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Abstract

Background: This study reviews the literature on gastric metastases
(GM) in terms of diagnosis, treatment, and outcomes. The goal of this
study was to provide clinicians with a reliable and beneficial source to
understand gastric metastases arising from various primary tumors
and to present the growing literature in an easily accessible form.
Methods: Articles published in English language from implementation
of MEDLINE and Cochrane databases until May 2022 were considered
for the systematic review. Articles other than English language, letters
to the editor, posters, and clinical images were excluded.
Hematogenous and lymphogenic metastases were included whereas
direct tumoral invasion and seeding were excluded. Articles and
abstracts were analyzed and last selection was done after cross-
referencing and by use of defined eligibility criteria.

Results: In total 1,521 publications were identified and 170 articles
were finally included totaling 186 patients with GM. The median age of
patients was 62 years. Gynecologic cancer was the most common
cancer type causing GM (67 patients), followed by lung cancer (33
patients), renal cancer (20 patients), and melanoma (19 patients). One
of the main treatment methods performed for metastasis was
resection surgery (n=62), sometimes combined with chemotherapy
(ChT) or immunotherapy. ChT was the other most used treatment
method (n=78). Also, immunotherapy was amongst the most
preferred treatment options after surgery and ChT (n=10).
Conclusions: As 172 case reports were screened in the systematic
review from different journals, heterogeneity was inevitable. Some
articles missed important information such as complete follow-up or
clinical information. Moreover, since all of the included articles were
case reports quality assessment could not be performed. Among 172
case reports reviewed, resection surgery was performed the most and
was sometimes combined with ChT and immunotherapy. Further
research about what type of treatment has the best outcomes for
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patients with gastric metastases is needed.
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Introduction

Metastases to the stomach are rare conditions with poor prognosis that may present with both gastrointestinal and
systemic symptoms, such as loss of appetite, abdominal pain, fatigue, nausea, and vomiting, with a reported incidence of
0.2-0.7% based on clinical and autopsy findings." Gastrectomy is thought to be the only potentially curative treatment for
metastatic gastric cancer but the primary site of the tumor is also considered along with the type and grade of the tumor
when planning treatment in gastric metastases. Therefore, chemotherapy is also an option for patients with higher grades
and multi-focal cancers. This study reviews the literature on gastric metastases in terms of diagnosis, treatment, and
outcomes. The intended goal of this study was to provide clinicians with a reliable and beneficial source to understand
gastric metastases arising from various primary tumors and to present the growing literature in an easily accessible form
by reviewing the case reports of different primary tumors separately with consideration of diagnosis, treatment, and
clinical presentation which may vary from patient to patient depending on primary site of the tumor.

Methods

This systematic review adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.'’* A computerized literature search through MEDLINE/PubMed and Cochrane databases was conducted
until May 2022.

The following combination of keywords was used for the search: ({ ({ gastric (MeSH Terms)} AND {neoplasm metastasis
(MeSH Terms)}) OR (gastric metastasis)} OR {gastric metastases}) OR (metastasis to the stomach). The search was
limited by filtering for “free full text” and “case reports.” After the decision of inclusion and exclusion criteria by the team,
two of the reviewers independently screened and retrieved each report.

Hematogenous and lymphogenic metastases were included whereas direct tumoral invasion and seeding were excluded
from the study. Articles other than the English language, letters to the editor, posters, and clinical images were excluded.
After the studies were screened and separated based on the inclusion and exclusion criteria, reviewers were divided to
groups based on primary tumor location. Each group contained two reviewers to collect the data from studies of its
specific location for example metastasis from gynecologic cancers or lung cancers.

The following data were extracted from the databases: first author, number of cases, age, sex, site of the primary tumor,
histology and treatment of primary tumor, treatment of metastasis, clinical presentation of gastric metastases (GM),
synchronous or metachronous GM, the time between primary and secondary GM, diagnostic procedures, other
metastasis, and overall survival.

Since the study only contains screening of case reports, assessment of bias risk was not performed and thus it is mentioned
as a limitation of study in discussion section.

Results
The PRISMA flow chart below illustrates details about data collection (Figure 1).

In total, 1,521 publications were identified and 170 articles were finally included totaling 186 patients with GM
(101 female and 85 male). The median age of patients was 62 years (IQR: 55-70.5). Gynecologic cancer (including
breast cancer) was the most common cancer type causing GM (66 patients), followed by lung cancer (33 patients), renal
cancer (20 patients), and melanoma (19 patients) (Figure 2). Results are presented below according to the origin of the
primary tumor. The main treatment method performed for metastasis was resection surgery (n=62, total, subtotal or
partial gastrectomy, proximal gastrectomy, radical total gastrectomy with Roux-en-Y, wedge gastrectomy, and laparo-
scopic resection of gastric metastasis), sometimes combined with chemotherapy (ChT) or immunotherapy. Chemother-
apy was the other most used treatment method (n=78). Also, immunotherapy was among the most preferred treatment
options after surgery and chemotherapy (n=10).

Gynecologic cancer

The median age of the 66 patients was 57 years. In total, 46 cases had metastases other than GM. Bone was the most
common site of metastasis. Five cases had no other metastases. The total number of cases in the breast group was 54, and
one of them was a male patient. The median age of the breast group is 56, the youngest patient was 36 years old and the
oldest patient was 84 years old. Invasive lobular carcinoma (ILC) had the largest number of patients in comparison to
ovarian and uterine groups. A total of 31 patients presented with ILC. The ovarian group had nine patients; the median age
was 61 years. The oldest patient was 73 years old; the youngest patient was 47 years old. The uterine group had two
patients with ages 49 and 80 years. In most cases, systemic therapy was more effective than surgery. Surgical treatment
had arole in palliative treatment. As a systemic treatment, chemotherapy was the most utilized treatment. Overall survival
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Figure 2. Pie chart demonstrating percentages of primary tumor sites of patients with metastasis to stomach.
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was given in only 25 cases and ranged from a few days to nine years. Six of the total patients are still alive. Table 17
summarizes the findings of included studies regarding gynecologic cancers.

Gastrointestinal cancer

Median age of the 16 patients (11 male, five female) was 69 years, ranging from 22 years to 85 years. Overall survival of
the seven patients whose data were given ranged from two months to 16 months. Although, there were six cases who were
still alive and the survival of three cases was not reported. Among histological types of gastrointestinal cancers,
adenocarcinoma (Adeno Ca) was the most common cancer type (seven patients), followed by hepatocellular cancer
(HCC) (four patients) and squamous cell carcinoma (two patients). Endoscopy is the most frequently used method in the
diagnosis of metastases. Methods such as computer tomography (CT), positron emission tomography and computed
tomography (PET-CT), and endoscopic ultrasound were also used for diagnosis. One patient underwent laparotomy and
biopsy. According to this research nine of these patients had surgery. Transcatheter left gastric artery embolization was
performed in one patient. On the other hand, seven patients received chemotherapy and one patient had palliative
radiotherapy. Nevertheless, one patient is unknown. Findings regarding gastrointestinal cancers are summarized in
Table 2”772

Lung cancer

The median age of the 33 patients (25 male, eight female) was 62, ranging from 39 years to 78 years. Twenty- seven of the
total cases had other metastases in addition to gastric ones. The survival time of the 22 patients whose data were given
ranged from two weeks to 30 months. Yet, there were two cases that were still alive four and five years after metastases
were found, respectively. Among histological types of primary lung cancers that lead to gastric metastases, adenocar-
cinoma was the most typical diagnosis (13 patients), followed by small cell lung cancer (SCLC) and squamous cell
carcinoma (SCC). Regarding the treatment of GM, different combinations of chemotherapy were the most common
choice (15 patients). On the other hand, seven of the total cases received surgical treatment (one esophagogastrostomy,
two total, and four partial gastrectomies). However, since one patient’s metastasis was diagnosed after an autopsy, he
could not receive any gastric treatment. Moreover, one patient refused any metastasis treatment, while six other cases’
treatments are unknown. Data pertaining to GM originating from primary lung cancers are summarized in Table 3.7~

