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Abstract

Lung cancer constitutes the primary cause of mortality associated with malignancy on a
global scale, with Non-Small Cell Lung Cancer (NSCLC) being its most prevalent histolog-
ical subtype. Despite extensive research efforts spanning over three decades, the prognosis
of patients with metastatic NSCLC remains poor. The introduction of immunotherapy
into clinical practice has revolutionized oncology worldwide. Immunotherapy, delivered
in the form of monoclonal antibodies targeting proteins that act as immune checkpoint
inhibitors, offers the potential for prolonged remission in a small but significant subset of
patients afflicted by a broad spectrum of neoplasms, including NSCLC.

However, following the initial enthusiasm, a plethora of research inquiries emerged as
a result of the necessity to enhance the clinical outcomes for our patients. A minority, ap-
proximately one-third, of patients receiving immunotherapy for NSCLC will derive clinical
benefit from it. Additionally, the mechanisms of primary and acquired resistance to these
monoclonal antibodies remain incompletely understood, and there exists a lack of pre-
dictive and prognostic biomarkers. Until now, only the levels of PD-L1 protein expression
on the surface of cancer cells or immune cells within the tumor microenvironment have
been statistically correlated with clinical outcomes in the prospective clinical trials which
led to the regulatory approval of these drugs. Considering these aforementioned factors
alongside the escalating cost of administering these medications, which places increasing
economic strain on national healthcare systems, the identification of essential biomarkers
becomes imperative. This is necessary not only for optimizing patient selection for im-
munotherapy in NSCLC, but also for decoding the mechanisms underlying primary and
acquired resistance.

A multitude of clinical, laboratory, and radiological parameters have been linked to
the clinical outcome of patients with NSCLC undergoing cytotoxic chemotherapy.
Furthermore, pharmaceutical agents such as antibiotics and steroids have been associat-
ed with diminished immune response and are frequently administered to patients with
neoplasms undergoing immunotherapy. Moreover, factors associated with the pathogen-
esis of the cancer cachexia syndrome, diagnosed in approximately half of NSCLC patients,
have been linked to reduced immune response and susceptibility to infections. Finally, the
composition of adipose tissue in the human body has been indicated as a prognostic in-
dicator in cancer patients and a significant regulator of the immune system, primarily in
preclinical models.

The objective of this doctoral dissertation was to conduct a prospective observational
registry study on patients with NSCLC who received therapy at the Oncology Clinic of the
University Hospital of Heraklion. The aim was to explore potential associations between
clinical and laboratory factors, as well as the presence of cancer cachexia syndrome and
adipose tissue composition, with the clinical outcome of these patients. During the two-year
period from November 15,2017, to November 15,2019, prospective clinical, laboratory, and
radiological data were collected for 83 patients with NSCLC who received immunotherapy
at the University Hospital of Heraklion.

The first publication resulting from this study analyzed the clinical and laboratory data
of the 66 patients in our cohort who received immunotherapy as a second-line treatment.
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Prolonged administration of antibiotics (cumulatively for more than 14 days) and the pres-
ence of secondary osteopathic lesions emerged as independent negative predictive factors
for disease stabilization after immunotherapy administration. Furthermore, these factors
were also identified as independent prognostic factors for reduced survival. Interestingly,
administration of antibiotics did not impact patient outcomes; only prolonged adminis-
tration had a significant effect. The data were further analyzed using the JADBio artificial
intelligence platform, which identified prolonged antibiotic administration, body mass
index (BMI), and the presence of hepatic and bone metastases as significant factors as-
sociated with an increased likelihood of disease progression, indicating a less favorable
response to immunotherapy. The resulting algorithm demonstrated an ability to predict
disease stabilization probability at approximately 80%. These findings highlighted the piv-
otal role of the microbiome in orchestrating an effective immune response, as well as the
adverse impact of the presence of osteopathic secondary lesions on the clinical outcome of
metastatic NSCLC patients receiving immunotherapy.

In the second scientific publication, the impact of cachexia syndrome presence on the
clinical outcome of 83 patients with metastatic NSCLC receiving immunotherapy was
investigated. Patient classification concerning the underlying cachexia syndrome
was based on criteria previously established by the international consensus for this
syndrome’s study in 2011. These criteria included weight loss exceeding 5% during the last
six months before immunotherapy initiation, or any degree of weight loss > 2% and BMI
<20 kg/m?, or skeletal muscle mass index at the level of the third lumbar vertebra (LSMI)
< 55 cm?*/m? for males and < 39 cm?/m? for females. LSMI was calculated using computed
tomography images of the abdomen at immunotherapy initiation and every 3 months
thereafter, employing the Slice-O-Matic Tomovision method. Half of the cohort patients
under study were diagnosed with cachexia syndrome. Cachectic patients exhibited statis-
tically significantly lower response rates to immunotherapy compared to non-cachectic
patients. Furthermore, the presence of cancer cachexia syndrome independently predicted
an increased likelihood of disease progression as the optimal treatment response. Lastly,
cachexia syndrome presence independently predicted reduced survival in patients with
NSCLC receiving immunotherapy. This study, the first prospective investigation into the
effect of cachexia syndrome on the clinical outcome of immunotherapy-treated patients,
revealed that the presence of cancer cachexia syndrome constitutes an independent negative
predictive and prognostic factor in patients with NSCLC undergoing immune checkpoint
inhibitor therapy. Further research at translational and molecular levels concerning the
metabolic dysregulation associated with cachexia syndrome presents a promising avenue
for deciphering the mechanisms underlying both primary and secondary resistance to
immunotherapy.

In the third publication, prospective data from 52 patients in our cohort with sufficient
or appropriate radiological data were analyzed. The objective of this study was to explore
the impact of differential adipose tissue compartment composition and skeletal muscle
tissue density on the therapeutic effectiveness of immunotherapy. Tissue composition was
calculated by measuring the density of different types of adipose tissue (visceral, subcu-
taneous, and intramuscular fat) and muscle at the level of the third lumbar vertebra using
computed tomography scans at immunotherapy initiation, applying the Slice-O-Matic
Tomovision technique. Densities were converted into indices [Intramuscular Fat Index
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(IMFI), Visceral Fat Index (VFI), Subcutaneous Fat Index (SFI), Lumbar Skeletal Muscle
Index (LSMI)] by dividing these values by the patients” height squared. Patients were clas-
sified dichotomously based on their initial values of IMFI, VFI, and SFI, according to the
median value for their gender. Muscle tissue classification was also dichotomous. The clas-
sification thresholds for LSMI were 55 cm?/m? for males and 39 cm?/m? for females, which
were previously established by the international consensus for defining cachexia syndrome
and serving as numerical thresholds for sarcopenia. Patients responding to immunotherapy
had significantly higher SFI distributions compared to non-responders. The presence of
sarcopenia and low subcutaneous fat density index were both significantly correlated with
reduced survival in our cohort patients. An interesting finding was that in the univariate
analysis exploring the correlation of IMFI, VFI, SFI, and LSMI as continuous variables with
patient survival, the only variable that showed a statistically significant positive correlation
was the subcutaneous fat density index. This study, the first prospective investigation into
the effect of adipose tissue distribution on immunotherapy-treated NSCLC patients, high-
lighted the potential impact and significant role of subcutaneous adipose tissue density on
immune response against malignancies at a clinical level.

In conclusion, the scientific publications resulting from this doctoral thesis emphasized
the significance of concomitant medications, particularly antibiotic treatment, as well as
secondary bone lesions in the efficacy of immunotherapy in NSCLC patients. Moreover,
the two publications investigating the influence of cachexia syndrome and adipose tissue
distribution represent a “proof of concept” at a clinical level for the predictive and prog-
nostic importance of metabolic dysregulation as a phenomenon occurring due to neoplastic
processes in patients receiving immune response-modulating therapy. The study examin-
ing cachexia syndrome underscored the central role of advanced cachexia syndrome as a
negative prognostic and predictive biomarker in the current era of immunotherapy. The
results of the third study, revealing the predictive and significant role of subcutaneous fat
density, represent clinical evidence of an additional and underexplored role. Further research
at translational and molecular levels regarding the specific characteristics of the tumor
microenvironment in cachectic patients as well as those with adipose tissue metabolic de-
regulation could serve as a pivotal link in the chain for discovering new biomarkers and
therapies aiming to optimize immunotherapy as a cornerstone in cancer management.



ITepiAnyn

O kapkivog mvevpova amotelel Ty kbpla attia OvntotnTag oxet{opevn pe kakondeta oe
O1e0vég emimedo pe tov Mn Mikpokvttapiko Kapkivo ITvedbpova (MMKII) va anotehei
TOV O GLXVO LOTOAOYIKO TOL VIOTLTO. ITapd TIG EKTETAEVEG EPELVNTIKEG TTPOOTIADELEG
yta Tévw amnd Tpelg Sekaetieg n Tpoyvwon twv aclevav pe petactatiko MMKIT apapé-
vet ttwyr. H eicodog tng avocoBepaneiag otnv kAwvikr mpadn emégepe pia emavaotaon
otV KAWVIKI &OKNon TG 0yKoAoyiag oe pia maykoopia khipaka. H avoooBepaneia, mov
XOPNYELTAL [e TN HOPPT} LOVOKAWVIKDV OVTIOCWUATWYV EVAVTL TPWTEIVOV IOV SpovV wg
avaoToAeiG onpeiwv EAEyXOV TOV AVOTOTO TIKOV GUOTHIATOG, TPOCPEPEL TH SLVATOTNTA
HaKpoXpOVIag VPeoNG oe Eva UKpO aAAd OTHAVTIKO TOOOOTO acOevwy TaoXOviwy and
éva evpv PAoa veoTAaolwy, petakd avtwv kat o MMKIL.

Ev 10071016, VoTepa and TV €Aevor Tov apxtkov evBovalaopot pia mAnbwpa epgvvnTi-
KOV epWTNHATWV SnpovpynOnke wg andppota avaykng PeATiowong Twv KAvikdv ekpacewv
Tov acBevav. Eva pikpd mooooto, mepimov to éva Tpito, Twv acdevav mov Aapfdvouv
avooobepaneia yio MMKII Oa éxovv kAtviko 0¢@ehog amo Tn xoprynon tng. Emmiéov, ot
HNXaVIoPOl TPWTOYEVOUG Kat SEVTEPOYEVOVG AVTIOTAONG O€ AVTA TA LOVOKAWVIKA AV TL-
owpata dev éxovv katavonOei kot LITAPXeL Hia EAAEWYT TIPOYVWOTIKAOVY KAl TTPOPAETTIKWY
Blodewctwv. Méxpt onpepa, povo ta enineda ekppaong g npwteivig PD-L1 oty emt-
PAVELAL TWV KAPKIVIKWV KUTTAPWV 1} OTNV EMPAVELL TOV KVTTAPWY TOV AVOCOTIOLNTIKOU
ovoTtipatog mov edpalovtat 0To pKpomepIPAAAOV TOL OYKOV £XOVV CUOXETLOTEL O€ OTA-
TIOTIKA OTHAVTIKO Babpo pe TNV kAvikn €xPacn Twv acbevav oTIG TPOOTTIKEG KALVIKEG
HENETEG TTOV OONYNOAV OTNY £YKPLOT) AVTWV TWV PAPUAKWY ATTd TOVG appodiovg pubp-
0TIKOVG opyaviopovs. Eav kdmotog culhoytotei Ta mpoavagepBévta dedopéva ocuvdapa
HE TO KOOTOG XOPNYNONG AVTWV TWV PApUAKwV To oToio B€Tel oAoéva kat avEavopevn
OLKOVOLIKT| Ttieon oTa eBvikd cvoTthipata vyeiag n ebpeon anapaitntwyv Plodeiktwy kabi-
oTatatamapaitnTy OXt Hovo ylatnv feAtiotomnoinon tngemhoyng acbevawv e MMKII nov
Oa Adpovv avooobepameia, alld Kal yLa TNV AMOKwOIKOTOINOT TWV UNXAVIOLWV TTPWTO-
Yevoug Kat SevTePOYEVOLG AVTIOTAONG.

Mia mAnBwpa KALVIKWV, EPYAOTNPLAKDV KAl AKTIVOAOYIKWV TTAPAUETPWY £XOVV OV-
OXeTIOTEL pe TNV KAVIKT ékPaon Twv acBevawy pe MMKII ov Aappéavovy kuttapotodikr
xnuetoBepameia. EMmAE0OV QapUaKeVTIKA OKEVACUATA OTIWG TA AVTIPLOTIKA KAl TA KOPTL-
KOOTEPOELOT £XOVV OXETIOTEL LLE HELWUEVT AVOTOAOYIKT| AAVTNOT) KAl XOpnyovvTat ouxvd
oe ao0eveig pe veomhaoieg mov Aappdavovv avoooBepaneio. Emmpoobétwe, ot mapdyovteg
TIOV £XOVV CLOXETLOTEL pe TNV TaboyEveon Tov GLVSPOUOL KaPKLIVIKNG kaxegiag, To omoio
SlaylyviokeTal aTovg mepinmov pioovg macxovteg and MMKII, €xet cvoxeTioTel e petw-
HEV avOoOOAOYIKT amavtnon kat umtdbeta oe Aopwéets. Téhog, n ovvBeon Tov Aimwdoug
tloToV 010 avlpwTivo cwpa £xet avapepBel wg TPoyvwoTIKOG Seiktng oe aobeveig e Ka-
KonBeleg Kat wG ONHAVTIKOG PLOILLGTHG TOV AVOGOTIOL TIKOD GUOTHIATOG O€ TTPOKALVIKA WG
€71l TO TTAEIOTWV POVTEAQ.

O oxomog avtng g Stdaktopikng StatptPrg NTav n Slevépyeta piag TPOOTTIKNAG, Ka-
TaypaQIkng HeAétng mapatrpnong oe acbeveig pe MMKII mov éAaPav Oepamneia oty
Oyxoloywkn KAwvikr tov Iavemotnpiakod Nocokopeiov HpakAeiov pe okomo T Ste-
pebvnon mBavwV CLOXETIOEWV KAVIKWV KAl EPYACTIPLAKWDY TApayovTwy Kabwg Kat TG
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vrapgng ouvSpoOpoL KapKIVIKNG kaxeEiag kal TnG oVoTAONG TOV AMTWSOVG LOTOD He TNV
KAk ékPaon twv acBevav avtwv. Katd ) Stetia dowmdv and 115 15 NoepPpiov 2017
¢wq T1G 15 NoepPpiov 2019 kateypa@noay mpoomTIKA KALVIKE, EpyacTnpLakd Kol aKTLVO-
Aoytkd dedopéva 83 aoBevav e MMKII nov éhafav avocoBepaneia oto Ilavemotnuakod
Noooxkopeiov HpakAeiov.

2ty mpw T ONpocievor Tov TpoEkuye avalvBnkav kAvika kat epyaotnplakd dedo-
Héva Twv 66 acBevav TG KOoPTHG pag Tov EAaPav avocobepameia wg SevTEPNG YPAUUIS
Bepamneia. H mapatetapévn xopriynon avtprotikwy (abpototikd yia mévw and 14 nuépec)
KaL 1 Tapovsia 00Tk devteponabwy evromicewy anotéleoav aveEdpTnToug apvnTIKovg
npoPAenTIKOVG TAPAYOVTES Yla 0TalEpOTIOINOT) VOOOL DOTEPA ATIO XOPTYNOT Avocobepa-
nelag. Emm\éov ot iStot mapayovteg anotéecay ave§dpTnToug TpoyvwoTIKOUE TAPAYOVTES
ylo petwpévn emPiwon. EvSiagépov ftav 6tin xopriynon avtplotikwy dev enmpéace v
¢kBaon Twv acBevwv alhd povo n mapatetapévn xoprynon avtwv. Ta dedopéva avalv-
Onkav emmAéov oty TAATQOpHA TEXVNTNG vonuoovvng JADBIo i onoia votepa avédeite
TNV TAPATETAREVT XOpNynon avtiplotikdy, tov deiktn pdlag owpatog (BMI) kabwg kat
TNV TAPOLOLIA NTATIKWV KAl OCTIKWV HETACTACEWY WG TOVG OTHAVTIKOUG TTAPAYOVTEG IOV
oxetiCovtat pe av§npévn mbavoTnTa TPodSov vOooL WS KAADTEPT ATAVTNON OTNY AVOCO-
Oepameia. O alyopiOuog mov mpoékvye eixe T dSuvatdtnTa va mpoPAémel Ty mbavoTnTa
otaBepomoinong vooov katd mepinov 80%. Ta anotedéopata avtd avédelav Tov kevTpt-
KO POAO TOV [IKPOPLOHATOG VIt TNV EVOPXNOTPWON [ict ATOTENECUATIKNG AVOTOAOYIKTG
anokplong kabwg kat Ty apvnTIKn emidpacn Tng mapovoiag Twv 00Tk Sevtepomadwy
evromioewv oty kAvikn ékPaon Twv acbevaov pe petactatikéo MMKII nov Aappéavovy
avooofepameia.

2ty 8ebTepn emOTNHOVIKT avakoivwor SlepeuviiOnke n eMiNTWOT TG TAPOLTiag ouv-
Spopov kapkivikng kayefiag otny kKAvikn ékPaon twv 83 acBevwy pe petaotatiko MMKIT
nov AapPdvovv avoooBepaneia. H katdtaln twv acheviov 60ov agopd to av énacxav
and vrokeipevo abvdpopo kapkivikng kaxefiag £ytve pe fdon ta kpLripla mov eixav tebei
TPONYOLUEVWG Ao TN OteBvr| cuvaiveon yia T peA€Tn avtod Tov oL vdpopov T0 2011. Avtd
anotehovoav TNV anwAeta Bapoug peyalbTepn Tov 5% Toug TeAevTaiovg &L prveg pLy amnd
™mv évapén g avooobepaneiag i omotovdnmote Pabud anwletag Bapovg >2% kat BMI
<20 kg/m? 1} deiktn okeheTikng poikng pdlag oo eminedo Tov TpiTOv 00PUIKNG GTTOVSV-
Aov (LSMI) <55 cm?/m? yia &vdpeg kat <39 cm?/m? yia yvvaikeg. O LSMI vroloyiotnke
XPNOLLOTIOLDVTAG ATIEIKOVIOELG VTTIOAOYLOTIKNG TOHOYPAPIAG TNG KOWALAG KaTd TNV évapén
™G avooobepamneiag kat kdOe 3 prveg £ktoTe pe TNV Xpnomn g pedodov Slice-o-Matic-
Tomovision. Ot piooi acBeveig TG kooptng mov peketnOnke dtayvwotnkay pe cOVEpopo
Kapkvikng kaxefiag. Ot kayekTikoi aobeveig eppavicay KaTOTEPA TOGOOTA ATOKPLONG
otnv avocoBeparneio o€ OTATIOTIKG ONUAVTIKO Pabud oe oXE0N e TOVG [N KAXEKTIKOVG,.
Emum\éov, n mapovoia Tov avwtépov auvdpopov anotéheoe ave§aptnTo TpoPAenTiKO Ta-
payovta avfnuévng mbavotntag yia mpoodo vocov wg BéNTIoT) anokpion otn Bepaneia.
TéAog, n mapovoia KapKIVIKNG kaxegiag anotéheoe avedpTnTo TPOYVWOTIKO TTapdyovTa
yla pewwpévn emiPiwon oe aobeveiq pe MMKII ov AapBavav avoooBepaneia. H pedétn
AUTH, 1] OTIOILA ATTOTENEL TNV TPWTN TPOOTITIKY HeAETN Slepebvnong TnG emidpaong Tng
Kapkivikng kaxefiag otnv kKAvikn ékpaon twv acbevawv mov Aappavovy avocobeparneia,
avédeige OTL 1 Tapovsia TOL AVWTEPOL GLVEPOUOL amoTeNEl aveEdpTNTO APVNTIKO TIPO-
BAemTikd Kat TpoyvwoTikd Tapdyovta oe acBeveig pe MMKII ov AapPavovv Oepameia
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{e avaoTOAELG onpeiov EAEyXOL TOV AVOTOTOTIKOV GLOTHUATOG. [TepatTépw épevva oe
LETAPPACTIKO Kat poptaxd eminedo mavw otny enidpaon g petafolikng amoppbbiong
TIOL ATMOTUTIWVETAL PALVOTUTILKA (e TO GOVEpopo kapkiviknig kaxefiag amotehei pia vio-
OxOHeVH 080 Yl TNV AMOKWSIKOTIOINOT TWV UNXAVIOHWV TTpwTomadovg kat Sevtepomabovg
avtiotaong otnv avooobeparneia.

2ty Ttpitn Snpoocievon avahvoape mtpoomtikd dedopéva and Tovg 52 acdeveig Tng ko-
0PTNG UG YL TOVG OTOLOVG LTI pXAV emapkr| 1 KaTdAANAa aktivoloyikd dedopéva. O
OKOTIOG QUTHG TNG peAETNG NTav 1 Stepebvnon g emidpaong g Stagopikng ovvheong
TWV SIAHEPIOHATWY TOV AMTTWSOVG LOTOD KAl TG TUKVOTNTAG TOV OKEAETIKOD HUIKOD LGTOV
oty Oepanevtikr anotedeopatikoTnTa TG avooobepaneiag. H ovvBeon Twv 10tdv TOov
OWHATOG VTTOAOYIOTIKE HETPDVTAG TNV TTVKVOTNTA TWV SLAQOPETIKWY THTIWYV TOV ATwdovg
oTov (omhaxvikd, vIodopLo kal eVOOHVIKO AiTog) Kal TwV LWV 6To eminedo Tov TpiTov
00@LIKOD 0TtOVOVAOVL O€ KdBe aobevn e ATEKOVIOTIKE TOHOYPAPiO VTTONOYLOTH KATA TNV
évapén g avooobeparneiog, pe v epappoyn tng texvikng Slice-O-matic tomovision.
Ot mukvoTNTEG peTatpdnmkay oe Seikteg [Agiktng EvOopvikod Aimovg (IMFI), Aeiktng
Emhayvikov Airovg (VFI), Aeiktng Ymodopiov Aimovg (SFI), Aeiktng Zkehetikng Muikiig
MaCag ooguikng meptoxng (LSMI)] Statpdvtag avtég pe To Yyog Twv acbevwv aTo TeTpd-
yovo. Ot aoBeveig Tafvoundnkav Baoet Twv apxikdv tovg Tipwv IMFI, VFI kot SFI pe Sv-
adtko TpOTO, COHPWVQ pe TNV Stapeot) Tur| yia o VAo Tovg. Ot acBeveig TafvounOnkav
0600V agopd Tov Wikod 1oTd emiong Svadikd. Ta opta ta&vounong yia to LMSI ftav 55 cm?/
m? yla Tovg avOpeg kot 39 cm?/m? yia TIG YUVAUKeG, oL 0Toieg eixav kaBoploTel mponyovLe-
vwg antd TN Sebvi) ouvaiveon yla Tov oplopd Tov GLVSPOHOL KapKLVIKNG Kaxegiag, wg Ta
aplOpnTIKa KaTweALa yla Tov oplopod g oapkomeviag. Ot aoBeveig mov avramokpiOnkay
otnv avocobepaneia eixav vynAotepeg katavopég SFI oe otatioTikd onpavtiko faduo oe
OVYKPLOT] [e TOVG pun avtamokptvopevovs. H vmapén oapromeviag kabwg kat o xaunAog
SeikTng mMUKVOTNTAG LTTOSOPLOV ATWEOVG LOTOV CLOXETIOTNKAV O€ GTATIOTIKA ONHAVTIKO
Babuo pe pewwpévn emPiwon otovg acbeveic Tng koopthg pag. Eviiagépov ebpnua, nrav
OTLKATA TNV HOVOTIApAyoVTIKi} avdAvorn mov avéAvoe T ovoxétion Twv IMFI, VFI, SFI ka
LSMI wg ovveyeig petafAntés, n povn petafAntn mov £deiée Oetikr ovoxétion oe oTATIOTL-
KA onpavTiko Padpd pe v emPivon twv acBevwv ftav o deiktng mukvoTnTag vITOdOpLOV
Aimovg. H pedétn avtn, 1 ontoia anoTéAeoe TNV TPWTN TPOOTITIKN HEAETT IOV Stepedvnoe
v enidpaon TG owpaTikng Katavoung tov Amwdovg totod oe aobeveig pe MMKIT mov
Aappavovv avocoBepaneia, avédeige tnv mbavi enidpaon kaw onpavtikod poro Tov vTodo-
pLov Mmwdovg LOTOV GTIV AVOGONOYIKT| ATAVTNON KAT TV KakonOewwy.

SUUTTEPACUATIKA, OL EMOTNHOVIKEG STHOCLEVTELG TTOV TIPOEKLYAY KATA TNV EKTOVNOM
avTng G S1dakTopikng StatpiPrg aveSel§ay apyikd T onpacio TwV GLYXOPTYOULEVWY Pap-
pakwv kat 8n g avTiPlotikng aywyns kabwg kat twv devteponabwy 00TIKWY EVTOTcEWV
otV anoteAeopatikotnTa TG avooobepanciag oe aoeveig pe MMKII. EmmAéov, ot §bo
Snuootedoelg Omov peketriOnke n emidpact) ™G KapKIVIKNAG Kaxegiog kabg kat 1 katavopn
Tov M@S0VG LOTOD AmoTENOVV «antddelEn apxne» o€ KAVIKO eminedo TG TpoPAETTIKNG Kat
TPOYVWOTIKAG onpaciog Tng petaPolikng amoppbuiong mov cupPaivel wg eMPAVOeEVO
TV VEOTAAOUATIKWYV Slepyactwv oe aoeveig (e veomhaoieg mov Aappavovy Bepameia pe
TPOTIOTIONTES TNG AVOOOAOYIKNG artdvtnong. H pedétn mov Siepevvnoe tnv emnidpaon tov
QALVOLEVOL KAPKLIVIKNG KaxeElag eMoTpave TOV KeVIpKd pOAO TOL AVWTEPOL GLVSPOUOV
WG TPOYVWOTIKOG Kat TTPOPAETTIKOG PLoSeikTnG 0N anepLvr emoxT TG avooobepamneiag.
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Ta anoteéopata G TPiTNG HeAéTng o avédel&av Ty mpoPAenTtikn kat onpacia g
TUKVOTNTAG TOL VTTOSOPLOL AITIOVG GTHY AVOCOAOYIKT| ATTOKPLOT), WG ATOSeEn o€ KALVIKO
eminedo evog emmpdobeTov kat eEAATWG LeAeTnEVOL pOXov Tov. TTepattépw €pevva ot [e-
TAPPAOTIKO Kol LOPLAKO eTinedo TwV ISLAITEPWY XAPAKTNPLOTIKWY TOV UKPOTEPPAANOVTOG
TOV OYKOV 0€ KaxekTikovg aoOeveig alld kat oe acOeveig pe Statapayég Tov Amwdoug LoToy
UTopel va amoTeAEDEL EVaL ONUAVTIKO KPiKo 0TV aAvoida yla Tnv evpeon véwv PlodelkTwv
Kat véwv Bepamnelwv mpog tnv PeAtiotonoinon g avocoBepameiag wg akpoywviaio Aibo
OTIV AVTIHETWTILON TWV KakonOelwv.
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1. Introduction

1.1 Immunotherapy as a novel treatment modality for metastatic Non-
Small Cell Lung Cancer

Primary Lung Cancer is the leading cause of cancer-related deaths in a global scale [2], thus
representing a major public health issue. Despite the remarkable improvements in diagnos-
tic modalities more than half of newly diagnosed patients with lung cancer are diagnosed
with metastatic disease [3]. Although a plethora of chemotherapeutic agents has been in-
vestigated for the treatment of metastatic lung cancer, the aforementioned nosology had
been the foster child of failed clinical trials with 5 year survival being well below 10% [3].

From a histological standpoint, lung cancer is divided into two broad histological sub-
types, Small Cell Lung Cancer (SCLC) and Non-Small Cell Lung Cancer (NSCLC) with the
latter being further subdivided to lung adenocarcinoma (LADC) and squamous cell lung
carcinoma (sqLC) [4]. The discovery of driver mutations in a small subset of individuals
with LADC and the subsequent development of small molecular tyrosine kinase inhibitors
[5] offered improved clinical outcomes in the patients suffering from these specific molecular
subtypes of LADC(6-8). However, the majority of malignancies in patients with NSCLC
do not bear any targetable driver mutations thus leading to their systemic therapy to be
based on a platinum doublet backbone with poor long term survival rates [3].

The modulation of immune system against cancer cells has not been a new concept, ex
nihilo nihil fit. Since the middle ages there have been reports of spontaneous regression of
tumors in individuals when they got transmitted febrile diseases like malaria [9]. In 1891,
surgeon William Coley, later known as the father of immunotherapy, injected three pa-
tients suffering from soft tissue sarcomas with a specific streptococcal preparation (known
as Coley’s toxins) observing a prolonged antitumoral effect [10]. Almost a century after,
Rosenberg et al [11] investigated the antitumoral effect of administration of in vitro ex-
panded autologous tumor infiltrating lymphocytes (TILs) with concurrent high dose in-
terleuking-2 (IL-2). Consequently, the modern era for cancer immunotherapy had begun.
Accumulated knowledge during the years led to the acknowledgement of immunoediting as
the process ofimmune evasion by the cancer cells through stepwise genomic evolution and
modulation of the tumor environment during the course of disease trajectory [12]. Immune
evasion now stands as one of the hallmarks of malignancy development and evolution [13].

The discovery and cloning of Ctla-4 [14,15] and PDCDI1 [16] genes and the unraveling
of the physiologic roles of their encoding proteins cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) and programmed-cell death protein 1 (PD-1) respectively, as immune
checkpoints led to a new age of immune system modulation against cancer [17]. In these
initial scientific reports, the role of CTLA-4 and PD-1 as negative regulators of immune
response was revealed by demonstrating that Ctla-4’- and PDCDI”~ mice demonstrated
serious, even fatal, autoimmune phenomena [14,15,18].

More specifically, the initial step for the activation of T cells against a specific antigen
requires the interaction of the T-cell receptor (TCR) complex with the antigenic epitope
which is bound to the major histocompability complex (MHC) proteins of the antigen
presenting cell (APC) [19]. However, the previous condition is necessary but not suf-
ficient for effective T cell activation. The additional interaction of the protein CD28 in
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the cell membrane of T cells with the proteins CD80 (or B7-1) or CD86 (or B7-2) in the
membrane of the APC is required for the proper activation of the T cells [19]. CTLA-4
shares homology with CD28 and if it is expressed in the surface of T cells binds with B7-1
or B7-2 with much higher affinity than CD28, thus preventing the co-activation signal
and leading the T cell into anergy [20]. In addition, CTLA-4 is highly expressed in the
T regulatory cells (Tregs) contributing to their immune suppressing function with two
proposed suggested mechanisms, either though the limiting of the availability of CD80/86
ligands for the necessary co-stimulation mediated by CD28/B7-(1 or 2) interaction [21] or
through APC-mediated trans-endocytosis of CD80/86 ligands [22]. On the other hand, the
biological network involving PD-1 (or else CD273) and its ligands, programmed-cell
death protein ligand 1 (PD-L1) and programmed-cell death ligand 2 (PD-L2) is acrit-
ical pathway for the achievement of equilibrium of peripheral tolerance under physiologic
conditions [23]. PD-1 is expressed normally in a spectrum of immune cells such as acti-
vated natural killer (NK) T cells, B cells, immature Langerhans’ cells and activated T cells
[24]. Protein-protein interaction between PD-1 and its ligands PD-L1 and PD-L2 either
in the level of APC-T cell interaction or in the level of cancer cell-T cell interaction leads
to inhibition of further intracellular signaling from the activated TCR and the inhibition
of the linker of activated T cells (LAT) protein causing the T cells to fall into anergy or
apoptosis [25]. Expression of the PD-L1 is used by the cancer cells as one of the aspects of
immunoediting for the successful evasion of host’s immune system [25]. Preclinical data
demonstrated that the inhibition of CTLA-4 [26,27] and PD-1 [27], respectively, led to
tumor shrinking in various tumor models, thus identifying them as potential drug targets
from a pharmacodynamic perspective. An overview of the underlying mechanism of the
expected antitumoral effect derived from PD-1/PD-L1-2 pathway inhibition or CTLA-4
inhibition is demonstrated in figure 1.
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Figure 1: Schematic representation of the potential antitumor mechanism of CTLA-4 or PD1/PDLI [2] axis blockade.
A. CTLA- 4 inhibition allows the interaction of CD28 with B7-1 or B7-2 thus allowing for T cell activation upon the
presentation from the APC of the cancer neoantigen to the T cell. B. Inhibition of the PD1/PDLL1 [2] axis allows for the
T cell upon activation from the cancer neoantigen presented by the tumor cell to effectively exert its antitumoral effects.
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Phase I trials of monoclonal antibodies that conferred CTLA-4 blockade [28] and
PD-1 inhibition [29] demonstrated antitumoral activity and more importantly, prolonged
responses or disease control to a subset of patients. These studies acted as a proof of concept
for the possibility of application of immune therapy against cancer in a wide scale. Previous
studies with high dose IL-2 [30] or the administration of autologous TILS [11,31] had
demonstrated efficacy against especially melanoma or renal cell cancer, but these treatment
modalities suffered from two major limitations for their wide application, high toxicity rates
and the inability for reproducibility. The development of immune checkpoint inhibitors
(ICIs), on the other hand, offered the possibility of the application of immune therapy in
everyday clinical practice on a global level.

The promising results of the phase I trials of CTLA-4 and PD-1/PD-L1 inhibitors led to
the further development of these class of drugs through the assessment of their activity and
toxicity inlarger scale, phase IT and I1I trials. Ipilimumab was the first drug to be approved by
the FDA for the treatment of metastatic melanoma in 2011 after the results of the phase III
trial that compared ipilimumab plus gp100 versus gp100 versus ipilimumab monotherapy
in 676 HLA-A*0201-positive patients with unresectable stage III or IV melanoma [32].
Administration of ipilimumab was associated with improved median survival 10 months
in the patients that were treated with ipilimumab plus gp100 compared with 6,4 months in
the patients that received gp100 (hazard ratio for death (HR)=0.68, p<0.001). Noticeably,
in accordance with the previous reports from the phase I trials [28], the administration of
ipilimumab was associated with prolonged responses or prolonged disease stabilization
which was unprecedented at the time [32].

In the March of 2015, Nivolumab, an igG4 anti-PD-1 fully humanized monoclonal anti-
body, received FDA regulatory approval as 2™ line treatment for metastasized NSCLC
with squamous histology that had progressed to one previous line of chemotherapy based
on the results of the Checkmate 017 trial [33]. Checkmate 017 was a randomized phase
IIT trial, that compared Nivolumab with standard of treatment docetaxel in individuals
was metastatic squamous NSCLC that had progressive or refractory disease to previous 1*
line platinum based cytotoxic chemotherapy. The primary endpoint was overall survival.
The patients treated with nivolumab experienced improved overall survival compared to
the individuals that received treatment with docetaxel, median Overall Survival (OS) 9,2
months vs 6 months (HR: 0.59, Confidence Intervals (CI): 0.44-0.79, p < 0.001).

Checkmate 057 was a phase III randomized trial investigated the activity of nivolumab
against docetaxel as 2™ line treatment for patients with non-squamous metastatic NSCLC
that had progressed after first line treatment with chemotherapy with a platinum back-
bone [34]. The primary endpoint of the study was overall survival. Nivolumab group had
improved survival compared to docetaxel group at a statistical significant level, HR=0.73
(96% CI: 0.59 to 0.89; p=0.002) [33]. Checkmate 057 led to FDA regulatory approval of
nivolumab as a second line treatment for patients with non-squamous NSCLC that have
progressed after 1% line treatment with a platinum doublet.

Several months later, on October of 2015, Pembrolizumab, an IgG4, fully humanized
monoclonal antibody received also regulatory approval as 2™ line treatment for individuals
with metastatic NSCLC that had experienced treatment failure with a 1*line platinum based
chemotherapy based on the results of Keynote-010 and Keynote-001 [35,36]. Keynote-010
was a phase IIT randomized trial that compared the activity of pembrolizumab against
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docetaxel in individuals with metastatic NSCLC that had progressed to 1% line platinum
based treatment in PD-L1 positive patients [35]. The primary end points of the study were
overall survival and progression-free survival in the total population and in patients with
PD-L1 expression on at least 50% of malignant cells. PD-L1 positivity was defined as the
number of cancer cells that stained positive with the monoclonal antibody assay 22C3.
PD-L1 positive patients were defined as the individuals with PD-L1 positivity in > 1% of
neoplastic cells [35,36]. Pembrolizumab administration 2 mg/kg was associated with im-
proved overall survival compared to docetaxel, (HR=0,71, 95% CI: 0.58-0.88; p<0.001).

Atezolizumab, an anti-PD-L1 IgG1 monoclonal antibody, was approved by FDA also
as 2" line treatment for patients with metastatic NSCLC that had progressed to first line
platinum-based chemotherapy in October of 2016. The trial that led to the regulatory ap-
proval of atezolizumab was the OAK trial [37]. OAK was a phase III randomized trial that
compared the efficacy of atezolizumab versus docetaxel as 2™ line treatment [37]. OAK
study had co-primary endpoints, overall survival in the intention to treat population (ITT)
and PD-L1 expression populations TC1/TC2/TC3 or IC1/IC2/IC3 [37]. In OAK study a
different antibody assay for PD-L1 immunochemistry quantitative analysis was applied,
the VENTANA SP142 PD-L1 immunohistochemistry assay. TC1/TC2/TC3 were defined
as PD-L1 expression on 1% or more of cancer cells and IC1/IC2/IC3 as PD-L1 expression
on 1% or more of tumor-infiltrating cells of the immune system [37]. Overall survival was
improved with atezolizumab compared with docetaxel in the ITT population, 13.8 months
vs 9.6 months, HR= 0.73 (95% CI: 0.62-0-87, p<0.001).

In the first line treatment setting, Pembrolizumab received FDA regulatory approval in
2016 as a result of Keynote-024 [38]. Keynote-024 was a randomized phase III trial that
compared the activity of pembrolizumab as first line treatment against platinum-based
chemotherapy in individuals with metastatic NSCLC without epidermal growth factor
(EGFR) or anaplastic lymphoma kinase (ALK) genetic aberrations [38]. The primary end-
point of the study was progression free survival whereas overall survival was the secondary
endpoint. Pembrolizumab administration was statistically improved in the pembrolizum-
ab group compared with chemotherapy group, HR=0.60 (95% CI: 0.41-0.89, p=0.005).
Noticeably, The results from keynote-024 are made even more impressive if someone
considers also the crossover rate to pembrolizumab after progression to chemotherapy
which was more than 50% [38].

