

Mo Mepe fanbHEeMLEro u3yyeHus
6uonorum OJ1, 6111 paspaboTaHsb
1 n3yyeHnbl Bo | v Il hasax k-
HUYECKNX UCCeS0BaHNI HOBbIE
nekapcTBeHHble npenapartbl. Cpeau
HUX — HOBbIE MOHOKIIOHAMbHbIE
aHtutena, Takue kak Ogatymymab
(Ofatumumab)(12). 310 aHTUTENO
06nafaeT BbICOKOW MOHOTEpanes-
TUYECKOI aKTUBHOCTbHO MPW peuy-
amee OJ1, HO He60NbLLIOK aKTUBHO-
CTbt0 Y NALUMEHTOB, pedhpakTepHbIX

DonnukynspHas niumcoma

Kk Putykcumaby. [pyrve antutena
Bo3aencTaytoT Ha CD 22 M CD 23, a
Taxe CD 80.

MHoroo6eLuatoLLmMmu npenapaTamm
ABNSAOTCA Bucneumnuieckme aHTu-
Tena, Takue kak bamHatymybam
(Blinatumumab), koTopble Hanpas-
neHbl npoTue CD 19 n CD 3 (Puc3).
B T0 Bpems. kaK HOBbIE aHTUTENa
BCE €LLe NPOXOAST paHHWe CTaanm
KIMHUYECKMX UcCneaoBaHui,
NOMy4eHO AOCTATOUHO HayYHbIX
[0Ka3aTeNbCTB 3PEKTUBHOCTH
WHrMOUTOPOB CUrHANBHOTO NyTW B -
KneTouHoro peuentopa (13).
MHoroo6eLuatoLme pesynbTaThl
ObINW NONyYeHb! NPU UCCNEL0Ba-
HUM MHTMOMTOPOB CUTHANBHOMO
nytv PI3K, Takux kak Mgenanu-
3u6 (Idelalisib) n Konannunauné
(Copanlisib), a Takxxe MHrMOMTOPOB
perynstopa curHaamHra TUpo3uH-
kuHasbl bpyTtoHa (Btk), Takux kak
N6pyTrHKG (Ibrutinib)(14,15).
Taxxe uHTepecHble pesynbTarthl
b1 NPOAEMOHCTPUPOBAHbI S
WHrnéuTopos Bcel2, Takux kak BeHe-
Toknakc (Venetoclax).

Bornee npoBeperHble AaHHble 6bln
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The FLIPI allows to distrimi-
nate between different risk
groups of patients with a good,
intermediate or poor outcome.
However, it has little value for
pretherapeutic decisions on
treatment strategies.

The recently developed so
called m7FLIPI, however,
incorporates specific molecular
alterations of prognostic rel-
evance and may allow to adapt
the treatment strategy accord-
ing to the individual risk profile
prior to therapy already (Fig. 4)
(17).

This short overview indicates
that major changes are cur-
rently ongoing in the manage-
ment of follicular lymphoma.
New agents will most probably
allow for novel chemotherapy-
free drug combinations and
will replace current standard
therapies in the near future. In
addition, new techniques such
as MRD and/or PET as well as
new biologic risk factors will
provide the means for less
toxic and individualized treat-
ment concepts.

THE JOURNAL OF MEDICINE FOR TH
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Follicular Lymphoma Perspectives
Risk Adapted Treatment Concepts

Different priorities:
+ distinct treatment goals
+ distinct treatment strategies

Fig. 4: Follicular Lymphoma Perspectives, Risk Adapted Treatment Concepts

Puc. 4: MepcnexTusbl B NeveHUy oMKy nSpHON MMOMbI: TepaneBTUyecKue

cTpaTerun ¢ y4eTom MHAMBUAYyanbHOro pucka

Prof. Dr. W. Hiddemann (MD)

0ny6MKOBaHbI MO MOBOAY UMMY-
HomogzynsTopa JleHanupomuaa
(Lenalidomid), KOTOpbIA NPOSEMOH-
CTPVpOBaN BbICOKWIA NOKa3aTenb
0TBETa BO BPEMS Tepanuu BTOPOiA
W [iaXKe NepBoM NIMHUKM B CoveTa-
Hum ¢ Putykcumabom (16). 3Ta
KOMOMHALMS B HACTOSILLEE BPEMS
n3yyaetcs 8o Il haze 60mbLLIOrO
MEX[yHapOAHOr0 1ccneaoBaHus,
koTopoe Ha3biBaeTcst RELEVANCE.