Malign melanoma

The median age of the 19 patients (seven female, 12 male) was 67, ranging from 28 years to 89 years. In 16 patients, other
organ metastases were also discovered in addition to malign melanoma. Overall survival was not mentioned in 10 cases.
Two of these cases deceased two and four days after hospital admission respectively, and one patient died after a year.
Moreover, one of these patients was alive at five years, and another was alive at six months. Overall survival of three cases
is three, 27, and four months, respectively. One of these patients refused treatment, and one of them did not receive
treatment. However, immunotherapy was applied to six patients, surgery to five patients, radiotherapy to two patients,
and only supportive treatment to three patients. In addition, the treatment of GM was not mentioned in three cases. Table 4
summarizes the findings of included studies regarding malign melanoma.'%*="*'

Urogenital cancers

The median age of 20 patients (11 male and nine female) with kidney cancer was 68.5 years old. A total of 11 patients had
metastases other than GM. Overall survival was mentioned only in four cases and ranged from two months to one year.
One of the 20 patients did not receive any therapy for GM, whereas 13 patients underwent surgical treatment (four
endoscopic mucosal resections, nine gastrectomies), four patients had chemotherapy and one patient was treated with
radiotherapy. Regarding prostate cancer, the median age of the affected individuals was 67 years old. Concerning the GM
treatment four patients received chemotherapy, one patient underwent mucosal resection, and one patient refused
treatment. Overall survival was mentioned for three patients ranging from four months to 19 months. All four patients
with testis cancer had other metastases and two of them received chemotherapy. One study included bladder cancer
without other metastases and the patient was referred to palliative care. Data pertaining to gastric metastases originating
from primary urogenital cancers are summarized in Table 5.7'+'%*~"%!

Others

The median age of the four patients with Merkel cell carcinoma was 73 years old. Two patients had other metastases in
addition to GM. Three patients underwent surgery, chemotherapy, and radiotherapy, whereas one patient was treated with
chemotherapy and radiotherapy. One patient with squamous cell carcinoma had other metastases in addition to GM and
received chemotherapy and radiotherapy for the primary tumor.

Regarding bone cancers (n=3) one of the patients was 14 years old and stood out as the youngest patient in this group.
Concerning the GM therapy, one of the patients with a known treatment underwent surgery and chemotherapy the other

Page 5 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

uonuaIsIp
|euiwopge
‘Ssaulapual

asnyip
‘ured jeuiwopqy

S/N

sso| 3ybiam
‘A1anes Aluea
‘110JWO0dSIp
clysebids
‘easneN

Aanes Ajues

‘'sso| 1ybram
'SSQUISIEOH

J92|n paieloyiad

adoouAsaid
‘eUsaN

S/N

elwsuy
‘buipas|q dLiseb
‘eibjesysebids

110JWO0dSIp
J1sebid3

Buniwon
‘'sso| 3ybram
‘eisdadsAQ

JnewordwAsy

eisdadsAp
‘eibeydsAq

IND
Jo uonejuasaid
jesi

S/N

Awoyanseb |pr01gns

Awolranseb jeyol

uw

S/N
14D

S/N

1UD aAneljjed

V/N

S/N
Adeiayl surpnopu]
14D

sisejsejawl
JO juswjeal |

Adesayy suowuoy ‘1yd

Adesayy suowioy ‘1yd ‘14
ueAn(pe ‘UoISIXa |eJ07

apou ydwiA Aiejjixe
1ybu pue iseauq ybu
10} A19buns aAeAIBSUOD
‘1¥ ‘1YyD Juean(peosN

1¥ ‘1YD ‘adueles)d
Aejjixe ‘Awioldaisew 1a

1Y juean(pe
‘Awoldaisew >pdejAydoud
19| ‘Awoldaisew
pauipow 1ybry

14D

14D
‘14 3ueanfpe ‘Awoidadwn]

14D aAneljjed

V/N

Adesayy supopua
jueAn(pe ‘Awoldauspe
ydwiA| Aiejjixe

13| e yum Awoldaisew
‘14D ueanfpeoaN

14D ‘Awodauspe ydwaA|
Kue|jixe pue Awoyalsen

14>

Aiewid jo yuawyeau)

ed Jejnqon

2dA3 [epads
0U JO BD dAISBAU]

e) JejngoT

e Jejnqon

e) |eIdng
e) |enq

e) [eng

e) JejngoT

eD Jejnqon

e) |edng
e) |edng
e) Je|ngoT

Kewnd
jo adfy ABojoasiH

*siasued 3160]023uAb wouy siseiseraw Buipaebaa erep ayl buizeaisn||r °| 3|qel

1sealg

1sealq a1

1sealq ybry

1sealq Yo

1sealq ybry

1sealg

1sealg

1sealq ybry

1sealq
|esa3e|g

1se9.4q 137
1sealg

1sealg

Jowin)
Krewnd
jo aMs

k| €9 l
k| [ l
4 (0]74 l
4 VA l
k| 89 l
4 1S l
k| 0S l
k| 09 l
4 9 l
k| Ly l
gl LL l
k| 9 l
sased

X3S aby jooN

<23
yejiepqy

2. ’1e¥w
JIA0SEINY

183
eJlaxIa ]

0 1832
yeljeueH

Slew
yawyaN

RERE
ojoweyQ

/e
uosuyof

1819 1qef

~'le 3 bueyz

e 19 ulesny

A BE]
ageueiep

e
siasno4

Joyine 3s.i4

Page 6 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

elbeydsAp
'sso| 1ybIiap

uled |euiwopqy

eIxaloue ‘easneu
‘uled |eujwopae
RUIIEN

eisdadsAQ

S/N

uswiopqy 9Indy

Buniwon
‘easneN

uoneJsoyiad
JIsen

ured yoewois

BUSRW ‘BlWAUY

IND
Jo uonejuasaid
|eatutdy

14D ‘uoisidxa Aejjixe 3|
‘AwoydsuapeydwA| za
yum Awoidanseb jeisig

1u> juean(pe
‘uonoasad didodsouede

V/N

Adesayy suowoH

Awoldanseb
JenJed ‘1ydueanfpeosN

14D

‘uonetoyiad diseb 01
anp AwolaJiseb 1o

V/N

uonesoysad siseb 01
anp Awolaiseb |e1o|

S/N

1Y ‘A1abuns uoisipx3

sisejselawl
JO juswjeal |

Adesayy
suownoy ‘1Y ‘1Yd ‘uolisa|
1Se3.q JO UOISIIX3 dPIM

Awoyauswo

|e101 ‘AwoldauapeydwA|
Jiioeeded

pue Jinjad ‘Awoldaioydoo
-obuid|es |esa1e|iq
‘AW01094315AY |BI0 ]

Awoidraioydoo
-obuidies |eiaieiq
‘AW01094315AY |BI0 ]