Finally, on November 2017, the initial results of the PACIFIC trial were published [39].
PACIFC trial was a phase III randomized trial that investigated the activity of durvalumab,
an igGlk anti-PD-L1 monoclonal antibody, as a maintenance therapy after concomitant
chemoradiotherapy with curative intent for locally advanced NSCLC, stage IIIA or stage
IIIB by TNM. The co-primary endpoints were progression free survival and overall survival.
The trial was positive as the patients in the durvalumab group had an improved progression
free survival compared to placebo, 16.8 months vs 5.6 months, HR= 0.52, 95% CI: 0.42 to
0.65, p<0.001). PACIFIC trial acted as a proof-of-concept study by demonstrating the
efficacy of immune checkpoint inhibitors in the maintenance setting.

A timeline of the regulatory approvals by FDA of immune checkpoint inhibitors for
the management of metastatic NSCLC until the end of 2017 is demonstrated in diagram 1.
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Diagram 1: Timeline of FDA approval of immune checkpoint inhibitors for the treatment of metastatic Non-Small
Cell Lung Cancer (NSCLC).

In addition, since 2013, published data from phase I study NCT01024231 acted as proof
of point of synergistic modulation of antitumor immunity by the combined inhibition of
CTLA-4 and PD-1 [40]. Furthermore, new proteins that act as immune checkpoints have
been recognized and their role as potential immunotherapy targets is under active ongo-
ing research(25,27,41).

Through the conceptualization of the aforementioned data, the introduction of immune
checkpoint inhibitors introduced a new era of medical oncology by offering the chance to
harness the sophisticated force and competency of adaptive immunity in every day patient
care. Nevertheless, every big step is accompanied with an increasing number of questions
that emerge as a natural causal reality.



26 | Konstantinos Rounis PhD

1.2 Definition of Cancer Cachexia Syndrome and interrelated molecular
pathways between Cancer Cachexia and immune response

A. Cancer cachexia syndrome definition, epidemiology and clinical
impact

The term cachexia originates from the Hellenic word «kaxe&ia» which is a complex word
that combines two derivatives, ‘kaxo¢ that means bad and ‘¢€1¢’ which means condition.
Cachexia is defined as a distinct clinical syndrome characterized by depletion of body
weight, muscle mass, and adipose tissue, along with a perturbation in the equilibrium gov-
erning energy and protein homeostasis, which remains refractory to amelioration through
the provision of sufficient dietary nutrients [42]. The cachexia syndrome can manifest as
a pathophysiological consequence of both malignant and non- malignant conditions, en-
compassing ailments like congestive heart failure, chronic obstructive pulmonary disease,
and acquired immunodeficiency syndrome (AIDS). Thus, the ancient Hellenes, describe
with the term cachexia the phenotypical imprinting of a complex underlying metabolic
pathophysiologic process associated with a wide spectrum of medical conditions.

Within the domain of cancer, the cachexia syndrome (CCS) exhibits a notable preva-
lence, impacting as many as 80% of terminal-stage cancer patients, and has been correlat-
ed with heightened postoperative complications, diminished responsiveness and aug-
mented toxicity in relation to chemotherapy, as well as overall untoward prognoses [43].
Additionally, it closely correlates with a progressive decline in performance status and an
impaired quality of life, directly contributing to approximately 20% of all cancer-related
mortalities [42].

CCS exhibits a multifaceted underlying pathophysiological framework triggered by a
plethora of soluble signaling agents and cell-cell interactions, originating either directly
from neoplastic cells or as a result of their intricate interplay with constituents of the tu-
mor microenvironment (TME) and the host’s immune system. These cellular networks
orchestrate the emergence of a systemic inflammatory reaction, activation of biochemi-
cally disadvantageous cycles, and perturbation of fundamental endocrine and metabolic
cascades [44]. The onset of cachexia is not an inescapable outcome of cancer; instead, it
appears to hinge upon the initiation and continual sustenance of an underlying inflamma-
tory response that drives the disruption of the intricate equilibrium regulating metabolic
pathways [42,44]. Moreover, the systemic inflammatory process at the core of CCS exerts
a profound influence on the operational dynamics of both the innate and adaptive immune
systems, operating across multiple tiers, thereby rendering individuals afflicted with cancer
cachexia more susceptible to infections [45].

Furthermore, CCS as a syndrome is associated with adipose tissue wasting and a bio-
chemical process which has been identified as browning of the adipose tissue [46]. Browning
oftheadipose tissue has been characterized as the result of the uncoupling of mitochondrial
respiration in brown and beige adipose cells [46] which is mediated through the activity
of uncoupling protein 1 (UCP1) which, in turn, is characterized by its expression only in
thermogenic fat tissue (46-48). Adipose tissue is known to be a body compartment with an
important role in the modulation of the immune response [49,50]. Moreover, adipose tis-
sue composition has been reported as an important prognostic biomarker in cancer patients
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undergoing treatment(51-53). More analytically, high visceral fat percentage has been
associated with poor clinical outcomes [51] where on the other hand, high subcutaneous
adiposity has been associated with improved survival outcomes in individuals suffering
from a wide spectrum of malignancies [52,53].

From a clinical standpoint, diagnosis of CCS is done by applying the criteria set by
the international consensus of cancer cachexia [1]. These criteria encompass instances of
physiological changes characterized by a reduction in body weight exceeding 5% during
the preceding 6 months, or a body mass index (BMI) falling below 20 kg/m?, coupled with
any degree of weight decline surpassing 2% or any extent of weight loss exceeding 2% in
an individual with an appendicular skeletal muscle index that is consistent of sarcopenia.

B. Cancer Cachexia Syndrome and Cancer-Immunity-Cycle

From an immunological standpoint, many of the mechanisms that have been proposed to
be involved in CCS pathogenesis have also been recognized as important immune system
modulators. Many cytokines that have been involved in CCS pathogenesis, either in pre-
clinical models or in translational studies have been shown to be involved in the orches-
tration of immune response(54- 59,59-65,65-67). In addition, dysregulated autophagy,
P-selectin/PSGL-1 interaction, myeloid derived suppressor cells (MDSCs), cancer associated
fibroblasts (CAFs) and M2 polarized macrophages (M2) are biological processes and cell
subtypes that have been associated both with CCS pathogenesis and sustainment and as
immune suppressors(41,58,68-72). These findings raise the possibility of a potential dual
role of these cellular interaction networks, acting both as inducers of metabolism equilib-
rium disruption, thus, causing the cachexic phenotype and participating in the process of
immunoediting towards the successful evasion of the host’s immune surveillance during
the malignant process trajectory. The dual role of these mediators and mechanisms and
their role on cancer-immunity- cycle [73] is depicted on figure 2.
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Figure 2: The dual role of a wide range spectrum of cachexia pathogenetic mechanisms and their contribution both
on the phenotypical changes of cancer cachexia syndrome such as muscle wasting and adipose tissue remodeling and
the inhibition of a successful anti-tumor immune response.

Abbreviations: MDSC: Myeloid derived suppressor cell, M1 & M2: M1 and M2 macrophage subtypes, N1 & N2: N1
and N2 tumor infiltrating neutrophils subtypes, CAF: Cancer associated fibroblast, DC: Dendritic cell, NK: Natural
killer cell, EMT: Epithelial-to- mesenchymal transition, PPARa: Peroxisome proliferator-activated receptor alpha,
ActRIIB: Type IIp activin receptor, gp130: Glycoprotein 130, TGFPR1-3: Transforming growth factor beta receptors
1-3, TIM3: T-cell immunoglobulin and mucin-domain containing- 3, TNFR1: Tumor necrosis factor receptor 1,
CXCR1/2: C-X-C motif chemokine receptor 1-2, NLP3: Nodule inception protein-like protein 3
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- TNF-a superfamily

More analytically, Tumor Necrosis Factor-a (TNF-a) is an acute phase reactant secreted
by immune cells in the setting of stress such as infection or cancer [74]. TNF-a has shown
in a variety of cachexia models to contribute to muscle wasting through the blockade of
myocyte differentiation and promoting muscle degeneration through the process of ubiq-
uitination by stimulating the activity of ubiquitin E3 ligase pathway [75] and administra-
tion of exogenous TNF-a has shown to induce cachexia in preclinical models [76]. Also
it has been reported to be involved in blockade of the adipocytes differentiation process
through the inhibition of adipocyte differentiation transcription factors [54] and has been
implicated to be involved in the sickness behavior caused by cachexia through its effect on
hypothalamic function [77]. Translation data about the role of TNF-a levels for cachexia
development in cancer patients have not been consistent [78,79] and the administration
anti-TNF-a monoclonal antibodies failed to reverse the cachexia phenotype in patient
with pancreatic adenocarcinoma when combined with cytotoxic chemotherapy [56,80].
Nonetheless, preclinical data demonstrated that TNF- a inhibition can overcome resistance
to PD-1 administration in mouse melanoma models [55]. The researchers reported that
Tumor Necrosis Factor Receptor 1 (TNFR1) activation through TNF-a stimulation result-
ed in reduced effector CD-8+ effector T cell accumulation and upregulation of secondary
immune checkpoint T-cell immunoglobulin and mucin-domain containing- 3 (TIM-3)
[55]. TNF-a inhibition in patients receiving immunotherapy with checkpoint inhibitors
because of immune related adverse events (irAEs) was not associated with worse clinical
outcomes [81]. NCT03293784 is a phase I clinical study studying the safety of concomi-
tant administration of certolizumab, a TNF-a inhibitor in combination with nivolumab
and ipilimumab in patients with metastatic melanoma. It may be possible that continuous
TNF-o/TNFRI1 interaction can led to T cell exhaustion and abrasion of immune response
and checkpoint inhibition efficacy in conjunction with cancer cachexia phenotype, but
because of the multifactorial pathogenesis and pathophysiology of CCS it is possible this
effect to be diluted and further research is required.

TNF-Related Weak Inducer of Apoptosis (TWEAK) is another member of the TNF-a
superfamily that has been associated with CCS pathogenesis [82]. TWEAK binds to the the
TNF receptor superfamily member 12A (TNFRSF12A; also known as fibroblast growth fac-
tor-inducible 14 (Fn14) and TWEAKR) and TNFRSF12A activation in CCS study models
has been reported to cause muscle atrophy through ubiquitination and activation of the
NF-kB intracellular pathway [67]. More interestingly, TNFRSF12A blockade was associ-
ated with CCS development prevention and improved survival in mouse embryonic fibro-
blast (MEF) Fn14 tumor models [82]. TWEAK also assumes the function of an immune
modulator. More analytically, the binding of TWEAK to Fnl4 impedes the activation of
signal transducer and activator of transcription protein (STAT)-1, thereby dampening
the generation of interferon (IFN-) and interleukin-12 (IL-12), thus demonstrating as an
important factor for the effective transition from innate to adaptive immunity [65]. In the
same report, TWEAK" mice exhibited vigorous antitumor responses from natural killer
(NK) cells and Th1 T cells, manifesting the capacity to reject B16 melanoma model tumor,
in contrast to their wild-type (wt) counterparts [65]. Furthermore, TWEAK/Fn14 inhibition
has been reported to induce an antitumoral effect by increasing the number of intratumoral
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immune cells, mostly CD45+ memory cell by activating the Monocyte Chemoattractant
Protein-1 [66]. A phase I study of RG7212, an IgGk1 anti-TWEAK monoclonal antibody,
in patient with solid tumors has yielded modest results [83] whereas other studies are on-
going. There is paucity of clinical and preclinical data on a potential synergistic effect of
combining TWEAK/Fn14 inhibitors with immune checkpoint inhibitors, but TWEAK/
Fn14 pathway is an interesting pharmacodynamic target, both as anti-cachexia agent and
the attenuation of immune checkpoint inhibitors antitumor activity.

I Interleukins (IL)-1a, IL-1B, IL-6 and IL-8

Interleukin (IL)-1a and IL-1p, cytokines belonging to the interleukin 1 family, have been
associated with cachexia pathogenesis and have been also implicated in the immunoedit-
ing process by tumors [58,72,84-87]. Nevertheless, data have been conflicting since IL-1R
blockade, the receptor that both IL-1a and IL-1p are binding, did not show to effectively
ameliorate weight loss and the CCS phenotype in mouse models [57]. IL-1f, has been re-
ported to exert an important role in tumor progression and immune evasion in various
tumor models(58,58,85) suggesting a potential synergistic effect when combined with
immune checkpoint inhibitors.

Interleukin-6 (IL-6) represents a multifaceted cytokine originating from activated mac-
rophages, playing a cardinal role in the genesis of cancer cachexia syndrome (CCS). In
experimental models, IL-6 has been demonstrated to contribute to CCS through diverse
mechanisms, including augmented autophagy and elevation of transcriptional factors
promoting degradation of myofibrillar proteins [42]. Plasma concentrations of IL-6 have
shown a direct positive correlation with the pathogenesis of CCS and poor clinical out-
comes in translational studies performed in cancer-afflicted individuals [88]. In the pre-
clinical front, in a study model of colorectal cancer development, Apc™™* mice, harboring
a germline mutation in the adenomatous polyposis coli gene (APC), exhibited heightened
serum IL-6 levels, resulting in muscle tissue atrophy and the ensuing cachexia phenotype.
In contrast, Apc™™+™-¢" mice, which were double knock downed for the IL-6 gene and had
also the germline APC mutation, did not expressed the cachectic phenotype. Introduction
of exogenous IL-6 into Apc™™+/1-6/- mijce led to the emergence of the cachexia phenotype,
underscoring the potential central role of IL-6 in CCS development [89]. Furthermore, ad-
ministration of tocilizumab, an anti-IL-6 monoclonal antibody, in 3 cancer patients with
CCS has been reported to minimize the cachectic phenotype and to led to improved clinical
outcomes [90,91]. Moreover, congruent with its catabolic impact and propensity for muscle
wasting, IL-6 concurrently exerts suppressive effects on antitumor immunity on multiple
checkpoints of the cancer-immunity-cycle ranging from hindering dendritic cell function
and development [92] to the inhibition of CD4+ T cells maturation and their polarization
towards a tumor promoting Th2 phenotype [62,93], the stimulation of intra-tumoral accu-
mulation of MDSCs [94] and the polarization of the macrophages into an M2 phenotype
[95]. Notably, in two murine cachexia models, tumor- derived IL-6 prompted hepatic
metabolic reprogramming by suppressing Peroxisome Proliferator-Activated Receptor
alpha (PPARa)-regulated ketogenesis, consequently leading to heightened endogenous
glucocorticoid secretion. This, in turn, impaired antitumor immunity and resistance to
immunotherapy [59]. Translational studies of metastatic melanoma patients treated with
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the anti-CTLA- 4 monoclonal antibody ipilimumab revealed a correlation between lower
IL-6 serum levels and extended survival [96]. The prospect of targeting IL-6 has emerged
as an appealing strategy to augment tumor responsiveness to immunotherapy.
Interleukin-8 (IL-8), serves as a chemokine predominantly synthesized by macrophages
and monocytes, carrying out its actions by binding with differential affinity to multiple
receptors with the C-X-C motif chemokine receptors (CXCR) 1 and 2 being the most well
studied [97,98]. Elevated circulating concentrations of IL-8 in individuals with lung and
pancreatic cancer have been linked to the onset of cancer cachexia syndrome (CCS) and
unfavorable survival outcomes [99,100]. In addition to its capacity to incite an inflamma-
tory and catabolic state, IL-8 has demonstrated associations with attenuated antitumor
immune responses across a diverse array of experimental models. Tumor cell- derived
IL-8 has been correlated with recruiting N2-type tumor-associated neutrophils (TANs)
[101] and myeloid-derived suppressor cells (MDSCs) [94], driving forward immunoediting
towards malignancy progression. Clinical data in patients with metastatic melanoma and
non-small cell lung cancer (NSCLC) undergoing treatment with immune checkpointinhib-
itors demonstrated an association between high IL-8 levels and the emergence of secondary
resistance to immunotherapy [102]. In light of the available experimental evidence, the
IL-8/CXCR1/2 axis emerges as a promising target for fostering robust antitumor immune
responses and enhancing the efficacy of presently employed immunotherapeutic modalities.

- Transforming growth factor f (TGF-f) family

Three member of the transforming growth factor f (TGF-p) family have been linked to
the ontogenesis of CCS, Activin A(103-105), TGF-f [106] and Growth Differentiation
Factor 15 (GDF15) [107].

Activin A is a protein complex engaged in a broad array of physiological processes
from programmed cell death (apoptosis), and the recuperation of tissue injuries
[104]. Activin A has demonstrated to propagate muscular wasting and cachexia in ex-
perimental models [103] and pharmacological blockade of the activin type II receptors
(ActRIIB) pathway reversed cancer-related cachexia and muscular degeneration, con-
sequently extending survival in C26 Tumor-Bearing Mice [108]. A clinical study also
evidenced a positive correlation between serum levels of Activin A and the emergence of
CCS, coupled with diminished survival rates among individuals with pancreatic malig-
nancies [105]. In concurrence with its catabolic manifestations, Activin A has exhibited
the ability to suppress antitumor immune responses by facilitating the differentiation of
CD4+ T cells into T regulatory cells (Tregs) in vitro [109] and inducing the polarization
of tumor-associated macrophages (TAMs) into an M2 phenotype [110]. A phase I study
is investigating the effect of STM 434, an activin A inhibitor, in combination with liposo-
mal doxorubicin in patients with advanced solid tumors (NCT02262455). Consequently,
the signaling cascade governed by Activin A and ActRIIB emerges as a compelling target,
holding potential for both the mitigation of cachexia and the fortification of an efficacious
antitumor immune reaction. Nonetheless, further clinical and translational inquiries are
warranted in this realm.

Since 1991, TGF- has been implicated as a pathogenetic factor of CCS and fibrosis
[111]. Preclinical models have unveiled that the release of TGF-p into circulation, attributed
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to osteolysis stemming from bone metastases within murine models, activates the Mothers
Against Decapentaplegic Homolog 3 (SMAD3)-NADPH oxidase 4 (NOX4)-ryanodine re-
ceptor 1 (RyR1) pathway, culminating in muscular malfunction and the onset of cachexia
[106]. Its paramount role within the immune system is the preservation of immune tol-
erance. By exerting pleiotropic influences on a diverse spectrum of immune cells, TGF-f
averts the genesis of autoimmune disorders while upholding immune reactions against
pathogens. Nonetheless, hijacking of this signaling pathway from the cancer cells can pre-
cipitate the immunoediting process leading to tumor evasion and progression, thus, this
pathway emerges as a compelling candidate for targeted interventions in antitumor thera-
peutic strategies [112]. Phase I and II clinical trials are underway to evaluate the safety and
effectiveness of agents targeting TGF-p1-2-3, either in isolation or cytotoxic chemotherapy
or in conjunction with immune checkpoint inhibitors ICIs (NCT03192345, NCT02699515,
NCT02517398 and NCT03315871).

The engagement of mitogen-activated protein kinase 11 (MAP3K11) by the interaction
between GDF-15 and GDNF family receptor alpha-like (GFRAL) has been identified as
the principal initiator of weight loss in animal models of cancer-associated cachexia [107].
Additionally, heightened levels of GDF15 within serum have been linked to the emergence
of CCS, anorexia, escalated tumor burden, and unfavorable survival outcomes in cancer-af-
flicted individuals [113]. It curbs the maturation of dendritic cells within the TME, leading
to impaired activation of T cells and abrogating antitumor immunity [114]. Conversely,
the depletion of GDF-15 within orthotopic pancreatic cancer models reinstated immuno-
surveillance within the TME [115] and analogously, downregulation of GDF-15 via short
hairpin RNA (shRNA) in a glioblastoma model elicited enhanced T cell infiltration with-
in the TME and elevated survival rates [116]. Summarizing the aforementioned, TGF-$
family related biological networks constitute promising pharmacological targets both as
cachectic treatment and for the enhancement of the activity of ICIs.

- Autophagy, cancer cachexia and immune response

Autophagy embodies a multi-stage process intricately orchestrating the ordered degrada-
tion and recycling of cellular constituents [117]. Its association with the CCS pathogenesis
and its phenotypical imprinting as the persistent depletion of muscle mass in cancer-af-
flicted individuals has been demonstrated in translational studies (118,119). Beclin-1 and
microtubule-associated protein 1A/1B light chain 3B II (LC3 B-II), two proteins that have
been reported to exert central roles in the structure and regulation of the autophagic ma-
chinery, exhibit elevated expression within the skeletal musculature of cancer patients [119].
The involvement of autophagy manifests a dual role within the realm of tumorigenesis and
progression. Baseline autophagy stands as an antagonistic process against tumorigenesis,
whereas dysregulated autophagy fosters the generation and evolution of tumors through
aberrant processing and accumulation of byproducts of cellular metabolism that drive
forward the malignant process [68].

On top of that, autophagy holds cardinal significance within both the innate and adap-
tive facets of immunity, particularly concerning the processes of antigen presentation and
the nexus between innate and adaptive immune responses. Autophagosomes engulf in-
tracellularly perturbed proteins, subsequently presenting the resulting peptide products
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within MHC-II-bearing compartments for antigen display to a specific subset of CD4+
T cells [120]. The autophagic machinery exhibits an important role in the process of
MHC-I-mediated cross-presentation to CD8+ T cells, while simultaneously tempering
the cross-priming dynamics of CD8+ T cells [121]. In parallel, autophagy’s role looms
significant in maintaining the metabolic and oxidative equilibrium of T cells, as compro-
mised autophagy instigates impaired degradation of mitochondrial elements, instigating a
consequential surge in ROS generation and consequent T cell anergy [69]. Contrastingly,
autophagy occupies a pivotal niche in the survival and immune regulatory function of
Tregs, as the ablation of Atg5 or Atg7, genes fundamentally essential in the construction
and operation of the autophagic protein complex, leads to Treg dysfunction and apoptosis
[69]. Tregs bereft of autophagic capabilities witness a waning expression of the transcrip-
tion Factor Forkhead Box P3 (FOXP3), which concurrently augments the elevation of
metabolic mediators, resulting in a compromised immune suppressing role [69]. Equally
pivotal, autophagy serves as a determinant for steering macrophages towards an M2 im-
munosuppressive phenotype [122] and the autophagic biological network orchestrated by
high mobility group box 1 (HMGBI) has emerged as a critical driver for the perpetuation
of myeloid-derived suppressor cells (MDSCs) viability [123].

Amidst the intricate landscape, while autophagy appears to wield a noteworthy influence
in the trajectory of CCS and its perturbations align with the dampening of antitumor im-
mune responses, a dearth of comprehensive data necessitates further exploration. Further
research at a preclinical and translational level is warranted to fathom whether the escalated
inflow of autophagy in the skeletal musculature of CCS-affected cancer patients correlates
with a corresponding surge in autophagy within specific immune cellular components of
the tumor microenvironment (TME), ultimately culminating in the aggregation of Tregs
and M2 macrophages. The validation of this hypothesis could emphasize the role of dys-
regulated autophagy in the context of primary and/or secondary resistance to checkpoint
blockade and position components of the autophagic machinery as potential targets for the
development of novel treatments.

- SELP gene and cachexia

Cancer patients harboring the C allele of the rs6136 single nucleotide polymorphism (SNP)
within the SELP gene, which encodes the adhesion molecule P-selectin, exhibit a diminished
susceptibility to Cancer Cachexia Syndrome (CCS) [124]. This aforementioned specified
genetic variation is associated with reduced serum levels of P-selectin [125]. The family of se-
lectins, encompassing E-selectin, P-selectin, and L-selectin, stands as a collective of adhesion
molecules that exert a central role in the orchestration of the inflammatory cascade mainly
through the regulation of the recruitment of immune cells and platelets at sites of inflammation
[126]. P-selectin glycoprotein ligand-1 (PSGL-1) emerges ubiquitously across all leukocyte
subpopulations, serving as the primary ligand for P-, E-, and L-selectins [90].

Experimental models, employing mice deficient in selectins (P-, L-, and E-selectin),
have underscored the role of these molecules in promoting metastasis while also facilitat-
ing the recruitment of CD11b+Ly6C+Ly6G+ myeloid-derived suppressor cells (MDSCs)
within the tumor microenvironment (TME) [127]. Furthermore, PSGL-1 has been im-
plicated to as an immune checkpoint regulator [41]. In a murine model of melanoma,
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mice lacking PSGL-1 (Selplg™") exhibited an augmented antitumor immune response,
attributable to the downregulation of inhibitory checkpoints. This led to a heightened
intratumoral accumulation of effector CD44MCD8+ and CD4+ T cells in comparison to
their wild-type counterparts and higher numbers of IFN-y and IL-2 producing T cells [41].
There exists a paucity of data pertaining to the potential of a blockade targeting the
P- selectin/PSGL-1 axis in effecting the reversal of the CCS phenotype or investigat-
ing a potential synergistic effect of dual inhibition of PD1 or CTLA-4 dual inhibition
and the selectin/PSGL-1 axis.

Nevertheless, the prospect of targeting the PSGL-1/P-selectin pathway for immuno-
therapy presents itself as a compelling avenue, particularly for individuals afflicted by
preexisting CCS (Figure 3).
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Figure 3: Potential synergistic mechanism potentiating immunotherapy effect derived from the dual inhibition of PD-1/
PD-L1 and P-Selectin/PSGL-1 interactions. MDSC: Myeloid derived suppressor cell, PSGL-1: P-selectin glycoprotein
ligand 1, PD-1: Programmed cell death protein 1, PD-L1: Programmed cell death protein 1 ligand

- Myeloid derived suppressor cells (MDSCs)

MDSCs encompass a heterogeneous assemblage of myeloid-derived cells intricately linked
with the dampening of antitumor immune responses [70]. MDSCs, whether as circulating
cells or within the TME, have been associated with the genesis of CCS across studies in
experimental models and in cancer patients [71,128]. MDSCs exercise multifaceted neg-
ative influence over the antitumor immune response. They have been reported to facilitate
the recruitment of intratumoral regulatory T cells (Tregs) and elicit the polarization of
macrophages toward an M2 immunosuppressive phenotype [70,94]. The role of MDSCs
is hypothesized to precipitate CCS through the provocation and perpetuation of an un-
derlying inflammatory milieu, consequently triggering amplified energy expenditure and
protein turnover [71].

The pursuit of strategies targeting MDSCs is fraught with challenges due to the intri-
cate heterogeneity intrinsic to divergent human MDSC populations. Nevertheless, such
endeavors stand forth as one of the most promising avenues for augmenting the tumor’s
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sensitivity to immunotherapy. The overarching inquiry concerning the potential of MDSC
depletion to ameliorate the CCS phenotype or to surmount established immunotherapeutic
resistance beckons for more thorough investigation.

C. Conclusions

As discerned from the aforementioned preclinical and clinical data, a significant subset of
factors implicated in the pathogenesis of cancer cachexia exhibit a dual role. This dual role
encompasses the phenotypic footprint of cancer cachexia and diminished immune respon-
siveness against malignant processes. When one contemplates the prevalence of the cancer
cachexia syndrome in cancer afflicted individuals, coupled with the escalating population
of patients afflicted by neoplasms and undergoing immunotherapy, the investigation into
the influence of the aforementioned syndrome on the clinical outcome of these individuals
becomes an anticipated causal cognitive correlation.
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1.3 The necessity for the discovery of immunotherapy biomarkers

The introduction of ICIs unraveled an new era in metastatic lung cancer management of-
fering the possibility of prolonged remission in a small, but significant subset of patients
with metastatic malignancies [32-34,36-38,40,129]. However, sufficient biomarkers in
order to predict the individuals that will derive benefit from the administration of ICIs are
lacking. From a financial standpoint, the extensive implementation of ICIs is correlated
with noteworthy expenditures for the healthcare framework, thereby engendering delib-
erations on the viability of their cost-effectiveness [130]. Further research on the discov-
ery of biomarkers would improve not only patient selection but could also drive forward
research towards the therapeutic field by further unraveling the underlying mechanisms
of primary and secondary resistance to ICIs.

PD-L1 expression on cancer cells or in the immune cells of the TME has been the only
biomarker that has demonstrated to be associated with improved clinical outcomes in
prospective studies [33,34,36,129]. At 2017, three different immunohistochemistry (IHC)
assays had been developed to evaluate PD-L1 expression and they have received approval
from the FDA as companion diagnostic assays. PD-L1 IHC 22C3 pharmDx assay (Dako
North America) has been applied for the estimation of PD-L1 expression in pembrolizum-
ab clinical trials [29,35,36,38,129]. Dako 28-8, a rabbit PD-L1 antibody, has been used for
testing the PD-L1 expression in nivolumab clinical trials [33,34,40]. Ventana SP263 has
been the IHC test applied in the atezolizumab trials [37]. It is worth noting that 22C3 and
28-8 assessed PD-L1 expression levels, as the percentage of cancer cells in the biopsy ma-
terial that stained positive with the test antibodies [33-36,38,40] whereas SP263 Ventana
assessed PD-L1 expression in the cancer cells and immune cells of the TME [37].

Despite the different IHC assays applied in the clinical trials that led to regulatory
approval of ICIs, PD-L1 expression levels have demonstrated consistently, across differ-
ent studies, a positive correlation with improved clinical outcomes [29,33-35,37,38]. In
Keynote-001, individuals with positive PD- L1 expression experienced longer Progression-
Free Survival (PFS) and OS when compared with the rest of the treated patient in the
study cohort [36]. Interestingly, duration of response (DOR) was not affected by PD-L1
expression levels [36]. In Keynote-010, PD-L1 expression > 50% was associated with a
numerical higher overall survival compared to patients with PD-L1 expression ranging
from 1- 49% [35]. In Keynote-042, which investigated pembrolizumab effect in patients
with PD-L1 expression = 50%, ICI administration was associated with high response rates
~ 45% and an unprecedent PFS of 10,3 months [38].

In accordance with the Keynote studies, Checkmate-057 trial demonstrated also that high
PD- L1 expression consists a positive predictive and prognostic biomarker for ICI efficacy in
NSCLC [34]. In the aforementioned trial, individuals with PD-L1 expression >1% expressed
31% response rates when treated with nivolumab, compared to 9% for ICI treated patients
with PD-L1 expression levels <1% [34]. However, correspondingly with Keynote-001 DOR
was not associated with PD-L1 expression and responders with negative PD-L1 expression
experienced a prolonged clinical benefit from ICI administration [34,36]. Hazard Ratios (HR)
for OS were similar for PD-L1 negative and PD-L1 positive patients ranging from 0.58 to
0.69, respectively [34]. In Checkmate-017, PD-L1 expression in the intention-to-treat (ITT)
population was not correlated with response or survival outcomes [33]. This result could be
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attributed to a statistical type error II, the fact that the study was not designed to evaluate PD-
L1 expression and clinical outcomes as the primary end-point and to the inherent divergent
biology of squamous NSCLC compared to LADC.

OAK study, evaluated PD-L1 expression by applying the Ventana SP263 assay [37].
According to percentage of tumor cell orimmune cell positivity for PD-L1 expression they
were classified as TCO0, TC1, TC2, TC3 and ICO0, IC1, IC2 and IC3 respectively [37]. TCO
was classified as 0% PD-L1 expression on tumor cells, TC1 as 1% or more but less than
5%, TC2 as PD-L1 expression 5-49% and TC3 as PD-L1 expression 50% or higher in the
tumor cells [37]. In an analogous manner, patients were classified as IC0, IC1, IC2 and IC3
[37]. TC3 or IC3 patients demonstrated improved clinical outcomes compared to rest of
the patient cohort [37].

Consequently, as derived from the data from the phase III studies that led to the regu-
latory approval for ICI treatment in NSCLC, PD-L1 is an important biomarker for patient
selection, especially for individuals with PD-L1 equal or higher to 50%, because it deter-
mines first line treatment options. Moreover, it has been the only validated biomarker on
prospective large-scale trials. On the other hand, even the patients with negative PD-L1
expression can derive a significant clinical benefit if they respond to treatment [33,34,37].
Importantly, PD-L1 expression has not been correlated with DOR in the aforementioned
studies, so all the patients independently of its expression can achieve a prolonged disease
control [33,34,37]. However, the Kaplan-Meyer survival curves of the majority of the stud-
ies have shown that a number of patients receiving immunotherapy as monotherapy have
worse survival than those treated with cytotoxic chemotherapy in the first 3-6 months of
treatment (Figure 4).
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Figure 4: Hypothetic Kaplan-Meier curve that depicts the observed phenomenon in phase 3 trials where patients in
the immunotherapy arm experience worse survival than the patients in the chemotherapy arm in the first 3-6 months
after treatment initiation.

There has not been a sufficient explanation for this phenomenon but several underly-
ing etiologies have been proposed. One hypothesis that has been proposed associates this
phenomenon with the prolonged time to response (TTR) to ICI [131]. More analytically,
certain individuals with rapid progressive disease do not have sufficient time to respond
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to ICI and as a consequence, they experience worse survival. Another explanation is that
PD-LI inhibition can lead to the expansion of an immune suppressive compartment of
the adaptive immunity, such as the Tregs [132]. None of the previous hypotheses, how-
ever, has been validated in translational or clinical data. Nonetheless, there is a group of
patients that does not derive benefit from ICI administration and maybe there hinders a
potential deleterious effect of immunotherapy and PD-L1 status is not sufficient for the
identification of this subgroup.

TME has been characterized by significant inter-tumoral (tumor by tumor) and intra-tu-
moral (inside the tumor) heterogeneity [133]. This heterogeneity is based on the different
immune phenotypes of TME ranging from cold tumors, tumors that do not have the capacity
to induce immune stimulation, immune-excluded tumor, tumors that have induced immune
stimulation but the effector T cells are excluded mechanically from the tumor so that they
cannot reach and exterminate efficiently the cancer cells and inflamed tumors, tumors with
infiltration of immune cells that have been activated against cancer neoantigens [133]. In
colorectal cancer, the immune-score, a score based on the enumeration of two immune cell
populations (CD3+/CD45RO+, CD3+/CD8+ or CD8+/CD45RO+) in the core of the tumor
and in the invasive margin has proved an effective prognostic marker in prospective studies
[134]. Despite the promising preclinical results and the robust biologic rationale behind this
approach, there has not been any prospective study that has evaluated the effect of the TME
context on ICI efficacy and clinical outcomes in NSCLC patients.

Mutational Burden (TMB) is defined as the number of mutation in certain number
of DNA bases [135]. Higher TMB led to higher number of cancer-related neoantigens
that can potentially be identified and eliminated by the immune cells. Patients with solid
tumors deficient in the gene products responsible for mismatch repair (MLHI, MSH2,
MSHG6, and PMS2), that have consequently high TMB, demonstrated high response rates
and prolonged clinical benefit from the administration of single pembrolizumab in a
tumor agnostic setting [136]. High TMB has been associated with clinical benefit from ICI
administration in retrospective studies [137,138] but his role as a biomarker has not been
confirmed in prospective studies in NSCLC. In concordance with high TMB, high number
of tumor infiltrating lymphocytes have been associated with improved clinical outcomes
after ICI administration [139] and as a positive prognostic indicator in individuals with
surgical resected NSCLC [140] but data from prospective studies in NSCLC affected pa-
tients undergoing ICI treatment are lacking.

However besides molecular and histopathological characteristics clinical co-factors can
potentially affect ICI outcomes in NSCLC patients. Body mass index (BMI) and percentage
of weight loss (WL%) has been identified as a negative prognostic factor in large scale retro-
spective data [141]. In addition, the presence of cancer dissemination in the central nervous
system (CNS) [142], liver [143] and skeletal system [144] has been associated with poor survival
outcomes in patients with metastatic NSCLC treated with cytotoxic chemotherapy. In addi-
tion, tumor burden as defined by the number of organ systems affected by metastatic disease
has also been negatively correlated with clinical outcomes [145]. Large scale retrospective or
prospective data that investigated the effect of the aforementioned factors and co-factor on
the clinical outcomes of ICI treated patients with NSCLC had not been available by 2017.
Nevertheless, further clinical research is warranted for further delineation of these factors as
prognostic and predictive factors in ICI treated cancer afflicted individuals.
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The configuration of the intestinal microbiome plays a crucial role in influencing the de-
velopment of a proficient immune response [146]. Preclinical data have underscored the sig-
nificance of the gut microbiota composition in relation to the effectiveness of immunotherapy
in experimental models involving mice afflicted with melanoma [147]. Interestingly, tumors
manifested an unresponsive nature to CTLA blockade in mice subjected to antibiotic treat-
ment or raised under germ-free conditions. However, this inherent deficiency was effectively
circumvented by means of oral administration of Bacteroides fragilis, immunization with
Bacteroides fragilis polysaccharides, or the transfer of T cells specifically targeting Bacteroides
fragilis [147]. At the clinical level, antibiotics (ATB) administration holds the potential to
induce substantial modifications in the composition of the microbiome, consequently giv-
ing rise to a prolonged state of gut dysbiosis and compromised immune function [146]. In
addition to antibiotics, proton pump inhibitors (PPIs), widely prescribed pharmaceutical
agents, have been associated with a marked reduction in the diversity measured by Shannon’s
index. Furthermore, these agents have been shown to bring about alterations affecting up
to around 20% of the bacterial taxa residing within the intestinal flora [148]. ATBs and PPIs
are commonly administered drugs in NSCLC patients, however their effect on ICI clinical
outcomes had not been researched on this particular oncological setting.