Hosble chakTopbl pucka
HECKOMbKO NET Ha3ag bbina paspa-
60TaH cuctema oueHkn MexayHa-
POAHBIN MPOTHOCTUYECKMIA MHAEKC
chonnukynspHon numcpomsl (FLIPI),
KOTOpast yuMTbIBAET KIIMHUYECKNE
CUMMTOMBI U HECKONBKO Naboparop-
Hbix nokasatenei. FLIPI nossonset
pacnpeienuTb NauMeHToB B pas-

Department of Medicine Il
University of Munich
Marchioninistr. 15

81377 Munich, Germany
Wolfgang.Hiddemann@med.uni-
muenchen.de

DonnukynsapHas numgoma

Hble rPYNMbl PUCKa, YTO NPEeLO-
npesensieT XOpOoLwUnii, yMepeHHbIiA
VAN NNIOXOWA MPOrHO3 3a60NEBaHMS.
[Mpn 3TOM OH UMeeT HeBObLLYIO
LIEHHOCTb ANS NPUHATUS Tepanes-
TUYECKOrO PELLEHNS Ui paspaboT-
Kn CTpaTerum neyeHus..

HepaBHo pa3paboTaHHbIi Tak
Ha3blBaemblii m7FLIPI yuuTbiBaeT
W onpegeneHHble cneunduye-
CKMe MOMEKYNSPHbIE U3MEHEHNS,
UMEIOLLME NPOTHOCTUHECKYHO
3HAYMMOCTb, W MO3BONSET KOPPEK-
TWUPOBATb CTPATErUIO NIEYEHNS B
COOTBETCTBUM C MHAMBMAYaNbHbIM
puckom naumenTa (Puc.4)(17).
OTOT KOPOTKMIA 0630p MOKA3bIBAET,
yT0 B Tepanuu OJ1 B HACTOALWMA
MOMEHT MPONCXOLAT 60NbLUNE W3-
MeHeHs. HoBble NekapCTBEHHbIE
CPEeACTBA NO3BONST NPOBOAUTL
APYTyH XMMUOTEpPanuo — €O CBO-
604HbIM COYeTaHWeM NpenapaTos,
W B 6rkaiiem ByayLuem n3me-
HST CYLLECTBYIOLUME CTAHAAPThI
NeYeHus.

Kpome TOro, Mcnonb3oBaHue Takux
MeTOA0B, kak MRD n / unn 13T, a
TaK>Ke HOBbIX 6UONOTrNYECKMX hak-
TOPOB puUCKa NO3BONUT NPOBOAUTL
MEHEe TOKCWYHYHO 1 6051ee NHAMBK-
[Lyanu3npoBaHHyto TEPanuIo.



Easy to operate — the new innovative Protega safety sides
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EVARIO

Product Profile

The Hospital Bed for all Requirements

The hospital bed Evario from
Stiegelmeyer is suited for all
units in the hospital thanks to
its intelligent modular system.
Different control options,
safety side systems, cas-
tors and headboards come
together to create a flexible
custom-made bed. The Evario
relieves staff with its effort-
less operation and its large
height adjustment range

from 32 up to 91 cm. Its clear
design and optional suitability
for automated reprocessing
provide excellent hygiene
characteristics.

The Protega safety sides can
be adjusted to the individual
needs of patients. The wings,
made of high-strength plastic,
can be raised only at the head
end or along the bed'’s whole
length. They can be released
with just one hand and lower
in a damped, quiet way.

The Protega’s elements at the

head end move along when
the backrest is adjusted and
also protect the patient in a
sitting position. The optional
% safety sides cover a large
part along the length of the
bed and offer high safety.
They are visually discreet,
provide the patient with an
unobstructed view and can
also be quickly operated with
just one hand.