Adesayy suowioy ‘I1y ‘14D
ueAn(pe ‘Awoldsisew a7

AworsuapeydwA|
J1Joe-eled

pue JiAj2d ‘Awoldalioydoo
-obuidies |eiaieiq
‘AW01094315AY |BIO |

V/N
143

‘[pe ‘uoisipxa sapou ydwi|

[2Unuas ‘Awoldse|n

14 ‘14D
jueAn(pe ‘Awoldaise

14 ‘14D uean(pe
‘AwoydsuapeydwA|
Kiejjixe ‘A1abuns
Buiniasuod-1sealq a7

1Y ‘uolIspXa
|e20] Jowin} JUd.4uNdaJ
Joj Awoydsisew 10|

Arewnid jo Juawyeau)

e) JejngoT

ewoulniedouapelsio
SNoJas uelienQ

Jowiny (|92
esolnuelb ueLiearQ

e) JejngoT

edy |elawopuy

e) |e1nqg

e Jejnqon

e) JejngoT

e) |edng

slowny sapojjAyd

Kewnd
jo adfy ABojoasiH

1seaiq Yo

Aenp

Aenp

1sealg

wnswopul

1sealg

1sealg

1sealg

1sea1q 39

isealq }o1

Jowin)
Kewnd
jo 3Ms

'EN

89

Ly

09

8

[44

[44

€8

19

L9

8

aby

<1819
L ueysng

L ..buex

L 1239 ey

I '3 Jewsy

L eI

l N =R EPET)
s 1839

L wa-pn-Ayon

5, 1839
L ejonnIo aqQ

L ., 'le1e buey

L ,oewenn

sased
JOON oyjine jsii4

panupuo) L 3jgel

Page 7 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

JnewordwAsy

cnewoldwAsy

uoISUdISIp
|eulwiopge
‘eus|jawl

‘ured jeuiwiopqy

BuniwoA sno
-Uuou ‘PoJuwodsIp
J1asebidy

eisdadsAp
‘ured >13sebidy

Sso|
ybram ‘Buniwon
‘uied cLisebid3

sso| 3ybiam
‘uled |euiwopqy

S/N
sso| 1ybiapm
S/N

IND
Jo uonejuasaid
|eatutdy

14D ‘AwordsuspeydwA|
‘Awoldaliseb |eroigns

1YD ‘uondasal
yoewoss |eyoigns

14D anneyjjed

14D

AworauapeydwA|
‘sisowolseue [ yloJj|ig
yum Awoidanseb jeisig

anbiuydan

doo| xnoy e yum
Awoisoun(afobeydosa
‘AwoldsuapeydwA|
‘Awoydanseb [e1o)

14D
juean(pe ‘Awoldanseb
[e101 ‘14D 3ueAn(peoaN

14D
V/N
S/N

sisejselawl
JO juswjeal |

14D juean(pe
‘AW0)I33UBWO |80}
yum AwoidauspeydwA|
‘Awoydaloydoo-obuidjes
yum Awo1da491sAy [e10]

14D aAneljjed

14 Juean(pe
‘Awoydaisew [edipel
payipow yseslq ya

1YD 1uean(pe ‘Adesays
UOIIBAIRSUOD ISealg

1yD uean(pe
‘A196.ans andNPaI0If)

9]|0Z0J}97

1Y ‘Adessyy suowioy ‘14>

14 ‘1Yd ‘Awoldeisew
|eaiped ‘14D JueanpeosN

V/N
1YD ‘1Y ‘Awordadwind

Arewnid jo Juawyeau)

BeJY/ SN0JaS

©) Je|Ngo| SAISeAU]

D |e12NP SAISEAU]

BD B3NP SAISAUT

B2V SN0J3S

e Je|ngo| SAISeAU]

) Je|Ngo| SAISeAU]

e) JejngoT
edy JejngoT

edy JejnqoT

Kewnd
jo adfy ABojoasiH

Keno

1sealg

1sealg

1sealg

Aenp

1sealg

1sealg

1sealg
1sealg
1sealg

Jowin)
Kewnd
jo 3Ms

'EN

89

Ly

19

99

€L

99

85

SS
9
14

aby

L e 39wy

oe B39
L 1[9pa435

Z e Aueys

BBE]
F onm:@s:

L ,-1e 19 eLoq

I e eyng

l clewulf

z - 1238 bueyz

sased
JOON oyjine jsii4

panupuo) L 3jgel

Page 8 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

suoyad
pazijesauab
‘Ssaulapual
punogaJ
‘uswopge aINdy

110JW0dsIp
J1sebid3

sso| ybram
‘eibeydsAp
aAISsalboud

ured >ysebids
'sso| 1ybiam

JnewoldwAsy
siayseb suoayd

Sso|

1ybiam ‘ejwiaue
JnAoowou
‘|003s 95007

JnewolrdwAsy

Sso|
yb1am ‘sisawd
|elpueadisod e
‘sured c1psebids
‘SISOU)Ss JLI0JAd

eisdadsAq

IND
Jo uonejuasaid
|eatutdy

Adesayy suowioH

14D

14 °1Yd

Adesayy suow.oy
‘UOI3dNIISUOIDI
A-Ua-Xxnoy

yum Awoidanseb jeyol

anbjuydan

9500] XN0Y YIm
Awoisoun(afobeydosa
‘14 AwoidsuapeydwA|
‘Awoydanseb [e1ol

|oxey|ded

14D

Awolanue Jlisen

144D

jueAn(pe ‘Awoldsiusawo
‘'Xnoy A se padeys
1noAe| Jnowoiseue

‘za AwolsuapeydwA|
‘Awoldaliseb |eroigns

Kdesayy
auowJoy ‘1Y) 3uean(pe
‘Awoydanseb [ejol

sisejselawl
JO juswjeal |

14 uean(pe
‘'UOIS|IX3 |BD0] IPIM

14D

uajixowel ‘1y
‘1YyD yuean(pe ‘uondassip
Kae|jixe ‘Aworddisen

1 ueAn(pe ‘uondassIp
KJe||Ixe ‘UoIS|IXa [B20] PIM

Adesayy
auouwlioy aAnesadolsod

K1abuns buiniasuod-Isealg

Adetsyy suowsoyuean(pe
‘14 3ueanlpe ‘1yd ueanfpe
‘3duelea)d Aejjixe

Z 1973 ‘Awoydaisey

14D juean(pe
‘A196.4Nns aA1ldNPa10ILD
Bunyingap [ewndo

14YD ‘Aisbuns

Adesayy suowsoy
‘14 3ueanlpe ‘1y> ueanfpe
‘Awoydeiuelpend

Arewnid jo Juawyeau)

©) Je|Nqo| SAISBAU]

JDdS

eJ Je|nqoT

ed Jejnqon

e) JejngoT

D |eIINP SAISBAU]

) Je|ngo| SAISeAU]

B2V SN0Jas

20S

©) Je|Ngo| SAISeAU]

Kewnd
jo adfy ABojoasiH

1sealg

1sealg

1sealg

1sealg

1sealg

1sealg

1sealg

fenp

14930 XIAISD

1sealg

Jowin)
Kewnd
jo 3Ms

'EN

L

514

0L
VL

29

(94

LS

aby

sased
J00N

0,12 39 Buom

o 1232 WIA

e 18 32 sauof

1< 139 EINiD

om._m Jo eleH

<1833
A31yd3D

»eOCIN
pue noyz

mm._m 13
uenop|o

zc'18 19
Sopueula

oyjine jsii4

panupuo) L 3jgel

Page 9 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

JnewordwAsy

uled o1nsebids
‘easneN

uled o1iysebids
‘elbeydsAq

uled o1iysebid3

Sso|
yb1am ‘Buniwon
‘ured jeuiwopqy

uolsa|
3AIS0JD 184

uoIS3| J130UIS
‘pajesad|n
‘aAne YUl

uone|yul
asnyIg

Buipaa|q Jofew
‘UoIS3| paletad|N

uied o1isebids
‘SiIsawaleWaH

IND
Jo uonejuasaid
|eatutdy

Adeiayy suowuioy ‘1yd

Adesayl suowuoy ‘1Y

14D

V/N

14D

134>

14D
134D

Awoydanseb [ejol

sisowolseue
Awoisoun(afobeydosa
A-UD

-XNoy Yim Awo1daiisen

sisejselawl
JO juswjeal |

14D ‘Awodeiuswo
‘Awo3da10ydoo
-obuidjes |esa1e]1q
‘AW031234315AY |e10 ]

14 ‘14D uean(pe
‘AwoydauapeydwA|
‘Awoydeiuelpend

1yD uean(pe
‘AwioyddIsew 13| |edipey

14D juean(pe
‘AwoldsuapeydwA|
Jin19d ‘Awoydaloydoo
-obuidjes |esa1e]1q
‘AW031231315AY |e10 ]

1u> uean(pe
‘AwoydauapeydwA| dinjad
‘Awoldaloydoo-obuidies
|eJa3e|iq ‘Awo0123191sAH