For over fifty years, the administration of exogenous corticosteroids has stood as a funda-
mental therapeutic approach for managing autoimmune disorders. Corticosteroids execute
their immunosuppressive eftects through a complex mechanism, concurrently targeting
both innate and adaptive immune responses. They act as agonists for the glucocorticoid
receptor (GR), initiating subsequent transcriptional modifications in an array of genes
implicated in the initiation of innate immune reactions [149]. Given these well-established
immunosuppressive attributes, the clinical trials leading to the approval of ICIs incorporat-
ed the criterion of excluding patients who were administered steroids in doses exceeding 10
mg of prednisolone equivalent [28,28,29,33,34,36-38,40]. However, patients afflicted with
NSCLC frequently necessitate steroid doses surpassing 10 mg of prednisolone equivalent
for a spectrum of underlying causes, ranging from managing cerebral edema due to brain
metastases to addressing exacerbations of chronic obstructive pulmonary disease (COPD).
The application of steroids in individuals undergoing ICI therapy raises concerns about po-
tentiallyimpeding the efficacy of ICIs, thus worsening the patients’ survival. Retrospective
analysis of metastatic NSCLC patients treated with ICIs has indicated poorer outcomes,
including diminished response rates, decreased PFS, and OS when steroid doses exceeded
10 mg of prednisolone equivalent [150]. Additionally, for the management of severe grade
ITI-IV immune-related adverse events (irAEs) occurringin 10-15% of ICI recipients [81],
high-dose steroid administration (=1 mg/kg/day) constitutes the primary therapeutic in-
tervention. Information regarding the clinical ramifications for patients receiving steroids
due to irAEs is primarily derived from studies focused on melanoma [81]. Nevertheless,
in addition to oral or intravenous steroids, individuals with NSCLC commonly resort to
inhalational steroids due to the heightened prevalence of chronic obstructive pulmo-
nary disease (COPD) within this demographic. Inhalational steroids trigger a multitude
of immune-modulating effects on the bronchial mucosa [151]; however, their potential
influence on the effectiveness of ICIs remains a subject yet to be explored. In conclusion,
high dose steroids for the palliation of cancer related symptoms and the management of
irAEs has been an understudied subject but with important clinical relevance.
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Artificial Intelligence (AI) constitutes an expansive domain encompassing the applica-
tion of technologies in the construction of machinery and computing systems endowed with
the capacity to emulate cognitive processes inherent to human intelligence. This emulation
encompasses faculties like visual perception, linguistic comprehension and articulation,
data analysis, generation of suggestions, and various other cognitive operations. Machine
learning, as a distinct facet of artificial intelligence, facilitates the autonomous acquisition
and refinement of knowledge by machines or systems through experiential input. Instead
of traditional, explicit programming, machine learning harnesses algorithms to meticu-
lously analyze extensive datasets, internalize the recognized patterns, and subsequently
formulate judicious conclusions. Advancements in the efficacy of machine learning algo-
rithms transpire incrementally as they iteratively encounter additional data throughout
the training phase. The outcome of this developmental trajectory materializes in the form
of machine learning models, which encapsulate the distilled insights gleaned from algo-
rithmic execution on training datasets. The efficacy of these models is inherently linked
to the quantum of data engaged, with augmented data volumes resulting in heightened
model performance. Al possesses the capacity to employ sophisticated algorithms to ex-
tract discernible attributes from extensive healthcare datasets. The resultant insights ac-
quired from this process substantially contribute to the enhancement of clinical practices.
Furthermore, AI demonstrates the capability to exhibit self-learning and self-correcting
attributes, thereby refining its accuracy through feedback mechanisms. In the field of med-
icine, Al is poised to provide vital support to healthcare professionals by granting access to
contemporaneous medical knowledge originating from authoritative journals, textbooks,
and well-established clinical protocols. This provision of information serves to elevate the
quality of patient care, informed by well-grounded decisions. Additionally, the application
of AT holds the potential to mitigate the unavoidable diagnostic and therapeutic errors
intrinsic to human clinical practices. Moreover, AI holds the ability to distill invaluable
insights from expansive patient cohorts, facilitating real-time deductions that contribute
to health risk alerts and predictive assessments concerning health outcomes [152]. JADBio,
a machine learning platform, has been used reported previously to been able to accurately
predict secretory sequences of the cellular proteome and to identify prominent differences
in amino acid content between secreted and cytoplasmic proteins [153].

Asevidenced by the cognitive summation of the aforementioned clinical and experimen-
tal data, there exists a significant number of unanswered questions regarding the specific
clinical and molecular characteristics of patient subgroups that would benefit from im-
munotherapy administration. Furthermore, the presence of a group of patients for whom
immunotherapy administration has negative implications becomes apparent. Further re-
search at both clinical and translational levels is needed to clarify these inquiries, as it has
the potential to lead not only to the discovery of new biomarkers and improved patient
selection but also to the deciphering of mechanisms underlying primary and secondary
resistance to immunotherapy.



2. Aims of the thesis

The primary objective driving the execution of this doctoral dissertation was to conduct
a prospective, single center, observational study involving individuals diagnosed with
metastatic NSCLC, who were undergoing treatment with ICIs. This pursuit aimed at the
discernment and delineation of clinical, radiological and laboratory factors that could affect
immunotherapy outcomes. The results of this study could lead potentially to an improved
patient selection for ICI treatment and to help us acquire the knowledge of the intrinsic
characteristic of the subset of patients that might attain benefit from immunotherapy in
the metastatic NSCLC setting. Owing to a scarcity of available data during the proposal and
commencement of this doctoral thesis, the study endeavored to assess an extensive array of
clinical, radiological, and laboratory variables, employing a diverse range of methodological
analyses. For the creation of the appropriate patient cohort in order to investigate the ini-
tial hypotheses we collected prospective data from individuals with metastatic NSCLC that
received ICIs in the Oncology Department of the University Hospital of Heraklion, Crete
from November 15,2017 until November 15, 2019. All the patients that received ICIs in the
Oncology Department of the University Hospital of Heraklion were screened for inclusion
and upon signing the consent form they were included in the study for further analysis.

In the first publication, an array of clinical and fundamental laboratory data was ana-
lyzed in patients afflicted with metastatic NSCLC undergoing second-line ICI treatment.
Specifically, an in-depth statistical analysis was conducted to elucidate potential correla-
tions between patient outcomes and the co-administration of antibiotics, proton pump
inhibitors, and corticosteroids, along with their disease burden which was further defined
by the type and number of organs affected by metastatic dissemination. Subsequently, these
data were subjected to further analysis utilizing the JADbio machine learning platform to
establish the foundation of a predictive model.

In the second publication, we explored the impact of the phenomenon of cancer cachexia
on the efficacy of immunotherapy by utilizing clinical data (weight loss within 6 months
prior to the initiation of immunotherapy) and radiological data (skeletal muscle index
at the level of third lumbar vertebra which was calculated using computed tomography
scans of the abdomen at the beginning of ICIs and every 3 months thereafter). Within this
publication, data were analyzed from patients receiving ICIs as both first-line, second-line
or subsequent-line treatments. This study was undertaken to investigate the role of the
cachexia phenotype imprinting in the anti-tumor response in ICI treated NSCLC patients
and its effect both on response and survival outcomes.

In the third publication, we investigated the impact of the differential body compositions
of the patients in our cohort using radiological data acquired before the initiation of ICIs
and during the course of the treatment. We explored the potential effect of adipose tissue
composition through estimating the density of its differential compartments (intramus-
cular, subcutaneous and visceral adipose tissue) on clinical outcomes in NSCLC patient
undergoing treatment with ICIs by analyzing abdominal data tomography scans before
the initiation of the ICIs and every three months thereafter. In addition, we investigated
the impact of reduced skeletal muscle mass, as an indirect indicator of an underlying in-
flammatory process, in the clinical outcomes of the patients in our cohort.



3. Methods
3.1 Study design

We systematically gathered prospective clinical, radiological and laboratory data from pa-
tients diagnosed with non-oncogene driven metastatic NSCLC who underwent treatment
with immunotherapy, either as a single modality or in combination with chemotherapy.
The decision for the treatment with ICIs in these individuals was taken by the treating
physician according to ESMO guidelines [154]. All consecutive patients who were eligible
candidates for PD-1/PD-L1 inhibitor treatment for metastatic NSCLC in the Oncologic
Department of the University Hospital of Heraklion were screened from November 15,
2017 until November 15, 2019 for potential inclusion in the study. Individuals with EGFR
mutations or ALK translocations were excluded from initial screening. EGFR mutational
status was evaluated using polymerase chain reaction (PCR), while ALK genomic changes
were analyzed using immunohistochemistry (ICH) or fluorescence in situ hybridization
(FISH), respectively.

This study was conducted as an observational study with no interference with the patients’
treatment plan on any clinical decisions. Ethical approval for the study was granted by the
Ethics Committee of the University Hospital of Heraklion (ID: 2644), and the study was
conducted in adherence to the principles outlined in the declaration of Helsinki (revised
in 2013).

Prior to enrollment, written informed consent was acquired from all participating
patients.

The inclusion criteria for this study were:

» Histological confirmation of metastatic NSCLC.

o Age > 18 years.

« Eastern Cooperative Oncology Group (ECOG) performance status 0-2.
o Adequate hepatic and renal function.

o Administration of ICIs according to ESMO guidelines [154].

o Patient’s signed informed consent.

Exclusion Criteria:
o Active, unrelated malignancy.
o Active infection.

Methods:
The patient parameters that were analyzed are:

Clinical Parameters:

» Basic demographic data: gender, age, smoking history
o Performance status by ECOG [155].

» Anthropometric characteristics: height, weight, Body Mass Index (BMI), self-re-
ported weight fluctuation over the past 6 and the past three months.
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o A cut-off for BMI 25 kg/m?* would be applied to dichotomize the patients as having
low or high BMI in order to investigate any associations of the aforementioned
parameters with clinical outcomes.

o Co-morbidities of the patient population.

o Type and duration of co-administered drugs (pos, iv or inhalational steroids,
antibiotics and proton-pump inhibitors): Patients were classified based on their
utilization of steroids, either taken orally or intravenously. This classification was
applied if the steroid dosage exceeded 10 mg prednisone equivalent and was admin-
istered for a minimum duration of 10 days within the initial 12 weeks of treatment
or within 15 days prior to its commencement. Further differentiation was made
within this patient group: one subgroup encompassed individuals who had been
prescribed steroids to manage immune-related adverse effects (irAEs) [156], while
the other subgroup included those who had received steroids for supportive pur-
poses (such as addressing brain edema due to brain metastases, anorexia, dyspnea,
or COPD exacerbations). The administration of antibiotics (ATBs) was also cate-
gorized; this classification encompassed patients who had taken antibiotics within
the 30 days preceding the start of immunotherapy and/or within the first 12 weeks
of treatment. Extended ATB usage was defined as the administration of antibiotics
for a minimum period of 14 days. If a patient underwent multiple shorter courses
of antibiotics, the cumulative duration was calculated. For long-term proton- pump
inhibitor (PPIs) usage, the criteria were set as the usage of PPIs for a duration of 3
months before commencing immunotherapy. Similarly, the chronic usage of in-
halational steroids was defined as the consumption of these steroids for 3 months
before initiating immunotherapy. It’s important to note that the specific cutofts of
10 days, 14 days, and 3 months for steroids, ATBs, and PPIs use, respectively, were
determined arbitrarily before the commencement of data collection to ensure con-
sistency in analysis.

o Immunotherapy treatment type: Single PD-1(PDL-1) inhibitor, PD-1-CTLA-4
inhibitors combination, chemotherapy-PD-1 combination and previous treatments
(surgery, chemotherapy, radiation therapy).

Radiological Parameters:

« Disease characteristics: Sites of metastatic lesions, previous treatments, response
to previous treatments according to RECIST 1.1 [157] and their duration, disease
progression pattern in prior treatments.

o Disease burden: Patients were classified according to their disease burden in a
dichotomous manner. High disease burden was classified as more than two organ
systems affected with metastatic dissemination whereas low disease burden was
classified as two or less organ systems affected with metastatic disease.

o Response assessment to immunotherapy according to RECIST 1.1 [157]: Time
from initiation to response onset, degree and duration of response, disease pro-
gression type.
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» Body composition radiological markers: Assessment of the appendicular skele-
tal muscle density, the intramuscular adipose tissue density, the visceral adipose
tissue density and the subcutaneous adipose tissue density at the level of the third
lumbar vertebra (L3) by analyzing the patients’ abdominal computed tomography
(CT) scans before the initiation of I-O through the application of slice-o-matic
tomovision(158-160) and every three months thereafter. The densities would after
be converted to indices [Intramuscular Fat Index (IMFI), Visceral Fat Index (VFI),
Subcutaneous Fat Index (SFI), Lumbar Skeletal Muscle Index (LSMI)] by dividing
them by height in meters squared.

Histological data:

» Patients underlying histological subtype: Squamous cell lung cancer (sqLC) vs
non-squamous cell lung cancer.

o PD-L1 expression levels. The assessment of PD-L1 expression involved determining
the percentage of tumor cells or immune cells of TME (if VENTANA SP142 was
applied) exhibiting positive membranous staining. A positivity threshold of 1% was
established as the point of reference to dichotomize patients as PD-L1 positive (= 1%)
or PD-L1 negative (<1%).

Cancer cachexia indicators:

o Cancer cachexia indicators: Patient’s average body weight 6 months before the
initiation of immunotherapy (BW) and body weight at the beginning of immuno-
therapy (WOIM). Calculation of weight fluctuation percentage at the beginning of
immunotherapy compared with patient’s average body weight 6 months before its
initiation [(WOIM - BW)/100).

Laboratory Parameters:

o Total white blood cell count, neutrophil count, lymphocyte count, neutro-
phil-to-lymphocyte ratio at the beginning of immunotherapy. The cut-off for neu-
trophil/ lymphocyte ratio (NLR) for the further classification of the patients as
having high or low NLR was set at > 3.

o Serum albumin at the beginning of immunotherapy. The threshold for albumin
levels was established at 3.5 g/dl, which corresponds to the lower limit of normal
within the hospital’s laboratory where the study took place.

o Lactate dehydrogenase levels (LDH) at the beginning of immunotherapy. Elevated
LDH levels were defined according to the upper limit of normal value range (UNL)
(247 units/liter) in the laboratory of the hospital where the study was conducted.

The analysis of plasma levels of cytokines TNF-a, IL-1, IL-6, and IL-8 using the ELISA
method and their correlation with the clinical outcomes of the patients was not performed,
despite being proposed in the context of this doctoral dissertation. The reason for this
was that, at the time of data collection, a plethora of publications existed [102,161-163],
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and the aforementioned analysis would not contribute to the originality of the research.
For the same reason, we did not proceed with further analysis of the correlations between
the levels of CRP and erythrocyte sedimentation rate (ESR) with the clinical outcome, as
proposed in the initial proposal of this doctoral dissertation [164].

On the other hand, we decided to conducted more detailed analysis on the adipose tis-
sue composition of the patients in our cohort and its association with clinical outcomes.
The underlying reason was the accumulation of clinical and preclinical data on a potential
association between obesity and favorable clinical outcomes with ICIs treatment in patients
afflicted with a wide spectrum of underlying malignancies [165-168].
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3.2 Definition of cachexia syndrome and adipose tissue indices in the study
population

Patients’ classification as having or not cancer cachexia was executed utilizing the criteria
established by Fearon et al [1]. These criteria encompassed body weight loss exceeding
5% within the preceding 6 months before the first administration of immunotherapy or a
BMI below 20 kg/m?, coupled with any extent of weight loss beyond 2%, or a diminished
appendicular skeletal muscle index indicative of sarcopenia, combined with any degree
of weight loss surpassing 2%.

The assessment of patients’ appendicular skeletal muscle index involved the quantifi-
cation of skeletal muscle thickness at the third lumbar vertebra level (L3), performed by
analyzing abdominal computed tomography (CT) scans obtained prior to the initiation
of ICI treatment, utilizing the Slice-o-matic Tomovision software (sliceOmatic 5.0 Rev-9
Alberta Protocol) (Figure 5). Muscle area thickness was normalized by the square of each
individual’s height, establishing a baseline Lumbar Skeletal Muscle Index (LSMI) measured
in cm?/m?. The LSMI threshold values (LNL: lower normal limit) employed to define sar-
copenia were determined as <55 cm?/m? for males and <39 cm?/m? for females, as outlined
by the international consensus for cancer cachexia definition [1].

A B.

Figure 5: Tomovision analysis of the abdominal computed tomography scans of two individuals in our cohort A. A
male patient with baseline LSMI = 55.02 cm?/m? without sarcopenia B. A male patient with baseline LSMI=39.45
cm?/m? consistent with sarcopenia.

LSMI=Lumbar Skeletal Muscle Index (cm?/m?) (At the level of 3* lumbar vertebra)

The final analysis encompassed solely those individuals for whom adequate radiological
(LSMI) and/or clinical data (BMI, weight fluctuations within the last six months) were
available, facilitating classification as cachectic or non-cachectic based on Fearon et al.’s
criteria [1](Diagram 2). Additionally, we conducted LSMI assessments during patients’ ICI
treatment, aiming to explore potential associations between LSMI fluctuations and treat-
ment outcomes. In this context, we contrasted baseline LSMI values with LSMI values
from the initial radiological evaluation subsequent to the commencement of ICI therapy.
Categorization of patients during treatment was carried out using a binary approach, clas-
sifying individuals according to their median LSMI reduction % during I-O.
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Density computations for distinct adipose tissue compartments and skeletal muscle
were executed using precise Hounsfield Unit (HU) threshold references unique to each
tissue compartment (-190 HU to -30 HU for intramuscular fat, -150 HU to -50 HU for
visceral fat, -190 HU to -30 HU for subcutaneous fat, -29 HU to +150 for skeletal muscle)
(Figure 6). Subsequently, the density measurements for both fat (in cm?) and muscle (in
cm?) were transformed into indices (in cm?/m?) through division by the square of the
individual’s height in meters (Intramuscular Fat Index: IMFI, Visceral Fat Index: VFI,
Subcutaneous Fat Index: SFI, and Lumbar Skeletal Muscle Index: LSMI).

94 patients with non-oncogene
driven NSCLC were initially
screened

11 patients were excluded
because they were not
able to be classified for
cachexia*!

i }

54 patients had baseline LSMI*2
values and adequate data on
their body weight and could be
classified for cachexia*

29 patients were able to
be classified for cachexia
according to Fearon et
al*! based only on their
body weight fluctuations
and their BMI

83 patients were
included in the
final analysis

Diagram 2: Flow chart of our study. "': Classification for cachexia was conducted according to the criteria by Fearon
et al. [1]. % LSMI: Lumbar Skeletal Muscle Index.

Patients were stratified into categories based on their baseline IMFI, VFI, and SFI values,
determined by the gender-specific median value for each respective index. Individuals
with baseline values falling below the median were designated as possessing low values,
while those with values surpassing the median were categorized as possessing high values.
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Figure 6: SliceOmatic tomovision analysis of the computed tomography scan of a male patient distinguishing the dif-
ferent context of Visceral Adipose Tissue (VAT), Intramuscular Adipose Tissue (IMAT), Subcutaneous Adipose Tissue
(SAT) and skeletal muscle according to their differential Hounsfield Units (HU) references.
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3.3 Statistical analysis and model design analysis

- Statistical analysis

The statistical analyses were conducted using IBM SPSS Statistics version 25.0.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were applied to define categorical and
continuous nominal variables. The threshold for statistical significance was set at p < 0.05
(two-tailed test).

Associations between each investigated parameter and objective partial response (ORR)
and disease control rate (DCR) were assessed through the utilization of the chi-square test
(X?). Furthermore, the chi-square test was employed to explore potential associations between
a plethora of categorical parameters. The impact of the duration of ATB administration in
days, as a continuous variable, on DCR rates was assessed via the Mann-Whitney U test. This
test was also employed to discern potential disparities in the distributions of Intramuscular Fat
Index (IMFI), Visceral Fat Index (VFI), Subcutaneous Fat Index (SFI), and Lumbar Skeletal
Muscle Index (LSMI) values between responders and non-responders, as well as between
individuals who achieved disease control as the best response to immune checkpoint inhib-
itor therapy (ICIS) versus those who experienced disease progression.

Kruskal-Wallis test was applied to analyze potential differences in baseline LSMI dis-
tributions in relation to the presence of cancer cachexia syndrome (CCS). Additionally,
Kruskal-Wallis test was used to explore any variations in the distributions of LSMI per-
centage changes during immune checkpoint inhibitor (ICI) treatment concerning objec-
tive response rate (ORR), disease control rate (DCR), and duration of disease control of
>6 months.

To examine potential correlations, Spearman’s rank correlation coefficient was utilized
to explore associations between BMI values and IMFI, VFI, SFI, as well as LSML.

Univariate binary logistic regression was employed to ascertain the odds ratios (OR)
of the analyzed parameters on the probability of achieving disease control response
(DCR) or progressive disease (PD) as best response to treatment. For the variables that
displayed statistical significance in the univariate analysis, multivariate logistic regres-
sion was applied.

The Kaplan-Meier method was adopted to evaluate the influence of the studied pa-
rameters on Progression-Free Survival (PFS) and Overall Survival (OS). Comparison of
curves was performed using the log-rank test. Individuals who had not progressed or they
were alive at the time of data analysis they were censored at the time of their last follow-up.
In the context of the second paper, which examined the effect of cancer cachexia on ICI
treatment outcomes, the log-rank test was used to evaluate the impact of baseline CCS
on OS within subgroups of patients receiving ICI as first-line or second-line treatment.
Additionally, the log-rank test was utilized to assess the effect of cancer cachexia on 6-month
survival after ICI initiation, employing a cut-off value of six months. For individuals who
were alive but had a follow-up duration less than six months, their data were censored at
the time of their last follow-up.

In the initial paper of this PhD thesis, the Cox Regression Method was initially employed
to investigate the effect of the duration of ATB administration, as a continuous nominal
variable in days, on both PFS and OS. Similarly, in the third publication, univariate Cox
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regression analysis was employed to examine the influence of BMI, IMFI, VFI, SFI, and
LSMI as continuous nominal variables on PFS and OS by using gender was used as a
stratification factor.

In all three published papers, a univariate Cox Regression Analysis was executed to
calculate Hazard Ratios (HR) for all analyzed categorical co-variables in relation to PFS
and OS. For the first and second papers, variables that reached statistical significance in
the univariate analysis underwent multivariate Cox Regression Analysis. However, in the
third paper, due to a limited number of events (less than ten in specific variables) and a
small statistical sample, a multivariate analysis was not performed on the variables that
achieved statistical significance in the univariate analysis.

The decision not to perform a sample size and power calculation was influenced by
the scarcity of published reports concerning the effect of the examined parameters on the
outcome of immunotherapy- treated cancer patients at the time of data collection initi-
ation. Given this lack of available data for necessary calculations, this proof-of-concept
exploratory study deemed such calculations to hold little value.

- Multivariate analysis by JADBio tool

To facilitate a multivariate analysis of our dataset, we employed JADBio, a fully automated
machine learning (AutoML) system available at www.jadbio.com. JADBio employs an artifi-
cial intelligence (AI) system to select algorithms and methods suited to the specific problem,
based on data type and user-defined preferences. This encompassed data transformation,
pre-processing, feature selection, model selection, and result visualization. The system also
determined the hyperparameters to optimize for each method. The amalgamation of methods
and their corresponding hyperparameters constitutes a configuration, which is applied using a
10-fold cross-validation protocol. Consequently, JADBio generates numerous models, ranked
by a performance metric - in our case, the area under the receiver operating characteristic
(ROC) curve (AUC) - and outputs the highest-performing model (figure 7). To mitigate
potential overestimation of predictive performance, JADBio employs a bootstrap-based
correction method [169] and calculates confidence intervals for the resulting performance
using the same approach.

In our analysis, we employed JADBio for binary classification modeling to predict the
likelihood of an individual achieving Disease Stabilization (PR or SD vs. PD) with im-
mune checkpoint inhibitors (ICIs) as a second-line treatment. The tool harnessed various
modeling algorithms, including support vector machines (SVM) with polynomial and
Gaussian kernels, random forests [170], ridge logistic regression [171], and decision trees
[172]. Among the available performance metrics in JADBio, we selected the AUC. It is
noteworthy that the outcomes of such analyses often yield complex models, which may
prove challenging for human comprehension. In this context, JADBio also furnishes the
best interpretable model. For our study, we present the performance estimation derived
from the best- performing model.
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Figure 7: Illustration of the learning procedure undertaken by JADDbio for the classification analysis of our dataset.
JADbio explored 3017 configurations and conducted training for a total of 211190 models.



4. Results

4.1 Clinical parameters as determinants of outcome in patients with Non-
Small Cell Lung Cancer treated with PD-1/PD-L1 inhibitors

In the first paper that was published as a result of this doctoral dissertation [173] we an-
alyzed clinical and laboratory data of the 66 patients in our cohort that were treated with
ICIs as second line therapy after progress in first line platinum based cytotoxic chemo-
therapy. The patients’ data were prospectively collected from 15 of November 2017 until
21 of November 2019.

Patient Characteristics

Detailed information about the patients’ characteristics can be found in Table 1. The median
age was 69 years (range: 39-81 years old) and 55 (83.3%) of the individuals in our cohort
were of male gender. In addition, 51 (77.3%) were classified as having performance status
(PS) = 0-1 by ECOG and the rest 11 (16.7%) were classified as PS=2. 60 (91%) patients
were active smokers or former smokers. From a histological perspective, 37 (56.1%) pa-
tients were diagnosed with non-squamous NSCLC and the rest 29 (43.9%) had squamous
NSCLC as an underlying histology. PD-L1 status was evaluated in 32 patients out of 66
patients. 12 out of the 32 evaluable patients were classified as PD-L1 negative (PD-L1 < 1%)
whereas the rest 20 were having PD-L1 expression > 1%, thus they were deemed as PD- L1
positive. 24 patients (36.3%) were categorized as having received steroids according to
the predetermined definition, 34 (51.5%) had received antibiotics (ATBs) and 22 (33.3%)
had undergone an extended course of ATBs (> 14 days of cumulative exposure to ATBs).

Impact of Analyzed Variables on Response Outcomes

Response assessment revealed that 10 patients (15.2%) experienced partial response (PR)
as best response to second line ICIs, 23 (34.8%) had stable disease (SD), and 33 (50%) ex-
hibited progressive disease (PD). There was no patient that was able to achieve a complete
response (CR) to ICIS. The responders experienced prolonged responses with the median
duration of response to be 7.97 months, ranging from 2.8 to 26.9 months.

Low BMI (< 25 kg/m?) (p = 0.030, 95% confidence interval) consisted the only parameter
to be associated with lower RR at a statistically significant level (p = 0.030, 95% confidence
interval). Moreover, parameters such as low BMI (p = 0.003), presence of bone metastases
(p =0.007), liver dissemination (p = 0.014), and high disease burden (> 2 organs with met-
astatic disease) (p = 0.017) were significantly associated with reduced disease stabilization
rates (DCR) (table 2). Co-medications such as ATB administration (p = 0.014), extended
ATB administration (p = 0.002), and the use of systemic steroids (p = 0.040) exhibited
statistically significant negative correlations with DCR (Fig 8A- 8C). In addition, we in-
vestigated the duration of ATB administration in days as a continuous nominal variable.
The days of ATB administration was negatively correlated with disease stabilization rates
(p=0.004; Fig 9). None of the other assessed parameters displayed significant impacts on
disease stabilization rates (Table 2).
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In the univariate logistic regression analysis, we investigated the odds ratios (OR) of
each examined covariate on its effect the probability of achieving disease stabilization with
ICIs are illustrated in Fig 10A. Steroid administration (p=0.049), ATB administration
(p=0.015), prolonged ATB administration (p=0.003), BMI < 25 kg/m? (p=0.004), liver
(p=0.018) and bone metastases (p=0.010) were all significantly associated with reduced
probability to achieve DCR. However, in the multivariate logistic regression analysis only
bone metastases [OR: 0.153, p = 0.019] and prolonged ATB administration [OR: 0.085,
p=0.002] were found to independently predict a lower likelihood of disease stabilization
with ICIs (Fig 10B).

All Patients
Variable N %
Number of patients 66
Age (years)
Median (range) 69 (39—81)
Gender
Male 55 83.3
Female 11 16.7
Performance status
0-1 51 77.3
2 15 22.7
Smoking status
Active smokers 39 59.1
Former smokers 21 31.8
Never smokers 6 9.1
Body mass index (BMI)
> 25 kg/m* 82 48.5
<25 kg/m? 34 51.5
Histology
Non-squamous 37 56.1
Squamus 29 43.9
Number of organs with metastases
1-2 45 68.2
>2 21 31.8
Brain metastases
Yes 14 21.2
No 52 78.8
Liver metastases
Yes 19 28.8
No 47 71.2
Bone metastases
Yes 20 30.3
No 46 69.7
Lymph node metastases
Yes 39 59.1
No 27 40.9
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All Patients
Variable N %
Baseline albumin levels
<3.5¢g/dl 12 18.2
>3.5g/dl 51 77.2
Not available 3 4.5
Baseline LDH levels
> UNL 20 30.3
< UNL 36 54.5
Not available 10 15.2
PDU levels
<1% 12 18.2
> 1% 20 30.3
Not available 34 51.5

Steroid administration <10mg of daily prednisolone

initiation of immunotherapy or during the course of it (first 12 weeks)

equivalent for more than 10 days within 15 days before

Steroids naive 42 63.6
Steroids due to irAEs 8 12.1
Steroids for supportive reasons 16 24.2

Antibiotics administration within 30 days before the i
(first 12 weeks)

nitiation of immunotherapy or during the course of it

Yes

34 51.5

No

32 48.5

Duration of antibiotics administration (days)
Median (range)

5(0—37)

Prolonged administration of antibiotics > 14 days w:
during the course of it (first 12 weeks)

ithin 30 days before the initiation of immunotherapy or

Yes 22 333

No 44 66.7
Use of inhalation steroids for > 3 months before the initiation of immunotherapy

Yes 10 15.2

No 56 84.8
Use of proton pump inhibitors for > 3 months before the initiation of immunotherapy

Yes 23 34.8

No 43 65.2
Grade III or IV iRAEs

Yes 8 12.1

No 58 87.9

Response to immunotherapy 0 0

CR

PR 10 15.2

SD 23 34.8

PD 50.0
Disease prograssion

Yes 55 83.3

No 11 16.7
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All Patients
Variable N %
Death
Yes 55 83.3
No 11 16.7
Duration of response (months)
Median (range) 7.97 (2.8-26.9)
Progression free survival (months)
Median (range) 3.50 (0.16-26.9)
Overall survival (months)
Median (range) 6.77 (0.6-26.9)
Follow up (months)
Median (range) 6.37 (0.6-26.9)
Table 1: Baseline patwient characteristics
Variable | N=66 | PRor SD | PD | P value (chi-square test,95% CI)
ATB® administration
Yes 34 12 22
p=0.014
No 32 21 11
Prolonged ATB administration
Yes 22 5 17
p=0.002
No 44 28 16
Baseline Steroid administration N=58
>10 mg >10 days -
Yes 16 4 12
p=0.040
No 42 23 19
Use of inhalational steroids
Yes 10 4 6
p=0.367
No 56 29 27
PPis® administration
Yes 23 9 14
p=0.151
No 43 14 19
BMIF < 25 kg/m?
Yes 34 11 23
p=0.003
No 32 22 10
Liver metastases
Yes 19 5 14
p=0.014
No 47 28 19
Brain metastases
Yes 14 6 8
p=0.382
No 52 27 25
Bone metastases
Yes 20 5 15
p=0.007
No 46 28 18
LN¢ metastases
Yes 39 22 17
p=0.158
No 27 11 16
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Variable | N=66 | PR or SD | PD | P value (chi-square test,95% CI)
Disease burdene
High 21 6 15
p=0.017
Low 45 27 18
Performance status
0-1 51 28 23
p=0.120
2 15 5 10
LDH levels>UNLs N=56
Yes 20 6 14
p=0.059
No 36 20 16
Albumin < 3.5 g/dl N=63
Yes 12 3 9
p=0.076
No 51 27 24
NLR">3 N=62
Yes 41 18 23
p=0.236
No 21 12 9
PDL1i> 1% N=32
Yes 20 11 9
p=0.234
No 12 4 8

Table 2: Effect of the studied parameters on disease stabilization rates (PR or SD). ATB=Antibiotics, b: PPis=Proton
pump inhibitors, c: BMI=Body mass index, d: LN=Lymph nodes, e: Disease burden high=More than 2 organs af-
fected with metastatic disease, f: LDH=Lactate dehydrogenase, g: UNL=Upper normal limit (247 units/liter), h:
NLR=Neutrophil to lymphocyte ratio, i: PDL1=Programmed death ligand 1

A B C

.PR DSD DPD .PR DSD DPD .PR DSD DPD
% | p=0014 25 | p=0.002 25 p=0.040

2 2 2
g g g
g g g
w154 w 15 w 154
3 © ©
E: 3 3
€ 104 € 104 = 104
= = =
z z z

54 54 54

0 0 0

NO YES NO YES NO YES
ATB administration Prolonged ATB administration Administration of steroids > 10mg
(Chi square test, 95% Cl) (Chi square test, 95% Cl) for supporting reasons

(Chi square test, 95% Cl)

Figure 8: Bar plots visualizing the effect of (A) antibiotic administration (B) prolonged antibiotic (More that 14 cumula-
tive days of antibiotic usage 30 days before the initiation of immunotherapy and within the first 12 weeks of treatment)
administration and (C) steroid administration >10 mg on disease stabilization rates (PR or SD; Chi-square test, 95%).
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Figure 9: Mann-Whitney U test examining the effect of the duration of ATB administration in days on Disease Control
Rates (DCR). On the left side are the days on ATB of the patients that experienced progressive disease (PD) and on
the right side the days on ATB of those who had DCR (PR or SD) as response to immune checkpoint inhibitors
administration.
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Figure 10: Forest plot depicting the odds ratios of the studied parameters for disease stabilization (PR or SD) in (A)
univariate binary regression analysis and (B) multivariate binary regression analysis that included the variables that
reached statistical significance (p<0.05) in the univariate analysis. (LB: Lower border, UB: Upper border).

Survival Analysis

The study encompassed a cohort of patients with a median follow-up duration of 6.37
months, ranging from 0.6 to 26.9 months. Following data censoring, the median progres-
sion-free survival (PFS) was observed to be 3.50 months (95% CI: 1.49-5.50), and the
median overall survival (OS) was 6.77 months (95% CI: 2.29-11.24) for the entire patient
cohort. Comprehensive results pertaining to the influence of analyzed variables on PES
and OS can be found in Table 3.
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Significantly, several factors were associated with decreased PFS, including a BMI below
25 kg/m? (2.33 vs. 4.93 months, p = 0.009), a high disease burden (1.77 vs. 4.67 months,
p=0.008), the presence of liver metastases (1.73 vs. 4.80 months, p = 0.002), and the pres-
ence of bone metastases (2.10 vs. 4.80 months, p = 0.024). Additionally, baseline albumin
levels below 3.5 g/dl (1.70 vs. 4.40 months, p = 0.005) and a baseline neutrophil-to-lym-
phocyte ratio (NLR) above 3 (2.53 vs. 4.93, p = 0.024) were correlated with reduced PFS.
While the administration of antibiotics (ATB) was not linked to lower PFS in a statistically
significant level (p = 0.062), prolonged ATB courses and steroid administration more than
10 mg for the palliation of cancer related morbidity were significantly associated with infe-
rior PFS (1.57 vs. 4.93 months, p < 0.001 and 1.27 vs. 4.70 months, p = 0.013, respectively).
Other covariates did not demonstrate statistically significant associations with PES (Table 3).

In terms of their impact on patient survival, parameters such as performance status
2 (3.17 vs. 9.60 months, p = 0.027), baseline albumin levels below 3.5 g/dl (1.70 vs. 9.57
months, p = 0.003), baseline lactate dehydrogenase (LDH) levels above the upper nor-
mal limit (3.70 vs. 9.90 months, p = 0.040), and the presence of bone metastases (3.77 vs.
10.33 months, p = 0.011) exhibited a negative correlation with OS (table 3). Prolonged
ATB administration was significantly associated with reduced OS (2.50 vs. 9.93 months,
p=0.001; refer to Figure 11B), whereas the use of steroids (2.53 vs. 9.60 months, p =0.051)
or antibiotics (4.00 vs. 9.67 months, p = 0.301) did not exhibit statistically significant cor-
relations with diminished survival (table 3). No other associations indicating inferior OS
were noted (table 3).

Univariate and multivariate survival analysis using Cox Regression indicated that the
duration of ATB administration, assessed as a continuous nominal variable, exhibited an
inverse correlation with both PES (p = 0.007, 95% CI) and OS (p = 0.027, 95% CI; see
Figure 11C and 11D).

The univariate analysis for PFS excluded baseline albumin levels due to an insufficient
number of events, and the results are outlined in Table 4. In a multivariate analysis, factors
such as steroid usage for supportive reasons [HR = 2.556, p = 0.004], prolonged ATB ad-
ministration [HR = 3.403, p = 0.0001], and the presence of liver [HR = 3.266, p = 0.001]
or bone metastases [HR = 2.244, p = 0.017] were identified as independent predictors of
reduced PFS (refer to Table 4). For OS, multivariate analysis revealed that prolonged ATB
use [HR =2.945, p =0.0001] and the presence of bone metastases [HR = 1.890, p = 0.049]
were independently associated with decreased survival (detailed in Table 4).



Results | 59

Median PFS p value Median OS p value
(months) (log-rank test) (months) (log-rank test)
All patients (n=66) 3.50
Age
< 70 years old 3.23 5.43
0.659 0.545
> 70 years old 4.40 10.80
Performance status
0-1 4.70 9.60
2 2.37 0.140 3.17 0.027
BMI*
<25 kg/m? 233 3.77
0.009 0.106
>25 kg/m? 4.93 9.60
Histology
Squamous 4.00 6.37
0.628 0.847
Non squamous 2.37 9.43
Disease burden®
High 1.77 9.60
0.008 0.139
Low 4.67 4.83
Brain metastases
Yes 1.63 4.80
0.506 0.953
No 3.97 9.47
Liver metastases
Yes 1.73 4.83
0.002 0.238
No 4.80 9.47
Bone metastases
Yes 2.10 3.77
0.024 0.011
No 4.80 10.33
LN metastases
Yes 4.67 9.47
0.607 0.758
No 2.37 6.77
Baseline albumin levels
<35g/dl 1.70 1.70
0.005 0.003
>3.5g/dl 4.40 9.57
Baseline LDH! levels
< 247 units/liter 3.97 9.90
0.078 0.040
> 247 units/liter 1.53 3.70
NLR¢
<3 4.93 9.60
0.024 0.139
>3 2.53 5.27
Steroid administration’ for supportive reasons
Yes 1.27 2.53
0.013 0.051
No 4.70 9.60
ATBé# administration
Yes 1.97 4.00
No 4.80 0.062 9.47 0.301
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Median PFS p value Median OS p value
(months) (log-rank test) (months) (log-rank test)
Prolonged ATB administration
Yes 1.57 2.53
<0.001 0.001
No 4.93 9.90
PPis" administration
Yes 2.33 6.37
0.119 0.099
No 4.70 9.47
Inhalational steroid administration
Yes 2.10 4.00
0.467 0.558
No 4.00 9.43

Table 3: Log-rank test demonstrating the effect of the analyzed variables on progression-free survival (PFS) and overall
survival (OS). a: BMI=Body mass index, b: High disease burden: > 2 organs with metastatic disease, low disease bur-
den: < 2 organs with metastatic disease, c: LN=Lymph Nodes, d: LDH=Lactate dehydrogenase, e: NLR=neutrophil/
lymphocyte ratio, f: Administration of > 10 mg of prednisolone equivalent for > 10 days, g: ATB=Antibiotics, h:
PPis=Proton pump inhibitors
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Figure 11: Survival Analysis Utilizing Kaplan-Meier Method and Cox Regression. A. Impact of Extended Antibiotic
(ATB) Usage on Progression-Free Survival (PFS). B. Influence of Extended ATB Usage on Overall Survival (OS).
C. Scatterplot Illustrating the Influence of ATB Duration in Days as a Continuous Variable on PES. D. Scatterplot
Demonstrating the Relationship Between ATB Duration in Days as a Continuous Variable.
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Cox regression PFS [0}

Univariate analysis HR (95% CI) p value HR (95%CI) p value
Performance status 1.574(0.855-2.899) 0.145 1.999(1.068-3.740) 0.030
Age > 70 years old 1.127(0.661-1.922) 0.660 1.193(0.673-2.114) 0.546
Smoker of former smoker 1.126(0.404-3.135) 0.821 2.361(0.571-9.757) 0.235
Female gender 1.033(0.504-2.120) 0.929 1.144(0.535-2.445) 0.729
Brain metastases 1.242(0.653-2.364) 0.509 1.022(0.493-2.118) 0.953
Bone metastases 1.913(1.078-3.394) 0.027 2.135(1.171-3.893) 0.013
Liver metastases 2.503(1.390-4.506) 0.002 1.443(0.781-2.665) 0.241
Disease burden 2.115(1.201-3.725) 0.009 1.562(0.860-2.840) 0.142
Steroid administration > 10 mg 2.156(1.158-4.013) 0.015 1.908(0.985-3.698) 0.055
ATB? administration 1.655(0.068-2.830) 0.065 1.353(0.761-2.406) 0.304
Prolonged ATB administration >14 days 3.181(1.795-5.637) 0.0001 2.646(1.476-4.741) 0.001
NLR® 1.939(1.050-3.559) 0.033 1.588(0.855-2.947) 0.143
LDH>UNL 1.674(0.935-2.997) 0.083 1.868(1.018-3.425) 0.044
Multivariate analysis HR (95% CI) p value HR (95%CI) p value
Performance status 1.878(0.963-3.661) 0.075
Bone metastasis 2.244(1.155-4.360) 0.017 1.890(1.017-3.512) 0.049
Liver metastasis 3.266(1.653-6.375) 0.001

Disease burden 1.552(0.555-4.329) 0.401

Steroid administration > 10 mg 2.566(1.347-4.887) 0.004

Prolonged ATB administration >14 days 3.403(1.817-6.375) 0.0001 2.945(1.619-5.358) 0.0001
NLR 1.147(0.580-2.269) 0.693

LDH > UNL¢ 1.618(0.877-2.985) 0.123

Table 4: Univariate and multivariate analysis utilizing Cox Regression Method.
% ATB = Antibiotics, > NRL = Neutrophil to Lymphocyte ratio, : UNL = Upper normal limit (247 Units/liter).