When the Evario is equipped
with the Protega safety sides,
it can also be optionally fitted
with integrated control pan-
els. The panels face inward
with a simple and clear
display for the patient and
outward with additional op-
tions for nurses. The patient
is offered an intuitive choice
of basic adjustments while
the outer face enables staff
to choose between separated
control levels for carers and
technicians.
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NMBupb —
OCTPbIii KNy6eHb

- Hot

Tuber, Great

Effect

Ginger (Zingiber officinale) has
been chosen as the medicinal
plant of the year 2018 by NHV
Theophrastus (German Society
for the Promotion of Natural
Healing Methods).

The curative powers of gin-
ger were recognised as early
as thousands of years ago.
Chinese philosopher Confucius
(551- 479 BC) is said to have
eaten ginger with every meal.
In traditional Indian medicine, it
has always been a component
of many Ayurvedic medicinal
mixtures. Later on, the Greek
physician Dioscorides (1st
century AD), Hildegard von
Bingen (1098-1179), Paracelsus
(1493-1541) and Adam Lonitzer
(1528-1586) praised ginger in
their works.

Scientific studies confirm that
the ginger rhizome relieves
nau-sea and motion sickness
just as effectively as synthetic
drugs. Ginger stimulates the
bowel movement, promotes
saliva, gas-tric juice and bile
secretion and prevents feeling
of fullness after sumptuous
meals. Studies have addition-
ally shown that ginger reduces
pain and is therefore useful in

rheumatic diseases. Further-
more, anti-inflammatory and
antispasmodic effects have
been observed. Experience-
based medicine uses it for
colds and coughs, menstrual
cramps, back pain and mi-
graine.

Experience-Based Medicine
Worldwide

Ginger is one of the most
important plants in traditional
Indian medicine (Ayurveda).

It makes a distinction between
the effects of fresh ginger (e.g.
for nausea) and dried ginger
(e.g. for respiratory diseases).
According to an old Indian say-
ing, there is no tincture without
ginger. It is said to enhance the
healing effect of other plants.
In Malaysia, the forehead and
neck are rubbed with a slice of
fresh ginger to treat nausea,
dizziness and headaches.

In Indonesia, ginger and boiled
rice are crushed and used as a
poultice to relieve joint pain.

In China, the rhizome is known
in folk medicine as a remedy
for dropsy, toothache and as
an antidote against mushroom
poisoning. Chinese medi-

cine uses the ginger rhizome
roasted in hot ash for diarrhoea

Um6upb

C NneyeoOHbIM
addeKToM

M6upb (Zingiber officinale) 6bin
BblOpaH Hemeukum 06LLecTBOM
Mo pacnpoCcTpaHeHno METOA0B
Hatyponatuu, NHV Theophrastus
NexapcTBEHHbIM pacTeHnem 2018
rofa.

Liene6Hble caoicTBa MMOMPS Bbln
NPU3HaHBI Y>Ke ThICAYM NET Ha3aa.
Kutaiickui counocody KoHdpyumi
(551- 479 . 80 H.3.), FOBOPAT,
Cbeaan MMbMpb NPy KaKAOM
npueme nuwm. B TpaanumoHHoi
WHAMACKO MeNLIMHE OH BCerja
ObIN COCTABHOW YaCTbtO MHOMX
aropBean4eCcKMX NEeKapCTBEHHbIX
cmeceit. [Mo3xe rpeveckuii Bpay
[vockopug (1 Bek H.3.), Xunbae-
rapa ooH bunren (1098-1179),
Mapauensc (1493-1541) n Agam
JloHuuep (1528-1586) Bocxsansnu
“M6Mpb B CBOMX padoTax.

HayuHble nccnegosanns nog-
TBEPXXAAKOT, YTO UMOMPHbIIA KOPEHb
CHWAMAET TOLUHOTY M MOPCKYHO
6one3Hb Takxe apeKTUBHO, kak
CUHTETUYecKue nekapctaa. IM6upb
CTUMYNMPYET MOTOPWKY KWLLEY-
HWKa, CNOCOBCTBYET CMOHOOTAE-
NEHMIO, BbIPABOTKE XKENYAOUHOrO
COKa W CEKpeLn XXenyu, 1 npeaoT-
BpaLLAeT OLLyLLEHWE NOSHOTbI
nocne npuema 06uILHON NULLK.
Wccnenosanns Takoke nokasan,
YTO UMOVMPb YMEHbLIAET 60/b,

Mo3TOMY MONE3eH Npu peBMaTH-
yeckux 3abonesanusx. Kpome
TOro, Habntaanuch NPOTUBOBOC-
nanuTenbHble 1 CNa3MonMTUYecKne
ahchexTbl. MpakTnyeckas Meanum-
Ha UCMOMb3yET €ro Mpu NpPOCTYLe U
Kalune, MEHCTPyanbHbIX cnasmax,
601 B CMIMHE U MUFPEHM.