Adesayy suowuoy ‘1Yo

Adesayy suowuoy ‘1Yo
Adeiayy suowuoy ‘1Y ‘1yd

Adesayy suowuoy ‘1yd

Adeiayy suowuoy
jueAn[pe ‘UoISSIp
Aejjixe 939)dwod
‘Awoldaisew [e1o]

Arewnid jo Juawyeau)

BeJy SN0JasS

©) Je|Ngo| SAISBAU]

V/N

erOu\_m.mO\AC\_O_mn_

Bely SNoJas

£D B3NP SAISAU]

£) |e1oNP SAISBAU]
©) Je|NQO| SAISBAU]

©) Je|Nqo| SAISBAU]

D |212NP SAISBAU]

Kewnd
jo adfy ABojoasiH

Keno

1sealg

1sealg

11931N XINI2D)

Aeno

1sealg

1sealg
1sealg

1sealg

1sealg

Jowin)
Kewnd
jo 3Ms

'EN

89

0L

08

6

(sbe ueaw
ay3) 99

(sbe uesaw
ay3) 99

(abe ueaw
ayy) 95

(sbe ueaw
ay3) 99

59

aby

e
L 1yanbnzi

v B39
L uewzno ejjiA

€ 1839 0[InZ

2 1839
¥ sepueuIa

L, 1e3ennmy

sased
JOON oyjine jsii4

panupuo) L 3jgel

Page 10 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

SSO|
yb1am ‘Buniwion
‘eayJielp
‘easneN

Anpibu
|euiwopge
Jaddn
'Ssaulapual
cLsebids ‘uied
Jap|noys 13|
pue >isebid3

elwauY

eusjpw ‘elwsue
‘ssaulzzig

SsO|
ybiam ‘A1anes
AlJes ‘1ojwodsip
clsebids
‘uonsabipul
‘eIX2J0UR
‘eisdadsAq

uled jeujwopge
‘Buniwion
‘easneN

uled jeujwopge
‘Buniwon
‘easneN

uled jeujwopge
‘Buniwon
‘easneN

uled jeujwopge
‘Buniwon
‘easneN

IND
Jo uonejuasaid
|eatutdy

V/N

Lu> anneyjed
‘Adesayy sauow.oy
‘Awolsousponpoiseb
sidodsosede| annel|jed

14D

uol1eZ1I3INED YUM
siseysoway didodsopug

14D

14 °1ud

14 °1ud

14 14D

14 '1Yd

sisejselawl
JO juswjeal |

1YD ‘Adeusy o1wia1sAs

1Y ‘Adesayy suowuoy ‘1yd
ueAn(pe ‘Awoldsisew a7

14D

Awoidaisew [e1031 3ybu
‘1Y ‘AwordauspeydwA|
Kae|jixe ‘Awordadwin| 1ybry

14 uean(pe ‘1yd
wueAn(pe ‘Awoldsisew

[ed1pes payIpoN

AworauapeydwA|
yam Awoidaisew |edipey

V/N

AwoisuapeydwA|
yum Awoidalsew [edipey

AwoisuapeydwA|
yum Awoidaisew [edipey

Arewnid jo Juawyeau)

©2V |BIINP BAISBAUL

D |EIINP SAISeAU]
edy bul 10ubis

Jowiny sapoj|Ayd

e Je|ngo| SAISeAU]

e)
Bunesiur Jejnqo

e) bunenyiyul [e19NQ

ed
Bunesyiyur Jejngo
PXIN

Kewnd
jo adfy ABojoasiH

1sealg

1sealg
1sealg

1sealg

1sealg

1sealg

1sealg

1sealg

1sealg

Jowin)
Kewnd
jo 3Ms

'EN

09

i4
99

144

99

9t

Ly

LS

aby

,fequon
L pue Jabiipy

om._m 19
L Alenni

L .lewueyy

—

¢ 1833 104D

WIA

v 5’18 3@ Jnowlf

sased
JOON oyjine jsii4

panupuo) L 3jgel

Page 11 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

UoII3sSIp Zd pue A-ua-xnoy

yum (14D 3ueanfpe paulrap) (LYD yuean(pe pauidsp) B2V palenuaiajip 65991
JnewoldwAsy Awoldaaseb [eo01 [edipey Awo1d3]j001WaY 1yb1I papuaix3y A|o1819pOIN uoj03 1ybry N 8 L pue 291
edYy dAISeAUl sealued s 121
uted Ny 14D 14> pajenuaJapip Aood 40 peaH 4 YL l Buea
e) buu
-12ubis Jo Jusuodwod
eIxaioue jenJed e yum eoy uo|od
‘elwauy 14D 1 pajenuaJaylp AJood  3sisAsuel] 4 9 L ,c1eiemp
D jo Jowny
uonejuasaad Krewad frewnd sased Joyine
|ea1uld sisejselaw Jo Jusawileal] Aiewid jo Juswieas) Jo adfy Abojo3siH Joayls xas oaby joonN Is414

*si9dued |eurysaljuiosiseh woly siseyseraw buipaebau eyep bunensnjr ‘z ajqel

‘uoneJidse a|pasu-auly :¥N4 ‘Adodsousponpouisebobeydosa :go3 ‘snouoydeiaw I3\ ‘SNoU0IYdUAS :UAS L103dadad suoldisaboud :yDd L1ordadas Jo3de) ymmolb jewspids
uewny :y3H “oidadas usbouiss :y3 ‘sewouiniedouape |19 Bui 12ubis :3HYS ‘Adessyrowayd ;1Y) ‘Adessyiolped ;1Y ‘siseiseraw d1Iseb (AD ‘ewoulned (|33 snowenbs :))S ‘ewouidied :e) euouDIed0uspe (edy

Page 12 of 31

SSO|
1ybiam ‘Ayanes
AlJea ‘Buniwon

‘easneN

uled o1isebidy

uonsabipul ‘uied
pue 10jWodsIp
|euiwopge
Jaddn

uled ypeg

eisdadsAg

Wo
Jo CO_HGHCUWOLQ
[eaund

JuL3s JojAd aanel|jed

1ud
‘AwoydsuapeydwA| za
‘sisowoiseue 1 Yyrod||ig
yum Awoidanseb
|e103gns [edipey

1YD d1wsAs
ua1s |euapong

14D
14D

sisejsejawl
JO juswjeal |

Adesayy suowoy

‘18 ‘LYD ueanfpe
‘Awoldaisew |elale|ig

14 ‘1YD ‘Awordaisew
|edipeJ paljipow |etajejlg

AwoydauaspeydwA|
‘K1abins
Buiniasuod-1sealq ybry

UoI129s3J |eIUBWIO
|enJed ‘AwoldauspeydwA|
Ji3oe-eled

pue diA[d ‘Awo1da431sAY
9|dwis ‘Awoldaioydoo
-obuidjes |esa1e|1g

A1abuns andNpaJtoIfo ‘1yd

Arewad jo yJuawieau)

eD Je|nqo| SAISeAU]

©) Je|Ngo| SAISBAU]

©) Je|NQo| SAISBAU]

e snounn
€D SnoJss

fewnd
jo adfy ABojoasiH

1sealg

1sealg

1sealg

Kienp

Aenp

Jowny
Krewnd
jo s

'EN

59

LS

6€

9

19

aby

L oleIIBWIN

L <c'1e 33 00

L L1839 Wiy

L .'|e 39 ouoy

<81
L IuIuoIUY

sosed
J00N

Joyane sty

panunuo) °L ajqeL



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

*Aydesbowo) uoissiwa uodysod :]13d ‘@sodn|bAxospolonyy ;04 ‘Adodsousponpoisebobeydoss :gH3 ‘snouoiydeiswl 19N 193

P00|q 3N220 |23} 1 04 ‘uoljezijogquiaowsayd |elislie suedy :3Dv.L .‘mEOC_uLmuO_Ocm_Or—u u_qum_(_m\_uC_ :DDI ‘ewouldied |32 snowenbs :JJS ‘ewouldied :e) ‘uonedidse 9|pa’au-aul} punosedyn u_QOquUcw ‘YN4-SN3