Multivariate Analysis Using JADBio Tool

To address the classification task pertaining the probability of achieving DCR as best re-
sponse to ICIs, patients were stratified into two groups: responders, characterized by Partial
Response (PR) or Stable Disease (SD), and non-responders, experiencing Progressive
Disease (PD) as best response to ICIs. JADBio employed an extensive array of configu-
rations (3017) and trained a multitude of models (211190) for the classification analysis,
as shown in Figure 7. LASSO feature selection was performed by JADbio with specific
parameters (penalty = 0.5, lambda = 0.027), leading to the identification of four crucial
features: extended Antibiotic (ATB) administration, presence of bone metastases, presence
of liver metastases, and a Body Mass Index (BMI) below 25 kg/m?>. This selection process
resulted in a singular signature. The predictive algorithm of the best-performing model
was a Support Vector Machine (SVM) of the C-SVC type with a Polynomial Kernel and
the following hyper-parameters (cost = 0.01, gamma = 1.0, degree = 4), achieving an Area
Under the Curve (AUC) value of 0.806 (0.714- 0.889), as illustrated in Figure 12A. The
Receiver Operating Characteristic (ROC) curve for the top- performing model is depicted
in Figure 12B. Furthermore, the classification analysis provided valuable insights into the
feature importance of the selected variables, demonstrating the reduction in predictive per-
formance when each feature was excluded from the model, as shown in Figure 13A. Box
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plots, visually contrasting the cross-validated predicted probability of class membership
with the actual class labels of samples, are presented in Figure 13B.
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Figure 12: A. Distribution of the performance metric (AUC) of our model. The distribution is computed on out of
sample predictions of the current model. B. Receiver Operating Characteristic (ROC) Curve for the best performing
model (Support Vector Machines (SVM) of type C-SVC with Polynomial Kernel and hyper-parameters: cost = 0.01,
gamma = 1.0, degree = 4). The classification threshold for the 95% confidence intervals has been set at the average
F1/accuracy/Balance accuracy.

A,

Feature
NIBICTICS_>=14DAYS_EVAL

LivER_EvaL
BONE_EvAL

e

o% ™% 2% M 4w s ew  TH &% 9% 10w m% 2% 1w
Predictive performance percentage drop

LES

074

08+

05

04

02

02+

Predicted probability of belonging to class " 1*

01

Figure 13: A. Feature importance plot: This chart reports feature importance defined as the percentage drop in predic-
tive performance when the feature is removed from the model. Grey lines indicate 95% confidence intervals. B. The
Box-Plot contrasts the cross-validated predicted probability of belonging to a specific class against the actual class of
the samples. Well-performing models are expected to provide predictions that are close to 1 for the actual class and
close to 0 for all other class. Class 1 is the probability of achieving PR or SD as response to immunotherapy and class
2 is the probability of developing disease progression.
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4.2 Cancer cachexia syndrome as a biomarker of immunotherapy outcomes
in metastatic Non-Small Cell Lung Cancer

In the second publication we investigated the effect of the impact of underlying CCS [174]
on the clinical outcomes of ICIs in patients with metastatic NSCLC. In contrast with the
first publication, we included individuals that were treated with ICIs for metastatic NSCLC
in the first and subsequent line settings. In order to achieve this purpose, we analyzed
data of 94 patients with metastatic NSCLC that were treated with ICIs in the Oncology
Department of the University Hospital of Heraklion, Crete. Only in 83 patients we were
able to collect sufficient clinical or radiological data in order for them to be diagnosed with
underlying CCS (diagram 2).

Patient characteristics

A total of 83 patients were enrolled in this analysis. The median follow-up duration stood
at 9.53 months. A detailed breakdown of patients’ characteristics can be found in Table
5. The median age was 66 years, with 70 (84.3%) being male, and 77 (92.8%) were either
active or former smokers. The majority of the patients in our cohort, 65 patients (78.3%)
were clinically evaluated to have performance status (PS)=0-1 by ECOG and the rest 18
were classified as having PS=2.

In addition, 51 patients (61.4%) that were included in the final analysis had non-squa-
mous NSCLC as underlying histology and the rest 32 (38.6%) were afflicted by squamous
cell metastatic NSCLC. We further assessed the disease burden of the individuals in our
cohort that was determined as the number of organs afflicted with metastatic dissemina-
tion and 57 patients (68.7%) had metastatic disease in < 2 organs and the rest 26 (31.3%)
had metastases in more than 2 organs. PD-L1 status was estimated in 52 (61.4%) out of 83
patients in our cohort. In the subgroup of the 52 individuals in our cohort with calculated
PD-L1 values, 16 (30.7%) had PD-L1 < 1%, 22 (42.3%) had PD-L1 expression in the range
of equal of higher to 1% and lower than 50% and the rest 15 (18.1%) hade PD-L1 expression
equal or higher than 50%.

The mean baseline Body Mass Index (BMI) was 26.69 kg/m?, and 38.6% of patients had
a baseline BMI of less than 25 kg/m?. Albumin levels at the initiation of immunotherapy
were available in 76 (91.5%) patients and only 12 patients (14.5%) had serum albumin
lower than 3.5 g/L which represents the lower normal limit.

The majority of patients in our cohort (79.5%) received ICIs as their second line of
treatment, while the rest were administered as a first-line treatment. All patients who re-
ceived ICIs as a second- line treatment had previously progressed on a platinum doublet
regimen. The ICIs administered to the individuals in our cohort were Nivolumab in 54
patients, Pembrolizumab in 26 patients and Atezolizumab in 3 patients. Only 2 patients
(2.4%) received ICIs in combination with platinum-based chemotherapy as first line treat-
ment, while the remaining patients received ICIs as monotherapy. The Overall Response
Rate (ORR) was 20.5%, and 48.2% of patients experienced Progressive Disease (PD) as the
best response to treatment. Grade III-IV irAEs were observed in 7 patients (8.4%). The
median Progression-Free Survival (PFS) was 4.80 months, and the median Overall Survival
(OS) was 9.90 months.
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Variable All patients Variable All patients
N % N %
Number of patients 83 Line of treatment of ICI administration
Age, median (range) 66 (39-81) 1*line 17 20.5
Gender 2" line 66 79.5
Male 70 84.3 Immunotherapy agent
Female 13 15.7 Nivolumab 54 65.1
Performance status Pembrolizumab 26 313
0—1 65 78.3 Atezolizumab 3 3.6
2 18 21.7 Mode of ICI administration
Smoking status Monotherapy 81 97.6
Active or former smokers 77 92.8 Combination with chemotherapy 2 24
Never smokers 6 7.2 Baseline cancer cachexia
Histology Yes 43 51.8
Squamous 32 38.6 No 40 48.2
Non-squamous 51 61.4 Baseline LSMI
Mean baseline BMI (SD) 26.69 (4.69) Male [mean (SD)] 46.26 (10.07)
Baseline BMI Female [mean (SD)] 34.6 (6.74)
<25 kg/m? 32 38.6  Baseline LSMI
>25 kg/m? 51 61.4 Below LNV 39 47.0
Brain metastases Above LNV 15 18.1
Yes 20 24.1 Missing values 29 34.9
No 63 75.9 LSMI change during ICI 4.96 (Min: -28.08,
Liver metastases treatment %, median (range) Max: 14.61)
Yes 23 27.7 Response to ICIs
No 60 723 _CR 1 1.2
Bone metastases PR 16 19.3
Yes 29 34.9 SD 26 31.3
No 54 65.1 PD 40 48.2
Number of organs with metastatic disease Duration of disease control* (N=38)
1-2 57 68.7 <6 months 10 26.3
52 26 313 >6 months 28 73.7
Baseline albumin levels Grade I1I-1V irAEs
>3.5 g/dL 64 77.1 Yes 7 8.4
<3.5 g/dL 12 145 _No 76 91.6
Missing values 7 8.4 PES (months), median (95% CI) 4.80 (3.10-6.50)
PD-L1 levels OS (months), median (95% CI) 9.90 (6.81-12.98)
1% 14 16.9 Follow up (months), median (95% 9.53 (6.05-13.01)
1% < PD-L1 < 50% 22 26.5 €D
>50% 15 18.1
Missing values 32 38.5

Table 5: Baseline patient characteristics

Baseline Cancer Cachexia Syndrome (CCS) was observed in 43 patients (51.8%), with only
15 out of 54 patients having baseline Lean Skeletal Muscle Index (LSMI) values not indicative
of sarcopenia (above the Lower Normal Limit). In 29 patients the available computed tomog-
raphy images were not of sufficient quality in order to calculate the LSMI of the patients, but
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it was possible to be categorized as cachectic or not based on their weight fluctuations in the
last 6 months before ICIs initiation. The distribution of baseline LSMI differed significantly
between cachectic and non-cachectic males (P=0.001) but not among females (P=0.606)
(Figure 14). Twenty-eight patients had evaluable LSMI values at their first evaluation post ICI
initiation. The median LSMI percentage change during ICIs treatment was -4.96% (ranging
from -28.08% to 14.61%). Patients were categorized based on their percent LSMI reduction
during IO, using the median LSMI reduction during treatment (5%) as a cutoft.

ElFemale !

NMale

p=0.001

LSMI
5
-

‘Non-cachexia Cachexia

Figure 14: The Kruskal-Wallis test was employed to assess potential distinctions in the distributions of baseline Lean
Skeletal Muscle Index (LSMI) values between males with cachexia and those without, as well as between females with
cachexia and those without.

Effect of the studied parameters on response outcomes

The associations of all analyzed parameters with ORR are detailed in table 6. Baseline BMI
below 25 kg/m? (P=0.047) and the presence of CCS (P < 0.001) were significantly associ-
ated with a lower Overall Response Rate (ORR). Similarly, CCS was significantly linked
with reduced Disease Control Rate (DCR) (P<0.001), along with baseline LSMI below the
Lower Normal Limit (LNL) (P<0.001), BMI below 25 kg/m* (P=0.039), and metastatic
spread in more than two organs (P=0.034). PD-L1 status (PD-L1 < 1% vs PD-L1 > 1%)
did not affect ORR or DCR at a statistically significant level in our cohort. The effects of
all the analyzed variables on DCR are presented in Table 7.

The distribution of LSMI percent change during IO did not significantly differ between
individuals who achieved Complete Response (CR) or Partial Response (PR) compared
to those with Stable Disease (SD) or PD (P=0.446) (Figure 15A). Similarly, the distribu-
tion of LSMI percent change during IO did not differ between individuals with disease
control compared to those who experienced PD (P20.99) (Figure 15B) or among those
who achieved prolonged disease control for at least six months versus those who did not
(P=0.424) (Figure 15C).

In univariate logistic regression analysis, BMI below 25 kg/m?* [OR =2.58 (95% CI: 1.04-
6.19), P=0.041] and the presence of baseline CCS [OR =8.89 (95% CI: 3.28-24.12), P<0.001]
were significantly associated with an increased probability of PD as the best response to ICI
treatment (Figure 16A, Table 8). However, in the multivariate analysis, only CCS remained
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as an independent predictor for an increased probability of PD as the best response to
treatment [OR =8.11 (95% CI: 2.95-22.94), P<0.001], with an Area Under the Curve (AUC)
0f0.748 (95% CI: 0.640-0.856) (Figure 16B and Table 8).

Effect of the studied variables on survival outcomes

Patients with baseline CCS experienced significantly shorter PES (2.36 vs. 7.33 months,
P<0.001) (Figure 17A) and OS (3.70 vs. 17.93 months, P<0.001) (Figure 17B) compared
to non- cachectic individuals. Similarly, patients with baseline LSMI values indicative of
sarcopenia had significantly reduced PFS (2.96 vs. 7.96 months, P=0.032) (Figure 17C) and
OS (5.43 months vs. not reached, P=0.006) (Figure 17D) compared to those with baseline
LSMI values not indicating sarcopenia.

However, LSMI reduction greater than 5% during IO did not significantly affect PFS (7.96
vs. 7.33 months, P=0.193) (Figure 18A) or OS (19.20 vs. 14.03 months, P=0.400) (Figure 18B).
The effects of all other studied covariates on survival outcomes are summarized in Table 9.

The presence of baseline cachexia significantly reduced survival in the subgroup of pa-
tients who received 10 as a first-line treatment (not reached vs. 13.37 months, P=0.028)
(Figure 19A) and in the subgroup of patients who received IO as a second-line treatment
(12.70vs. 3.23 months, P=0.003) (Figure 19B). Additionally, the presence of baseline cancer
cachexia was significantly associated with inferior 6-month survival from the initiation of
10 (P<0.001) (Figure 20).

Variable | N=83 | CRor PR | SD or PD | P value (chi-square test, 95% CI)

Age
<70 years old 51 12 39 0.385
>70 years old 32 5 27

Gender
Male 70 14 56 0.801
Female 13 3 10

Performance status
0-1 65 14 51 0.650
2 18 3 15

Histology
Non-squamous 51 12 39 0.385
Squamous 32 5 27

Brain metastases
Yes 20 4 16 0.951
No 63 13 50

Liver metastases
Yes 23 3 20 0.298
No 60 14 46

Bone metastases
Yes 29 7 22 0.545
No 54 10 44

Disease burden*
High 26 5 21 0.849

Low 57 45
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Variable N=83 CRor PR SD or PD P value (chi-square test, 95% CI)

PD-L1 status N=51 12
<1% 14 3 11 0.988
>1% 37 29

Baseline albumin levels N=76
<3.5g/dL 12 12 0.085
>3.5 g/dL 64 13 51

BMI
<25 kg/m? 32 3 29 0.047
>25 kg/m? 51 14 37

Cancer Cachexia
Yes 43 2 41 <0.01
No 40 25

Baseline LSMI N=54 15
<LNV 39 6 33 0.051
>LNV 15 6 9

Table 6: Effect of the analyzed parameters on objective response rates (ORR). CR: Complete response, PR: Partial
response, SD: Stable disease, PD: Progressive disease

CR or PR or

Variable N=83 SD PD P value (chi-square test, 95% CI)

Age
<70 years old 51 24 27 0.274
270 years old 32 19 13

Gender
Male 70 38 32 0.294
Female 13 5 8

Performance status
0-1 65 37 28 0.076
2 18 6 12

Histology
Non-squamous 51 24 27 0.274
Squamous 32 19 13

Brain metastases
Yes 20 8 12 0.225
No 63 35 28

Liver metastases
Yes 23 8 15 0.055
No 60 35 25

Bone metastases
Yes 29 11 18 0.064
No 54 32 22

Disease burden*
High 26 9 17 0.034
Low 57 34 23
PD-LI status N=51
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Variable N=83 CR ogg Ror PD P value (chi-square test, 95% CI)
<1% 14 5 9 0.180
>1% 37 21 16

Baseline albumin levels N=76
<3.5 g/dL 12 4 8 0.174
23.5 g/dL 64 35 29

BMI
<25 kg/m? 32 12 20 0.039
>25 kg/m? 51 31 20

Cancer Cachexia
Yes 43 12 31 <0.01
No 40 31

Baseline LSMI N=54
<LNV 39 13 26 <0.01
>LNV 15 13 2

Table 7: Effect of the analyzed parameters on disease control rates (DCR). CR: Complete response, PR: Partial response,
SD: Stable disease, PD: Progressive disease
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Figure 15: The Kruskal-Wallis test was employed to examine potential disparities in the distributions of Lean Skeletal
Muscle Index (LSMI) change percentages during Immune-Oncology (I-O) treatment A) Between patients who achieved
Complete Response (CR) or Partial Response (PR) and those who experienced Stable Disease (SD) or Progressive
Disease (PD). B) Between patients who achieved CR, PR, or PD and those who experienced PD. C) Between individuals
who attained prolonged disease control for six months or more and those who did not.
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Figure 16: Forest plots illustrating the odds ratios of the analyzed variables concerning the likelihood of experiencing
disease progression as the best response to Immune Checkpoint Inhibitor (ICI) treatment, delineated as follows: (A)
Univariate analysis; and (B) Multivariate analysis. The variables include ICI (Immune Checkpoint Inhibitor), BMI
(Body Mass Index), PD-L1 (Programmed Death-Ligand 1), and PS (Performance Status).
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Variable Univariate Multivariate
OR (95% CI) Pvalue AUC (95% CI) OR (95% CI)  Pvalue AUC (95% CI)

Age 270 years old 0.61(0.25-1.49)  0.276  0.558 (0.434-0.682)

PS=2 2.64(0.88-7.91)  0.082  0.580 (0.456-0.704)

Female gender 1.90 (0.56-6.39)  0.299  0.542 (0.417-0.667)

Squamous histology 0.61 (0.25-1.49)  0.276  0.558 (0.434-0.682)

Bone metastases 2.38(0.94-6.01)  0.066 0.597 (0.474-0.720)

Liver metastases 2.63(0.97-7.13)  0.059  0.594 (0.471-0.718)

Brain metastases 1.88 (0.67-5.22)  0.229  0.557 (0.432-0.681)

PD-L1 <1% 2.36 (0.66-8.40)  0.185  0.584 (0.426-0.742)

ICIs administered as 2™ 1.43 (0.49-4.20)  0.517  0.529 (0.404-0.653)

or later line of treatment

Albumin <3.5 g/dL 2.41(0.66-8.83)  0.183  0.557 (0.427-0.687)

BMI <25 kg/m? 2.58 (1.04-6.19)  0.041  0.610 (0.488-0.733) 1.94 (0.69-5.44)  0.209

Baseline cancer cachexia 8.89 (3.28-24.12) <0.001 0.748 (0.640-0.856) 8.11 (2.95-22.94) <0.001

Overall 0.748 (0.640-0.856)

Table 8: Univariate and multivariate logistic regression on the odds ratio (OR) of the analyzed parameters on the
probability of developing disease progression (PD) as response to treatment with ICIs. OR: Odds Ratio, AUC: Area
under the curve, PS: Performance status by ECOG.

Univariate and multivariate analyses

Univariate and multivariate analyses examining the impact of the analyzed variables on
Progression-Free Survival (PFS) and Overall Survival (OS) are presented with detail in
Table 10.

In the univariate analysis for PFS, the administration of ICIs as a second-line treatment
[Hazard Ratio (HR) =2.22 (95% Confidence Interval: 1.19-4.40), P=0.023] and the presence
of baseline Cancer Cachexia Syndrome (CCS) [HR =2.72 (95% CI: 1.64-4.50), P<0.001]
achieved statistical significance. However, in the multivariate analysis, only the presence
of baseline CCS [HR =2.49 (95% CI: 1.49- 4.16), P<0.001] emerged as an independent
predictor associated with a shorter PES (Table 10).

In the univariate analysis for OS, factors such as performance status 2, a high disease
burden, ICI administration as a second-line treatment, and the presence of baseline CCS
were all significantly correlated with diminished OS. Nevertheless, in the multivariate
analysis, performance status 2 [HR =1.98 (95% CI: 1.10-3.58), P=0.023], ICI administration
as a second-line treatment [HR =2.91 (95% CI: 1.13-7.49), P=0.027], and the presence of
CCS[HR =2.52(95% CI: 1.40-4.55), P=0.002] emerged as independent adverse prognostic
factors for shorter survival (Table 10).

In the univariate analysis concerning the impact of baseline cancer cachexia on the
likelihood of death within six months from the initiation of the ICIs, cancer cachexia was
significantly associated with an increased risk of death within the first six months of IO
[HR =3.90 (95% CI: 1.75-8.70), P=0.001)] (Figure 20).
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Figure 17: Kaplan-Meier survival curves illustrating the impact of baseline Cancer Cachexia Syndrome (CCS) on
Progression-Free Survival (PFS) (A) and Overall Survival (OS) (B), as well as the influence of baseline Lumbar Skeletal
Muscle Index (LSMI) values on PFS (C) and OS (D). CCS, cancer cachexia syndrome; PES, progression free survival
(months); OS, overall survival (months); LSMI, lumbar skeletal muscle index (cm?*/m?) (at the level of 3¢ lumbar
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Figure 19: Log rank test demonstrating the effect of cancer cachexia syndrome on overall survival amongst the patients’
subgroups that received PD-1/PD-L1 inhibitors as first line treatment (A) and second line treatment (B). OS, overall
survival; PD-1, programmed death-1; PD-L1, programmed death ligand 1.
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Figure 20: Log-rank test demonstrating the effect of cancer cachexia syndrome on 6 months survival.

Variable Median PFS P value Median OS P value
(Months) (log-rank test) (Months) (log-rank test)

Age
<70 years old 4.00 0.803 9.47 0.957
>70 years old 7.17 12.70

Gender
Male 4.80 0.253 10.33 0.531
Female 2.10 9.43

Performance Status
0-1 5.77 0.217 12.60 0.008
2 2.40 3.17

Histology
Squamous 5.77 0.580 9.57 0.572
Non-squamous 3.00 9.90

BMI
<25 kg/m? 2.53 0.153 4.00 0.273
>25 kg/m? 6.20 10.33

Line of treatment of ICI administration
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Variable Median PFS P value Median OS P value
(Months) (log-rank test) (Months) (log-rank test)

15t line 13.80 0.019 Not reached 0.002
20d or later lines 4.40 9.43

Brain metastases
Yes 2.17 0.203 6.77 0.299
No 4.93 10.80

Bone metastases
Yes 4.80 0.674 7.23 0.198
No 3.23 12.70

Liver metastases
Yes 2.10 0.056 6.77 0.405
No 5.77 10.80

Disease burden*
High 2.53 0.057 4.83 0.038
Low 493 13.37

Baseline albumin levels
<3.5g/dL 1.77 0.008 2.40 0.017
>3.5g/dL 5.77 11.23

PD-L1 levels
<1% 2.57 0.880 7.23 0.184
>1% 4.80 12.60

Baseline Cancer Cachexia
Yes 2.37 3.70 <0.001
No 7.33 <0.001 17.93

Baseline LSMI
<LNV 2.97 0.032 543 0.006
>LNV 7.97 Not reached

LSMI reduction % during ICI treatment
<-5% 7.97 0.193 19.20 0.400
>-5% 7.33 14.03

Table 9: Log-rank test on the effect of the studied variables on PFS and OS (n=83). *; high disease burden was defined
as > 2 organs with metastatic spread. ICI: Immune checkpoint inhibitor; LSMI: lumbar skeletal muscle index (at the
level of 374 lumbar vertebra); LNV, lower normal value that was set for males =55 cm/m? and for females =39 cm/m?.
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. PES (ON
Cox regression
HR (95% CI) P value HR (95% CI) P value
Univariate analysis
Age 270 years old 0.94 (0.57-1.54) 0.803 0.98 (0.58-1.69) 0.957
Performance status 2 1.42 (0.81-2.50) 0.220 2.18 (1.21-3.90) 0.009
Female gender 1.46 (0.76-2.80) 0.257 1.26 (0.61-2.57) 0.523
Squamous histology 0.582 (0.53-1.43) 0.869 1.17 (0.68-1.99) 0.573
Brain metastases 1.43 (0.82-2.48) 0.207 1.38 (0.75-2.53) 0.302
Liver metastases 1.65 (0.98-2.77) 0.059 1.28 (0.72-2.29) 0.406
Bone metastases 1.11 (0.68-1.18) 0.675 1.42 (0.83-2.43) 0.200
High disease burden* 1.63 (0.98-2.70) 0.060 1.77 (1.02-3.06) 0.041
PD-L1<1% 0.95 (0.46-1.95) 0.880 0.60 (0.28-1.29) 0.189
ICIs as 274 or later line of treatment 2.22(1.19-4.40) 0.023 3.90 (1.55-9.82) 0.001
Baseline cancer cachexia 2.72 (1.64-4.50) <0.001 3.22 (1.82-5.69) <0.001
Multivariate analysis
Age >70 years old
Performance status 2 1.98 (1.10-3.58) 0.023
Female gender
Squamous histology
Brain metastases
Liver metastases
Bone metastases
High disease burden 1.16 (0.64-2.11) 0.618
PD-L1<1%
ICIs as 27 or later line of treatment 1.83 (0.91-3.66) 0.088 2.91 (1.13-7.49) 0.027
Baseline cancer cachexia 2.49 (1.49-4.16) <0.001 2.52 (1.40-4.55) 0.002

Table 10: Univariate and multivariate analysis using Cox regression method in the whole patient population.
*: high disease burden = metastatic dissemination in > 2 organs, PFS: Progression free survival; OS: Overall survival;
HR: Hazard Ratio; ICI: Immune checkpoint inhibitor; PD-L1: Programmed death ligand-1
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4.3 Adipose tissue composition as a prognostic and predictive biomarker of
immunotherapy outcomes in metastatic Non-Small Cell Lung Cancer

In the third paper that resulted from the analysis of the data from the patient cohort that
was created [175] we investigated the role of adipose tissue composition as a prognostic and
predictive factor of ICI efficacy in NSCLC. To this end, we analyzed the radiological and
clinical data of the 52 patients in the cohort that we had sufficient radiological data that
were suitable for the quantitative estimation of adipose and skeletal muscle composition.
In this publication, in the same manner as the second publication, we included patients
that received ICIs as first or subsequent lines of therapy.

Patient characteristics

A total of 52 patients were enrolled in the analysis. Comprehensive individual patient charac-
teristics are detailed in Table 11. Among these patients, 43 (82.7%) were male, with a median
age of 68 years (ranging from 39 to 81 years). Notably, 43 (82.7%) individuals had received
ICIs as a second-line treatment, while 9 patients received it as a first-line treatment. It’s
noteworthy that all patients who received immunotherapy as a second-line treatment had
previously experienced disease progression while on a platinum doublet regimen. The vast
majority of the individuals in the studied cohort, 48 (92.3%) were active or former smokers.
PD-L1 status data were available for 32 (61.5%) patients. Among the individuals with esti-
mated PD-L1 status, 10 (31,3%) had PD-L1 < 1%, 15 (46.9%) had 1% < PD-L1 <50% and
7 (21.9%) had PD-L1 expression > 50%. In the patients of our cohort, the greater part, 50
individuals (96.2%), received ICIs as monotherapy, whereas two patients received ICIs in
combination with chemotherapy. The individuals in our cohort were all treated with PD-1
or PD-L1 inhibitors and more specifically 34 (65.4%) were administrated Nivolumab, 16
(30.8%) received Pembrolizumab and 2 (3.8%) were treated with Atezolizumab.

The mean baseline Body Mass Index (BMI) was calculated to be 26.67 kg/m?. Thirteen
patients (25%) were classified as obese, with a BMI exceeding 30 kg/m?, while 21 patients
(40.4%) fell within the BMI range of 25 kg/m? to < 30 kg/m”. The remaining 34.6% of pa-
tients had a BMI below 25 kg/m?. The median values for intramuscular fat index (IMFI),
visceral fat index (VFI), and subcutaneous fat index (SFI) for both males and females are
presented in Table 11. Notably, 36 patients (69.2%) met the criteria for sarcopenia, accord-
ing to predefined thresholds that were set by the international consensus, as their lumbar
skeletal muscle index (LSMI) values were below the lower normal limit (LNL).

Adipose tissue and skeletal muscle indices correlation with BMI

VFI demonstrated a substantial positive correlation with BMI values (rho = 0.810, p < 0.001)
(Figure 21A), as did SFI (rtho = 0.623, p < 0.001) (Figure 21B), and LSMI (rho = 0.429, p=0.002)
(Figure 21C) when applying the Spearman correlation co-efficiency method. However, IMFI
did not exhibit a significant correlation with BMI values (rho = 0.242, p = 0.084) (Figure
21D). Furthermore, when investigating any potential correlation of the adipose tissue indices
with LSMI, IMFI showed no correlation with LSMI (rho =-0.172, p = 0.222) (Figure 22A). In
contrast, VFI (rho = 0.466, p = 0.001) (Figure 22B) and SFI (rho = 0.289, p = 0.042) (Figure
22C) displayed a positive correlation with LSMI at a statistically significant level.
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All patients
Variable N %
Number of patients 52
ﬁflgeedgrela(rrsa)nge) 68 (39-81)
Gender
Male 43 82.7
Female 9 17.3
Performance status
0-1 41 78.8
2 11 21.2
Smoking status
Active or former smokers 48 92.3
Never smokers 4 7.7
Histology
Squamous 22 423
Non-squamous 30 57.7
Mean baseline BMI (SD) 26.67 (4.39)
Baseline BMI
< 25 kg/m* 18 34.6
25 kg/m? < BMI < 30 kg/m’ 21 40.4
BMI > 30 kg/m? 13 25
Brain metastases
Yes 10 19.2
No 42 80.8
Liver metastases
Yes 14 26.9
No 38 73.1
Bone metastases
Yes 15 28.8
No 37 71.2
Baseline albumin levels
>3.5 g/dl 41 78.8
<3.5g/dl 6 11.5
Missing values 5 9.6
PD-L1 levels
<1% 10 19.2
1% < PD-L1 < 50% 15 28.8
>50% 7 13.5
Missing values 20 38.5
Line of treatment of ICI administration
15t line 9 17.3
2nd Jine 43 82.7
Immunotherapy agent
Nivolumab 34 65.4
Pembrolizumab 16 30.8
Atezolizumab 2 3.8
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All patients

Variable N %
Mode of ICI administration

Monotherapy 50 96.2

Combination with chemotherapy 2 3.8
Baseline LSMI

<LNL 16 30.8

>LNL 36 69.2

Median baseline IMFI (cm?*/m?)

Males (N = 43) (range)

9.87 (3.53-35.13)

Females (N = 9) (range)

10.52 (4.24-39.45)

Median baseline VFI (cm?/m?)

Males (N = 43) (range)

45.15 (6.34-172.82)

Females (N = 9) (range)

31.20 (12.78-92.75)

Baseline SFI (cm*/m?)

Males (N = 43) (range)

50.73 (4.61-136.65)

Females (N = 7) (range)

55.36 (44.24-149.26)

Table 11: Baseline patient characteristics. BMI = Body mass index, SD = Standard deviation, PD-L1 = Programmed
death ligand-1, ICI = Immune checkpoint inhibitor, LSMI: Lumbar skeletal muscle index (At the level of 3¢ lumbar
vertebra), LNL: Lower normal limit, 55 c¢cm?/m? for males and 39 cm?*/m? for females, IMFI = Intramuscular Fat Index
(At the level of 3*d lumbar vertebra), VFI = Visceral Fat Index (At the level of 3*d lumbar vertebra), SFI = Subcutaneous

Fat Index (At the level of 3rd lumbar vertebra)
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Figure 21: Scatter-plots demonstrating the correlation between baseline BMI values and A. baseline VFI values, B.
baseline SFI values C. baseline LSMI values D. baseline IMFI values. BMI=Body mass index, LSMI: Lumbar skeletal
muscle index (At the level of 3* lumbar vertebra), IMFI=Intramuscular Fat Index (At the level of 3" lumbar verte-
bra), VFI=Visceral Fat Index (At the level of 3" lumbar vertebra), SFI=Subcutaneous Fat Index (At the level of 3"

lumbar vertebra)
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Figure 22: Scatter-plots demonstrating the correlation between baseline LMSI values and A. baseline IMFI values, B.
baseline VFI values, C. baseline SFI values.

LSMI: Lumbar skeletal muscle index (At the level of 3" lumbar vertebra), IMFI=Intramuscular Fat Index (At the level
of 3* lumbar vertebra), VFI=Visceral Fat Index (At the level of 3" lumbar vertebra), SFI=Subcutaneous Fat Index (At
the level of 3" lumbar vertebra)

Response assessment

In terms of treatment outcomes, the Objective Response Rate (ORR) within our cohort was
23.1%, and 7 patients (13.5%) encountered grade 3 or 4 immune-related adverse events
(irAEs) attributable to immunotherapy administration (table 12).

The distributions of BMI (p = 0.391), IMFI (p = 0.688), VFI (p = 0.460), and LSMI)
(p=0.501) did not exhibit statistically significant differences between individuals who
achieved complete or partial response (CR or PR) as best response to immunotherapy
treatment compared with those who did not [stable disease (SD) or progressive disease
(PD)] (figure 23A-23D). Notably, responders displayed statistically significantly higher
Subcutaneous Fat Index (SFI) values compared to non-responders (p = 0.040) (Fig 24A).

Furthermore, individuals who achieved disease control demonstrated significantly el-
evated SFI values (p = 0.005) (Fig 24B), higher BMI values (p = 0.029) (Fig 24C), and
increased VFI values (p = 0.011) (Fig 24D) when compared to patients who experienced
disease progression as their best response to treatment. However, no significant differences
were observed in Intramuscular Fat Index (IMFI) values (p = 0.164) and Lumbar Skeletal
Muscle Index (LSMI) values (p = 0.105) between individuals who achieved disease control
and those who experienced disease progression (Figure 23E-23F).

None of the analyzed categorical parameters had a statistically significant impact on
Objective Response Rate (ORR), as indicated in table 13.

All patients
Variable | N | %
Response to ICIs
CR 1 1.9
PR 11 21.2
SD 15 28.8
PD 25 48.1
Grade 3-4 irAEs
Yes 7 13.5
No 45 86.5
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All patients

Variable | N | %
Progression-free survival (months)

Median (95% CI) | 4.67 (3.53-5.81)
Overall survival (months)

Median (95% CI) | 10.33 (6.83-13.84)
Follow-up (months)

Median (95% CI) | 9.90 (5.07-14.73)

Table 12: Response, survival and follow-up results for the whole patient population. CR: Complete response, PR: Partial
response, SD: Stable disease, PD: Progressive disease, irAEs = Immune-related Adverse Events
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Figure 23: Box-plots demonstrating the differential distributions (Mann Whitney U test) of A. Baseline* BMI values be-
tween responders and non-responders B. IMFI values between responders and non-responders C. VFI values between
responders and non-responders D. LSMI values between responders and non-responders E. IMFI values in patients
who achieved disease control (CR or PR or SD) versus those who experienced PD F. LSMI values of individuals who
achieved disease control versus those who had disease progression. BMI=Body mass index, LSMI: Lumbar skeletal
muscle index (At the level of 3" lumbar vertebra), IMFI=Intramuscular Fat Index (At the level of 3* lumbar vertebra),
VFI=Visceral Fat Index (At the level of 3" lumbar vertebra), SFI=Subcutaneous Fat Index (At the level of 3" lumbar
vertebra), CR: Complete response, PR: Partial response, SD: Stable disease, PD: Progressive disease

* Baseline: At the beginning of immunotherapy
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Figure 24: Box-plots depicting the baseline* differential distributions (Mann Whitney U test) of A. SFI (cm?/m?)
between responders (CR or PR) and non-responders (SD or PD) to I-O B. SFI (cm*/m?) between patients who
achieved disease control (CR or PR or SD) as result of I-O versus those who developed disease progression (PD) C.
BMI (kg/m?) between patients who achieved disease control as result of I-O administration in comparison to those
who developed disease progression and D. VFI (cm*/m?) between individuals who experienced disease control under
I-O versus those who had disease progression.

I-O = Immunotherapy; BMI = Body mass index; VFI = Visceral Fat Index (At the level of 3" lumbar vertebra);

SFI = Subcutaneous Fat Index (At the level of 3 lumbar vertebra); CR = Complete response; PR = Partial response;
SD = Stable disease, PD = Progressive disease. * Baseline = At the beginning of immunotherapy.

. P value
Variable N=52 CRor PR SD or PD (chi-square test, 95% CI)
Age

< 70 years old 31 7 25
0.918
> 70 years old 21 5 16
Gender
Male 43 10 33
0.947
Female 9 2 7
Performance status
0-1 41 10 31
0.664
2 9 2 11
Histology
Non-squamous 30 7 23
0.959
Squamous 22 5 17
Brain metastases
Yes 10 1 9
0.275
No 42 11 31
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. P value
Variable N=52 CR or PR SD or PD (chi-square test, 95% CI)
Liver metastases

Yes 14 3 11
0.864
No 38 9 29
Bone metastases
Yes 15 4 11
0.696
No 37 8 29
PD-L1 status N=33
<1% 10 2 8
0.708
>1% 23 6 17
Baseline albumin levels N=47
<3.5g/dl 6 0 6
0.202
>3.5g/dl 41 9 32
BMI
< 25 kg/m? 18 2 16
0.136
> 25 kg/m? 34 10 24
Baseline LSMI
< LNL 36 6 30
0.100
>LNL 16 6 10
Baseline IMFI
Low 26 5 21
0.510
High 26 7 19
Baseline VFI
Low 26 6 20
- 1.000
High 26 6 20
Baseline SFI N=50
Low 25 3 22
- 0.088
High 25 8 17

Table 13: Effect of the studied variables on objective response rate (ORR). BMI=Body mass index; SD=Standard devi-
ation; LSMI=Lumbar skeletal muscle index (At the level of 3" lumbar vertebra), LNL: Lower normal limit, 55 cm?/m?
for males and 39 cm?/m? for females; IMFI=Intramuscular Fat Index (At the level of 3" lumbar vertebra); VFI=Visceral
Fat Index (At the level of 3" lumbar vertebra); SFI=Subcutaneous Fat Index (At the level of 3 lumbar vertebra)

Survival outcomes

The median Progression-Free Survival (PFS) for the patients in our cohort was 4.67 months
(95% CI: 3.53 — 5.81 months) and their median Overall Survival (OS) was 10.33 months (95%
CI: 6.83 - 13.84 months), respectively (table 12). Median follow-up time was 9.90 months
(95% CI: 5.07 - 14.73 months).