MpakTuyeckas MeavuuHa BO
BCEM MUpe

VIM61pL SBNSETCS OAHWM M3 CamblX
Ba)KHbIX PACTEHWUA B TPAANLIMOHHO
WHOMIACKO MenLMHe (atopBese),
KoTOpas pasnuyaeT adeKTsl
CBEXEro MMoupst (Hanpumep,

Mp¥ TOLLUHOTE) W BbICYLIEHHOrO
MMOVPHOTO KOPHS (Hampumep, npw
pecnMpaTopHbIX 3a601EBaHMSIX).
CornacHo cTapoi MHAUACKOM No-
roBopke, 6e3 M6upst He ObiBaeT
HACTONKW. [0BOPSAT, 4TO OH TaKXe
ynyywaeT nevebHblid ahdexT
APYrUX PACTEHMIA.

B Manaitauu nob u Lueto HaTuparoT
KYCOUKOM CBEXXEr0 UMBUPS Ang ne-
YeHWst TOLUHOTBI, FONIOBOKPY>KEHNS
W ronoBHbIx 60nei. B MHLoHE3NM
UMOMPHbIA 1 OTBAPHOW PUC U3MESTb-
4akoT M MCMONb3YKOT B KAYECTBE
npunapku ans obneryerns 60m B
cycrasax. B Kutae ato KopHesuLLe
W3BECTHO B HAPOJHON MEANLIMHE
KaK CPELACTBO OT BOASHKM, 3yOHON
601, M KaK NpoTUBOSAAME Npu
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and haemostasis. The nomads
of the Atlas Mountains in Mo-
rocco cook powdered ginger
in milk to create a remedy for
rheumatism.

Valuable Ingredients

The ginger rhizome contains up
to 3% volatile oil, which may
vary in composition depending
on the origin. It is found in the
secretory tissue underneath
the cork layer. Ginger should
therefore not be peeled, but
the cork should at most be
carefully scraped off.

The tuber contains the pun-
gent compounds gingerol and
shogaol. The latter is produced
only by storing and drying the
rhizome. Both pungent com-
pounds have beneficial thera-
peutic effects.

Spice

For use as a spice, it is worth-
while to test ginger of different
origins, because the varieties
have different tastes. Ginger
from Nigeria is said to be the
hottest, that from Australia the
mildest. Ginger can be added
to both hearty dishes, such

as soups, meat and fish, and
sweet dishes, such as pastries
and cakes.

Plant

The plant is native to the
tropical climate of Asia — how-
ever, its exact origin cannot be
determined. Ginger requires
high air humidity, moist soil
and half-shade. The spice and
medicinal plant is cultivated in
many tropical regions, espe-
cially in India and China, but
also in Queensland, Australia,
in Nigeria and Sierra Leone, in
Jamaica and in Peru.

NHV Theophrastus
www.nhv-theophrastus.de

oTpaBnieHns rpubamu. B kuTaiickoi
MeJuUMHE UMOMPb, dXapeHblit B ro-
psiveid 3051e, NPUMEHSIETCS NPOTUB
AMapeu u ans remocTasa.
KoueBHuku ATnacckux rop B
MapoKKO roTOBAT U3MENbYEHHbIH
UMOBMPb B MOMOKE, 4TO6LI MCMONb-
30BaThb Kak CPeACcTBO 0T peBMa-
TM3ma.