‘punoseuyn 21dodsopuad :SNJ ‘SNouoJydUAs :UAs ‘uted Jueapenb aaddn 3ybu :uied ONY ‘Adesayiowayd ;1Y) ‘ewoulded Jejnj@doieday :DJH ‘wsejdoau snoupnw Ase|jided [elonpesiul NI ‘ewouldiedouspe edy

Buniwon
‘easneu
|elpueadisod

Y

+7
1804 ‘elwauy

eaudsAp
pliw ‘eus;aIN

ssew
[euiwiopay

anbie4

elwaue
fuapyap
-uoJ1

JiewoldwAsy

ured ypeq
‘e|xalouy

dn-moj|o4

V/N

Buniwon
‘eayJielqg

JnewordwAsy

IND jo
uonejuasaid
1esin

14D

V/N

Uol1d>asaJ [eJ0| Jowin] dlJlsen)

uonnasal abpam dLsen

uonezijoquis Aispe
Lseb o) Ja3ayiedsuel |

AwoldsuapeydwA|
pue Awoldanseb jewixold

14D

Awolranseb jewixoid

Awordaaseb [ero]

Awoyanseb |ejoigns

(ses4nod
7 191je pajeulwual) 14D

1YyD ‘uondsssip
€3 pue Awoydanseb |eined

Awoldanseb abpam
pue ‘uonelpeJ anneljjed ‘1yd

sisejsejawl JO juawijeal]

1Yd ‘A1abuns

V/N

Awo1daus|ds ‘Awo1da3sAd9)0yd
‘U01123S3J [BI0] JoWNY [eJd}e| P3| YIM
pauiqwod Awolraredayiway ybry

3OV1 ‘Awordaredsyiway ybry

V/N

Awoydaleday [esaie

Awoydareday 1ybry

14D
jueAn(pe ‘Awoldaus|dsolealoued

‘19| Jo Awodauawbas
|esa1e] 13| ‘Awoldabeydosa [ero1gns

Awoldaus|ds
pue Awoldaealdued [eisig

14D ueanfpe ‘A1abins

14d
14D ‘Awords|odiway 1ybl papusix]y

1yD uean(pe
‘Awo1daua|ds ‘Awordaiealdued |easig

Arewid jo Juawyeau)

ewoue|a|N

ey

JDH
JDH
JDH

201

JDH

DDS |esoONN

JDS Pajelualafip-||osmM

OINONEL
BJV palenualsyip
A|21es9pon

NIAdI

exy
paienuaJapip AlJood

edJy |epnp
pajenuaJiapyip-|ldM

Kewnd
jo adfy ABojoasiH

J9oppe|qjies

uojod

JaAIT
J9AIT
J3AIT

BEYNR

J9AI

snbeydos]

sealdued

seaJoued
|easip

pue Apog
sealoued
jo ey

pue peaH
uo|od
9sJansuel |

seaJoued
40 Apog

Jowin}
Kewnd
jo 3us

X3S

€9

98

[44

Sl

29

8L

69

69

L9

8L

L

19

19

aby

., 1819
L uem

/1839
L ueyiuey

‘e 19
L Emcmn_

S-S EXVIY

g9 1839
! lewy

L o818 011

99 119
L paiznoqy

5918319
L emezeseN

! Lolidepy

183
L leuowo]

79 B39
L ewlleses

191839
L ewiyseJa]

0o 1839
L [swLiayI0y

sased doyine
JooN 15414

panupuo) 'z sjqeL

Page 13 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

uonediasuod
‘uied oisebida
‘sso| 3ybiam “Jana4

eUD|aW ‘SIsawaleway
‘ured c13sebid3

uled o1isebida auanssg

Buniwon ‘easneN

uled |euiwopqy

uolsuayodAy ‘eusjan

3geY [3moq
abueyd ‘buiniwion ‘easneu
‘uied >ueyy esaie|ig

eUSJOW ‘ssauizziq

uonuASIp
[euiwopge aAIssalboud

1ojwodsip duasebida
‘uied quuij saddn 1ybry

eibeydsAp anissalbold

eibeydsAp anissaiboud
‘uled osebids

S/N

aJnyoeuy [eaibojoyred Jaye
12 Apoq yum paynuapl

ssewl aAReIaI|N
‘Buipaa)q dLIsen
JnewoldwAsy

IND jo
uonejuasaad jeaiuld

2Jed annJoddns

14D
14D
V/N

Adesayrounwiwiy
‘Awoldaaseb enued

9.Jed 321dsoH

aJed anneljjed ‘1yd

1y

Awoxanseb ‘1Y

Adesayyounwiwiy
Ldd-huy

uondasal eipied

Awoisosysebobeydosy

Awoidanseb
[ered ‘1yd

1YD ‘Adessyrounwiwi]

14D ‘Awordasseb
|e101 aAnel||ed

Awoldanseb jeyol

sisejselawl
JO juswijeal |

aJed aAnJoddng

14D
14>

14>

1YD uean(pe ‘Awo031dago|
Jaddn 1ybu ‘uonezijoquia
Aiaue |eiyououq aybry

14

aJed aaneljjed ‘1yd
gewn|oAll ‘1Y)

14D

14D
Awo0129g0| Jamo| 1o

1YD eanlpy

1YD ‘Adessyi 3ueanfpeoau
‘Awio333q0] 3461 3|ppPIN

Adesayrolpesowayd
1U314NdU0)

Awo19qgo| 1ybu saddn

Arewad jo yJuawyeau)

J10S

ey
ey
J10S

ewoujdied
J1ydiowos|d

ey

ey
J0S

20S

ewoulied
JnieIselswW
paienuaJsjip
Aldood

J10S
J0S
eoy

BJY paleiuaiayip
AlMood

JT1OSN

eJY palenuasayip
AlMood

Kewnd
Jo adA3 Abojo3siH

*s1aaued bunj wody siseiserdw buipiebau eyep bunpeaisn||i ‘s ajqel

buny

pun
Bbuny
Buny

Buny

9qo| Jaddn
Y3 - bum

buny

punq

90| Jamo|
ybu - buny

9qo| Jaddn
Y3 - bum

Buny

90| JOMO|
1ybu - bun

Buny

pun

9qo| Jaddn
1ybu - bun
2qo| Jaddn
1ybu - buny

Jowin)
Kiewnd jo aus

X3§

€9

5SS

89

09

0L

69

S9

6¢

19

69
19

¥9

89

L

SS

8L

aby

l

sased
J00N

251813 e3seD

;102
sejunly

og'12 39 JAnaS

o219 epaep

N -BERVII)Y

mw._m 19
Imessed

Nw._m 19
ejedipeg

151839
fempaeyg

o 1B 11

¢, '|e 39 buep
N -ECXCTH

1,839
0J0WaN

o,/ 119 NN

5/ 1839
Jepwinfey
sed

v/ 1839
unyd-yiys
¢/1e 3
oue|eye)

Joyine 3s.i4

Page 14 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

'SNOUO0JYILIBW :IBIA ‘SnouodyduAs :uAs ‘Aydeisbouosesyin :osn ‘Adesayiowayd :1yd ‘uespenb taddn ybu :pNY ‘Adesayiowayd :1yd 4adued bunj j9a-|lews :J7)S 4adued bunj |92