The impact of the examined variables on PES and OS has been summarized in table 14.
Patients with baseline LSMI values below the lower normal limit (LNL), thus classified as sar-
copenic, experienced significantly shorter PFS (3.30 vs. 7.33 months, p = 0.040) (Fig 25A) and
OS (6.37 vs. not reached months, p = 0.009) (Fig 25B), respectively. On the other hand, low
Subcutaneous Fat Index (SFI) did not significantly affect PES (2.97 vs. 5.77 months, p=0.135)
(Fig 25C), but it was also associated with a reduced OS (5.43 vs. 14.03 months, p=0.020)
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(Fig 25D) at a statistically significant level. Additionally, the presence of brain metastases
demonstrated a substantial association with shorter PFS (1.57 vs. 4.93 months, p = 0.006),
although it did not reach statistical significance for OS (4.80 vs. 12.70 months, p = 0.083)
(table 14). Furthermore, albumin levels below 3.5 g/dl were linked to inferior PFS (1.70 vs.
4.80 months, p=0.011) and OS (1.70 vs. 11.23 months, p = 0.001). None of the other analyzed
parameters displayed any significant associations with either PES or OS (Table 14).

In the subgroup analysis investigating the combined effect of SFI and LSMI values on
survival outcomes, it was observed that the three subgroups created exhibited significant
differences in OS (p = 0.004) (figure 26 A). However, survival outcomes did not significantly
differ between patients with high SFI and LSMI below LNL and patients with both high SFI
and LSMI above LNL (9.90 vs. 17.93 months, p = 0.285) (figure 26B).
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Figure 25: Kaplan-Meier curves demonstrating the effect of A. Baseline*' LSMI*? values on PFS B. Baseline LSMI
values on OS C. Baseline SFI** values on PFS D. Baseline SFI values on OS. LSMI = Lumbar skeletal muscle index
(At the level of 3" lumbar vertebra); SFI = Subcutaneous Fat Index (At the level of 3" lumbar vertebra); OS =
Overall survival; PFS = Progression free survival.

*! Baseline: At the beginning of immunotherapy with PD-1/PD-L1 inhibitors.

*2 LNL: Lower normal limit, 55 cm?/m? for males and 39 cm?*/m? for females.

*3 High and low classification for SFI represents above and below gender specific median value, respectively.
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Median PFS p value Median OS p value
(Months) (log-rank test) (Months) (log-rank test)
All patients (n=52)
Age
<70 years old 4.00 9.43
0.754 0.512
> 70 years old 7.33 13.37
Gender
Male 4.80 11.23
0.104 0.370
Female 1.53 6.77
Performance Status
0-1 4.80 12.70
0.360 0.140
2 3.50 5.27
Histology
Squamous 5.77 10.80
0.222 0.812
Non-squamous 2.57 9.90
BMI
<25 kg/m2 1.77 3.77
25 kg/m2 < BMI < 30 kg/m2 6.30 0.196 10.30 0.175
BMI > 30 kg/m2 7.33 14.03
Line of treatment of ICI administration
15t line 7.33 Not reached
0.088 0.005
2nd or later lines 4.67 9.43
Brain metastases
Yes 1.57 4.80
0.006 0.083
No 4.93 12.70
Bone metastases
Yes 4.70 10.80
0.983 0.638
No 4.67 10.33
Liver metastases
Yes 1.53 3.77
0.120 0.059
No 4.80 12.70
Baseline albumin levels
<3.5g/dl 1.70 1.70
0.011 0.001
>3.5g/dl 4.80 11.23
PD-L1 levels
<1% 2.57 527
0.786 0.290
> 1% 4.67 11.23
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Median PFS p value Median OS p value
(Months) (log-rank test) (Months) (log-rank test)
Baseline LSMI
< LNL 3.00 6.37
> LNL 7.33 0.040 Not reached 0.009
Baseline IMFI
Low 3.03 10.80
0.647 0.229
High 4.80 12.70
Baseline VFI
Low 3.03 6.37
0.975 0.231
High 493 11.23
Baseline SFI
Low 2.97 543
0.135 0.020
High 5.77 14.03

Table 14: Log-rank test on the effect of the studied variables on PES and OS. BMI=Body mass index, ICI=Immune check-
pointinhibitor, PD- Ll1=Programmed death ligand-1, LSMI=Lumbar skeletal muscle index (cm?*/m?) (At the level of
3" lumbar vertebra), LNL=Lower normal limits, 55 cm?/m? for males and 39 cm?/m? for females, IMFI=Intramuscular
fat index (cm?*/m?) (At the level of 374 lumbar vertebra), Low: Below gender specific median value, VFI=Visceral fat
index (cm*/m?) (At the level of 374 lumbar vertebra), Low: Below gender specific median value, SFI=Subcutaneous fat
index (cm?/m?) (At the level of 3v4 lumbar vertebra), Low: Below gender specific median value

Survival %

wr—High SF1 and LSMI > LNL
Median 0S = 17.93 months.

o Low SFl or LSMI < LNL
Median 0S = 11.23 months.
Low SFI and LSMI < LNL

Median OS = 5.26 months

Log Rank = 0.004

No. at risk
. High SFI and LSMI = LNL

wrLow SFI or LSMI< LNL

Low SFI and LSMI < LNL

12

7
21

10 0 30 40 50

Overall Survival-months
9 4 2 0 o

8 l 2 1 0
6 0 4 0 0

19 = High SFl and LSMI 2 LNL
B _ﬁ Median 08=17.93 months
_ High SF1 and LSMI <LNL
03] - 1 Median 0$=9.90 months
% 08
H
li 04 —_—
0.2}
Log rank=0.285
0
[ 2 w E @ 50
No at risk Overall Survival
_I~ High SFland LSMI2INL 12 9 4 2 0 0
_I— HighSFland LSMI<LNL 14 6 3 2 1 0

Figure 26: Log-rank test demonstrating the different survival outcomes of A. The patients in our cohort according to
the combination of their baseline*' SFI and LSMI values B. Between patients with high SFI and LMSI > LNL" and
patients with high SFI and LMSI < LNL.
LSMI=Lumbar skeletal muscle index (cm?/m?) (At the level of 3" lumbar vertebra), SFI=Subcutaneous fat index
(cm*m?) (At the level of 3r4lumbar vertebra), OS=Overall survival. *! Baseline: At the beginning of immunotherapy;
*2Low: Below gender specific median value; High: Above gender specific median value; ** LNL: Lower normal limit,
55 cm*/m? for males and 39 cm?/m? for females
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Cox Regression Analysis

In the Cox Regression Analysis, Intramuscular Fat Index (IMFI), Visceral Fat Index (VFI),
Subcutaneous Fat Index (SFI), Lumbar Skeletal Muscle Index (LSMI), and Body Mass Index
(BMI) considered as continuous nominal variables did not reveal any statistically significant
associations with Progression-Free Survival (PFS) as outlined in Table 15. However, it was
demonstrated that SFI values as continuous nominal variables in cm?*/m?* were positively
correlated with improved survival at a statistically significant level, indicated by HR = 0.983
(95% CI: 0.970-0.987, p = 0.014) (Table 15 and figure 27). No other body composition indices,
when treated as continuous variables, exhibited statistically significant associations with OS.

Among the analyzed parameters, only the presence of brain metastases, with HR = 2.71
(95% CI: 1.299-5.667, p = 0.008), and baseline LSMI below the lower normal limit (LNL),
with HR = 2.03 (95% CI: 1.018-4.032, p = 0.044), were identified as predictors for an in-
creased likelihood of experiencing disease progression (figure 28A and table 16). In the
univariate analysis for OS, baseline LSMI below LNL demonstrated an HR of 2.90 (95%
CI: 1.261-6.667, p = 0.012), while low SFI displayed an HR 0f 2.20 (1.114-4.333, p=0.023),
both predicting for inferior survival (figure 28B and table 16).

COX REGRESSION PFS (O]

UNIVARIATE ANALYSIS | HR (95% Confidence Intervals) | p value | HR (95% Confidence Intervals) | p value
BMI (kg/m?) 0.973 (0.895-1.059) 0.528 0.936 (0.853-1.028) 0.165

LSMI (cm?/m?) 0.981 (0.950-1.013) 0.236 0.973 (0.941-1.006) 0.102

IMFI (cm?/m?) 0.996 (0.955-1.039) 0.866 0.950 (0.890-1.014) 0.121

VFI (cm?/m?) 0.998 (0.989-1.007) 0.646 0.991 (0.980-1.002) 0.095

SFI (cm?/m?) 0.993 (0.982-1.005) 0.246 0.983 (0.970-0.997) 0.014

Table 15: Univariate analysis using Cox regression method investigating the hazard ratios of the BMI*, IMFI, VFI and
SFI as continuous nominal variables (cm?*/m?) on PFS and OS. Gender was used as a stratification factor. BMI: Body
mass index (kg/m?), LSMI: Lumbar skeletal muscle index (cm?/m?), IMFI = Intramuscular fat index (cm?*/m?), VFI
= Visceral fat index (cm?/m?), SFI = Subcutaneous fat index (cm?*/m?); * BMI, IMFI, VFI and SFI were calculated at
the beginning of immunotherapy
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Figure 27: Scatter-plot demonstrating the overall survival values of the patients according to their baseline SFI.
Univariate Cox Regression analysis for OS for SFI as continuous variable HR=0.983 (0.970-0.997), p=0.014. Gender
was used as a stratification factor.
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Parameter @ Hazard ratio |- Lower border —| Upper border p value
Low baseline SFI*1 e — 0,140
Low baseline VFI'2 —_— 0975
Low baseline IMFI'3 ——— 0,648
Baseline LSMI < LNL*4 } 0,044
PD-L1'5< 1% e — 0,787
Bone metastases ot 0,983
Liver metastases . 0,125
Brain metastases : 0,008
BMI < 25 kg/m2'6 0076
Squamous histology p——t— 0,226
Female gender 0,111
Performance status 2 ——— 0,363
Age 2 70 years old —— 0,755

0 1 2 3 4 5 6 7
X p y of of
progression progression
B.

Parameter @ Hazard ratio | Lowerborder | Upper border p value
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Figure 28: Forest plots demonstrating the hazard ratios and their 95% confidence intervals of the analyzed parameters
on A. Probability of disease progression B. Probability of death under treatment with ICIs. BMI = Body mass index;
PD-L1 = Programmed death ligand-1, ICI = Immune checkpoint inhibitor; LSMI: Lumbar skeletal muscle index (At
the level of 34 lumbar vertebra); LNL: Lower normal limit, 55 c¢cm?/m? for males and 39 cm?/m? for females; IMFI =
Intramuscular Fat Index (At the level of 37 lumbar vertebra); VFI = Visceral Fat Index (At the level of 3¢ lumbar
vertebra); SFI = Subcutaneous Fat Index (At the level of 3¢ lumbar vertebra). *>343¢ SFI, VFI, IMFI, LSMI, PD-L1
and BMI values were calculated at the beginning of treatment with ICIs. **** Low for SFI, VFI and IMFI means below
gender specific median value.
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COX REGRESSION PFS oS

UNIVARIATE HR HR

ANALYSIS (95% Confidence Intervals) p value (95% Confidence Intervals) p value
Age > 70 years old 0.91 (0.496-1.663) 0.755 0.80 (0.407-1.568) 0.514
Performance status 2 1.39 (0.684-2.823) 0.363 1.76 (0.821-3.773) 0.146
Female gender 1.89 (0.864-4.141) 0.111 1.50 (0.616-3.636) 0.373
Squamous histology 0.69 (0.374-1.262) 0.226 0.92 (0.473-1.798) 0.812
BMI < 25 kg/m2 1.76 (0.942-3.282) 0.076 1.85(0.942-3.618) 0.074
Brain metastases 2.71 (1.299-5.667) 0.008 2.02 (0.898-4.529) 0.089
Liver metastases 1.67 (0.868-3.213) 0.125 1.94 (0.962-3.905) 0.064
Bone metastases 0.99 (0.517-1.905) 0.983 1.18 (0.588-2.378) 0.639
PD-L1< 1% 1.73 (0.474-2.677) 0.787 1.64 (0.652-4.081) 0.295
Baseline LSMI < LLN 2.03 (1.018-4.032) 0.044 2.90 (1.261-6.667) 0.012
Low baseline IMFI 1.15 (0.631-2.096) 0.648 1.50 (0.770-2.931) 0.232
Low baseline VFI 1.03 (0.551-1.848) 0.975 1.50 (0.769-2.919) 0.235
Low baseline SFI 1.59 (0.860-2.925) 0.140 2.20 (1.114-4.333) 0.023

Table 16: Univariate analysis using Cox regression method investigating the hazard ratios of the analyzed categori-
cal covariates on PFS and OS. BMI=Body mass index, PD-L1=Programmed death ligand-1, LSMI=Lumbar skeletal
muscle index (cm?m?), LNL: 55 cm?/m? for males and 39 cm?/m? for females, IMFI=Intramuscular fat index (cm?/
m?). Low: Below gender specific median value, VFI=Visceral fat index (cm?/m?). Low: Below gender specific median
value, SFI=Subcutaneous fat index (cm?/m?). Low: Below gender specific median value



5. Discussion

The primary aim of this doctoral dissertation was to conduct a prospective investigation
of clinical, laboratory and radiological data of individuals with metastatic NSCLC that were
treated with PD-1/PD- L1 inhibitors in a single academic center, from 2017 until 2019, in
order to identify specific parameters that can potentially affect patients’ clinical outcomes.
The results of our research, which were published in three scientific publications, demon-
strated the prognostic importance of skeletal dissemination, the central role of microbiome
on the orchestration of a robust immune response, the cardinal role of cancer cachexia asa
negative predictive and prognostic indicator and provided clinical proof on the importance
of adipose tissue composition as an immune system modulator. Finally, in this new age of
artificial intelligence, we proved that easily obtainable patient and disease characteristics
can be linked to treatment responses and integrated into a multifaceted model using ma-
chine learning for predicting individual clinical benefits from ICIs.

5.1 Disease characteristics and antibiotic usage as determinants of
immunotherapy outcomes

More specifically, in the subgroup of patients in our cohort that received ICIs as 2" line
treatment after 1 line progression to platinum doublet, we observed that the presence
of bone metastases was indicative of a poor prognosis for NSCLC. This finding is consis-
tent with previous retrospective studies suggesting that the effectiveness of ICIs may be
influenced by the specific sites of metastasis [176,177]. These findings could be poten-
tially mechanistically explained by the demonstrated released of TGF- in circulation, a
known immune suppressive factor, as result of cancerous osseous dissemination [106].
Furthermore, our analysis revealed that patients with alower body mass index (BMI) and
low levels of albumin experienced shorter periods of progression-free survival (PFS) com-
pared to those with higher BMI or normal albumin values, respectively. However, it is
important to note that BMI and albumin levels, when considered independently, are insuf-
ficient for a comprehensive evaluation of patients’ nutritional status, necessitating a more
comprehensive analysis to fully understand the impact of body composition on treatment
outcomes in cancer patients receiving immunotherapy which we further investigated in
the second and third publication of this doctoral dissertation. It is also worth mentioning
that performance status 2 did not emerge as an independent negative prognostic factor
in our study, possibly due to the small sample size of our cohort and the limited number of
patients with performance status 2, which increased the risk of statistical error type I. The
same principle can apply why PD-L1 status did not emerge as an important prognostic or
predictive factor in our cohort.

Our analysis indicated that the use of common co-medications had a significant impact
on patient outcomes. To mitigate potential biases, particularly among patients experiencing
prolonged clinical remissions, we established a 12-week timeframe from the initiation of
ICIs to classify patients based on their use of steroids and antibiotics (ATBs). While cate-
gorizing ATB administration as a binary variable did not yield significant effects on PFS or
OS, however, when analyzing the duration of ATB administration as a continuous nomi-
nal variable revealed a statistically significant negative association with both PFS and OS.
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Notably, prolonged ATB administration independently predicted a reduced likelihood of
disease stabilization, as well as inferior PFS and OS. These findings support existing evi-
dence of a dose-dependent relationship between ATB exposure and reduced ICI efficacy,
as also demonstrated by Tinsley et al [178]. Furthermore, the are in accordance with large
scale retrospective and prospective data that have shown that ATB administration in ICI
treated cancer afflicted individuals abates immunotherapy efficacy [179-181]. All these
accumulated data delineate the central role of gut bacterial composition [182] for the de-
velopment of a robust immune function and highlight caution with the administration of
ATB in immunotherapy treated cancer patients.

Within our analysis, the use of steroids for supportive reasons independently correlated
with shorter PFS in our patient cohort, although no significant associations with OS were
discerned. Regrettably, due to the limited number of patients, we were unable to conduct
a more detailed subgroup analysis regarding the specific reasons for the supportive use of
steroids. Nonetheless, our findings echo prior reports that have raised concerns regard-
ing the use of >10 mg prednisone equivalent in patients receiving ICIs [150,183,184].
Conversely, the administration of inhalational steroids or proton pump inhibitors (PPIs)
did not exhibit detrimental effects on treatment outcomes within our analysis, suggesting
their safe utilization. Interestingly, our results concerning PPIs contrast with retrospective
analyses by Hopkins et al. [185] and a recent metanalysis of 33 studies [186], which indi-
cated that PPIs adversely impacted survival outcomes in individuals with cancer treated
with ICIs. Therefore, additional research is warranted to elucidate the effects of PPIs on
the efficacy of ICIs in order to clarify if it consists an independent factor that leads to poor
treatment outcomes.

Furthermore, we integrated all the recorded parameters into JADbio, an artificial in-
telligence (AI) system, to evaluate the interplay of these diverse features and assess the sig-
nificance of each parameter in predicting individual treatment outcomes in an integrated
manner. JADbio identified four clinical features and generated a signature that accurately
predicted the likelihood of disease stabilization resulting from ICI treatment with an 81%
accuracy rate. These four features encompassed prolonged ATB administration, the pres-
ence of bone metastases, liver metastases, and BMI < 25 kg/m?. The elevated importance
attributed to prolonged ATB administration underscores the critical role of microbiome
composition in fostering an effective antitumor immune response. Intriguingly, these
findings suggest that factors intrinsic to the biology of the primary tumor are linked not
only to the specific patterns of metastatic spread but also to the response to ICIs.

Previous studies have utilized artificial intelligence (AI) to predict the outcomes of pa-
tients with a wide spectrum of malignancies undergoing treatment with immune check-
point inhibitors (ICIs) either using as input radiomic [187,188] or even specific biochemical
signatures [189]. Despite the relatively smaller size of our analyzed patient cohort, our
investigation boasts several advantages. Notably, it encompasses a broader spectrum of
routinely accessible and easily obtainable clinical parameters. Moreover, it affords the ability
to quantify the significance of each parameter in shaping an individual’s treatment response.

Utilizing the JADBio platform, we have developed an innovative multivariate model
capable of predicting an individual’s likelihood of achieving disease stabilization when
undergoing second-line ICI treatment for metastatic NSCLC, demonstrating an impres-
sive accuracy level of 81%. It is pertinent to highlight that alternative Automated Machine
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Learning (AutoML) services might have yielded an inflated estimation of the final predictive
performance. These services predominantly rely on cross- validation, a practice that can
lead to overfitting when applied to sample-sample scenarios [190]. In contrast, JADBio
is purpose-built for such scenarios and employs a technique to alleviate cross- validation
bias, thereby furnishing a more conservative and dependable estimate of the ultimate
predictive performance [169].

Our findings after machine learning analysis from JADBio underscore the potential
utility of routinely accessible variables in distinguishing individuals who will attain dis-
ease control with ICIs from those likely to experience disease progression on treatment.
For the latter group, we recommend closer monitoring, alternative treatment strategies, or
participation in clinical trials. However, it’s crucial to note that immunotherapy has now
transitioned into the first-line treatment setting, either as monotherapy or in combination
with chemotherapy, with only a minority of patients receiving ICIs in the second-line or
subsequent settings so further research is warranted in this new clinical setting.

The strengths of our study lie in its prospective evaluation, which encompasses a wide
array of common and easily obtainable clinical and laboratory parameters, along with the
inclusion of common co-medications in a cohort of lung cancer patients undergoing im-
munotherapy. A significant novel aspect of our report lies in the additional multivariate
analysis using an AutoML interface to ascertain the integrated feature importance of each
parameter in shaping individual patient outcomes. Nevertheless, our study does have lim-
itations, primarily stemming from its small sample size and the absence of PD-L1 levels in
our model due to high rates of missing data. Furthermore, our results have yet to undergo
validation in a separate patient cohort.

5.2 Cancer cachexia as predictive and prognostic factor in the
immunotherapy era

In the second scientific report that resulted from the analysis of the prospectively gathered
data from the cohort in the context of this doctoral dissertation, we demonstrated a signifi-
cant association between cancer cachexia and diminished response rates to PD-1/ PD-L1
inhibitors, establishing it as an independent predictor for both reduced progression-free
survival (PFS) and overall survival (OS). Additionally, we observed that individuals with
lumbar skeletal muscle index (LSMI) values falling below the thresholds for sarcopenia
experienced poorer survival outcomes. These results consist the clinical proof of our orig-
inal hypothesis that the metabolic deregulation which leads to the cachexia phenotype is
strongly associated with a diminished immune response.

However, the categorization of patients as cachectic or not poses a significant challenge,
since the available criteria used of weight loss and sarcopenia represent merely a rough
phenotypic imprint of an exceptionally complex phenomenon, possibly involving distinct
pathogenetic mechanisms from patient to patient. In order to categorize patients within our
cohort with cancer cachexia, we adopted the criteria established by Fearon et al [1] which
remain to this day the most generally accepted classification and encompass radiological
and clinical data. Their criteria specifically focus on cancer-related cachexia and incorporate
assessments of pretreatment weight loss, body mass index (BMI), and body composition
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analysis. After analyzing the data, the prevalence of cancer cachexia among the patients in
our cohort was consistent with previously published reports [42,125,191].

In our data, the presence of cancer cachexia syndrome emerged as an independent fac-
tor of diminished responsiveness and survival in NSCLC patients under ICI treatment. The
cachectic patients in our cohort demonstrated almost ninefold higher probability of disease
progression as best response to ICIs in comparison to the non-cachectic one. In addition,
they had more than twofold risk of death. Our findings align with previous retrospective
studies that have explored the detrimental effects of weight loss and reduced muscle mass
on immune-oncology treatment outcomes (table 17). Shiroyama et al. demonstrated in
a retrospective cohort of metastatic NSCLC patients that sarcopenia, calculated by the
psoas muscle index in CT scans, was associated with reduced response rates to PD-1 in-
hibitors and inferior PFS [192]. Moreover, retrospective cohorts by Miyawaki et al. [193]
and Roch et al. [194] revealed that cachexia, defined as pretreatment weight loss exceeding
5% in the last 6 months, served as an independent predictor of adverse survival outcomes
in metastatic NSCLC patients treated with ICIs. Finally, Chu et al. reported that skeletal
muscle density holds predictive and prognostic value in melanoma patients in setting of
CTLA-4 inhibition, as the patients in the analyzed cohort were treated with ipilimumab
[195]. Notably, Turner et al. [196] conducted a pharmacokinetic analysis in patients with
non-small cell lung cancer (NSCLC) and melanoma receiving pembrolizumab monotherapy.
They reported an association between rapid baseline plasma clearance (Cro) of pembroli-
zumab and poor OS, even in the absence of a direct association between plasma exposure
and OS at pembrolizumab doses between 2 and 10 mg/kg. The researchers proposed that
this substantial difference in OS could be attributed to an underlying increased catabolic
status caused by cancer cachexia syndrome, providing indirect evidence that patients with
elevated serum protein catabolism are refractory to ICIs.

Interestingly, the distributions of LSMI percent change during I-O treatment did not
differ between responders and non-responders in our study. Moreover, LSMI reduction
exceeding 5% was not significantly associated with diminished PFS or OS in our cohort.
These findings contrast with the results reported by Roch et al. [194], who identified evolv-
ing sarcopenia (defined as a reduction in skeletal muscle index of more than 5% during I-O
treatment) as linked to adverse survival outcomes. These discrepancies may be attributed
to the relatively small sample size of 28 patients in our study and potential selection biases
within this subgroup.

Our prospective data corroborate these earlier retrospective findings regarding the ad-
verse effects of cachexia and reduced muscle composition on immunotherapy outcomes.
Notably, we employed a comprehensive definition of cancer cachexia status, considering
pretreatment weight loss, BMI, and skeletal muscle index, which distinguishes our ap-
proach from previous studies. This underscores the importance of considering cachexia
as an additional classification factor in the design of future immunotherapy trials.

Experimental models have demonstrated that the molecular mechanisms underlying
cachexia negatively impact a wide range of immune antitumor functions [42,44,191].
Additionally, inhibiting cytokine pathways implicated in cachexia development has shown
potential to enhance antitumor immune responses [41,55,107,115,196]. Combined blockade
of specific pro-cachexia mediators and the PD-1/PD-L1 axis has demonstrated synergistic
effects. Thus, the co-administration of anti-cachexia treatments with immunotherapies may
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be imperative to improve immunotherapy efficacy and patient outcomes in individuals
with cancer cachexia. Nevertheless, in-depth research on the serum or tumor microenvi-
ronment of cachectic patients is essential to unravel the underlying processes contributing
to higher rates of ICI treatment failure in this population.

To our knowledge, this is the first prospective study examining the influence of cancer
cachexia on cancer immunotherapy treatment outcomes. Additionally, we applied the
international consensus definition for the classification of cancer cachexia. Nevertheless,
our study has limitations, including a relatively small sample size with limited statistical
power, the inclusion of NSCLC patients receiving ICIs in different treatment lines, and
the absence of translational and molecular data.

5.3 Subcutaneous adipose tissue density and sarcopenia as pivotal
components in the orchestration of robust anti-tumor immune
response

In the third and final publication of this doctoral dissertation we delved deeper on body
tissue composition in order to investigate even further a potential link between the afore-
mentioned parameters and immunotherapy outcomes in NSCLC patients. For the body
composition analysis, we utilized radiological data from 52 patients of our cohort that
had sufficient radiological data for the estimation of adipose tissue and skeletal muscle. In
this prospective investigation, we demonstrated that diminished subcutaneous adiposity
and skeletal muscle depletion may serve as potential adverse prognostic indicators for
individuals with metastatic NSCLC undergoing treatment with ICIs. Interestingly, within
our cohort, low SFI values, whether considered as a continuous or categorical variable,
were significantly linked to poorer survival outcomes and responders to treatment exhib-
ited higher SFI levels compared to non-responders. However, whether the link between
high SFI and improved outcomes is causal or an epiphenomenon resulting from potential
underlying cancer cachexia and subsequent browning of white adipose tissue and lipolysis
remains unclear.

Large scale retrospective data that investigated the effect of BMI in the clinical outcomes
of ICIs treated cancer afflicted individuals demonstrated a positive correlation between
higher BMI values and improved survival outcomes [167]. In a similar manner, weight loss
percentage in cancer patients has been a well-recognized adverse prognostic factor [141].
There have been translational studies that have tried to provide a mechanistic explanation
for this obesity paradox. Degens et al [197] illustrated within a cohort comprising 106 in-
dividuals afflicted with non-small cell lung cancer (NSCLC) and subjected to nivolumab
therapy, that a weight reduction exceeding 2% during the course of treatment was conspic-
uously associated with a substantial decrease in SFI and VFI. This phenomenon, character-
ized by a pronounced decline in body composition metrics, emerged as a pertinent adverse
factor adversely influencing overall prognostic survival outcomes [197]. In a retrospective
study involving clear cell renal carcinoma patients, obesity was associated with increased
peritumoral adipose tissue inflammation and improved survival outcomes [198]. Another
interesting retrospective analysis conducted by Martini et al., involving a diverse group
of malignancies in phase I trials of immunotherapy, demonstrated that a high SFI/IMFI
ratio independently predicted superior OS [165]. Conversely, Woodall et al. investigated
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the impact of BMI and body composition on treatment outcomes in melanoma patients
receiving ICIs and reported that a high index of total visceral and subcutaneous adipose
tissue was associated with reduced PFS [199]. However, when examining the subcutaneous
adipose tissue index alone, they found no association with reduced PES or OS [199]. Our
results align with those of Martini et al. [165], suggesting a potential positive correlation be-
tween increased subcutaneous adiposity and improved survival outcomes. Finally, Nishioka
et al [200], in a retrospective analysis of clinical and radiological data of 74 patients with
NSCLC treated with PD- 1/PD-L1 inhibitors, reported that individuals with decreasing
adiposity under immunotherapy without cachexia had a favorable outcome.What sets our
findings apart is our demonstration of a potential link between baseline SFI values and
clinical outcomes in a cohort characterized by a consistent underlying malignancy histol-
ogy and the vast majority of the patients in our cohort received PD-1/PD-L1 inhibitors as
monotherapy. The lack of association between BMI and immunotherapy outcomes in our
study may be partly attributed to our relatively small sample size and a potential statistical
type error I, as overweight/obese patients tended to have better outcomes, although this
difference did not reach statistical significance. Discrepancies between our findings and
those of Woodall et al. [199] can be explained by potential selection bias among patient
populations, variations in underlying malignancies, and differences in the types of immu-
notherapies administered.

Nonetheless, our results, along with the majority of the aforementioned studies, suggest
a connection between increased adiposity and enhanced antitumor immune responses
that warrants further investigation. Although there is insufficient data to propose a robust
biological link, subcutaneous adipose tissue is known to produce leptin. Wang et al. [168]
demonstrated that leptin plays a role in PD- 1 upregulation and immune aging in obese
mice, acting as a counterbalance mechanism for the inflammatory status associated with
obesity. This biological effect could potentially explain the increased sensitivity to PD-1
inhibition observed in obese individuals, as they rely on the PD-L1 axis as a feedback
mechanism to maintain immune equilibrium in the face of underlying inflammation.

Furthermore, accumulating evidence suggests cellular pathways that connect adipose
tissue composition to immune system regulation [201]. Adipose tissue serves as a reser-
voir for a wide spectrum of immune cells which participate both in innate and adaptive
immunity [202]. Obese mice’s adipose tissue showed increased numbers of effector T cells
and a higher CD8+/CD4+ ratio, along with reduced Treg numbers [203]. In lean mice,
Tregs act as negative regulators of inflammation in adipose tissue, but their numbers are
greatly reduced in the adipose tissue of obese mice [204]. In obese mice, infiltration of
macrophages into adipose tissue has been reported to shift them from an M2 anti- inflam-
matory phenotype to an M1 proinflammatory phenotype, a phenomenon not observed in
non- obese mice [205,206]. Based on these experimental data, it is conceivable that obese
individuals may be more susceptible to checkpoint inhibition when dealing with underlying
malignancies, owing to an underlying pro-inflammatory state characterized by heightened
Th1 responses, macrophage polarization toward an M1 phenotype, and reduced Treg
numbers in their adipose tissue reservoirs. However, this hypothesis necessitates further
investigation through additional preclinical and translational research.

Furthermore, LSMI levels consistent with sarcopenia were identified as an adverse prog-
nostic factor within our cohort. Sarcopenia had previously been linked to unfavorable
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outcomes in cancer patients across numerous studies before the introduction of ICIs
[192,207]. Additionally, sarcopenia is one of the criteria used to define cancer cachexia,
a widely recognized adverse prognostic factor in cancer patients [1]. Our findings align
with previous studies on the role of skeletal muscle depletion as a negative prognostic and
predictive factor in ICI-treated cancer patients.

In addition, we conducted a subgroup analysis to examine the survival outcomes of
patients with both low adiposity and muscle depletion compared to patients with high ad-
iposity but muscle depletion and individuals without muscle depletion but high adiposity.
Patients with both low SFI and sarcopenia exhibited the poorest outcomes, whereas the
other two subgroups did not exhibit significant differences. Woodall et al. [199] reported
that patients with high adiposity and reduced muscle mass experienced worse outcomes.
However, this discrepancy may be attributed to the small sample size in our cohort, po-
tentially limiting the ability to establish statistically significant correlations. Nonetheless,
further research is needed to redefine the prognostic significance of sarcopenic obesity in
the era of immunotherapy.

To our knowledge, this study represents the first analysis of prospective data focusing on
NSCLC patients treated with ICIs, investigating the influence of fat and muscle tissue com-
position on treatment outcomes. Our study encompasses a population with a degree of ho-
mogeneity, as the vast majority of NSCLC patients received immunotherapy as monotherapy
with PD-1/PDL-1 inhibitors, and most were administered as second-line treatment.

However, the primary limitation of our study is the relatively small sample size, which
limits statistical power. Due to the small sample size, we grouped patients treated with
ICIs in both first and second-line settings, and we also included two patients treated with
a chemotherapy-ICI combination; we believe this number is too small to significantly im-
pact the results. Furthermore, due to the low number of events in the subgroup of patients
with LSMI values inconsistent with sarcopenia, we were unable to perform a multivariate
analysis for overall survival. Most patients in our statistical sample received second-line
PD-1/PDL-1 inhibitors, but a significant portion received them as first-line treatment.
Additionally, our cohort had a gender imbalance, with the majority of patients being male
and only a small proportion being female. Fat tissue compositions can significantly differ
between genders, and an imbalanced population can hinder the establishment of statisti-
cally significant associations. Moreover, age, a significant factor affecting body composi-
tion, was represented across all age groups in our study. Conducting a power calculation
was not feasible primarily due to the exploratory nature of this study, and secondarily due
to the absence of prior publications examining the effect of adipose tissue composition in
ICI-treated NSCLC patients that could serve as a basis for an initial power calculation.
Finally, a specified cut-off point for IMFI, VFI, and SFI was not available, so we arbitrarily
selected the gender-specific median value for each respective variable as the cut-off point.
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Summary of the representative clinical studies that examine the effect of cachexia and body composition on treat-

ment outcomes in cancer patients treated with immunotherapy.
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6. Conclusions

The culmination of research within the scope of this doctoral dissertation addressed our
initial research hypotheses and unveiled significant findings that have the potential to in-
augurate novel and intriguing avenues of investigation.

The examination of readily accessible clinical data within the context of this doctoral thesis
revealed that in patients undergoing monotherapy with PD-1/PD-L1 pathway inhibitors,
the presence of secondary osteogenic lesions and prolonged antibiotic administration
emerged as independent factors associated with diminished survival rates. Consequently,
individuals with osseous metastases should likely undergo more frequent radiological
evaluations, as the efficacy of immunotherapy remains questionable, and they should be
considered for inclusion in clinical trials due to their unfavorable prognosis. Furthermore,
these findings underscore the central role of the microbiome in orchestrating the immune
response against tumors, and the composition of the microbial ecosystem residing within
our gastrointestinal system could potentially represent a future pharmacological target
to enhance the effectiveness of existing ICIs. Lastly, in a world gradually recognizing the
transformative potential of artificial intelligence to revolutionize human daily life in ways
hitherto unimaginable, the data analysis performed using the JADBio artificial intelligence
platform, leading to the development of a predictive model with an approximately 80%
disease stabilization probability, serves as a proof of concept that further patient data anal-
ysis may lead to the identification of pioneering biomarkers and could potentially reshape
everyday medical practice.

Furthermore, in our endeavor to explore the impact of the exceedingly intricate phe-
nomenon, in terms of pathogenesis and pathophysiology, of metabolic dysregulation aris-
ing as a consequence of neoplasms, we have delineated that its phenotypic manifestation,
commonly referred to as cancer cachexia syndrome as per existing definitions, constitutes
an independent adverse predictive and prognostic factor. This aforementioned syndrome,
which had previously been recognized as a negative prognostic factor in earlier clinical
data, now assumes a central role in the contemporary era of immunotherapy. The investi-
gation into cachexia could take an intriguing turn, as further molecular- level research in
cachectic patients could potentially pave the way for the development of novel therapies
capable of serving a dual role as enhancers of the immune response and inhibitors of met-
abolic dysregulation.

Finally, in our mostrecent publication, we have elucidated an intriguing positive correla-
tion between the composition of subcutaneous adipose tissue and the clinical outcomes of
patients with NSCLC treated with ICIs. These findings warrant validation in larger-scale
studies and necessitate clarification as to whether reduced subcutaneous fat density is an
independent factor negatively impacting the immune response or simply a manifestation
of an underlying metabolic dysregulation leading to lipolysis and the browning of white
adipose tissue. Further exploration at the preclinical and translational levels is necessary
to deepen our understanding of this association, potentially uncovering new drug targets
and biomarkers.
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8. Abbreviations

SCLC: Small cell lung cancer

NSCLC: Non-small cell lung cancer

LADC: Lung adenocarcinoma

sqLC: Squamous lung carcinoma

TILS: Tumor infiltrating lymphocytes
CTLA-4: Cytotoxic T-lymphocyte-associated protein 4
PD-1: Programmed cell death-1

PD-L1: Programmed cell death ligand-1

TCR: T cell receptor

MHC: Major histocompability complex

CD: Cluster of Differentiation

IL: Interleukin

ICIs: Immune checkpoint inhibitors

HLA: Human leukocyte antigen

Ig: Immunoglobin

TC: Tumor cells

IC: Immune cells

ITT: Intention to treat

PFS: Progression free survival

OS: Overall survival

FDA: Food Drug Administration

TNM: Tumor, nodes, metastasis

AIDS: Acquired immunodeficiency syndrome
CCS: Cancer cachexia syndrome

TME: Tumor microenvironment

PPis: Proton pump inhibitors

ATBs: Antibiotics

GR: Glucocorticoids receptor

irAEs: Immune related adverse events

Al Artificial intelligence

EGFR: Epidermal growth factor receptor
ALK: Anaplastic lymphoma kinase

PCR: Polymerase chain reaction

FISH: Fluorescence in situ hybridization
ESMO: European Society of Medical Oncology
ECOG: Eastern Cooperative Oncology Group
COPD: Chronic obstructive pulmonary disease
IMFI: Intramuscular fat tissue index

SFI: Subcutaneous fat tissue index

VEFI: Visceral fat tissue index

LSMI: Lumbar skeletal muscle index

TNEF: Tumor Necrosis Factor

TWEAK: Tumor necrosis factor like

weak inducer of apoptosis

MEEF: Mouse embryonic factor

NE-kp: Nuclear factor kappa-light-
chain-enhancer of activated B cells

STAT: Signal transducer and activator

of transcription protein

IEN: Interferon

Fn14: Targeting fibroblast growth factor inducible 14
TAN: Tumor associated neutrophils

TGE-p: Transforming growth factor beta
GDF-15: Growth differentiation factor 15
SMAD3: Mothers against decapentaplegic homolog 3

NADPH: Nicotinamide adenine
dinucleotide phosphate

NOX: NADPH oxidase 4

RyR1: Ryanodine receptor 1

MAP3K11: Mitogen-activated protein
kinase kinase kinase 11

GFRAL: GDNF family receptor alpha like
shRNA: short hairpin RNA

LC3B-II: Microtubule-associated

protein 1A/1B-light chain 3

FOXP3: Forkhead box P3

HMGBI: High mobility group box 1 protein
ICH: Immunochemistry

DOR: Duration of response

MTB: Mutational tumor burden

MLHI: MutL protein homolog 1

MSH2: MutS homolog 2

MSH6: MutS homolog 6

PMS2: Mismatch repair endonuclease PMS2
NLR: Neutrofile to lymphocyte ratio

LDH: Lactate dehydrogenase

AutoML: Automated machine learning
ROC: Receiver operating characteristic curve
AUC: Area under the curve

PS: Performance status by ECOG

PR: Partial response

CR: Complete response

SD: Stable disease

PD: Progressive disease

ORR: Objective response rate

UNL: Upper normal limit

HR: Hazard ratio

LNL: Lower normal limit

CI: Confidence interval

UCP-1: Uncoupling protein 1

BMI: Body mass index

PSGL-1: P-selectin glycoprotein ligand-1
MDSCs: Myeloid derived suppressor cells
CAFs: Cancer associated fibroblasts

DC: Dendritic cells

NK: Natural killer cells

EMT: Epithelial to mesenchymal transition
PPARa: Peroxisome proliferator-

activated receptor alpha

gp130: Glycoprotein 130

TGFpR1-3: Transforming growth factor receptor 1-3
TIM3: Transmembrane immunoglobulin
and munin domain 3

TNFR1: Tumor necrosis factor receptor 1
CXCR1/2: C-X-C motif chemokine receptor 1-2
NLP3: Nodule inception protein-like protein 3
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Abstract

Obijective

We prospectively recorded clinical and laboratory parameters from patients with metastatic
non-small cell lung cancer (NSCLC) treated with 2nd line PD-1/PD-L1 inhibitors in order to
address their effect on treatment outcomes.