LieHHble UHrpeANeHTbI
KopHeBsuLLe MMOUpS COREPXXUT

10 3% 3h1pHbIX Macen, cocTas
KOTOpbIX BapbupyeT, B 3aBUCH-
MOCTY OT NponCXoXaeHns. OHu
HaxoAsTCs B CEKPETOPHON TKaHW
MPSMO MOZ4 KOXYpOid. [oaTomy
nepes ynoTpebneHuem ee cnemyet
OCTOPOXHO COCkabnmeaTh, a He
yaansaTb NOAHOCTbH. KnybeHb
COLLEPXKMUT Xryune Ha BKYC Co-
€MHEHNS TUHTEPON W LIOrao.
MocnesHuiAi MOXET BbITb NOMyyeH
TOMbKO MYTEM XPaHEHUS U CYLLKM
kopHeswwa. Oba ocTpbIX BeLLecTBa
06nafaroT NoNe3HbIMN NevebHbIMM
CBOMCTBAMM.

MpsaHocTb

[ing ncnonb30BaHms KOpHeBMLLA

B KQYECTBE CreLuy CTOUT NOMpo-
60BaTb UMBUPL PA3HOI0 MPOUCXOX-
AEHUS, NOTOMY YTO pa3Hble BUAbI
pacTeHnst 06NafatT PasnnyHbIM
BKYCOM. MIM6u1pb 13 Hurepum cunta-
€TCS CaMbIM OCTPbIM, 13 ABCTpanum

— CaMbIM MArKUM. IMOMPb MOXXHO
[06aBNSITb B BbICOKOKANOpUiHble
6ntoaa, Takue Kak Cyrbl, MSICO 1
pbiby, a TaKxe cnagkve 6nofa,
Takue Kak Bblneyka v NMposkKHbIE.

PacteHue

VIM6u1pb NydLue BCero nponspacra-
€T B TPONMYECKOM KiuMate Asum,
OLHAKO TOYHO OMPESENUTb ero
MPOMCXOXXAEHNE HE NPELCTABNSET-
€51 BO3MOXHbIM. IMBupL TpebyeT
BbICOKOW BNAXKHOCTYW BO3/yXa,
BAI2XXHOW NOYBbI W NonyTeHu. Kak
CMEeLMIo 1 NeKapCTBEHHOE pac-
TEHWe UMOMPb BbIPALLMBAKOT BO
MHOTMX TPOMUYECKMX PErMOHaX,
0c06€eHHO B MHann 1 Kutae, a
Takxe B KBuHcnenae, Asctpanuu,
Hurepuu 1 Cbeppa-JleoHe, Ha
Simaiike v B lepy.
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The healthcare sector is one of the world’s
fastest growing industries.

Whereas some countries are ambitiously
working on improving their healthcare
systems, patients throughout the world set off
to find the best possible medical treatment.

Whatever you are looking for in the medical
field — find it in the German Medical Online
Portal.

Get connected to the Leading Hospitals,
Medical Centers and Medical Specialists.
Find the Best Suppliers of Medical Equipment,
MedTech, Instruments and more.

With the access rate of more than 999.000

per month German Medical Online is a

leading medical business portal - a fascinating
global marketplace.
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Heidelberg University Hospital

One of Europe’s leading medical centers. World-renowned experts provide

comprehensive care in all medical specialties.

Department of Ophthalmology, Klinikum rechts der
Isar, TUM

diabetic retinopathy, retinal detachment, cataract, corneal
transplants, lasik and epilasik and more

Department of Orthopaedic Sports Medicine,
Klinikum rechts der Isar

knee shoulder and foot surgery, arthroscopy cartilage cell
and bone cartilage transplantation

Department Dermatology and Allergy TUM

Department of Dermatology and Allergy Biederstein,
Technical University Munich

Specialist Hospital Kloster Grafschaft

Specialist Hospital for Pneumology and Allergology

University Hospital for General, Visceral and
Transplantation Surgery

Experienced excellence center for abdominal organ
transplantation and surgical oncology.

Department of Pediatric Surgery, University Medical
Center Mainz, Germany

Neurosurgical Clinic, Ludwig-Maximilians-
University Munich-Grosshadern

Treatment of multimodal and brain tumours, vascular
malformations, paediatric, spine, neurosurgery.
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intermed 13.03. - 15.03.2018
9th International Exhibition of Medical Treatment Abroad

InterMed exhibition is a professional platform for the leading foreign clinics, medical and health
centres working or planning to work with Russian patients, as well as an effective tool for ex-
panding the agent network in Russia. InterMed exhibition offers important opportunities: meet
directly with potential patients and demonstrate the benefits of treatment in your clinic/centre,
find new partners and establish business contacts with new clients, strengthen company's
position in the Russian market of treatment and rehabilitation, assess the competitiveness of
the company’s services and the demand for them, raise brand awareness.