-|lews-uou :)7JSN ‘Adodsouaponpouiseb :sgo ‘punosesyn didodsopua :sn7 ‘Adodsouaponposisebobeydosa :do3 ‘jeunsaiuiodiseb :S1o ‘Adesayiolped 1y ‘ewouldied |93 snowenbs :))S ‘ewouldiedouspe :edy

uled ONY ‘ured o1sebid3

V/N
sso| 3ybiam ‘sishidowaH

anbie} ‘ssaulapua)
csebids ‘uied o1sebids

UOISUSISIp |eulwopge
‘eudjpw ‘sishydowaH

sso| 1ybiam
‘eIxaJoue ‘uled |euiwopqy

eisdadsAp ‘uied oriasebid3
uied J1sebids

elwIBUY
e1beydsAp ‘sso| 3ybiapm

SSauJapuUd)
‘ured jeuiwopqy
eibeydsAg

ured o1sebid3
Buipaalq s1o Jaddn
V/N

elwaue ‘anbne4
uled [euiwopqy

D jo
uonejuasaad jesiuld

V/N

JusWiea) aAiJoddng

14D aAieljjed
9Jed aapJoddns ‘1yd

14D
14d

V/N
(pasnjaJ juaned) sauoN

14D

14D

Awoldsus|ds
‘Awodansebd |esiq

Awoldsus|ds
‘Awoldaaseb enued

14D

sisejsejawl
JO juswjeal |

V/N

14>
V/N

V/N
V/N

juawieaJy anioddng

Adesayjowayd
annel|jed ‘(£007) uoI3s3I
abpam aqo| Jaddn

13| “(#007) 390| 42ddn 3ybu
Awoydejuswbas Jousisod
‘Aw012900] Jomo| 1437

14D

Awo1raqgo| Joaddn Yo7
14> 1y

sonoignuy
Awo129q0] 3|ppIW 6L ‘1Y

V/N

14D

Awoyraqgo| Joaddn Yo
uoasaJ euna|d |eyaied
‘Awoydaqo| Jaddn 1ybiy

Aworaqo| Joddn 1ybiy

Arewad jo Juawieau)

ey

ey
J10S

1S

Jowinl snwo|n

ewiounied
plolewodies

BJY paleiuaJiayip
Allood

J10S

eJY ‘ewouldied
J1ydiowos|d

20S

ewoujdied
J1ydiowos|d

208

ey

ey

ewiouied
J1ydiowoald

ewoujdied
J1ydiowos|d

ewioupied
[192 abueq

Krewnd
Jo adA3 Abojo3siH

punq

Buny
punq

pun
puny

pun

Bunq
pun

buny
punq

Bunq
punq

9qo| Jaddn
ybu - bun

9qo| Jaddn
Y3 - Bum

9qo| Jaddn
13| - bun

9qo| 4addn
1ybu - bun

Bunq

Jowin)
Kiewnid jo aus

N

’ETS

SL

LL
89

99

09

69

89
99

¥9
Ly

o
&S]

a9

19

a9

69

a9

aby

/1839
L ueyiuey

No—._m 1®
L olesoy [3d

T eI W
l 00,1838 BuoQ

l o 1B 39 UdYD

L 2ol 39 Wiy
L mo._m. ]Jo oeoH

l oo e 19 edie]

l <¢'1e 38 buny

L 4’1839 Yoy

L 1239 NH

L leRwaa

LeSMepuoyday
L pue souasiey|

‘le 1
Z mmwmv_ oy

L B39 1useyo
sosed

jJoonN Joyine 3s.i4

panupuo) s 3jqel

Page 15 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

uled o1isebids
S/N

eIxaJoue ‘sso| 3ybiapm
S/N

S/N

NETETY

elwsue
‘anbiey ‘eaudsAq

elwsue djwolydodAH

Buwon ‘easneu ‘sso|
1ybiam ‘anbney ‘uied
|eulwopge ‘eixalouy

easneu ‘sso| ybam
‘sisawleway ‘eaudsAp
JeuoIaxa ‘anbied

ejwaue
‘eIxaJodAy ‘ssauyeap

eaudsAp |euontaxa
‘ybnod ‘sso| 1ybiam
‘elinjeway ssoio

EUETETY

Buiiwon
‘easneu ‘eIxalouy

D jo
uonejuasaid jesruld

9Jed aApJoddns
aJed anioddng
V/N

ON

Ai1sbins

Kiabansolpes ‘Awoidaseb |ero)
JuswWieal) 3Y3 paluaqg
Adesayzounwwi]

SYs ‘aled
aAnJoddns ‘Adesayjounwiwig

Adessyjounuwiw ‘1Y Al

V/N

gewn|oAIN

L1y aAneyjjed

V/N

sisejsejaw Jo juawijeal |

Aisbins

V/N
V/N
Adesayrounwiwig

jueAn(pe ‘uoisidx3

Ai1sbins

Aisbung
1D ‘uoneindwy

14

fiabung

V/N

V/N

gewn|oAIN

fiabung
Aiabunsouniw
SYo

Krewnd
JO Juawieal]

V/N
V/N
V/N
Buipeauds |epiysadng

V/N

buipeauds [epiadng
snouibnua| [y

obnua

V/N

V/N

V/N

snbeydosa

3y ul yamoub ayi|
-Jowny |esodnwigns
pajuawbid

snouibnua| |esdy
Je|npoN

Aewnd
jo adfy ABojo3sIH

‘ewouejdw jueubijew woJj siseiseraw Buipaebau eyep Bunensny ‘v ajqeL

NTV-123Y 3ybry
V/N

V/N

3oeq JamoT
V/N

djeas “yoeq

‘wnipuoydodAy
Wby

3004

djeos

3deqd

eAINA

V/N

snbeydos3
901 Y3| Yo
Jejue|d 1ybry

Jowny
Arewnd jo a31s

Xas

99
89
L
L9

S9

L9
18

08

6V

99

18

6L

8

9¢

aby

L

sosed
jJooN

9l —._m 19
19e1Z-1Zen3

s 1839
3Jan0Yy

W:._m 19
euey

€l r._m °
211597

N:._m 9
uie@24e)

—rr._m 13
Jspuein

‘e
0
_wco\s

mo—._m 19
eAoUSD)

‘e
wo—U@%W

NO—._m 19
uepnoJ

oor._m 19
ulj[2310D

o1 183
oyowe)Q

ﬁo_‘._m 19
0JOWIYSOA
‘les

nyz
Joyine
IS4

€0l

Page 16 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

sso| 1ybram
‘asiejew ‘eisdadsAg

sso| 3ybiam

‘asiejew ‘eisdadsAqg
euspw ‘eaudsAg
BUSRW ‘BlWAUY
Buipas|q |eunsajulossen
sso| wybapm

eaudsAp ‘uied d1u3sebid3
ejwaue

‘BuIpa9|q [eunISaIUI0IISED

D jo
uonejuasaid jesruld

14D

14D

V/N

uonasal didodsopuy
14

uolasal

Jesodnwigns 21dodsopug

V/N

ssedAq d1aseb A-ua-xnoy

sisejsejaw Jo juswijead |

Awoldaiydan
Awoldaiydan
Awoldaiydapn
AworaiydaN
1Yd
‘Awoydaaydan
AworauydaN
1ud
14>

‘AwoldauydsN

Kewnd
JO Jusuwnealy

D).

pP).|

DB).

D). |

DB).