Materials and methods

Clinicopathological information (age, performance status, smoking, body mass index, histol-
ogy, organs with metastases), use and duration of proton pump inhibitors, steroids and anti-
biotics (ATB) and laboratory values [neutrophil/lymphocyte ratio, LDH, albumin] were
prospectively collected. Steroid administration was defined as the use of > 10 mg predni-
sone equivalent for > 10 days. Prolonged ATB administration was defined as ATB > 14
days 30 days before or within the first 3 months of treatment. JADBio, a machine learning
pipeline was applied for further multivariate analysis.

Results

Data from 66 pts with non-oncogenic driven metastatic NSCLC were analyzed; 15.2% expe-
rienced partial response (PR), 34.8% stable disease (SD) and 50% progressive disease
(PD). Median overall survival (OS) was 6.77 months. ATB administration did not affect
patient OS [HR = 1.35 (Cl: 0.761-2.406, p = 0.304)], however, prolonged ATBs [HR = 2.95
(Cl: 1.62-5.36, p = 0.0001)] and the presence of bone metastases [HR = 1.89 (CI: 1.02—
3.51, p=0.049)] independently predicted for shorter survival. Prolonged ATB administra-
tion, bone metastases, liver metastases and BMI < 25 kg/m? were selected by JADbio as
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the important features that were associated with increased probability of developing disease
progression as response to treatment. The resulting algorithm that was created was able to
predict the probability of disease stabilization (PR or SD) in a single individual with an AUC =
0.806 [95% CI:0.714-0.889].

Conclusions

Our results demonstrate an adverse effect of prolonged ATBs on response and survival and
underscore their importance along with the presence of bone metastases, liver metastases
and low BMI in the individual prediction of outcomes in patients treated with immunotherapy.

Introduction

Immune checkpoint inhibitors (ICls) targeting the PD-1/PD-L1 axis have demonstrated sub-
stantial clinical activity in metastatic NSCLC and received regulatory approval for use as first
or subsequent lines of therapy [1-5]. However, only a small proportion of individuals will
experience durable clinical remissions and subsequent significant clinical benefit. In addition,
beyond PD-L1 levels in tumor cells or the immune cells of the tumor microenvironment, there
is currently a lack of biomarkers for the prediction of treatment outcomes. From the financial
perspective, the large scale use of these inhibitors is associated with substantial expenditures
for the healthcare system, thus rendering their cost-effectiveness debatable [6, 7].

Pretreatment weight loss and low body mass index values have been well-recognized
adverse prognostic features in cancer patients [8]. Furthermore, several clinical studies have
reported the prognostic value of systemic inflammation in malignancy and the role of routine
blood parameters as potential inflammatory biomarkers [9]. Neutrophil/lymphocyte ratio
(NLR) and low albumin levels have been associated with treatment outcomes in patients with
advanced cancer, including lung cancer [10, 11]. Evidence is being progressively gathered on
the application of the aforementioned parameters for the creation of predictive models in a
wide spectrum of malignancies [12-14].

Intestinal microbiome composition exerts a pivotal impact in the shaping of an effective
immune response [15]. Preclinical data have highlighted the importance of gut microbiota on
immunotherapy efficacy in experimental mouse melanoma models [16]. More importantly,
antibiotic (ATB) administration may significantly alter the microbiome composition leading
to gut dysbiosis and immune dysfunction [17]. Beyond ATBs, proton pump inhibitors (PPis)
are among the most common prescribed drugs worldwide and their administration has been
linked with a significant decrease in Shannon’s diversity accompanied with alterations at the
range of 20% of the bacterial taxa of the intestinal flora [18].

Daily steroid requirements > 10 mg of prednisone equivalent consisted an exclusion crite-
rion for the registrational trials of ICIs [1-5]. In retrospective studies steroid administration
has been associated with poor outcomes in patients with NSCLC treated with ICIs [19]. How-
ever, besides per os or intravenous steroids, NSCLC patients commonly use inhalational ste-
roids due to the high prevalence of chronic obstructive pulmonary disease (COPD) in these
individuals. Inhalational steroids exert a plethora of immunomodulatory effects on bronchial
mucosa [20] however their effect on ICI efficacy has not been investigated so far.

Based on the above data we assumed that routinely available clinical and laboratory param-
eters may have prognostic and predictive relevance in patients with advanced NSCLC treated
with ICIs. To test our hypothesis we conducted a prospective observational study in order to
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evaluate their role in the determination of clinical outcome in patients with metastatic NSCLC
treated with ICIs in the second line treatment setting. In addition, we introduced these param-
eters in the Just Add Data Bio (JADBio) (www.jadbio.com) machine learning pipeline [21, 22]
for further multivariate analysis in order to estimate their integrative predictive value in
NSCLC.

Materials and methods
Study design

This is a prospective observational study enrolling patients with metastatic NSCLC, without
EGFR mutations or ALK translocations, treated with ICIs following progression on previous
platinum-based chemotherapy. Patients were recruited at the Department of Medical Oncol-
ogy, University General Hospital of Heraklion, from November 15, 2017 until November 21,
2019. Patients were eligible if they received ICIs as second-line treatment as per standard treat-
ment guidelines, according to the decision of the treating physician. Written informed consent
was obtained from all patients before enrollment. The study was reviewed and approved by the
institutional review board of the University Hospital of Heraklion and was conducted in accor-
dance with the principles of the Declaration of Helsinki (ID 2644).

Data collection and outcome assessment

Patients with EGFR mutations or ALK translocations were excluded from the analysis. Radio-
logical assessment was prospectively performed using CT scans (or MRI if clinically indicated)
from the start of immunotherapy and every 8-9 weeks thereafter. Partial response (PR), stable
disease (SD) and progressive disease (PD) were assessed according to RECIST 1.1 criteria [23].
Disease stabilization (DS) was defined as the achievement of PR or SD after ICI administra-
tion. Disease progression was defined as radiological progression or death during the course of
treatment. Progression free survival (PFS) was defined as the time duration between the initia-
tion of immunotherapy and disease progression or death. Overall survival (OS) was defined as
the time duration between the initiation of immunotherapy and death. Individuals that had
not progressed or were alive at the time of data analysis were censored for PFS and OS respec-
tively at the date of last follow up.

Data on patient [age, gender, smoking status, performance status (PS), body mass index
(BMI)], disease characteristics (histology, organs affected with metastatic disease) and context
and duration of co-medications [per os (pos), intravenous (iv) or inhalational steroids, ATB
and PPis] were prospectively collected. Disease burden was classified as high and low (> 2
and < 2 organs with metastases) at the beginning of immunotherapy. Patients were classified
based on their BMI at the start of immunotherapy in a binary fashion with the value of 25 kg/
m? used as the cut-off to define BMI high vs BMI low. Common laboratory parameters such as
baseline lactate dehydrogenase (LDH) levels, albumin and absolute white blood cell counts
were collected at the time of treatment initiation. Elevated LDH levels were defined according
to the upper limit of normal value range (UNL) (247 units/liter) and the cut-off for neutrophil/
lymphocyte ratio (NLR) was set at > 3. The cut-off for albumin levels was set at 3.5 g/dl that
represents the lower normal limit. PD-L1 assessment, when available, further categorized the
patients as PD-L1 positive or negative. PD-L1 expression was scored as % of tumor cells show-
ing membranous and/or cytoplasmic staining; the cut-off for positivity was set at > 1%.

Patients were categorized as having received steroids per os or iv in case of steroid use at a
dosage of > 10 mg prednisone equivalent for > 10 days within the first 12 weeks of treatment
or within 15 days before its initiation. Patients were further sub-classified into two different
subgroups, those who had received steroids due to immune related adverse effects (irAEs) and
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those who had received steroids for supportive reasons (e.g. brain edema due to brain metasta-
ses, anorexia, dyspnea, COPD exacerbations). We categorized patients as having been admin-
istered ATB if they had received ATBs within 30 days before the initiation of immunotherapy
and/or within the first 12 weeks of treatment; prolonged ATB administration was defined as
ATBs use for > 14 days. In case of multiple courses of shorter periods, the total duration was
calculated. Long-term PPis usage was defined as the use of PPis for a time duration > 3
months before the initiation of immunotherapy. Chronic administration of inhalational ste-
roids was defined as use for > 3 months prior to the start of immunotherapy. The cut-offs of
10 days, 14 days and 3 months for steroids, ATBs and PPIs use, respectively, were set arbi-
trarily before the initiation of data collection.

Statistical analysis

Statistical analysis was performed using SPSS 25.00. Descriptive statistics were performed to
define categorical and continuous nominal variables. Statistical significance was set at p < 0.05
(two-sided test). Chi square test was used to access any potential associations between each
variable with PR and DS rates. In addition, chi-square test was applied to investigate any
potential associations of various clinical characteristics with prolonged ATB administration.
Mann-Whitney U test was applied to test the effect of duration of ATB administration in days
as a continuous variable on DS rates. In addition, we performed binary logistic regression anal-
ysis in order to examine the odds ratios (OR) of the studied covariates on the probability of
achieving DS as response to ICI administration.

The Kaplan Meier method was used to access any effect of the studied parameters on PFS
and OS. Curves were compared with the log-rank test. We initially applied Cox Regression
Method to examine the effect of the duration of ATB administration as a continuous nominal
variable in days on PFS and OS. Finally, we conducted a univariate analysis for each studied
categorical variable and afterwards a multivariate analysis including the parameters that had
reached statistical significance in the univariate analysis using Cox Regression Method to
investigate their effect on survival outcomes.

We did not perform a sample size and power calculation because at the time of the initia-
tion of data collection there was a scarcity of published reports on the effect of the studied
parameters on the outcome of immunotherapy treated cancer patients. Thus, it would have
been of no value in this exploratory study due to the lack of available data on which to base the
required calculations.

Multivariate analysis by JADBio tool

For the purpose of conducting a multivariate analysis on our data, we applied JADBio, a fully
automated machine learning (AutoML) system (www.jadbio.com). JADBio selects the algo-
rithms and methods corresponding to the particular problem, according to the type of data
used and possible preferences set by the user. To do this, it employs an artificial intelligence
(AI) system responsible for selecting methods and performing tasks, such as data transforma-
tion, data pre-processing, feature selection, model selection and results visualization. Further-
more, the system is in charge of selecting which of their hyper-parameters to optimize. The
combination of methods used and their corresponding hyper-parameters is defined as a con-
figuration and these methods are applied using the 10-fold cross validation protocol. Thus,
JADBio produces thousands of different models, ranking them based on a scoring metric, in
our case, area under the receiver operating characteristic (ROC) curve (AUC), and outputs the
best performing one. To eliminate the possibility of overestimating the final predictive
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performance, JADBio uses a bootstrap-based method to correct it [24]. Using the same
method, it calculates the confidence intervals of the resulted performance.

In our analysis, we used JADBio for binary classification modelling for the prediction of the
probability of a single individual to achieve DS (PR or SD vs PD) with ICIs as second line treat-
ment. The feature classification of the parameters used as input in JADBio is demonstrated in
S1 Table. The tool applied the following modelling algorithms: support vector machines
(SVM) with full polynomial and Gaussian kernels [25], random forests [26], ridge logistic
regression [27], and decision trees [28]. The performance metric we chose over the several
ones available at JADBio, is the AUC. In most cases, the result of an analysis will be a complex
model, incomprehensible to the human user. To aid in that regard, JADBio additionally out-
puts the best interpretable model. In our work, we report the performance estimation of the
best performing model.

Results
Patient characteristics

Patients’ characteristics are shown in detail in Table 1. All the individuals included in this
study were Caucausian. All patients had received prior platinum-based chemotherapy. Median
age was 69 years (range: 39-81 years), 24 patients (36.3%) had received steroids, 34 (51.5%)
had received ATBs and 22 (33.3% of the total population) had been administered a prolonged
course of ATBs. None of the studied clinical and laboratory parameters were associated at a
statistical significant level with prolonged ATB administration (S2 Table).

Effect of the studied variables on response outcomes

Ten (15.2%) patients experienced PR, 23 (34.8%) SD and 33 (50%) had PD at the time of their
first disease evaluation. Median duration of response was 7.97 months (range, 2.8-26.9
months).

Only low BMI (p = 0.030, CI 95%) was significantly associated with inferior response rates
(S3 Table). Low BMI (p = 0.003, CI 95%), the presence of bone metastases (p = 0.007, CI 95%),
liver metastases (p = 0.014, CI 95%) and high disease burden (p = 0.017, CI 95%) were signifi-
cantly associated with inferior DS rates. ATB administration (p = 0.014, CI 95%), prolonged
ATB administration (p = 0.002, CI 95%) and the use of pos or iv steroids for supportive rea-
sons (p = 0.040, CI 95%), exhibited a statistically significant correlation with reduced DS rates
(Fig 1A-1C). The duration of ATB administration in days as a continuous nominal variable
was also negatively correlated with DS rates (p = 0.004, CI 95%) (S1 Fig). None of the other
studied parameters affected DS rates at a significant level (S4 Table).

The odds ratio (OR) of each studied covariate on the probability of achieving DS as result
of ICIs administration along with its statistical significance are depicted in Fig 2A and S5
Table. In the multivariate logistic regression analysis, bone metastases [OR: 0.153 (CI: 0.032-
0.734, p = 0.019)] and prolonged ATB administration [OR: 0.085 (CI: 0.017-0.411, p = 0.002)],
independently predicted for lower probability of DS with ICIs (Fig 2B and S5 Table).

Effect of the studied variables on survival outcomes

Median duration of follow up was 6.37 months (range: 0.6-26.9 months). After data censoring,
median PFS and OS for the whole patient population were 3.50 (95% CI: 1.49-5.50) and 6.77
(95% CI: 2.29-11.24) months, respectively.

The results on the effect of the studied variables on PES and OS are depicted in S6 Table.
BMI <25 kg/m2 (2.33 vs 4.93 months, p = 0.009), high disease burden (1.77 vs 4.67 months,
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Table 1. Baseline patients’ characteristics.

All patients
Variable N %
Number of patients 66
Age (years)
Median (range) 69 (39-81)
Gender
Male 55 83.3
Female 11 16.7
Performance status
0-1 51 77.3
2 15 22.7
Smoking status
Active smokers 39 59.1
Former smokers 21 31.8
Never smokers 6 9.1
Body mass index (BMI)
> 25 kg/m? 32 48.5
< 25 kg/m* 34 51.5
Histology
Non-squamous 37 56.1
Squamous 29 43.9
Number of organs with metastases
1-2 45 68.2
>2 21 31.8
Brain metastases
Yes 14 21.2
No 52 78.8
Liver
Yes 19 28.8
No 47 71.2
Bone
Yes 20 30.3
No 46 69.7
Lymph node metastases
Yes 39 59.1
No 27 40.9
Baseline albumin levels
<3.5g/dl 12 18.2
>3.5g/dl 51 77.2
Not available 3 4.5
Baseline LDH levels
> UNL 20 30.3
< UNL 36 545
Not available 10 15.2
PDLI levels
< 1% 12 18.2
> 1% 20 30.3
Not available 34 51.5

(Continued)

PLOS ONE | https://doi.org/10.1371/journal.pone.0252537  June 1, 2021

6/18



PLOS ONE

Effect of clinical parameters on immunotherapy outcomes in non-small cell lung cancer patients

Table 1. (Continued)

All patients

Variable

N

%

Steroid administration <10mg of daily prednisolone equivalent for more than 10 days within 15 days before

initiation of i therapy or during the course of it

(first 12 weeks)

Steroids naive 42 63.6
Steroids due to irAEs 8 12.1
Steroids for supportive reasons 16 242

Antibiotics administration within 30 days before the initiation of immunotherapy or during the course of it

(first 12 weeks)

Yes

34

51.5

No

32

48.5

Duration of antibiotics administration (days)

Median (range)

5 (0-37)

Prolonged administration of antibiotics > 14 days within 30 days before the initiation of immunotherapy or

during the course of it (first 12 weeks)

Yes 22 333
No 44 66.7
Use of inhalation steroids for > 3months before the initiation of i therapy

Yes 10 15.2
No 56 84.8
Use of proton pump inhibitors for > 3 months before the initiation of i herapy

Yes 23 34.8
No 43 65.2
Grade III or IV iRAEs

Yes 8 12.1
No 58 87.9
Response to immunotherapy

CR 0 0
PR 10 15.2
SD 23 34.8
PD 33 50.0
Disease progression

Yes 55 83.3
No 11 16.7
Death

Yes 48 72.7
No 18 27.3

Duration of response (months)

Median (range) ‘

7.97 (2.8-26.9)

Progression free survival (months)

Median (range) ‘

3.50 (0.16-26.9)

Overall survival (months)

Median (range) ‘

6.77 (0.6-26.9)

Follow up (months)

Median (range) ‘

6.37 (0.6-26.9)

https://doi.org/10.1371/journal.pone.0252537.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0252537  June 1, 2021

7/18



Effect of clinical parameters on immunotherapy outcomes in non-small cell lung cancer patients

.Pﬂ DSD :PD

25 p=0.014 25
e 2
o 20 § 20
=] =
g g
w 15 w 151
[=] o
3 3
£ 10 € 10
3 3
= 2

5 ]

0 0

NO YES

ATB administration
(Chi square test, 95% Cl)

Fig 1. Bar plots depicting the effect of (A) ATB ad

NO

istration (B) pr

Hxr Co

p=0.002

Clep

Number of patiens

YES

Prolonged ATB administration
(Chi square test, 95% Cl)

longed ATB ad

on disease stabilization rates (PR or SD; Chi-square test, 95%).

C

.PR DSD |_PD
25 p=0.040
20
15
of M|
il

Administration of steroids > 10mg
for supporting reasons
(Chi square test, 95% Cl)

istration and (C) steroid administration >10 mg

https://doi.org/10.1371/journal.pone.0252537.g001

A

| p=0239

Steroid administration

Prolonged ATB administration

ATB administration—

BMI < 25 kg/m?

Liver metastases -

Bone metastases

PDL1 > 1% b +
Inhalational steroid administration | +—# 1 p=0495
PPis administration {  +4 1 p=0.199
Administration of steroids > 10mg -{ ++ | p=0.049
Prolonged ATB administration -{ 14— p=0.003
ATB administration -{ 41 p=0.015
Albumin <35 g/dl-{ -+ 1 p=0093
] LDH>UNL-{ -+ 1 p=0071
@ NLR>3 4 | p=0325
g BMI <25kg/m2-{ 141 p=0.004
& LN metastases | 4 1 p=0213
Brain metastases { 4 1 p=0548
Liver metastases -| 14— p=0.018
Bone metastases { 14— p=0.010
Squamus histology ’ + 1 p=0458
PS =2 14 1 p=0148
Age = 70 years old ' ‘4 1 p=0217
T T
01 23 4 s 0

Value

4 Oddsratio
I LB
I uB
[ 1 p=0303
W1 p=0.002
I + 1 p=0575
I+ | p=0050
4 1 p=0090
W1 p=0019
T T
0 1 2 3 17 18

Value

Fig 2. Forest plot depicting the odds ratios of the studied parameters for disease stabilization (PR or SD) in (A) univariate binary regression
analysis and (B) multivariate binary regression analysis that included the variables that reached statistical significance (p<0.05) in the univariate

analysis. (LB: Lower border, UB: Upper border).

https://doi.org/10.1371/journal.pone.0252537.g002

PLOS ONE | https://doi.org/10.1371/journal.pone.0252537  June 1, 2021

8/18



PLOS ONE Effect of clinical parameters on immunotherapy outcomes in non-small cell lung cancer patients

Median PFS Median OS
10 Prolonged ATB administration = 14 days 10 Prolongad ATB administration > 14 days
L median FFS = 4933 months median O5 = 2533 menths

=~ Noprolonged ATS administration
median 05 =490 months

p=0.001

=~ No prolonged ATB administration -
median FFS = 1.567 months

06 p <0.001 06

04

02

0o 0o
1] 5 o 15 20 25 30 o 10 20 30 40
Progression Free Survival - Months Overall Survival - Months
C — RZ=0074 D RZ=0.042
Mexdian PFS = 3.50 months Median OS = 6.77 months
30 HR=1038 0 HA - 1036
c - {95% CI: 1.010 - 1.067) o 195%Cl: 1.04 - 1.089)
5 "
£ p=0.007 £ p=0.027
- ” “ 5 30
g : £
zw - °
5 & [ o “
? Z < 20 .
o e £ ©
fis o & 3
< o s H ° L, e
S 1w a = ° oo
& = g 10
g . S
& Bon B
0 g B28o0 o
10 0 0 1* 20 30 0
Duration of ATB administration (days) Duration of ATB administration (days)

Fig 3. Survival analysis using Kaplan Meier and Cox regression. (A) Effect of prolonged ATB administration on PFS
(B) Effect prolonged ATB administration on OS (C) Scatter plot depicting the effect of the duration of ATB
administration in days as a continuous variable on PFS (D) Scatter plot depicting the effect of the duration of ATB
administration in days as a continuous variable.

https://doi.org/10.1371/journal.pone.0252537.9003

p = 0.008) and the presence of liver (1.73 vs 4.80 months, p = 0.002) or bone metastases (2.10
vs 4.80 months, p = 0.024) were significantly associated with reduced PFS. In addition, baseline
albumin levels < 3.5 g/dl (1.70 vs 4.40 months, p = 0.005) and baseline NLR >3 (2.53 vs 4.93,
p = 0.024) were also correlated with reduced PFS. Although ATB administration was not asso-
ciated with lower PFS, (p = 0.062) (S2A Fig), prolonged ATB course (Fig 3A) and steroid
administration > 10 mg for supportive reasons (S3A Fig) were significantly correlated with
inferior PFS (1.57 vs 4.93 months, p<0.001 and 1.27 vs 4.70 months, p = 0.013). None of the
other analyzed covariates exhibited statistically significant correlations with PFS (S4A and S5A
Figs and S6 Table).

Regarding their effect on patients’ survival, PS 2 (3.17 vs 9.60 months, p = 0.027), baseline
albumin levels < 3.5 g/dl (1.70 vs 9.57 months, p = 0.003), baseline LDH levels > UNL (3.70 vs
9.90 months, p = 0.040) and the presence of bone metastases (3.77 vs 10.33 months, p = 0.011)
exhibited a negative correlation with OS (S6A and S6B Fig). Prolonged ATB administration
was associated with reduced OS (2.50 vs 9.93 months, p = 0.001) (Fig 3B), however, the use of
steroids (2.53 vs 9.60 months, p = 0.051) or of ATB (4.00 vs 9.67 months, p = 0.301) (S2B and
S3B Figs) were not correlated with reduced OS. No other associations with inferior OS were
observed (S4B and S5B Figs and S6 Table).
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Table 2. Univariate and multivariate analysis using Cox Regression Method.

Cox regression PFS oS
Univariate analysis HR (95% CI) p value HR (95%CI) p value
Performance status 1.574(0.855-2.899) 0.145 1.999(1.068-3.740) 0.030
Age > 70 years old 1.127(0.661-1.922) 0.660 1.193(0.673-2.114) 0.546
Smoker of former smoker 1.126(0.404-3.135) 0.821 2.361(0.571-9.757) 0.235
Female gender 1.033(0.504-2.120) 0.929 1.144(0.535-2.445) 0.729
Brain metastases 1.242(0.653-2.364) 0.509 1.022(0.493-2.118) 0.953
Bone metastases 1.913(1.078-3.394) 0.027 2.135(1.171-3.893) 0.013
Liver metastases 2.503(1.390-4.506) 0.002 1.443(0.781-2.665) 0.241
Disease burden 2.115(1.201-3.725) 0.009 1.562(0.860-2.840) 0.142
Steroid administration > 10 mg 2.156(1.158-4.013) 0.015 1.908(0.985-3.698) 0.055
ATB" administration 1.655(0.068-2.830) 0.065 1.353(0.761-2.406) 0.304
Prolonged ATB administration > 14 days 3.181(1.795-5.637) 0.0001 2.646(1.476-4.741) 0.001
NLR® 1.939(1.050-3.559) 0.033 1.588(0.855-2.947) 0.143
LDH>UNL 1.674(0.935-2.997) 0.083 1.868(1.018-3.425) 0.044
Multivariate analysis HR (95% CI) p value HR (95%CI) p value
Performance status 1.878(0.963-3.661) 0.075
Bone metastasis 2.244(1.155-4.360) 0.017 1.890(1.017-3.512) 0.049
Liver metastasis 3.266(1.653-6.375) 0.001

Disease burden 1.552(0.555-4.329) 0.401

Steroid administration > 10 mg 2.566(1.347-4.887) 0.004

Prolonged ATB administration > 14 days 3.403(1.817-6.375) 0.0001 2.945(1.619-5.358) 0.0001
NLR 1.147(0.580-2.269) 0.693

LDH > UNL® 1.618(0.877-2.985) 0.123

® ATB = Antibiotics,
® NRL = Neutrophil to Lymphocyte ratio,

€: UNL = Upper normal limit (247 Units/liter).

https://doi.org/10.1371/journal.pone.0252537.t002

Univariate and multivariate survival analysis

Cox Regression analysis revealed that the duration of ATB administration evaluated as a con-
tinuous nominal variable was negatively correlated with PFS (p = 0.007, CI 95%) and OS
(p = 0.027, 95% CI) (Fig 3C and 3D).

In the univariate analysis for PFS, baseline albumin levels were not included in the analysis
due to insufficient number of events; results are shown in Table 2. Multivariate analysis dem-
onstrated that steroids used for supportive reasons [HR = 2.556 (CI: 1.347-4.887, p = 0.004)],
prolonged administration of ATBs [HR = 3.403 (CI: 1.817-6.375, p = 0.0001)] and the pres-
ence of liver [HR = 3.266 (CI: 1.653-6.375, p = 0.001)] or bone metastases [HR = 2.244 (CI:
1.155-4.360, p = 0.017)] were independent predictors for inferior PES (Table 2).

In the multivariate analysis for OS, prolonged use of ATBs [HR = 2.945 (CI: 1.619-5.358,
p =0.0001)] and bone metastases [HR = 1.890 (CI: 1.017-3.512, p = 0.049)] were indepen-
dently associated with reduced survival (Table 2).

Multivariate analysis using the JADBio tool

For the classification task (response to ICls), patients were divided into two groups; responders
were characterized as those experiencing PR or SD and non-responders were those experienc-
ing PD as best response to treatment. For the classification analysis, JADbio tried 3017
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Fig 4. A.Visualization of the learning process of JADbio for the classification analysis of our data. JADbio tried 3017 configurations and trained
211190 models in total. B. Distribution of the performance metric (AUC) of our model. The distribution is computed on out of sample predictions of
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with Polynomial Kernel and hyper-parameters: cost = 0.01, gamma = 1.0, degree = 4). The classification threshold for the 95% confidence intervals has
been set at the average F1/accuracy/Balance accuracy.

https://doi.org/10.1371/journal.pone.0252537.g004

configurations and trained 211190 models (Fig 4A). JADbio performed LASSO feature selec-
tion (penalty = 0.5, lambda = 0.027) and selected 4 features: prolonged ATB administration,
bone metastases, liver metastases and BMI < 25 kg/m” for the original signature. In total there
was only one signature. The predictive algorithm of the best performing model was SVM of
type C-SVC with Polynomial Kernel and hyper-parameters: cost = 0.01, gamma = 1.0,

degree = 4 with an AUC = 0.806 [0.714-0.889] (Fig 4B). The ROC curve of the best performing
model is demonstrated in Fig 4C. In addition, the classification analysis was able to calculate
the feature importance of the selected features on the probability of achieving PR or SD which
was defined as the percentage drop in predictive performance when each particular feature
was removed from the model (Fig 5A). The box plots that visualize the contrast of the cross-
validated predicted probability of belonging to a specific class against the actual class of the
samples are depicted in Fig 5B.
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https://doi.org/10.1371/journal.pone.0252537.9005

Discussion

The primary aim of our study was to prospectively evaluate the effect of common clinical and
laboratory parameters on the outcome of patients with metastatic NSCLC receiving immuno-
therapy. We herein demonstrate that routinely available patient and disease characteristics are
correlated with treatment outcomes and can be integrated into a multifactorial model predict-
ing individual clinical benefit from ICIs using a machine learning approach.

In our cohort, bone metastases constituted an adverse prognostic factor in NSCLC patients
treated with second line ICIs. In accordance, previous retrospective studies highlight that ICI
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efficacy may vary according to the presence of specific disease sites [29, 30]. Furthermore, we
observed that patients with low BMI had shorter PES compared to patients with high BM. Low
albumin levels were also significantly associated with both shorter PFS and OS in our cohort.
However, it should be noted that BMI and/or albumin levels cannot be used alone for the eval-
uation of patients’ nutritional status. More detailed analysis is required to further elucidate the
impact of body composition in the outcome of cancer patients treated with immunotherapy
[31, 32]. Performance status 2 did not emerge as an independent negative prognostic factor,
however this could be attributed to the small sample size of our cohort and the fact that only
15 patients had performance status 2, leading to increased probability for a statistical type I
error.

The administration of commonly used co-medications exerted a significant impact on
patients’ outcome in our analysis. The time frame of 12 weeks from the start of ICIs initiation
employed for the classification of patients according to the use of steroids and ATBs was set to
avoid a bias for those achieving long term clinical remissions, who thus, would have a higher
possibility for steroid and ATB use during the course of their illness. ATB administration as a
categorical variable did not affect PFS or OS, however when we examined the effect of their
administration in days as a continuous nominal variable, a statistically significant negative cor-
relation with PFS and OS was revealed. Importantly, prolonged ATBs administration emerged
as an independent predictor for reduced probability of disease stabilization and for inferior
PFS and OS. Our results are in accordance with previously published prospective and retro-
spective studies [33, 34] and further reinforce the data published by Tinsley et al [35] reporting
worst outcomes with cumulative ATB administration in patients with metastatic malignancies
receiving ICIs indicating a dose dependent effect between ATB exposure and reduced ICI effi-
cacy. Our findings along with the results from previously published reports suggest that ATB
administration, especially for longer time periods should be avoided in patients receiving
immunotherapy.

In our analysis we classified patients who received steroids into two different subgroups,
those who were administered steroids for supportive reasons and those who received high
dose steroids due to immune related adverse effects (irAEs). In our cohort, the use of steroids
for supportive reasons was independently associated with shorter PFS, however no associa-
tions with OS were revealed. Regrettably, due to the small number of patients we were not able
to perform more detailed subgroup analysis regarding the specific reasons for the supportive
administration of steroids, however, our findings reinforce previous reports raising concerns
regarding the use of > 10 mg prednisone equivalent in patients receiving ICIs [36]. On the
contrary, the administration of inhalational steroids or of PPis did not impair treatment out-
comes in our analysis and their administration seems safe. Our results regarding the effects of
PPis are in contrast with a recent published retrospective analysis by Hopkins et al [37] dem-
onstrating that PPis negatively affected survival outcomes in individuals with metastatic
urothelial cancer treated with atezolizumab. Therefore, further research is needed in order to
clarify their effects on the efficacy of ICIs.

We further incorporated all the recorded parameters into JADbio, an artificial intelligence
(AI) system, with to evaluate how these different features interact with one another and to
examine the feature importance of each particular parameter on individual treatment out-
comes in an integrative manner. JADbio selected four clinical features and created a signature
that was able to predict the possibility for disease stabilization as result of treatment with ICIs
with an accuracy of 81%. These four features consisted of prolonged ATB administration,
bone metastases, liver metastases and BMI < 25 kg/m?. The higher feature importance
obtained for prolonged ATB administration further underscores the importance of the micro-
biome composition for an effective antitumor immune response [16]. Interestingly, they
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indicate that factors likely inherent to the biology of the primary tumour are related to both
the specific patterns of metastatic spread and the response to ICIs.

Previous studies have employed Al for the prediction of outcome of patients with metastatic
melanoma and NSCLC receiving treatment with ICIs [38, 39]. Despite the significant smaller
sample of the cohort studied herein, our analysis provides the advantage of including a wider
range of routinely available, easily obtainable clinical parameters and more importantly it
allows the calculation of each parameter’s feature importance on the determination of an indi-
vidual’s outcome. Using JADbio, we constructed a novel multivariate model predicting the
individual possibility of achieving disease stabilization in patients with metastatic NSCLC
treated with ICIs in the second line setting with accuracy at the level of 81%. Using other
AutoML services, an overestimation of the final predictive performance might have resulted,
as they mainly use cross-validation, which overfits in sample-sample scenarios [40]. JADBio is
built for such scenarios and uses a technique [24] to remove this cross-validation bias, render-
ing the final performance estimation conservative and reliable.

Our results indicate that routinely available variables could be used to identify individuals
who will achieve disease control with ICIs and to spot those who will likely progress on treat-
ment for whom closer monitoring, alternative treatment regimens or participation in clinical
trials should be advised. However, it should be also noted that immunotherapy has now
moved into the first line treatment setting either as a monotherapy or in combination with
chemotherapy and that only a minority of patients now receive ICIs in the second line or
beyond.

Strengths of our study include the prospective evaluation and analysis of a wide range of
common and easily accessible clinical and laboratory parameters and of common co-medica-
tions in a cohort of lung cancer patients treated with immunotherapy to determine their prog-
nostic role. A significant novelty of our report represents the additional multivariate analysis
using an AutoML interface to further determine the integrated feature importance of each of
these parameters on individual patient outcomes. Limitations of our study are the small statis-
tical sample and the fact that PD-L1 levels were not included in our model due to high rates of
missing data. In addition, our results were not validated in another patient cohort.

Conclusion

Our results corroborate previous evidence regarding the negative predictive role of liver and
bone metastases in NSCLC patients treated with ICIs. Furthermore, they emphasize the nega-
tive effect of ATBs on patient outcomes and suggest that long-term ATBs use should be
avoided in these patients. By incorporating our data into the JADbio machine learning system,
we were able to distinguish the clinical variables that are most relevant for achieving disease
control with immunotherapy. Importantly, we estimated the feature importance of these vari-
ables on individual patient outcomes in an integrative manner. Since immunotherapy is cur-
rently mostly used either as first line treatement, either as a single agent or in combination
with chemotherapy, our findings merit further evaluation in these settings.
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S1 Table: Binary classification of patients’ feature input in JADBio.

Parameter Feature JADBio input
Yes 1
Female gender
No 2
Yes 1
Performance status 0-1
No 2
Yes 1
Age > 70 years old
No 2
Yes 1
BMI < 25 kg/m?
No 2
N histol Yes 1
on-squamous histolo,
q &Y No 2
. Yes 1
Presence of brain metastases
No 2
. Yes 1
Presence of liver metastases
No 2
Yes 1
Presence of lung or pleural metastases
No 2
Yes 1
Presence of bone metastases
No 2
Yes 1
Presence of LN metastases
No 2
Yes 1
LDH < UNL
No 2
Yes 1
Albumin < 3.5 g/dl
No 2
Yes 1
Baseline NLR > 3
No 2
. . Yes 1
ATB administration
No 2
o . . Yes 1
Prolonged ATB administration > 14 days duration N 5
o
. .. . Yes 1
Steroid administration > 10 mg for > 10 days
No 2
oo o Yes 1
Chronic PPis administration
No 2
. - . . . . Yes 1
Chronic administration of inhalational steroids N 5
o
Yes 1
PR or SD to Ist line platinum doublet
No 2
. Yes 1
PR or SD to immunotherapy
No 2

Abbreviations: BMI=Body mass index, LDH=Lactate dehydrogenase, UNL=Upper normal limit (247 units/liter),
NLR=Neutrophile to lymphocyte ratio, PR=Partial response, SD=Disease stabilization, ATB=Antibiotics, PPis=Proton
pump inhibitors
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Background: Cancer cachexia syndrome (CCS) is an adverse prognostic factor in cancer patients
undergoing chemotherapy or surgical procedures. We performed a prospective study to investigate the effect
of CCS on treatment outcomes in patients with non-oncogene driven metastatic non-small cell lung cancer
(NSCLC) undergoing therapy with programmed cell death protein 1 (PD-1)/programmed death ligand 1
(PD-L1) inhibitors.

Methods: Patients were categorized as having cancer cachexia if they had weight loss >5% in the last
6 months prior to immunotherapy (I-O) initiation or any degree of weight loss >2% and body mass index
(BMI) <20 kg/m’ or skeletal muscle index at the level of third lumbar vertebra (LSMI) <55 cm’/m’ for males
and <39 em’/m’ for females. LSMT was calculated using computed tomography (CT) scans of the abdomen
at the beginning of I-O and every 3 months thereafter.

Results: Eighty-three patients were included in the analysis and the prevalence of cancer cachexia at the
beginning of I-O was 51.8%. The presence of CCS was associated with inferior response rates to ICIs
(P<0.001) and consisted an independent predictor of increased probability for developing disease progression
as best response to treatment, OR =8.11 (95% CI: 2.95-22.40, P<0.001). In the multivariate analysis, the
presence of baseline cancer cachexia consisted an independent predictor for inferior survival, HR =2.52
(95% CI: 1.40-2.55, P=0.002). Reduction of LSMI >5% during treatment did not affect overall survival (OS;
P=0.40).