For more information please visit: www.intermedexpo.ru

IMF International Medical Forum 25.04. - 27.04.2018

Healthcare Travel Expo,
International Exhibition of Medical Tourism
Kyiv, Ukraine

For more information please visit: medforum.in.ua

KIHE
25th International Healthcare Exhibition 16.05. - 18.05.2018
Atakent Exhibition Centre, Almaty, Kazakhstan

For more information please visit: www.kihe.kz

Iran Health 19.06. - 22.06.2018
International Exhibition
Teheran, Iran

For more information please visit: en.iranhealthexhibition.org

Medical Fair Asia 29.08. - 31.08.2018
12th International Exhibition
Marina Bay Sands, Singapore

MEDICAL FAIR ASIA is well positioned to be the No.1 procurement stage for industry profes-
sionals to experience new and innovative technologies, solutions, products, and services.

At the 2018 edition, new disruptive digital healthcare solutions such as remote and wireless
healthcare, IT platforms, wearable devices, smarter medicine and healthcare analytics are also
expected to be showcased by participating exhibitors. Focused on equipment and supplies for
the hospital, diagnostic, pharmaceutical, medical and rehabilitation sectors, the event contin-
ues to raise the overall capabilities and spur the growth of the region’s medical and healthcare
sectors to meet the changing demands in both the public and private sectors, driving the next
wave of healthcare modernisation.

For more information please visit: www.medicalfair-asia.com
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SAUDI&xpo

THE SAUDI INTERNATIONAL MEDLAB EXPO
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INTERNATIONAL
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Medical Manufacturing Asia 29.08. - 31.08.2018
Marina Bay Sands, Singapore

State-of-the-Art Technologies and Solutions for Medical Technology

For more information please visit: www.medmanufacturing-asia.com

Oman Health Exhibition & Conference 24.09. - 26.09.2018

Oman Health Exhibition & Conference is an annual international trade event that highlights the
rapid and continuous advancements of the health and medical sector in Oman. It is a common
platform that brings together different segments of the health and medical industry to explore
new opportunities, showcase the latest technologies, services and facilities, and leverage
potential for trade and investment.

The Conference is aligned with the government’s Health Vision 2050 and aimed at addressing
the challenges as well as discussing initiatives to improve the sector.

The event was granted "“UFI|-Approved Event status” by UFI-The Global Association of the
Exhibition Industry in 2012.

For more information please visit: www.omanhealthexpo.com

BIHE
24th Azerbaijan International
Healthcare Exhibition 01.11.-03.11.2018

BIHE, the largest healthcare event in the Caucasus and the only specialised exhibition in
Azerbaijan, is a wonderful opportunity to present your medical products and services to the
region, find new potential partners and strengthen existing connections, expand and enter
new emerging market.

BIHE proved to be a launch pad into the Azerbaijan market for many companies. The exhibition
includes a number of additional events, including conferences and workshops.

For more information please visit: www.bihe.az

The Saudi International Medlab Expo 19.11.-21.11.2018

Riyadh International Convention and Exhibition Center
For more information please visit: www.saudimedlabexpo.com

Saudi International Pharma Expo 19.11.-21.11.2018

Riyadh International Convention and Exhibition Center
For more information please visit: www.saudipharmaexpo.com



inte rmed 13-15 March 2018
Expocentre Fairgrounds, Moscow, Russia

9t International exhibition

of medical treatment abroad

Visitors:

potential patients,
representatives of Russian p ]
medical centres, insurance ’ 2 Exhibitors:
companies, charitable ’
funds and specialised
travel agencies

clinics and healthcare
centres from
all over the world

I Book your stand:
intermedexpo.ru

Organised by:

i +7(812) 380 60 06/00 °
“ﬂ primexpo med@primexpo.ru Within the Mm

intermedexpo.ru International exhibition



Medical & Rehabilitation Equipment & Supplies

2931 Aug 2018

Growth.

It comes when medical
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