B!

ewiouniedonoy)d

pP).|

Krewid yo adAy A6ojo3siH

Asupiy
Asupry
Asupiy
Asupryy
Asupiy
Asupry

snsal
Asupryy
Jown}

Kewnd
jo {1ls

'ETS

S8

0L

89

S8

98

0L

0¢

LL

aby

wwﬁ._m °
z UBWSSIBM

hNﬁ._m o
L uAa1ysuiag

owﬁ._m ¥
l epIYsoA
mNﬁ._m 19
l wieH
vwﬁ._m o
L BMEZEI10)
ez, 1839
L A0X|0Zpod

oz MINBOW
L pue sesede|

sosed

JoON Joyane 3s.ii4

*siaued [ejiuaboan wouy siseysersw buipaebau eyep bupresysn|| ‘s ajgeL

‘Aydeabow oy uoissiwa uoyisod ;]34 ‘@s0dn|bAxospoionyy :n@g4 ‘snouoaydeiaw 33|\ ‘snouolyduAs :uAs ‘AydesboAwourdals ;o7 ‘Aydesbowol paindwod 1) ‘Aisiwaydo3siyounuiwl

19A3} ‘si0b14 ‘anbieq

sso| 1ybiam ‘eixaloue
‘uled jeuiwopqy

S/N

ONY dY3 Ul SSBUILpUI |

ejwiaue ‘eus|aN

IND jo
uonejuasaid jeduld

gewn|oAIN

apIWojoZOWa |

Aisbung

aJed anioddng

AwoldauspeydwA| jeuoibalodo|

919|dwo0d ‘uoidasal [edidAie
Jaye Awoldauiseb anaals

sisejsejaw Jo juawijead |

UOISIIXd |e207]

V/N

V/N

uoldasal
|eauriadoujwopqy

Ai1sbins

Kewnd
JO Juawieal]

V/N

V/N

V/N

dAjod onsejduadAH

V/N

Aewnd
jo adfy ABojoasiH

llem 153y

V/N

V/N

[e3d80Uuy

1seauq ybry

Jowin}
Arewd jo a11s

N

X3S

68

8¢

Ly

€9

&y

aby

:JHI ‘A1abansolpels d130e100493s :SYS ‘Adessyloliped i1y ‘Buibewi pueq mouieu :IgN ‘Adodsousponpouisebobeydoss :go3 “yuespenb uaddn ybu :ONY ‘Adessyrowayd :1yd ‘ewouedw snoulbiua| [esde NV

—N—._m um
! peysied

ON—._m ®
L ueyow
o:._m 19
L Jeyueg

w:._m ®
L uissing

m:._m uw
L 1ueinos-3

sased
JOON

Joyine
Isa14

panupuod vy sjqeL

Page 17 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

elwaue
'SSaUIZZIP ‘SSaUYeaM

EENERENEIETY

e|waue ‘ssaupapeayiybi|
‘anbie4

Ssaudeam ‘eus|s|N

anbney
‘sisawialeway ‘eus|aN

sisswalewsay ‘buniwon
‘easneu ‘ssaudeap

sisawalewsay ‘buniwon
‘easneu ‘ssaudeap

Buniwon s1dsfoid
SSOUXBAM ‘SSaUIZZIP
|eanisod ‘euajan

e1Zayd0jewaH

uled jeuiwopqy

Buipas|q |eunsalulonsen
JnnewoldwAsy

Sssew d11sen

asiejew
‘eIxaJAd ‘eIxalouy

elWBUE ‘BUSIBIN

IND jo
uonejuasaid |esiuid

V/N

14D ‘Awordaniseb |enued
uoldasal

|esoonwi didodsopul
Awoyanseb |eisig
Aworanseb

[e301gNs A-Ua-XNoyYy

14D

14D
aJed annel|jed

1YD ‘Awoidansen

Awolranseb |eiied

V/N

pa3leniul Juswiea oN

Awoldanseb
9A99|s J1dodsoleden

Adeiayjounwiwi ‘uoidasal
jesoonuwi d1dodsopuyl

14D
(pasnjad juaned) 1yd

sisejsejawl JO juawijeal]

1y ‘Asbuns
AwoaiydsN
Awoyaiydan
AwoyaiydsN
V/N

Isiuobe HYH1

1sluobe HYH1
14'1ud

Awoldaiydan
Awoydaiydan

V/N

Awoidaiydan

Awoidaiydan

14D
‘AwoydauydaN

D)
Awo1d31Y210

Kewnd
Jo Juawneal)

edy
pe).|

JDY 93 Jes)
PU021es0AW Ol
JDY 93 Jesd
eoy

ey
) |eljay3ioJn ||ad Jea|d

pb). |

oo

eLIOUIWSS

JDd |19 Jes|)
DY (|93 Jes|)
pb). |

JDd
ewioujdiedoloy)

Arewnud jo adAy A6ojoisiH

9}e1sodd
Koupiy
Kaupry
Koupiy
Kaupry|
9}e)sodd

9le]sold

Jappe|g
Kaupiy
Ksupry

snsal

Kaupiy
Kaupry
Kaupiy

Ksupry
snsal

Jowin}
Aewnd
jo 3s

EN

LL

19

69

€L

89

68

LS
09

89

€9

6

L9
65
€L
08

0¢

aby

sased
J0 0N

cp, 1B 33 [928d

Nw—._m 19
leanxes
v 1839
1eqqiyd

o, 1839
eMBUOPOA

0m—._m um
Lemiy

mm—._m um
o|muo

,¢,'18 33 BuoH

om—._m 19
ollRIARY
se 1839
sedieg
vm—._m 1®
Jepwinze
cc B39
yswiueys
nqy

emeely

P SEPLLTY)

oyjine jsii4

panupuo) s 3jgel

Page 18 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

elwaue ‘eualaN
HUWOA ‘S9}ISY
ured >sebid3
ssauizzip
‘ABaeyya| ‘eusipn
uled |euiwopqy
eusjow ‘elwsuy
elwauyY

uled Jenansal
uoUBISIP

‘uled [eurwopqy

IND jo
uonejuasaid |esiuid

2=Awoydauiseb [enued

1Y ‘Adesayy
uonealdap uaboupuy

Adesayy suowioy ‘uoi3dasal
Jesoonwi didodsopug

14D
14D

(Adesayrowayd pasnjau
juaned) ased aanel|jed

uondasa
abpam didodsolede| annel|jed

Awoidanseb |eiued

14D

sisejsejawl JO juawijeal]

Awo1291Y210
14
‘Awi030931R3150.4d
Isluobe HYH1
Aworapiydio
‘1D

1sluobe HYH1
Isiuobe HYH1
AwoiraiydsN
Awoidaiydan

14D

Kewnd
Jo Juawneal)

e) |euoAiquia
‘ewouldiedolioyd
Apueuiwopald

Jeupe
%St [839NP %SS PIXIN
eoy

ewiouJedolioy)

eoy

V/N

B}

JDd |19 Jes|)

|eWw.ap01I20.IN3U AW

Arewnud jo adAy A6ojoisiH

snsa)
91P150.d
9lelsodd
snsal
91e1sodd
91L150.d
Koupiy
Kaupiy
Ksupry
Jown}

Aewnd
jo 3s

EN

6l

L9

SL

8l

89

9

99

29

Ll

aby

sased
J0 0N

'SNOUO0IYIRIBW 33|\l 'SNOUOIYDUAS :UAS ‘Buowioy
Buises|as suowoy Buiziuiin :HYHT ‘ewouidied [|93 [euad ;)Y ‘Adodsousponposisebobeydoss :qo3 ‘Adesayioiped ;1Y ‘ewouldiedouspe :edy ‘punosesin sidodsopus :sn3 ‘Adesayiowayd :1yD ‘ewouip.ed :ed

AR
ueyiuey

—m—._m 19
noynAe]

om—._m 19
ebeut
v, 18 32 3MOT
wﬁ—ucm&
pue Liepueyq

s 1€ 39 930S

oy, 1€ 19 B1SOD

mﬁ—._m ®
plemuaaln

ﬁﬁr._m 19
Lueys

oyjine jsii4

panupuo) s 3jgel

Page 19 of 31



F1000Research 2023, 12:1374 Last updated: 02 MAY 2024

received only surgery. In all patients, GM was discovered metachronous. Three studies were included for soft tissue
cancer. All three patients had metastases in addition to GM and underwent different types of GM treatment (including
radiotherapy, chemotherapy, excision with snare, and cautery). For the thyroid cancer group, the median age was 71 years
old. Overall survival (OS) was only mentioned for one patient (2.5 months). Regarding diffuse large B-cell lymphoma
(DLBCL) (n=2), patients received chemotherapy for primary cancer and for GM. GM was discovered synchronously.
Kovecsi et al., described the only case of GM from adrenocortical carcinoma of the adrenal gland.'”” The patient
underwent adrenalectomy for primary and total gastrectomy with splenectomy and end-to-side Roux-en-Y esophago-
jejunal anastomosis for GM. One patient with choriocarcinoma from retroperitoneum underwent chemotherapy for
primary cancer and GM. Table 6 summarizes the findings of included studies regarding gastrointestinal cancers.'”' "'

Discussion

Gastric metastases are uncommon and give information about the progressed stage of malignant disease, with a reported
incidence of 0.2-0.7% based on clinical and autopsy findings.' Furthermore, metastasis to the stomach frequently
indicates short survival. These metastases are observed rarely due to clinical problems regarding their diagnosis and
treatment.” Progressively, with improvements in prognosis for cancer patients, metastatic tumors in the stomach are being
detected more frequently.’ There are several symptoms of gastric metastases, such as abdominal pain, diarrhea, nausea,
vomiting, weight loss, and dyspepsia. The most preferred treatment method for gastric metastasis is surgical resection of
the tumor. Also, chemotherapy is the most applied alternative option.