Conclusions: CCS is associated with reduced PD-1/PD-L1 inhibitor efficacy in NSCLC patients
and should constitute an additional stratification factor in future I-O clinical trials. Further research at
a translational and molecular level is required to decipher the mechanisms of interrelation of metabolic

deregulation and suppression of antitumor immunity.

Keywords: Cancer cachexia; immunotherapy; PD-1/PD-L1 inhibitors; non-small cell lung cancer (NSCLC);

outcome; survival; response rate
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Introduction

Immunotherapy (I-O) with immune checkpoint inhibitors
(ICIs) has defined a new era in the management of patients
with metastatic non-small cell lung cancer (NSCLC).
However, beyond programmed death ligand 1 (PD-L1)
expression levels in cancer tissues, there is a paucity of
biomarkers for the prediction of outcome in patients with
metastatic NSCLC treated with ICIs (1). In addition, only
a small subset of NSCLC patients receiving PD-1/PD-
L1 inhibitors will achieve a durable clinical benefit and the
underlying mechanisms that lead to primary or secondary
resistance to I-O have not been elucidated thus far (2).

Cancer cachexia syndrome (CCS) is a complex metabolic
syndrome characterized by weight loss, alterations in body
composition and a pathophysiologic background that is
defined by a perpetually sustained inflammatory process (3).
CCS has a high prevalence amongst cancer patients and has
been associated with adverse survival outcomes and reduced
treatment efficacy (4). Furthermore, it has been estimated
that it directly accounts for approximately 20% of cancer-
related mortality (5).

Beyond its well-recognized effect on host’s metabolic
homeostasis deregulation, CCS has been also associated
with immune system dysfunction and increased
susceptibility to infections (6). CCS is characterized by
a composite molecular pathogenesis that involves a wide
spectrum of inflammatory processes ranging from increased
levels in the serum or the tumor microenvironment
(TME) of certain cytokines such as tumor necrosis factor
(TNF)-a (7), interleukins (IL)-6 (6), IL-8 (8) and growth
differentiation factor (GDF)-15 (9) to increased plasma or
TME concentrations of myeloid derived suppressor cells
(MDSCs) (10). The vast majority of these processes have
been demonstrated in experimental models to affect the
Cancer-Immunity-Cycle (11) and to exert a negative effect
on antitumor immunity (12-16).

Based on the aforementioned reports, we hypothesized
that the activation of the cellular pathways that define CCS
pathogenesis could have a negative effect on antitumor
immunity, thus abrogating I-O efficacy. In order to test our
hypothesis, we conducted a prospective observational study
at the University Hospital of Heraklion, Crete amongst

© Translational Lung Cancer Research. All rights reserved.

patients with metastatic NSCLC that were treated with
ICIs. We present the following article in accordance with
the REMARK reporting checklist (available at https://
dx.doi.org/10.21037/tler-21-460).

Methods
Patient selection

We prospectively collected clinical and radiological data
from patients with non-oncogene driven metastatic
NSCLC who received I-O either as monotherapy or in
combination with chemotherapy according to ESMO
guidelines (17) from 2017-2020 at the University Hospital
of Heraklion, Crete. All consecutive patients that were
deemed to be candidates for receiving treatment with
PD-1/PD-L1 inhibitors for metastatic NSCLC were
screened for inclusion in this study. Individuals with EGFR
mutations or ALK translocations were excluded before
the initial screening. EGFR mutational status was assessed
using polymerase chain reaction (PCR) and ALK genomic
alterations were examined using immunohistochemistry
(ICH) or fluorescence in situ hybridization (FISH),
respectively. The study was approved from the Ethics
Committee of the University Hospital of Heraklion (ID:
2644) and was conducted according to principles of the
declaration of Helsinki (as revised in 2013). Written
informed consent was obtained from all patients before
enrollment.

Cachexia assessment

Patients were categorized as having cachexia based on the
criteria set by Fearon er 4. (18). These consist of body
weight loss >5% within the last 6 months or body mass
index (BMI) <20 kg/m” and any degree of weight loss >2%
or low appendicular skeletal muscle index consisted with
sarcopenia and any degree of weight loss >2%.

We assessed the appendicular skeletal muscle index of
the patients by measuring the skeletal muscle thickness
at the level of the third lumbar vertebra by analyzing the
patients” abdominal computed tomography (CT) scans
before the initiation of I-O through the application of
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Figure 1 Tomovision analysis of the CT scans of two individuals in our cohort. (A) A male patient with baseline LSMI = 55.02 cm®/m’

without sarcopenia. (B) A male patient with baseline LSMI =39.45 cm’/m’ consistent with sarcopenia. CT scan, computed tomography scan;

LSMI, lumbar skeletal muscle index (cm’/m”) (at the level of 3rd lumbar vertebra).

Slice-o-matic Tomovision software (sliceOmatic 5.0 Rev-9
Alberta Protocol) (Figure I). The muscle area thickness was
divided by each individual’s squared height, thus creating
a baseline Lumbar Skeletal Muscle Index (LSMI) that was
measured in cm’/m’. The LSMI cut-off values (LNL: lower
normal limit) used for the definition of sarcopenia were
set at <55 cm’/m’ for males and <39 cm’/m’ for females,
according to the international consensus for the definition
of cancer cachexia (18). Only the individuals for whom we
had sufficient radiological (LSMI) and/or clinical data (BMI,
body weight fluctuations within the last six months) in order
to be classified as cachectic or not, according to criteria
set by Fearon er 4l. (18), were included in the final analysis
(Figure S1).

We furthermore assessed, when available, the LSMI
of patients during their treatment with I-O in order to
investigate any potential correlation of LSMI fluctuations
with treatment outcomes. For this purpose, we compared
the baseline LSMI values with the LSMI values at the
first radiological assessment of each individual after ICI
therapy initiation. Patients were categorized according
to their changes in LSMI during treatment in a binary
fashion according to their median LSMI reduction%
during I-O.

Data collection

We prospectively collected data on patient [age, gender,
smoking status, ECOG performance status (PS), BMI, line
of treatment of ICI administration], disease characteristics
(histology, organs affected with metastases, PD-L1 status)
and baseline albumin values at the timepoint of I-O

© Translational Lung Cancer Research. All rights reserved.

initiation.

Patients were classified in a dichotomous fashion based
on their age (<70 vs. 270 years old), gender (male vs. female),
PS (0-1 vs. 2), smoking status (smokers or former smokers
vs. non-smokers), line of treatment of ICI administration
(first line vs. second or later lines of treatment), brain
metastases, liver metastases, bone metastases, disease burden
(Low wvs. high tumor burden), baseline BMI values (<25 wvs.
>25 kg/m’), histology (squamous vs. non-squamous), PD-
L1 status (<1% vs. >21%) and baseline albumin levels (<3.5
vs. 3.5 g/dL). PD-L1 expression levels, when available,
were evaluated before the initiation of systemic treatment.
36 patients (26 individuals who received pembrolizumab
and 10 that received nivolumab) had their samples evaluated
using staining with 22C3 pharmDx assay. The remaining
12 patients with available PD-L1 status had their samples
evaluated using Ventana SP142 assay. High disease burden
was defined as metastatic spread in >2 organs. We decided
to use this cut-off since it has been the only clinical factor
significantly associated with the development of disease
hyper-progression under treatment with ICIs (19). Finally,
the cut-off values that were set for baseline albumin levels
were the 3.5 g/dL (which represents the lower normal limit
in our laboratory).

Immune-related adverse events (irAEs) were recorded
according to ESMO guidelines (20).

QOutcome assessment

Response to treatment was evaluated according to RECIST
1.1 criteria (21). The images of the patients were reviewed
specifically for this study in order to determine response
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assessment according to RECIST 1.1 criteria. Patients
were categorized according to their best response to ICIs
as having complete response (CR), partial response (PR),
stable disease (SD) and progressive disease (PD). Objective
response rate (ORR) was defined as the percentage of
individuals who achieved CR or PR as best response to
treatment and disease control rate (DCR) was defined as
the percentage of patients who achieved CR or PR or SD as
best response to treatment. Prolonged duration of disease
control was defined as absence of disease progression for
a time period of >6 months amongst the patients who had
achieved disease control (CR or PR or SD) at their first
radiological assessment after ICI initiation.
Progression-free survival (PFS) was defined as the
time from the initiation of ICI until the date of disease
progression or death. Overall survival (OS) was defined as
the time from the initiation of ICIs to death. Individuals
who had not progressed or were still alive at the time of
data analysis were censored at the date of last follow-up.

Statistical analysis

All statistical analyses were performed with SPSS 25.0.0
software (IBM Corp., Armonk, NY, USA). Descriptive
statistics were applied to define and categorize nominal and
categorical variables. Statistical significance was set at <0.05.
We furthermore applied Chi-square test to examine any
potential associations between the studied variables with
ORR and DCR. Kruskal-Wallis test was applied to examine
any potential differences in baseline LSMI distributions
according to the presence of CCS. In addition, any
potential differences in the distributions of LSMI% changes
during I-O with ORR, DCR and duration of disease control
>6 months were examined with Kruskal-Wallis test.

A univariate binary logistic regression was performed
to examine the odds ratios (OR) of the studied parameters
on the probability of developing PD as best response to
treatment. A multivariate logistic regression was performed
for the variables that had reached statistical significance in
the univariate analysis.

The Kaplan-Meier method was applied to investigate the
effect of the studied variables on PFS and OS. Curves were
compared with the log-rank test. In addition, we applied
log-rank test in order to examine the effect of baseline
cancer cachexia on OS in the subgroup of patients that
received I-O as first line treatment and in the subgroup
of patients that received it as second line treatment. A
univariate Cox Regression Analysis was performed to
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calculate the Hazard Ratios (HR) of age >70 years old, PS
2, female gender, squamous histology, bone metastases,
liver metastases, brain metastases, PD-L1 <1%, ICI
administration as 2™ line of treatment, baseline albumin
levels <3.5 g/dL and the presence of baseline CCS on
PFS and OS. A multivariate Cox Regression Analysis was
performed amongst the variables that had reached statistical
significance in the univariate analysis.

Additionally, we applied log-rank test in order to estimate
the effect of cancer cachexia on 6 months survival since the
initiation of I-O. Six months survival time was used as a
cut-off value. Individuals that were alive but had a follow-
up time shorter than 6 months were censored at the time
of their last follow-up. Using the 6 months survival time
as a cut-off we also performed a univariate Cox regression
analysis to estimate the hazard ratio of cancer cachexia on
6 months survival time.

A sample size and power calculation was not conducted
because at the time of the initiation of data collection there
were no published reports on the effect of cachexia on the
outcome of I-O treated cancer patients. Thus, it would have
been of no value in this exploratory, hypothesis generated
study due to the lack of available data on which to base the
required calculations for power calculation.

Results
Patient characteristics

A total of 83 patients were included in the analysis. Median
follow-up duration was 9.53 months. Patients’ characteristics
are depicted in detail in 7able 1. Median age was 66 years,
84.3% of patients were male and 92.8% were active or
former smokers. Mean baseline BMI was 26.69 kg/m’ and
38.6% of patients had baseline BMI values <25 kg/m’.

Most (79.5%) patients in our cohort had received
ICIs as second line of treatment and the rest as first line
treatment. All the patients who received ICIs as second line
treatment had previously progressed on a platinum doublet.
Only 2 patients (2.4%) had received I-O in combination
with chemotherapy and the rest as monotherapy. ORR
was 20.5% and 48.2% of patients experienced PD as best
response to treatment. Median PFS and OS were 4.80 and
9.90 months, respectively.

Forty-three patients (51.8%) were classified as having
baseline CCS at I-O initiation and only 15 patients out of
the 54 with evaluable LSMI (27.8%) had baseline LSMI
values not consistent with sarcopenia (Above LNL).
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Table 1 Baseline patient characteristics

‘Table 1 (continued)

Rounis et al. Effect of cancer cachexia on I-O outcomes in NSCLC

All patients
Variable
N %

Number of patients 83
Age, median (range) 66 (39-81)
Gender

Male 70 84.3

Female 13 16.7
Performance status

0-1 65 78.3

2 18 21.7
Smoking status

Active or former smokers 77 92.8

Never smokers 6 7.2
Histology

Squamous 32 38.6

Non-squamous 51 61.4
Mean baseline BMI (SD) 26.69 (4.69)
Baseline BMI

<25 kg/m? 32 38.6

=25 kg/m? 51 61.4
Brain metastases

Yes 20 241

No 63 75.9
Liver metastases

Yes 23 27.7

No 60 72.3
Bone metastases

Yes 29 34.9

No 54 65.1
Number of organs with metastatic disease

1-2 57 68.7

>2 26 31.3
Baseline albumin levels

=3.5 g/dL 64 774

<3.5 g/dL 12 145

Missing values 7 8.4

‘Table 1 (continued)

© Translational Lung Cancer Research. All rights reserved.

All patients
Variable
N %

PD-L1 levels

<1% 14 16.9

1% < PD-L1 < 50% 22 26.5

=50% 15 18.1

Missing values 32 38.5
Line of treatment of ICI administration

1% line 17 20.5

2" line 66 79.5
Immunotherapy agent

Nivolumab 54 65.1

Pembrolizumab 26 31.3

Atezolizumab 3 3.6
Mode of ICI administration

Monotherapy 81 97.6

Combination with chemotherapy 2 2.4
Baseline cancer cachexia

Yes 43 51.8

No 40 48.2
Baseline LSMI

Male [mean (SD)] 46.26 (10.07)

Female [mean (SD)] 34.6 (6.74)
Baseline LSMI

Below LNV 39 47.0

Above LNV 15 18.1

Missing values 29 34.9
LSMI change during ICI treatment %, 4.96 (Min: -28.08, Max:
median (range) 14.61)
Response to ICls

CR 1 1.2

PR 16 19.3

SD 26 31.3

PD 40 48.2
Duration of disease control* (N=38)

<6 months 10 26.3

=6 months 28 73.7

Table 1 (continued)
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‘Table 1 (continued)

All patients
Variable
N %
Grade llI-IV irAEs
Yes 7 8.4
No 76 91.6

PFS (months), median (95% CI) 4.80 (3.10-6.50)

OS (months), median (95% CI) 9.90 (6.81-12.98)

Follow up (months), median (95% Cl) 9.53 (6.05-13.01)

*, duration of disease control was calculated amongst the
individuals who had achieved PR or SD during their first
assessment after ICl administration and they had sufficient
follow-up for 6 months or more. SD, standard deviation; ICI,
immune checkpoint inhibitor; LSMI, lumbar skeletal muscle index
(at the level of 3" lumbar vertebra); LNV, lower normal value
that was set for males, 55 cm/m? and for females, 39 cm/m?;
irAEs, immune related adverse events; PFS, progression free
survival; OS, overall survival; Cl, confidence intervals.

Baseline LSMI distributions were significantly different
between cachectic and non-cachectic males (P=0.001) but
not females (P=0.606) (Figure S2).

Twenty-eight patients had evaluable LSMI values at
their first evaluation post ICI initiation. Median LSMI
percentage change during I-O was —4.96% (range, —28.08%
to 14.61%). In order to access any potential associations of
LSMI fluctuations during ICI treatment we categorized the
patients according to their percent LSMI reduction during
I-O using as a cut-off the median LSMI reduction during
treatment which was 5%.

Effect of the studied variables on response outcomes

Baseline BMI <25 kg/m’ (P=0.047) and the presence of CCS
(P<0.001) were significantly associated with inferior ORR.
The associations of all the studied parameters with ORR are
demonstrated in Table S1. Similarly, CCS was significantly
associated with reduced DCR (P<0.001) along with baseline
LSMI <Lower Normal Limit (LNL) (P<0.001), BMI
<25 kg/m’ (P=0.039) and metastatic spread in >2 organs
(P=0.034). The effect of the analyzed variables on DCR are
depicted in Table S2.

The distributions of LSMI percent change during I-O
did not significantly differ amongst the individuals who
achieved CR or PR as compared to those who experienced
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SD or PD (P=0.446) (Figure S3A). In the same fashion,
the distributions of LSMI percent change during I-O did
not differ between the individuals with disease control
as compared to those who experienced PD (P>0.99)
(Figure S3B) and amongst those who achieved prolonged
disease control >6 months vs. those who did not (P=0.424)
(Figure S3C).

In the univariate logistic regression analysis BMI
<25 kg/m’ [OR =2.58 (95% CI: 1.04-6.19), P=0.041] and
the presence baseline CCS [OR =8.89 (95% CI: 3.28-24.12),
P<0.001] were significantly associated with increased
probability of PD as best response to ICI treatment
(Figure 24, Table S3). However, in the multivariate analysis,
only CCS, OR =8.11 (95% CI: 2.95-22.94, P<0.001) with
an area under the curve (AUC) =0.748 (95% CI: 0.640-
0.856) independently predicted for increased probability of
PD as best response to treatment (Figure 2B and Table S3).

Effect of the studied variables on survival outcomes

Patients with baseline CCS experienced significantly
inferior PFS (2.36 vs. 7.33 months, P<0.001) (Figure 34) and
inferior OS (3.70 vs. 17.93 months, P<0.001) (Figure 3B)
as compared to non-cachectic individuals. In a similar fashion,
patients with baseline LSMI consistent with sarcopenia had
significantly reduced PFS (2.96 vs. 7.96 months, P=0.032)
(Figure 3C) and reduced OS (5.43 months vs. not reached,
P=0.006) (Figure 3D) as compared to the individuals with
baseline LSMI values not consistent with sarcopenia.

However, LSMI reduction >5% during I-O did not have
any effect on PFS (7.96 vs. 7.33 months, P=0.193) (Figure 44)
nor OS (19.20 vs. 14.03 months, P=0.400) (Figure 4B).

The effect of all the other studied covariates on survival
outcomes are summarized on Table S4.

The presence of baseline cachexia significantly reduced
survival in the subgroup of patients that received I-O
as first line treatment (not reached vs. 13.37 months,
P=0.028) (Figure 5A) and to the subgroup of patients
that received I-O as second line treatment (12.70 wvs.
3.23 months, P=0.003) (Figure 5B). Finally, the presence
of baseline cancer cachexia was significantly associated
with inferior 6 months survival since the initiation of I-O

(P<0.001) (Figure S4).

Univariate and multivariate analysis

Univariate and multivariate analyses on the effect of the
analyzed variables on PFS and OS are summarized in Table 2.
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Figure 2 Forest plots depicting the odds ratios of the studied variables on the probability of having disease progression as best response

to ICI treatment. (A) Univariate analysis; (B) multivariate analysis. ICI, immune checkpoint inhibitor; BMI, body mass index; PD-L1,

programmed death-ligand 1; PS, performance status.
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and OS (D). CCS, cancer cachexia syndrome; PFS, progression free survival (months); OS, overall survival (months); LSMI, lumbar skeletal

muscle index (cm’/m’) (at the level of 3rd lumbar vertebra); LNL, lower normal limit (55 em’/m’” for males and <39 cm’/m’ for females).

© Translational Lung Cancer Research. All rights reserved.

Transl Lung Cancer Res 2021;10(8):3538-3549 | https://dx.doi.org/10.21037/tler-21-460



Translational Lung Cancer Research, Vol 10, No 8 August 2021

--LSMI reduction % during 1-0 >5%
Median PFS =7.96
-.=+-LSMI reduction % during I-O 5%
Median PFS =7.33
T 0.6
2
<
=1
(7]
0.44
+- e
'
0.24
..... +
0.04 Log Rank =0.193
T T T T T
0 10 20 30 40
PFS-months
No. at risk
LSMireduction % 14 7 3 2 0
during -0 >5%
LSMireduction % 14 4 1 0 0

during 1-0 <5%

3545
1.04 -
===+ LSMI reduction % during I-O >5%
Median OS =19.20
- LSMI reduction % during I-O 5%
0.8 Median OS =14.03
T 0.6
2
4
@
0.4
0.21
Log Rank =0.400
0.07
0 10 20 30 40 50
Overall Survival-months
No. at risk
LSMireduction % 14 10 4 3 0
during I-0 >5%
LSMI reduction % 14 1 3 1 1
during I-0 5%

Figure 4 Log-rank test demonstrating the effect of LSMI reduction% >5 during I-O on PFS (A) and OS (B). LSMI, lumbar skeletal muscle

index (cm*/m’) (at the level of 3™ lumbar vertebra); I-O, immunotherapy; PFS, progression free survival; OS, overall survival.

A
1.0] e
”
0.8 . E— + bt
---- P, e
=06 R " Mectn O = ot reache
%
304
+
0.2
0.0 Log Rank test =0.028
0 10 20 30 40
X Overall Survival-months
No. at risk
~—-Non-cachexia 12 9 6 3 0
~=“Cachexia 5 2 1 0 0

+veneNon-cachexia
Median OS =12.70 months.
==**Cachexia
Median O =3.23 months
+ et
0.2 e
3 Yeoroook
0.0 Log Rank test =0.003
0 10 20 30 40 50
. Overall Survival-months
No. at risk
------ Non-cachexia 28 13 5 2 1 0
---Cachexia 38 1 1 0 0 0

Figure 5 Log rank test demonstrating the effect of cancer cachexia syndrome on overall survival amongst the patients’ subgroups that
received PD-1/PD-L1 inhibitors as first line treatment (A) and second line treatment (B). OS, overall survival; PD-1, programmed death-1;

PD-LI, programmed death ligand 1.

ICI administration as 2™ line of treatment [HR =2.22 (95%
CI: 1.19-4.40), P=0.023] and baseline CCS [HR =2.72 (95%
CI: 1.64-4.50), P<0.001] reached statistical significance in
the univariate analysis for PFS. However, in the multivariate
analysis only the presence of baseline CCS [HR =2.49
(95% CI: 1.49-4.16), P<0.001] emerged as an independent
predictor for shorter PFS.

In the univariate analysis performance status 2, high
disease burden, ICI administration as 2™ line of treatment
and baseline CCS were significantly associated with inferior
OS. However, in the multivariate analysis, performance

© Translational Lung Cancer Research. All rights reserved.

status 2 [HR =1.98 (95% CI: 1.10-3.58), P=0.023], ICI
administration as 2" line of treatment [HR =2.91 (95% CI:
1.13-7.49), P=0.027] and the presence of CCS [HR =2.52
(95% CI: 1.40-4.55), P=0.002] independently predicted for
shorter survival (Table 2).

In the univariate analysis on the effect of baseline cancer
cachexia on the probability of death within 6 months since
the initiation of I-O, cancer cachexia was significantly
associated with increased risk of death within the first
6 months of I-O [HR =3.90 (95% CI: 1.75-8.70), P=0.001)]
(Figure S4).
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Table 2 Univariate and multivariate analysis using Cox regression method in the whole patient population

PFS

(O]

Cox regression

HR (95% Cl) P value HR (95% Cl) P value

Univariate analysis

Age =70 years old 0.94 (0.57-1.54) 0.803 0.98 (0.58-1.69) 0.957

Performance status 2 1.42 (0.81-2.50) 0.220 2.18 (1.21-3.90) 0.009

Female gender 1.46 (0.76-2.80) 0.257 1.26 (0.61-2.57) 0.523

Squamous histology 0.582 (0.53-1.43) 0.869 1.17 (0.68-1.99) 0.573

Brain metastases 1.43 (0.82-2.48) 0.207 1.38 (0.75-2.53) 0.302

Liver metastases 1.65 (0.98-2.77) 0.059 1.28 (0.72-2.29) 0.406

Bone metastases 1.11 (0.68-1.18) 0.675 1.42 (0.83-2.43) 0.200

High disease burden* 1.63 (0.98-2.70) 0.060 1.77 (1.02-3.06) 0.041

PD-L1 <1% 0.95 (0.46-1.95) 0.880 0.60 (0.28-1.29) 0.189

ICls as 2™ or later line of treatment 2.22 (1.19-4.40) 0.023 3.90 (1.55-9.82) 0.001

Baseline cancer cachexia 2.72 (1.64-4.50) <0.001 3.22 (1.82-5.69) <0.001
Multivariate analysis

Age =70 years old

Performance status 2 1.98 (1.10-3.58) 0.023

Female gender

Squamous histology

Brain metastases

Liver metastases

Bone metastases

High disease burden 1.16 (0.64-2.11) 0.618

PD-L1 <1%

ICls as 2nd or later line of treatment 1.83 (0.91-3.66) 0.088 2.91 (1.13-7.49) 0.027

Baseline cancer cachexia 2.49 (1.49-4.16) <0.001 2.52 (1.40-4.55) 0.002

*, high disease burden = metastatic dissemination in more than 2 organs. PFS, progression free survival; OS, overall survival; HR, hazard
ratio; ICl, immune checkpoint inhibitor; PD-L1, programmed death ligand-1.

Discussion

In this prospective study, we demonstrated that cancer
cachexia is associated with reduced response rates to PD-1/
PD-L1 inhibitors and that it consists an independent
predictor for both inferior PFS and OS. LSMI values below
the thresholds for sarcopenia were also associated with
inferior survival outcomes.

We decided to categorize the patients of our cohort
according to the presence of cancer cachexia based on the
criteria set by Fearon ez al. (18) since they specifically focus on

© Translational Lung Cancer Research. All rights reserved.

cancer-related cachexia and take into account pretreatment
weight loss, BMI and body composition analysis. Cancer
cachexia had a high prevalence amongst the patients of our
cohort in accordance with previously published reports (22).
Our results are in accordance with previous published
retrospective reports addressing the negative effects of
weight loss and reduced muscle mass on I-O outcomes
(23-27). Turner et al. (23) performed a pharmacokinetic
analysis in patients with NSCLC and melanoma that

were treated with pembrolizumab monotherapy. An
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association between rapid baseline plasma clearance (CL,)
of pembrolizumab and poor OS was reported despite
a lack of association between plasma exposure and OS
at pembrolizumab doses between 2 and 10 mg/kg. The
researchers suggested that the substantial difference in
OS was attributed to underlying increased catabolic status
caused by CCS, providing indirect evidence that patients
with elevated serum protein catabolism are refractory to
ICIs. Shiroyama et al. (24) demonstrated in a retrospective
cohort of metastatic NSCLC patients that sarcopenia,
which was calculated by the psoas muscle index in CT
scans, was associated with reduced response rates to PD-1
inhibitors and inferior PFS. Miyawaki et a/. (25) and Roch
et al. (26) in retrospective cohorts also demonstrated that
cachexia, defined as pretreatment weight loss >5% in the
last 6 months, was an independent predictor of adverse
survival outcomes in metastatic NSCLC patients treated
with ICIs. Finally, Chu er a/l. (27) reported that skeletal
muscle density is predictive and prognostic in melanoma
patients treated with ipilimumab. Our prospective data
reinforce these previous retrospective reports on the adverse
effects of cachexia and reduced muscle composition on I-O
outcomes. However, in contrast to these studies we used
a multifaceted definition of cancer cachexia status (18) for
the classification of patients of our cohort, since we took
into account pretreatment weight loss along with BMI and
skeletal muscle index. Importantly, our findings along with
the aforementioned retrospective data demonstrate that
the presence of cachexia should constitute an additional
classification factor in the design of future I-O trials.

Interestingly the distributions of LSMI percent change
during I-O did not differ among responders and non-
responders to treatment. In addition, LSMI reduction >5%
was not associated with inferior PFS or OS in our cohort.
These findings are in contrast with the results published
by Roch ez al. (26) who reported that evolving sarcopenia,
defined as reduction in skeletal muscle index more than 5%
during I-O, was associated with adverse survival outcomes.
These differences can be attributed to the small number of
28 patients analyzed in our study and the possible selection
bias for this subgroup in our cohort. However, body
composition fluctuations and their effect on I-O outcomes
is an interesting research subject that warrants further
investigation.

It has been demonstrated using experimental models
that the molecular cascades that govern the pathogenesis of
cachexia also negatively affect a wide spectrum of immune
antitumor functions (12-16). Furthermore, inhibition

© Translational Lung Cancer Research. All rights reserved.
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of cytokine pathways implicated in the development of
cachexia has been shown to invigorate antitumor immune
responses (28-30) and combined blockade of specific pro-
cachexia mediators and PD-1/PD-L1 axis was also reported
to exert synergistic effects (31,32). Thus, the combination of
anti-cachexia treatments along with immunotherapies might
be necessary for the enhancement of I-O effectiveness and
improvement of patient outcomes in patients with cancer
cachexia. Nevertheless, further research of the serum or
TME of patients with cachexia is required to decipher of
the underlying processes that lead to higher rates of ICIs
failure in cachectic individuals.

To our knowledge, this is the first prospective study
investigating the effect of cancer cachexia on I-O treatment
outcomes. In addition, we utilized the definition set by the
international consensus for the classification of patients
for cancer cachexia. Finally, our study sample consists
exclusively from patients with NSCLC who received in
their vast majority I-O as PD-1/PD-L1 monotherapy. The
main limitations of our study are the relatively small sample
size conferring limited statistical power and the fact that we
included NSCLC patients receiving ICIs in different lines
of therapy and the lack of translational and molecular data.

Conclusions

Cancer cachexia is an adverse independent factor predicting
for poor outcomes in patients with metastatic NSCLC
receiving ICIs and should constitute an additional
stratification factor in the design of future immunotherapy
trials. Finally, further research on the molecular
pathogenesis of cachexia could result in the discovery of
mechanisms that confer resistance to immunotherapy and
the development of novel biomarkers and immunotherapy
combinations.
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Supplementary

94 patients with non-oncogene
driven NSCLC were initially
screened

11 patients were excluded
+| because they were not
able to be classified for
cachexia*!

- +

54 patients had baseline LSMI*2
values and adequate data on

29 patients were able to
be classified for cachexia

their body weight and could be

classiﬁe:vfor c:chexia i according to Fearon et
al*! based only on their
body weight fluctuations
and their BMI

83 patients were
included in the
final analysis

Figure S1: Flow chart of our study. "' Classification for cachexia was conducted according to the criteria by Fearon et
al. [1]. "% LSMI: Lumbar Skeletal Muscle Index.
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Figure S2: Kruskal-Wallis test examining potential differences in the distributions of baseline LSMI values between
cachectic vs. non-cachectic males and cachectic vs. non-cachectic females.
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Figure S3: Kruskal-Wallis test investigating any potential difference in the distributions of LSMI change % during
I-O. (A) Between patients who had CR or PR vs. those who experience SD or PD. (B) Between patients who had CR
or PR or PD vs. those who experienced PD. (C) Between individuals who achieved prolonged disease control for 6
months vs. those who did not.
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Table S1: Effect of the studied variables on response rates

Variable N=83 CRor PR SD or PD P value (chi-square test, 95% CI)

Age
<70 years old 51 12 39 0.385
270 years old 32 5 27

Gender
Male 70 14 56 0.801
Female 13 3 10

Performance status
0-1 65 14 51 0.650
2 18 3 15

Histology
Non-squamous 51 12 39 0.385
Squamous 32 5 27

Brain metastases
Yes 20 4 16 0.951
No 63 13 50

Liver metastases
Yes 23 3 20 0.298
No 60 14 46

Bone metastases
Yes 29 7 22 0.545
No 54 10 44

Disease burden*
High 26 5 21 0.849
Low 57 45

PD-L1 status N=51 12
<1% 14 3 11 0.988
>1% 37 29

Baseline albumin levels N=76
<3.5g/dL 12 0 12 0.085
>3.5 g/dL 64 13 51

BMI
<25 kg/m? 32 3 29 0.047
>25 kg/m? 51 14 37

Cancer Cachexia
Yes 43 2 41 <0.01
No 40 25

Baseline LSMI N=54 15
<LNV 39 6 33 0.051
>LNV 15 6 9

*, high disease burden was defined as >2 organs with metastatic spread. LSMI, lumbar skeletal muscle index (at the
level of 3v4 lumbar vertebra), LNV, lower normal value that was set for males =55 cm/m? and for females =39 cm/m?.



Table S2: Effect of the studied variables on disease control (CR or PR or SD) rates.

Variable N=83 CR o;'Il; Ror PD P value (chi-square test, 95% CI)

Age
<70 years old 51 24 27 0.274
>70 years old 32 19 13

Gender
Male 70 38 32 0.294
Female 13 5 8

Performance status
0-1 65 37 28 0.076
2 18 6 12

Histology
Non-squamous 51 24 27 0.274
Squamous 32 19 13

Brain metastases
Yes 20 8 12 0.225
No 63 35 28

Liver metastases
Yes 23 8 15 0.055
No 60 35 25

Bone metastases
Yes 29 11 18 0.064
No 54 32 22

Disease burden*
High 26 9 17 0.034
Low 57 34 23

PD-L1 status N=51
<1% 14 5 9 0.180
>1% 37 21 16

Baseline albumin levels N=76
<3.5g/dL 12 4 8 0.174
>3.5g/dL 64 35 29

BMI
<25 kg/m? 32 12 20 0.039
>25 kg/m® 51 31 20

Cancer Cachexia
Yes 43 12 31 <0.01
No 40 31 9

Baseline LSMI N=54
<LNV 39 13 26 <0.01
>INV 15 13 2

*, high disease burden was defined as >2 organs with metastatic spread. LSMI, lumbar skeletal muscle index (at the
level of 3t lumbar vertebra), LNV, lower normal value that was set for males =55 cm/m? and for females =39 cm/m?.



Table $3: Univariate and multivariate logistic regression on the odds ratio (OR) of the analyzed covariates on the
probability of developing disease progression (PD) as response to treatment with ICIs

Variable Univariate Multivariate
OR(95% CI) Pvalue AUC (95% CI) OR(95% CI)  Pvalue AUC (95% CI)

Age 270 years old 0.61(0.25-1.49)  0.276  0.558 (0.434-0.682)

PS=2 2.64 (0.88-7.91)  0.082  0.580 (0.456-0.704)

Female gender 1.90 (0.56-6.39)  0.299  0.542 (0.417-0.667)

Squamous histology 0.61(0.25-1.49)  0.276  0.558 (0.434-0.682)

Bone metastases 2.38(0.94-6.01)  0.066 0.597 (0.474-0.720)

Liver metastases 2.63(0.97-7.13)  0.059  0.594 (0.471-0.718)

Brain metastases 1.88 (0.67-5.22)  0.229  0.557 (0.432-0.681)

PD-L1 <1% 2.36 (0.66-8.40)  0.185  0.584 (0.426-0.742)

ICIs administered as 2™ 1.43 (0.49-4.20)  0.517  0.529 (0.404-0.653)

or later line of treatment

Albumin <3.5 g/dL 2.41(0.66-8.83)  0.183  0.557 (0.427-0.687)

BMI <25 kg/m? 2.58 (1.04-6.19)  0.041  0.610 (0.488-0.733) 1.94 (0.69-5.44)  0.209

Baseline cancer cachexia 8.89 (3.28-24.12) <0.001 0.748 (0.640-0.856) 8.11 (2.95-22.94) <0.001

Overall

0.748 (0.640-0.856)

OR, Odds Ratio; AUC, Area under the curve; PS, Performance status.

Table S4: Log-rank test on the effect of the studied variables on PFS and OS (n=383)

Variable Median PFS P value Median OS P value
(Months) (log-rank test) (Months) (log-rank test)

Age
<70 years old 4.00 0.803 9.47 0.957
>70 years old 7.17 12.70

Gender
Male 4.80 0.253 10.33 0.531
Female 2.10 9.43

Performance Status
0-1 5.77 0.217 12.60 0.008
2 2.40 3.17

Histology
Squamous 5.77 0.580 9.57 0.572
Non-squamous 3.00 9.90

BMI
<25 kg/m? 2.53 0.153 4.00 0.273
225 kg/m? 6.20 10.33

Line of treatment of ICI administration
15t line 13.80 0.019 Not reached 0.002
27d or later lines 4.40 9.43

Brain metastases
Yes 2.17 0.203 6.77 0.299
No 4.93 10.80

Bone metastases
Yes 4.80 0.674 7.23 0.198
No 3.23 12.70




Table S4: Log-rank test on the effect of the studied variables on PFS and OS (n=383)

Variable Median PFS P value Median OS P value
(Months) (log-rank test) (Months) (log-rank test)

Liver metastases
Yes 2.10 0.056 6.77 0.405
No 5.77 10.80

Disease burden*
High 2.53 0.057 4.83 0.038
Low 4.93 13.37

Baseline albumin levels
<3.5 g/dL 1.77 0.008 2.40 0.017
>3.5 g/dL 5.77 11.23

PD-L1 levels
<1% 2.57 0.880 7.23 0.184
>1% 4.80 12.60

Baseline Cancer Cachexia
Yes 2.37 3.70 <0.001
No 7.33 <0.001 17.93

Baseline LSMI
<LNV 2.97 0.032 5.43 0.006
>LNV 7.97 Not reached

LSMI reduction % during ICI treatment
<=5% 7.97 0.193 19.20 0.400
>-5% 7.33 14.03

*, high disease burden was defined as > 2 organs with metastatic spread. ICI, Immune checkpoint inhibitor; LSMI,
lumbar skeletal muscle index (at the level of 374 lumbar vertebra); LNV, lower normal value that was set for males =55
cm/m? and for females =39 cm/m?.
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Abstract

Obesity and sarcopenia have been reported to affect outcomes in patients with non-small
cell lung cancer (NSCLC) treated with immune checkpoint inhibitors (ICls). We analyzed
prospective data from 52 patients with non-oncogene driven metastatic NSCLC treated with
ICls. Body tissue composition was calculated by measuring the fat and muscle densities at
the level of 3" lumbar vertebra in each patient computed tomography scan before ICl initia-
tion using sliceOmatic tomovision. We converted the densities to indices [Intramuscular Fat
Index (IMFI), Visceral Fat Index (VFI), Subcutaneous Fat Index (SFl), Lumbar Skeletal Mus-
cle Index (LSMI)] by dividing them by height in meters squared. Patients were dichotomized
based on their baseline IMFI, VFI and SFI according to their gender-specific median value.
The cut-offs that were set for LMS| values were 55 cm?m? for males and 39 cm?/m? for
females. SFI distribution was significantly higher (p = 0.040) in responders compared to
non-responders. None of the other variables affected response rates. Low LSMI HR: 2.90
(95% Cl: 1.261-6.667, p = 0.012) and low SFI: 2.20 (95% CI: 1.114—4.333, p = 0.023) val-
ues predicted for inferior OS. VFI and IMFI values did not affect survival. Subcutaneous adi-
pose and skeletal muscle tissue composition significantly affected immunotherapy
outcomes in our cohort.
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1. Introduction

Immunotherapy (I-O) in the form of immune checkpoint inhibitors (ICIs) has significantly
improved survival outcomes in the setting of a plethora of metastatic malignancies, including
non-small cell lung cancer (NSCLC) [1], since it offers the possibility for durable remissions in
a significant proportion of affected individuals. However, there is a scarcity of available bio-
markers for the prediction of outcome in I-O treated patients with metastatic NSCLC [2]. Pro-
grammed death ligand- (PD-L)1 expression in tumor cells or immune cells of the tumor
micro-environment (TME) consists the only approved biomarker thus far and its use suffers
from significant limitations [3, 4].

Obesity poses one of the major health issues on a global scale [5] and it has been recognized
as a risk factor for a wide range of malignancies [6]. More specifically, it has been proposed as
the second most common risk factor for cancer development after tobacco exposure [7] and it
has been linked with adverse treatment and survival outcomes in cancer patients [7, 8].

In contrast with these findings, large scale retrospective data have reported that obese indi-
viduals with higher Body Mass Index (BMI) values treated with ICIs for a variety of underlying
malignancies experienced favorable outcomes compared to non-obese ones [9-11].

However, BMI as a marker of adipose tissue composition has limited accuracy since it is
not able to distinguish between the differential fat depositions amongst different body com-
partments. Adipose tissue compartments are known to have substantial differences concerning
their endocrine and immune properties [12, 13]. Furthermore, adipose tissue composition has
been correlated with survival outcomes in cancer patients. High visceral fat percentage has
been associated with poor outcomes in patients with endometrial cancer [14], whereas high
subcutaneous fat density has been associated with favorable outcomes among patients with
prostate, colorectal, and renal cancer [15, 16].

In addition, skeletal muscle depletion has been consistently associated with adverse out-
comes in cancer patients across several studies [17-19] and serves as a criterion for the defini-
tion of cancer cachexia syndrome [20]. Recently, low skeletal muscle density has been reported
as a negative predictive and prognostic factor in patients with metastatic melanoma [21] and
NSCLC [22, 23] receiving treatment with ICIs. Finally, the presence of low muscle mass den-
sity was associated with increased toxicities from ipilimumab administration in individuals
with metastatic melanoma [24].

Based on the above data we hypothesized that adipose and skeletal muscle tissue composi-
tion influences I-O outcomes in cancer patients. In order to further test our hypothesis, we
analyzed clinical and radiological data from patients with metastatic NSCLC that received
treatment with ICIs at the University Hospital of Heraklion, Crete from 2017 to 2020.

2. Materials and methods
2.1 Patient selection

We analyzed prospective clinical and radiological data which were acquired from a prospective
observational study at the University Hospital of Heraklion, Crete (ID: 2644). Our population
sample consisted of patients with non-oncogene driven metastatic NSCLC that were treated
with ICIs either as monotherapy or in combination with chemotherapy according to ESMO
guidelines [25]. Individuals with EGFR mutations or ALK translocations were excluded before
the initial screening. Our study was approved by the ethical board of the University Hospital of
Heraklion, Crete (ID: 2644) and was conducted according to principles of the declaration of
Helsinki. Written informed consent was obtained from all patients before enrollment.
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2.2 Body tissue composition assessment

For the assessment of body tissue composition we analyzed images from the abdominal Com-
puted Tomography (CT) scans of the patients before the initiation of ICIs at the level of 31
lumbar vertebra (L3) [26]. We analyzed the images using slice-o-matic tomovision software
(sliceOmatic 5.0 Rev-9 Alberta Protocol). The densities of the different adipose tissue compart-
ments and skeletal muscle were calculated through the application of differential Hounsfield
Unit (HU) threshold references for each tissue compartment, respectively (-190 HU to —30
HU for intramuscular fat, —150 HU to —50 HU for visceral fat, -190 HU to —30 HU for subcu-
taneous fat, -29 HU to +150 for skeletal muscle) (Fig 1) [27, 28]. The fat densities (in cm?) and
muscle density (in cm?) for each individual were converted to indices (in cm?*/m?) by dividing
them by height in meters squared (Intramuscular Fat Index: IMFI, Visceral Fat Index: VFI,
Subcutaneous Fat Index: SFI and Lumbar Skeletal Muscle Index: LSMI).

We categorized the patients in a binary fashion according to their baseline IMFI, VFI and
SFI based on the gender specific median value of each perspective index. Patients with baseline
IMFI, VFI and SFI values below median were classified as low and those with above median
values were classified as high, respectively. Patients were categorized according to their base-
line LSMI according to the cut-offs for skeletal muscle depletion which were set by Fearon
etal. [20]. They consist of 55 cm?/m? for males and 39 cm?/m? for females. Individuals with
LSMI below the aforementioned cut-offs were categorized as < Lower Normal Limit (LNL)
and the rest as > LNL.

Fig 1. SliceOmatic tomovision analysis of the computed tomography scan of a male patient distinguishing the
different context of Visceral Adipose Tissue (VAT), Intramuscular Adipose Tissue (IMAT), Subcutaneous
Adipose Tissue (SAT) and skeletal muscle according to their differential Hounsfield Units (HU) references.

https://doi.org/10.1371/journal.pone.0277708.9001
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2.3 Clinical data collection

The following clinical variables: age, gender, smoking status, ECOG performance status (PS),
baseline BMI, histology, organs affected with metastases, PD-L1 status and line of treatment of
ICI administration were analyzed. Individuals were classified in a dichotomous fashion based
on their age (<70 years old vs > 70 years old), gender (male vs female), PS (0-1 vs 2), smoking
status (smokers or former smokers vs non-smokers), line of treatment of ICI administration
(1*'line vs 274 o1 later lines of treatment), presence of brain, liver or bone metastases, histology
(squamous vs non-squamous), PD-L1 status (<1% vs > 1%) and baseline albumin levels (<3.5 g/
dlvs > 3.5 g/dl). The cut-off value that was set for baseline albumin levels was 3.5 gram (g)/ decili-
ter (dl) which represents the lower normal limit in our laboratory.

We classified patients in our cohort according to their baseline BMI in a trichotomous fashion,
those with BMI < 25 kg/m?, overweight individuals with BMI values > 25 kg/m* but < 30 kg/m*
and obese with a BMI > 30 kg/m”.

Grade 3 or 4 immune related adverse events (irAEs) were recorded according to ESMO
guidelines [29].

2.3.1 Response and survival outcomes assessment. Response assessment to treatment
was conducted according to RECIST 1.1 criteria [30]. Patients were categorized according to
their best response to ICIs as having complete response (CR), partial response (PR), stable dis-
ease (SD) and progressive disease (PD). Patients that had achieved CR or PR were classified as
responders and the rest as non-responders. Objective response rate (ORR) was defined as the
percentage of individuals who achieved CR or PR as best response to treatment. Patients were
also categorized as achieving disease control (DC) if they had experienced CR or PR or SD as
best response to treatment. We also compared response SFI scores both between patients with
vs without disease control (defined as CR, PR or SD) and between patients with or without
response (defined as CR or PR). This approach allowed for more detailed presentation of
findings.

Progression-free survival (PFS) was calculated from the initiation of ICI until the date of
disease progression or death. Overall survival (OS) was calculated from the beginning of ICI
until the date of death. Individuals who had not progressed or were still alive at the time of
data analysis were censored at the date of last follow-up.

2.3.2 Statistical analysis. Statistical analyses were performed with SPSS 25.0.0 software
(IBM Corp., Armonk, NY, USA). Descriptive statistics were applied to define and analyze
nominal and categorical variables. Statistical significance was set at < 0.05. Spearman’s rank
correlation coefficient was applied to examine any potential correlations between BMI values
with IMFI, VFL, SFI and LSMI and between the fat indices with LSMI. Mann-Whitney U test
was used to examine any potential differences amongst the distributions of IMFI, VFI, SFI and
LSMI values between responders and non-responders and amongst those who achieved dis-
ease control as best response to I-O vs those who experienced disease progression. Chi-square
test was applied to investigate any potential associations of the analyzed categorical parameters
with ORR.

The Kaplan-Meier method was applied in order to investigate the effect of the studied
parameters on PES and OS. Curves were compared with the log-rank test. We performed ini-
tially a univariate Cox regression analysis to examine the effect of BMI, IMFI, VFI, SFI and
LSMI as continuous nominal variables on PES and OS using gender as a stratification factor.
In addition, a univariate Cox regression analysis was performed to calculate the Hazard Ratios
(HR) of age > 70 years old, PS = 2, squamous histology, bone metastases, liver metastases,
brain metastases, PD-L1 < 1%, BMI < 25 kg/m?, low IMFL, low VFI, low SFI and
LSMI < LNL on PFS and OS. We did not perform a multivariate analysis on the values that
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had reached statistical significance in the univariate analysis due to low number of events and
small statistical sample.

A sample size and power calculation was not conducted because at the time of the initiation
of data collection there were no published reports on the effect of adipose or muscle tissue
composition on the outcome of patients with malignancies receiving immunotherapy. Due to
the lack of available statistical information on which to base the calculations for power analysis,
it would have been of no value in this exploratory, hypothesis generated study.

3. Results
3.1 Patient characteristics

A total of 52 patients were included in the analysis. Individual patient characteristics are
depicted in Table 1. Median follow-up time was 9.9 months. Forty three patients (82.7%) were
male and median age was 68 years old (range: 39-81 years). Forty three (82.7%) patients had
received I-O as second-line treatment and 9 as a first line. All the patients that received immu-
notherapy as second line of treatment had previously progressed on a platinum doublet regi-
men. Fifty (96.2%) patients received ICIs as monotherapy and the other two in combination
with chemotherapy. Objective Response Rate (ORR) was 23.1% in our cohort and 7 (13.5%)
patients experienced grade 3 or 4 immune related adverse events (irAEs) as a result of I-O
administration.

Mean baseline body mass index (BMI) was 26.67 kg/mz. Thirteen patients (25%) were clas-
sified as obese with BMI > 30 kg/mz, 21 patients (40.4%) had BMI values > 25 kg/m2 but < 30
kg/m?, and the rest 34.6% of patients had a BMI < 25 kg/m? The median values for intramus-
cular fat index (IMFI), visceral fat index (VFI) and subcutaneous fat index (SFI) for males and
females, respectively, are demonstrated in Table 1. Thirty-six (69.2%) patients were categorized
as sarcopenic with lumbar skeletal muscle index (LSMI) values < lower normal limit (LNL).

VFI (rho = 0.810, p = <0.001) (S1A Fig in S1 File), SFI (rho = 0.623, p = <0.001) (S1B Fig in
S1 File) and LSMI (rho = 0.429, p = 0.002) (S1C Fig in S1 File) showed a significant positive cor-
relation with BMI values whereas IMFI (rho = 0.242, p = 0.084) did not (S1D Fig in S1 File). In
addition, IMFI was not correlated with LSMI (rho = - 0.172, p = 0.222) (S2A Fig in S1 File). On
the contrary, VFI (rho = 0.466, p = 0.001) (S2B Fig in S1 File) and SFI (rho = 0.289, p = 0.042)
(S2C Fig in S1 File) were positively correlated with LSMI.

3.2 Response assessment

The distributions of BMI (p = 0.391), IMFI (p = 0.688), VFI (p = 0.460) and LSMI (p = 0.501)
did not differ significantly between responders and non-responders to I-O (S3A-S3D Fig in
S1 File). Responders had higher SFI values in comparison to non-responders at a statistically
significant level (p = 0.040) (Fig 2A).

In addition, individuals who achieved disease control had higher SFI values (p = 0.005)
(Fig 2B), higher BMI values (p = 0.029) (Fig 2C) and higher VFI values (p = 0.011) (Fig 2D) at
a statistically significant level in comparison to patients who demonstrated disease progression
as best response to treatment. IMFI values (p = 0.164) and LSMI values (p = 105) did not differ
significantly among the individuals who demonstrated disease control vs those who experi-
enced PD (S3E and S3F Fig in S1 File). None of the analyzed categorical parameters affected
ORR at a statistically significant level (S1 Table in S1 File). Information on response to ICIs,
rate of Grade 3-4 irAEs and patient survival (median progression free survival, median overall
survival) can be found on Table 2.
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Table 1. Baseline (At the beginning of i therapy) patient characteristics.

All patients
Variable N %
Number of patients 52
Age (years)
Median (range) 68 (39-81)
Gender
Male 43 82.7
Female 9 17.3
Performance status
0-1 41 78.8
2 11 21.2
Smoking status
Active or former smokers 48 92.3
Never smokers 4 7.7
Histology
Squamous 22 42.3
Non-squamous 30 57.7
Mean baseline BMI (SD) 26.67 (4.39)
Baseline BMI
< 25kg/m® 18 34.6
25 kg/m® < BMI < 30 kg/m* 21 40.4
BMI > 30 kg/m* 13 25
Brain metastases
Yes 10 19.2
No 42 80.8
Liver metastases
Yes 14 26.9
No 38 73.1
Bone metastases
Yes 15 28.8
No 37 71.2
Baseline albumin levels
>3.5g/dl 41 78.8
<3.5g/dl 6 115
Missing values 5 9.6
PD-L1 levels
<1% 10 19.2
1% < PD-L1 < 50% 15 28.8
> 50% 7 13.5
Missing values 20 38.5
Line of treatment of ICI administration
1™ line 9 17.3
2" line 43 82.7
Immunotherapy agent
Nivolumab 34 65.4
Pembrolizumab 16 30.8
Atezolizumab 2 3.8

Mode of ICI administration

(Continued)
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Table 1. (Continued)

All patients
Variable N %
Monotherapy 50 96.2
Combination with chemotherapy 2 3.8
Baseline LSMI
< LNL 16 30.8
>LNL 36 69.2
Median baseline IMFI (cm?/m?)
Males (N = 43) (range) 9.87 (3.53-35.13)
Females (N = 9) (range) 10.52 (4.24-39.45)
Median baseline VFI (cm?*/m?)
Males (N = 43) (range) 45.15 (6.34-172.82)
Females (N = 9) (range) 31.20 (12.78-92.75)
Baseline SFI (cm?/m?)
Males (N = 43) (range) 50.73 (4.61-136.65)
Females (N = 7) (range) 55.36 (44.24-149.26)

Abbreviations: BMI = Body mass index, SD = Standard deviation, PD-L1 = Programmed death ligand-1,

ICI = Immune checkpoint inhibitor, LSMI: Lumbar skeletal muscle index (At the level of 3" Jumbar vertebra), LNL:
Lower normal limit, 55 cm?/m? for males and 39 cm?/m? for females, IMFI = Intramuscular Fat Index (At the level of
3" Jumbar vertebra), VFI = Visceral Fat Index (At the level of 3" lumbar vertebra), SFI = Subcutaneous Fat Index
(At the level of 3™ lumbar vertebra)

https://doi.org/10.1371/journal.pone.0277708.t001

3.3 Survival outcomes

The effect of the studied variables on PFS and OS is summarized in S2 Table in S1 File. Patients
with baseline LSMI < LNL experienced inferior PFS (3.30 vs 7.33 months, p = 0.040) (Fig 3A)
and OS (6.37 vs not reached months, p = 0.009) (Fig 3B), respectively. Low SFI did not affect
PFS (2.97 vs 5.77 months, p = 0.135) (Fig 3C) but it was negatively associated with OS (5.43 vs
14.03 months, p = 0.020) (Fig 3D) at a statistically significant level. In addition, the presence of
brain metastases demonstrated a significant association with inferior PFS (1.57 vs 4.93 months,
p =0.006) but not OS (4.80 vs 12.70 months, p = 0.083). Albumin levels < 3.5 g/dl were associ-
ated with inferior PFS (1.70 vs 4.80 months, p = 0.011) and OS (1.70 vs 11.23 months, p =
0.001). None of the other analyzed parameters demonstrated any significant association with
PFS or OS (S2 Table in S1 File).

The subgroup analysis investigating the effect of the combination of SFI and LSMI values
on survival outcomes demonstrated that the three subgroups that were created differed signifi-
cantly in terms of OS (p = 0.004) (S4A Fig in S1 File). However, survival outcomes did not dif-
fer significantly between patients with high SFI and LSMI < LNL and patients with both high
SFI and LSMI > LNL (9.90 vs 17.93 months, p = 0.285) (S4B Fig in S1 File).

IMFI, VFI, SFI, LSMI and BMI as continuous nominal variables did not demonstrate any
significant association with PFS (Table 3). However, SFI values exhibited a positive association
with improved survival HR = 0.983 (95% CI: 0.970-0.987, p = 0.014) (Table 3 and S5 Fig in
S1 File). None of the other body composition indices as a continuous variable was associated
with OS at a statistically significant level.

The presence of brain metastases HR = 2.71 (95% CI:1.299-5.667, p = 0.008) and baseline
LSMI < LNL HR = 2.03 (95% CI: 1.018-4.032, p = 0.044) were the only two parameters that
predicted for increased probability of disease progression (Fig 4A and S3 Table in S1 File). In
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Fig 2. Box-plots depicting the baseline* differential distributions (Mann Whitney U test) of A. SFI (cm*/m?) between
responders (CR or PR) and non-responders (SD or PD) to I-O B. SFI (cm?/m?) between patients who achieved disease
control (CR or PR or SD) as result of I-O versus those who developed disease progression (PD) C. BMI (kg/mz) between
patients who achieved disease control as result of I-O administration in comparison to those who developed disease
progression and D. VFI (cm?*/m?) between individuals who experienced disease control under I-O versus those who had
disease progression. Abbreviations: I-O = Immunotherapy; BMI = Body mass index; VFI = Visceral Fat Index (At the level
of 3" lumbar vertebra); SFI = Subcutaneous Fat Index (At the level of 3¢ lumbar vertebra); CR = Complete response;

PR = Partial response; SD = Stable disease, PD = Progressive disease. *Baseline = At the beginning of immunotherapy.

https://doi.org/10.1371/journal.pone.0277708.9002

the univariate analysis for OS baseline LSMI < LNL HR = 2.90 (95% CI:1.261-6.667, p =
0.012) and low SFI HR = 2.20 (1.114-4.333, p = 0.023) predicted for inferior survival (Fig 4B
and S3 Table in S1 File).

4. Discussion

In this study we demonstrated that reduced subcutaneous adiposity and skeletal muscle deple-
tion could possibly constitute negative prognostic factors for individuals with metastatic
NSCLC treated with ICIs. In our cohort, low SFI values (either as a continuous variable or as a
categorical variable) were significantly associated with inferior survival outcomes. In addition,
responders to treatment exhibited higher SFI distributions in comparison to non-responders.
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Table 2. Treatment and response characteristics.

All patients
Variable N %
Response to ICIs
CR 1 1.9
PR 11 21.2
SD 15 28.8
PD 25 48.1
Grade 3-4 irAEs
Yes 7 13.5
No 45 86.5
Progression-free survival (months)
Median (95% CI) 4,67 (3.53-5.81)
Overall survival (months)
Median (95% CI) 10.33 (6.83-13.84)
Follow-up (months)
Median (95% CI) 9.90 (5.07-14.73)

Abbreviations: CR: Complete response, PR: Partial response, SD: Stable disease, PD: Progressive disease,

irAEs = Immune-related Adverse Events

https://doi.org/10.1371/journal.pone.0277708.t002

Several clinical studies on cancer patients treated with ICIs have demonstrated that high
BMI values are associated with favorable outcomes [9-11]. In a retrospective study of patients
with clear cell renal carcinoma, obese patients were found to have increased peritumoral adi-
pose tissue inflammation and better survival outcomes [31]. Martini et al. [32] performed a
retrospective analysis of 90 patients that had received immunotherapy for a wide range of
malignancies in the context of phase I trials and demonstrated that high SFI/IMFI ratio con-
sisted an independent predictor of superior OS. On the contrary, Woodall et al. [33] investi-
gated the effect of BMI and body composition on treatment outcomes in melanoma patients
receiving ICIs. They reported that high total visceral and subcutaneous adipose tissue index
was associated with reduced PES [33]. However, when they investigated the effect of subcuta-
neous adipose tissue index it was not associated with reduced PFS or OS [33]. Finally Schols
etal. [34] (citation: 10.1002/jcsm.12698) demonstrated in a cohort of 106 NSCLC patients
treated with nivolumab that the weight loss > 2% under treatment which was reflected with a
significant loss in SFI and VFI consisted a negative prognostic survival factor. Our results are
consistent with the results of Martini et al. [32] demonstrating a potential positive link between
increased subcutaneous adiposity and improved survival outcomes. The novelty of our find-
ings is that we demonstrate a potential link between baseline SFI values and clinical outcomes
in a population with homogeneous underlying malignancy histology. The fact that we were
not able to demonstrate any association between BMI and immunotherapy outcomes can be
partially attributed to the small population sample since overweight/obese patients in our
cohort had better outcomes but this difference did not reach statistical significance. The dis-
cordance between our results and the results from Woodall et al. [33] can be explained by
selection bias among patient populations, different underlying malignancies and different
immunotherapies.

However, our findings along with the results of the majority of the aforementioned studies
could suggest a link between adiposity and improved antitumor immune response that merits
further evaluation. There are insufficient data for the proposal of a robust biological link, but
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Fig 3. Kaplan-Meier curves d rating the effect of A. Baseline*" LSMI** values on PFS B. Baseline LSMI values on OS C.

Baseline SFI** values on PFS D. Baseline SFI values on OS. Abbreviations: LSMI = Lumbar skeletal muscle index (At the level of 3rd
lumbar vertebra); SFI = Subcutaneous Fat Index (At the level of 3 Jumbar vertebra); OS = Overall survival; PES = Progression free
survival. ' Baseline: At the beginning of inmunotherapy with PD-1/PD-L1 inhibitors. > LNL: Lower normal limit, 55 cm*/m” for
males and 39 cm?/m? for females. ** High and low classification for SFI represents above and below gender specific median value,
respectively.

https://doi.org/10.1371/journal.pone.0277708.g003

subcutaneous adipose tissue is the compartment responsible for the production of leptin [35].
Leptin was demonstrated by Wang et al. [36] to be at least partially responsible for the effects
of PD-1 upregulation and immune aging in obese mice as a counterbalance mechanism for the
inflammatory status that accompanies obesity. However, the same biological effect may be
responsible for the increased sensitivity to PD-1 inhibition in obese mice and humans, since
they rely on PD-L1 axis as a feedback mechanism for the immunologic equilibrium of their
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Table 3. Univariate analysis using Cox regression method investigating the hazard ratios of the BMI*, IMFI, VFI and SFI as continuous nominal variables (cm*/m?)
on PFS and OS. Gender was used as a stratification factor.

COX REGRESSION PFS oS

UNIVARIATE ANALYSIS HR (95% Confidence Intervals) p value HR (95% Confidence Intervals) p value
BMI (kg/m?) 0.973 (0.895-1.059) 0.528 0.936 (0.853-1.028) 0.165

LSMI (cm?*/m?) 0.981 (0.950-1.013) 0.236 0.973 (0.941-1.006) 0.102

IMFI (cm?/m?) 0.996 (0.955-1.039) 0.866 0.950 (0.890-1.014) 0.121

VFI (cm?/m?) 0.998 (0.989-1.007) 0.646 0.991 (0.980-1.002) 0.095

SFI (cm?/m?) 0.993 (0.982-1.005) 0.246 0.983 (0.970-0.997) 0.014

Abbreviations: BMI: Body mass index (kg/mz), LSMI: Lumbar skeletal muscle index (cm?/m?), IMFI = Intramuscular fat index (cm*m?), VFI = Visceral fat index
(cm?/m?), SFI = Subcutaneous fat index (cm?/m?)

* BMI, IMFIL, VFI and SFI were calculated at the beginning of immunotherapy

https://doi.org/10.1371/journal.pone.0277708.t003

underlying inflammatory process and the release of this inhibition might result in more effec-
tive antitumor responses. On the other hand, it is unclear whether the link between high SFI
and improved outcomes is causal and not an epiphenomenon due to a potential underlying
cancer cachexia syndrome and a subsequent process of browning of white adipose tissue [37].

Furthermore, there is accumulation of evidence on the cellular pathways that connect adi-
pose tissue composition and immune system regulation [38]. Adipose tissue serves as a nest
for a plethora of immune cells such as macrophages, CD4+ T cells, CD8+ T cells, T regulatory
(Treg) cells, iNKT cells and y3 T cells [39]. The infiltration of macrophages into the adipose
tissue of obese mice has been reported to switch them from the M2 phenotype to M1 proin-
flammatory phenotype, a phenomenon that has not been observed in non-obese mice [40, 41].
Furthermore, the adipose tissue of obese mice was found to be infiltrated by increased num-
bers of effector T cells and to demonstrate a high CD8+/CD4+ ratio with diminished number
of Tregs [42]. Tregs act as a negative regulator of the inflammatory process in the adipose tis-
sue of normal weight mice, but their numbers are greatly reduced in the adipose tissue of
obese mice [43]. Based on these experimental data it is possible that obese individuals are
more susceptible to checkpoint inhibition in the setting of underlying malignancies, due to an
underlying pro-inflammatory status characterized by increased Th1 responses, macrophage
polarization to an M1 phenotype and reduced number of Tregs in their adipose tissue reser-
voirs. However, this hypothesis needs to be further tested with additional preclinical and trans-
lational data.

LSMI levels consistent with sarcopenia were also an adverse prognostic factor in our cohort.
Sarcopenia has been linked to adverse outcomes in cancer patients in multiple studies [17, 18]
before the introduction of ICIs. In addition, it is one of the criteria for the definition of cancer
cachexia, which consists one of the most well recognized adverse prognostic factors in cancer
patients [20]. Our results are in accordance with other studies on the role of skeletal muscle
depletion as a negative prognostic and predictive factor in ICI treated cancer patients [19, 21,
22, 34, 44].

In addition, we performed a subgroup analysis to examine the survival outcomes of patients
with both low adiposity and muscle depletion in comparison to the patients with high adipos-
ity but muscle depletion and the individuals without muscle depletion and high adiposity.
Patients with both low SFI and sarcopenia had the worst outcome whereas the other two sub-
groups did not differ significantly. Woodall et al. [33] reported that patients with adiposity and
reduced muscle mass had worse outcomes. This discordance might be due to the small sample
size in our cohort that can hinder possible statistically significant correlations. Nevertheless,
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Fig 4. Forest plots demonstrating the hazard ratios and their 95% confidence intervals of the analyzed parameters
on A. Probability of disease progression B. Probability of death under treatment with ICIs. Abbreviations: BMI = Body
mass index; PD-L1 = Programmed death ligand-1, ICI = Immune checkpoint inhibitor; LSMI: Lumbar skeletal muscle
index (At the level of 3" lumbar vertebra); LNL: Lower normal limit, 55 cm?/m? for males and 39 cm*/m? for females;
IMFI = Intramuscular Fat Index (At the level of 3" lumbar vertebra); VFI = Visceral Fat Index (At the level of 3" lumbar
vertebra); SFI = Subcutaneous Fat Index (At the level of 3 Jumbar vertebra). * 1.2:3:456 g1 VFI, IMFI, LSMI, PD-L1 and
BMI values were calculated at the beginning of treatment with ICIs. *** Low for SFI, VFI and IMFI means below gender
specific median value.

https://doi.org/10.1371/journal.pone.0277708.9004
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further research is required in order to redefine the prognostic importance of sarcopenic obe-
sity in the era of immunotherapy.

To our knowledge this is first analysis of prospective data in NSCLC patients who are
treated with ICIs which investigates the effect of fat and muscle tissue composition on treat-
ment outcomes. Our study consists of a population with a certain degree of homogeneity since
the vast majority of the NSCLC patients received immunotherapy as a monotherapy with PD-
1/PDL-1 inhibitors and most of the patients received it as 2" line treatment.

The major limitation of our study is the small statistical sample with limited statistical
power. Due to the small sample size, we analyzed together patients treated with ICIs in the 1%
and 2™ line setting, while we also included two patients treated with chemotherapy-ICI com-
bination; we consider this number too small to significantly affect results. In addition, due to
low number of events in the subgroup of patients with LMSI values not consistent with sarco-
penia we were not able to perform a multivariate analysis for overall survival. Our sample
group was treated mostly with 2" line PD-1/PDL-1 inhibitors, however a significant number
of patients received them as 1* line. In addition, our cohort was imbalanced according to gen-
der with the majority of our patients being male and only a small proportion being female. Fat
tissue compositions can differ significantly between the two genders and an imbalanced popu-
lation can hinder significant statistical associations. Moreover, age is one of the most signifi-
cant factors that affects body composition and in this study patients from all age groups were
included. A power calculation was not feasible mainly due to the exploratory nature of this
study and secondary because of the lack of previous publications on the effect of adipose tissue
composition in ICI treated NSCLC patients in which to base an initial power calculation.
Finally, due to the lack of a specified cut-off for IMFI, VFI and SFI we arbitrarily chose as a
cut-off point the gender specific median value of each perspective variable.

5. Conclusions

Our findings demonstrate that subcutaneous adipose tissue and muscle tissue composition
could be associated with outcomes with ICI treatment in NSCLC patients. Validation of these
results in larger cohorts is required.

The results from our study and from similar published articles propose a potential link
between subcutaneous adiposity and sensitivity to PD-1/PD-L1 inhibition. Further research
on preclinical and translational lever is required to further decipher a potential association
between adiposity composition and immune system function towards the finding of novel
drug targets or novel biomarkers.
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Supplementary data

Figure S1: Scatter-plots demonstrating the correlation between baseline BMI values and A. baseline VFI values, B.
baseline SFI values C. baseline LSMI values D. baseline IMFI values.
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Abbreviations: BMI=Body mass index, LSMI: Lumbar skeletal muscle index (At the level of 3™ lumbar vertebra),
IMFI=Intramuscular Fat Index (At the level of 3 lumbar vertebra), VFI=Visceral Fat Index (At the level of 3" lumbar
vertebra), SFI=Subcutaneous Fat Index (At the level of 3" lumbar vertebra)

Figure S2: Scatter-plots demonstrating the correlation between baseline LMSI values and A. baseline IMFI values, B.
baseline VFI values, C. baseline SFI values.

R2 Linear = 0,046
1so Speaman's tho=0.289 °
R*Lmear.:DﬂEA] X ) R Linear=0,199 p=0042
09 ° Speaman’s tho= - 0.172 207 Spearman's tho=0.446 °
p=0.222 =0.001
° o
209 1507 °
o
T I
5 o s 0 °
2] 1004 ©
o © o
0 ©
o
o
5o
o °© °
o5 o ° o
o
° ° 0 ©
o
T T T T T T T T T T T T L : L1 L .
o B 0 £ 7 E) © o % @ ) 3 ) B % k)
LsMI LSMI Lsmi

Abbreviations: LSMI: Lumbar skeletal muscle index (At the level of 3" lumbar vertebra), IMFI=Intramuscular Fat Index
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Fat Index (At the level of 3¢ lumbar vertebra)



Figure $3: Box-plots demonstrating the differential distributions (Mann Whitney U test) of A. Baseline* BMI values be-
tween respondersand non-responders B. IMFI values between responders and non-responders C. VFI values between
responders and non-responders D. LSMI values between responders and non-responders E. IMFI values in patients
who achieved disease control (CR or PR or SD) versus those who experienced PD F. LSMI values of individuals who
achieved disease control versus those who had disease progression.
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Abbreviations: BMI=Body mass index, LSMI: Lumbar skeletal muscle index (At the level of 3" lumbar vertebra),
IMFI=Intramuscular Fat Index (At the level of 3" lumbar vertebra), VFI=Visceral Fat Index (At the level of 3" lum-
bar vertebra), SFI=Subcutaneous Fat Index (At the level of 3 lumbar vertebra), CR: Complete response, PR: Partial
response, SD: Stable disease, PD: Progressive disease

* Baseline: At the beginning of immunotherapy



Table S1: Effect of the studied variables on objective response rate (ORR).

. _ Pvalue
Variable N=52 CRor PR SD or PD (chi-square test, 95% CI)
Age

< 70 years old 31 7 25
0.918
> 70 years old 21 5 16
Gender
Male 43 10 33
0.947
Female 9 2 7
Performance status
0-1 41 10 31
0.664
2 9 2 11
Histology
Non-squamous 30 7 23
0.959
Squamous 22 5 17
Brain metastases
Yes 10 1 9
0.275
No 42 11 31
Liver metastases
Yes 14 3 11
0.864
No 38 9 29
Bone metastases
Yes 15 4 11
0.696
No 37 8 29
PD-L1 status N=33
<1% 10 2 8
0.708
>1% 23 6 17
Baseline albumin levels N=47
<3.5g/dl 6 6
0.202
>35g/dl 41 32
BMI
<25 kg/m? 18 2 16
0.136
> 25 kg/m? 34 10 24
Baseline LSMI
< LNL 36 30
0.100
>LNL 16 10
Baseline IMFI
Low 26 5 21
- 0.510
High 26 7 19




Table S1: Effect of the studied variables on objective response rate (ORR).

. _ Pvalue
Variable N=52 CRorPR SD or PD (chi-square test, 95% CI)
Baseline VFI

Low 26 6 20
. 1.000
High 26 6 20
Baseline SFI N=50
Low 25 3 22
: 0.088
High 25 8 17

Abbreviations: BMI=Body mass index; SD=Standard deviation; LSMI=Lumbar skeletal muscle index (At the level of
3rd Jumbar vertebra), LNL: Lower normal limit, 55 cm®/m? for males and 39 cm?/m? for females; IMFI=Intramuscular
Fat Index (At the level of 3rd lumbar vertebra); VFI=Visceral Fat Index (At the level of 34 lumbar vertebra);
SFI=Subcutaneous Fat Index (At the level of 3¢ lumbar vertebra)

Table S2: Log-rank test on the effect of the studied variables on PES and OS.

Median PFS p value Median OS p value
(Months) (log-rank test) (Months) (log-rank test)
All patients (n=52)
Age
< 70 years old 4.00 9.43
0.754 0.512
> 70 years old 7.33 13.37
Gender
Male 4.80 11.23
0.104 0.370
Female 1.53 6.77
Performance Status
0-1 4.80 12.70
0.360 0.140
2 3.50 527
Histology
Squamous 5.77 10.80
0.222 0.812
Non-squamous 2.57 9.90
BMI
<25 kg/m? 1.77 3.77
25 kg/m? < BMI < 30 kg/m? 6.30 0.196 10.30 0.175
BMI > 30 kg/m? 7.33 14.03
Line of treatment of ICI administration
15t line 7.33 Not reached
0.088 0.005
2nd or later lines 4.67 9.43




Table S2: Log-rank test on the effect of the studied variables on PFS and OS.

Median PFS p value Median OS p value
(Months) (log-rank test) (Months) (log-rank test)
Brain metastases
Yes 1.57 4.80
0.006 0.083
No 4.93 12.70
Bone metastases
Yes 4.70 10.80
0.983 0.638
No 4.67 10.33
Liver metastases
Yes 1.53 3.77
0.120 0.059
No 4.80 12.70
Baseline albumin levels
<35g/dl 1.70 1.70
0.011 0.001
>3.5g/dl 4.80 11.23
PD-L1 levels
<1% 2.57 5.27
0.786 0.290
>1% 4.67 11.23
Baseline LSMI
< LNL 3.00 6.37
> LNL 7.33 0.040 Not reached 0.009
Baseline IMFI
Low 3.03 10.80
0.647 0.229
High 4.80 12.70
Baseline VFI
Low 3.03 6.37
0.975 0.231
High 4.93 11.23
Baseline SFI
Low 2.97 5.43
0.135 0.020
High 5.77 14.03

Abbreviations: BMI=Body mass index, ICI=Immune checkpoint inhibitor, PD-L1=Programmed death ligand-1,
LSMI=Lumbar skeletal muscle index (cm?/m?) (At the level of 3" lumbar vertebra), LNL=Lower normal limits, 55 cm?/
m? for males and 39 cm?*/m? for females, IMFI=Intramuscular fat index (cm?/m?) (At the level of 3rd lumbar vertebra),
Low: Below gender specific median value, VFI=Visceral fat index (cm?/m?) (At the level of 3¢ lumbar vertebra), Low:
Below gender specific median value, SFI=Subcutaneous fat index (cm?/m?) (At the level of 3t¢ lumbar vertebra), Low:
Below gender specific median value



Figure S4: Log-rank test demonstrating the different survival outcomes of A. The patients in our cohort according to
the combination of their baseline** SFI and LSMI values B. Between patients with high** SFI and LMSI > LNL*® and

patients with high SFI and LMSI < LNL.
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Abbreviations: LSMI=Lumbar skeletal muscle index (cm?/m?) (At the level of 3t lumbar vertebra), SFI=Subcutaneous
fat index (cm?/m?) (At the level of 374 lumbar vertebra), OS=Overall survival

*! Baseline: At the beginning of immunotherapy
*2 Low: Below gender specific median value; High: Above gender specific median value
*3 LNL: Lower normal limit, 55 cm?/m? for males and 39 cm?/m? for females

Figure S5: Scatter-plot demonstrating the overall survival values of the patients according to their baseline SFI.
Univariate Cox Regression analysis for OS for SFI as continuous variable HR=0.983 (0.970-0.997), p=0.014. Gender

was used as a stratification factor.
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Table $3: Univariate analysis using Cox regression method investigating the hazard ratios of the analyzed categorical

covariates on PFS and OS.

COX REGRESSION PFS oS

UNIVARIATE HR HR

ANALYSIS (95% Confidence Intervals) p value (95% Confidence Intervals) p value
Age > 70 years old 0.91 (0.496-1.663) 0.755 0.80 (0.407-1.568) 0.514
Performance status 2 1.39 (0.684-2.823) 0.363 1.76 (0.821-3.773) 0.146
Female gender 1.89 (0.864-4.141) 0.111 1.50 (0.616-3.636) 0.373
Squamous histology 0.69 (0.374-1.262) 0.226 0.92 (0.473-1.798) 0.812
BMI < 25 kg/m? 1.76 (0.942-3.282) 0.076 1.85(0.942-3.618) 0.074
Brain metastases 2.71 (1.299-5.667) 0.008 2.02 (0.898-4.529) 0.089
Liver metastases 1.67 (0.868-3.213) 0.125 1.94 (0.962-3.905) 0.064
Bone metastases 0.99 (0.517-1.905) 0.983 1.18 (0.588-2.378) 0.639
PD-L1< 1% 1.73 (0.474-2.677) 0.787 1.64 (0.652-4.081) 0.295
Baseline LSMI < LLN 2.03 (1.018-4.032) 0.044 2.90 (1.261-6.667) 0.012
Low baseline IMFI 1.15 (0.631-2.096) 0.648 1.50 (0.770-2.931) 0.232
Low baseline VFI 1.03 (0.551-1.848) 0.975 1.50 (0.769-2.919) 0.235
Low baseline SFI 1.59 (0.860-2.925) 0.140 2.20 (1.114-4.333) 0.023

Abbreviations: BMI=Body mass index, PD-L1=Programmed death ligand-1, LSMI=Lumbar skeletal muscle index (cm?/
m?), LNL: 55 cm?/m? for males and 39 cm?/m? for females, IMFI=Intramuscular fat index (cm*/m?). Low: Below gender
specific median value, VFI=Visceral fat index (cm?/m?). Low: Below gender specific median value, SFI=Subcutaneous
fat index (cm?/m?). Low: Below gender specific median value