This systematic review has a few potential limitations that need to be mentioned. As 172 case reports were screened in the
systematic review from different journals the heterogeneity was inevitable. Some articles missed important information
such as complete follow-up or clinical information. Moreover, since all of the included articles were case reports, quality
or bias assessment could not be performed.

Gynecologic cancer

Gastric metastasis mainly occurs due to breast cancer. Both ovarian and uterine metastases are distinctly less frequent.
Invasive lobular carcinoma is the type with the highest affinity to the digestive system with an incidence of 4.5%
compared to 0.2% in ductal carcinoma.’® Breast cancer metastases to the gastrointestinal tract are rare, with a median time
interval from the diagnosis of the primary tumor to metastasis up to seven years.”' The longest disease-free interval is
22 years after the initial diagnosis 17 of 24.'” Some metastatic tumors may have a similar presentation as primary gastric
cancer.’® The detailed immunohistochemical analysis will allow the most accurate diagnosis to differentiate between
primary gastric cancer and gastric metastasis from breast cancer.”® Most gastric metastatic breast cancers are estrogen
receptor (ER)-positive, progesterone receptor (PR)-positive/negative, and human epidermal growth factor receptor
(HER2)-negative. However, in primary gastric adenocarcinoma, ER and PR can be positively expressed in 20-28% of
patients.'” In a few cases, metastatic breast cancer is negative for ER and PR, so a diagnosis cannot be made based on
these two investigations alone.”” ER and PR can be used as markers; however, they are not always suitable diagnostic
markers to confirm if a tumor has originated.'' Treatment of gastrointestinal metastases from breast cancer is discussed
frequently in the literature. Systemic therapy is the first option.’® The effective rate of systemic treatment is about 46%.°
Surgical treatment may have a role in palliative treatment.”* Surgical treatment is considered in cases with obstruction or
bleeding.*® Metastasis to the gastrointestinal tract can be the first presentation of breast cancer, therefore it is imperative to
consider the possibility of breast cancer metastasis to the gastrointestinal metastasis.”**

Gastrointestinal cancer

Among cancers that metastasize to the stomach, gastrointestinal system cancers are encountered in a minority. Gastric
metastases gave unspecific findings, such as anemia, bleeding, and pain. Pancreas, liver, and colon account for the
majority of primary cancers. Nine of the cases had other metastases in addition to gastric ones. Since pancreatic cancers
are usually caught at an advanced stage, the chances of surgical treatment and their response to treatment are low. We see
that three of five patients died within a year.”** Among these cases, the prognosis of pancreatic head cancers was worse
than body and tail cancers.

Lung cancer

In fact, lung cancer is the most mortal type of all cancers. However, the stomach is not a common site for primary lung
cancers’ metastases, especially compared with brain, liver, adrenal glands, and bones.”* Yet, the expected lifespan after
diagnosis of metastasis is found to be relatively low. The median survival time was four months (average 6.8 months)
among 16 cases who died. On the other hand, data showed that endoscopy is the gold standard in diagnosis. In addition,
pathology and immunohistochemistry are considered important factors to differentiate gastric metastases from primary
cancers.”' Regarding the treatment of gastric metastases of the pulmonary origin, although non-invasive chemotherapy
treatments were the most common choice, patients who received surgery, particularly partial gastrectomy, but also
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esophagogastrostomy and laparotomy, tended to have relatively much longer survival time.”””""> However, this

conclusion is not definitive, since in some cases surgeries may be avoided when the patient’s condition is extremely
severe and the number of cases with given surgical treatments is scarce. So the potential benefit of surgeries to the
expected lifespan of the patients needs further investigation.

Malign melanoma

Although melanoma accounts for only 5% of cutaneous malignancies, it makes up nearly 75% of skin cancer- related
deaths.'**'?” Malignant melanoma ranks as the most common metastatic tumor of the gastrointestinal (GI)
tract.' %1120 1t takes an average of 52 months for a primary cutaneous melanoma to spread to the gastrointestinal
tract.'””"'” Only 1-4% of patients with malignant melanoma deceased before gastrointestinal metastases are diagnosed.
On the other hand, GI tract metastasis was observed in more than 60% of melanoma patients by autopsy.'*! 10! 11- 114121
The most commonly involved sites include the small and large bowels and rectum; however, gastric metastasis is a rare
case! 'O qye to the non-specificity of its symptoms, such as epigastric discomfort, nausea, vomiting, weight
loss, hematemesis, and melena,'0%'07-110-11 LIS 120 The average survival is four to six months.'%*'7!2! Endoscopy is
an effective method for detecting melanoma metastases due to pigmentation, which can then be confirmed by histology
and immunohistochemistry.''*'?' Treatment options include surgical resection, immunotherapy, chemotherapy, and
targeted therapy. If a patient is symptomatic, surgical excision can be a palliative technique that can also prolong
survival,'*!?!

Urogenital cancer

Regarding urogenital metastases GM is uncommon and the incidence is reported to vary between 0.2% and 0.7%.
The most common clinical presentations are gastrointestinal bleeding (melena and hematemesis), anemia, and malaise.
Whereas two patients had no symptoms associated with the gastrointestinal system.'*"'** Esophagogastroduodenoscopy
is often necessary for diagnosis and localized treatment.'*' The presence of gastric metastases is considered an important
indicator of advanced disease.'*” Treatment options varied depending on the stage of the metastasis including endoscopic
resection, partial or total gastrectomy, chemotherapy, and palliative care. Even though overall survival seems to be longer
in patients who underwent surgery, the main reason for this may be that these patients have early-stage diseases suitable
for surgery. Therefore, treatment options should be decided upon the stage of the disease and the general well-being of the
patient.

123

Others

The most common symptoms, in terms of frequency, are melena, abdominal pain, vomiting, weight loss, anemia, fatigue,
and loss of appetite. Gastrointestinal endoscopy plays an important role in the diagnosis of GM if suspected.'®* Tumor
seeding after endoscopic gastrostomy tube replacement was observed in two cases.'®""'®” Even though surgery is the
frequent treatment for solid organ cancer metastasis, chemotherapy is the chosen treatment for DLBCL, skin cancer, and
sarcoma. Overall survival was only mentioned for four cases; therefore, it is difficult to comment on which treatment
method is more beneficial. Metastasis to the stomach is not reported frequently. Thus, determining the prognosis and
planning the treatment based on scientific evidence seems to be problematic for clinicians.

In conclusion, among 172 case reports reviewed, resection surgery was performed the most for treatment and was
sometimes combined with chemotherapy and immunotherapy. However, the literature regarding the management of
patients with secondary gastric cancer is limited. Therefore, further multi-centric research to reach a consensus about what
type of treatment has the best outcomes for patients with gastric metastases is needed.

Data availability
Underlying data
All data underlying the results are available as part of the article and no additional source data are required.

Extended data
OSF: Tables for ‘“Metastasis to the stomach: a systematic review’. https://doi.org/10.17605/OSF.10/Y4QD5.""

Reporting guidelines
OSF: PRISMA checklist for ‘Metastasis to the stomach: a systematic review’. https://doi.org/10.17605/OSF.10/
Y4QDs.'"?

Data are available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CCO 1.0 Public
domain dedication).
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