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ABSTRACT (English)

Background

There is extensive evidence for molecular hetereiggnn colorectal cancer (CRC) and CRC
metastasis (MCRC). At the present, there are awy ihformation regarding the immunological
characterization of mMCRC and about the effect ehobtherapy and targeted drugs on the interplay
between tumour and the immune system of the hdsthas been proposed an integrated
classification molecular and of microenvironment@@RC, considering that no data regarding the
evolution over time of these features are availauolgar. New immunotherapeutic strategies are
currently under development and will be furtherdstd starting from refractory settings of heavily
pre-treated mMCRC patients. On this basis, a spanifinunological characterization of mCRC will
be relevant to direct future clinical and pharmagadal research. We planned an exploratory,
prospective, observational study for the immunenphgpical characterization of mCRC leukocyte

infiltrate from pre-treated or chemo-naive patiamislergone surgical metastasis resection.
Material and Methods

Patients will be divided in two groups according poevious administration of systemic
chemotherapy (pre-treated or chemotherapy vs cheaiva or not pre-treated group). Collected
metastasis need to be at least 8 amvolume to allow standard pathological and floytometry
analysis. Flow cytometry samples were isolatedp@rating room selecting viable-tumor portion of
metastasis, and then carried to the laboratoryetaninced in small pieces and enzymatically
digested. Tumor-infiltrating leukocytes have bedraracterized with three panels of different
antibodies in terms of subset composition (CD45,3CBD20, CD56, CD68), maturation and
activation grade (CD45, CD3, T@R CD4, CD25, CD127, CD8, CCR7, CD45-R0O, PD-1, Tim-3
cytokine production, degranulation and cycling\ati (IL-2, IL4, INFy, TNFa, CD107a, Ki-67).

Results

Eleven liver metastases have been analyzed. Seas®s @re in chemotherapy group and three
patients were naive. Oxaliplatin-based chemotherapg administered in 62.5% of patients,
Irinotecan-based in 25% and immunotherapy (IpilimbMlivolumab) in 12.5% (one case). One
case received anti-VEGF (Bevacizumab) and foursaseeived anti-EGFR (Cetuximab) targeted
therapy. Primary tumor location was right colonl®2% (2 cases), left colon in 63.6% (7 cases)
and rectum in 18.2% (2 cases). One B-RAF and ofAS-mutations were mapped, the other 80%
of patients had no mutations in analyzed genesreThesre two patients with micro-satellite
instability (MSI-H), whereas the remainder 8 wetabke (MSS). Five patients (62.5%) underwent



on surgery within 6 months from the end of systermiemotherapy administration and three
(37.5%) after 6 months.

All patients are alive after a mean follow-up pdrimf 12.19 +/- 3.3 months after operation. During
follow-up, 60% of patients present a tumor recuceewith a mean progression-free survival (PFS)
of 9.15 +/- 2.17 months. In particular, one casa &depatic recurrence only, two cases pulmonary

and lymph-nodal, one case peritoneal only and @ses peritoneal and pulmonary.

CT-patients have a higher percentage of infiligtiaukocytes among viable cells compared to
naive patients (p=0,048). CT-patients show a pr#drresponse towards CD4+ T-cells (p=0.0001),
whereas naive patients towards a CD8+ T-cells respdp=0.05). CT-patients display a very
consistent maturation signature independently f@Fregimen. Togethergl; and Temra represent
more than 95% of all T-cells in both CD4+ and CDB8tit with a different ratio. gy were more
than 80% of all CD4+T-cells; within CD8+, 60% areuTand more than 35% are terminally
differentiated effector. IL-7 receptor (IL-7R) isgher both in CD4+ (p=0.003) and CD8+ T-cells
(p=0.045) in CT-patients compared to naive, asRLexpression intensity (p=0.043 in CD4+ and
p=0.035 in CD8+).

Chemotherapy regimen analysis is limited becaugsbeotmall sample, but the highest percentages
of infiltrating leukocytes among viable cells haween found in the patient treated with
immunotherapy and in the Oxaliplatin-Irinotecaratesl one; Oxaliplatin-treated patients display
variable CD45+ percentage ranging between 10 afd @0d Irinotecan-treated patient reveals the

lowest leukocyte percentages among total viable.cel

To analyze time-dependent differences of immunparse in liver metastases, we divided patients
in two categories considering a cutoff of 6 morftiesn the end of chemotherapy. Patients operated
later than 6 months have higher percentage otratiihg leukocytes among viable cells (p=0.0008).
and in particular of B-cells (p=0.024). On the othand, IL-7Rexpression among CD8+ was higher
near the chemotherapy (p=0.043), even though th&+Ci®granulation activity in these patients
was lower (p=0.033).

Discussion and conclusion

The leading aim of our exploratory study is to diggcand characterize immune infiltrate in mCRC
of naive and pre-treated patients. Results caredtivther studies and possibly identify the most

favorable subset of patients for receiving novehimme modulating therapies.



In all samples, cytotoxic potential of infiltratingmphocytes is a quite variable among CD4+, but
high and uniform in CD8+, consistent with a T-ceffector pattern. Almost all infiltrating T-
lymphocytes are CCR7-negative effector memory @il express high levels of IL7-R that allows

the maintenance of this memory pool in the metastas

Chemotherapy reduces tumor cells leaving a highssuat of immune infiltrating cells in liver
metastases (p=0.048). Moreover, our results demadasthat chemotherapy treatment polarizes
immune response towards CD4+ T-cells (p=0.0001)s Efffect could be partially explained by
tumor microenvironment modification induced by clotherapy, in particular because the
treatment induces tumor cell death, promoting antigresentation and CD4+ T-cells expansion. In
pre-treated patients T-cells display higher levElllor-R+ and at higher expression intensity
compared to naive patients, both in CD4+ (p=0.06B@=0.043, respectively) and in CD8+ T-cells
(p=0.045 and p=0.035, respectively). Data displagt tchemotherapy increases the support to

memory pool maintenance inside the mCRC.

Analysis of immune infiltrate in liver metastasesarding to chemotherapy regimen is limited by
the small sample size of patients that have beeuiled for each regimen. Nevertheless, we find

some differences among regimens that can be userasg hypothesis in further works.

Analysis of immune response variation accordinginte from the end of chemotherapy before
surgery, shows that infiltrating leukocytes in gehgp=0.0008) and B-lymphocytes in particular
(p=0.02) are higher after longer period from CTpamsion. These patients display also a higher
degranulation activity (CD107a) especially in CD#=0.03). On the other hand, there is a time-
dependent affection of CD8+ memory pool maintenahosugh a lower IL7-R expression in CD8+
of late operated patients (p=0.043). This findiogld open an interesting research field about the

optimal moment for surgical resection.

The main limitation of this study is the reducedhpée size. We analyzed only three naive patients
(and in some tests only two), but there were objedifficulties in enrolling such patients. Furthe
developments of the present study will necessarludile an extension of sample size, aimed to

enroll more naive, Irinotecan-treated and Oxaliplptus Irinotecan-treated patients.



ABSTRACT (ltalian)

Introduzione

L’eterogeneita molecolare della neoplasia e dekastasi di origine colorettale (CRC) e nota ed
ampiamente dimostrata; d’altro canto, attualmente seno scarse informazioni circa la

caratterizzazione immunologica delle metastasi igdpatdi tale origine e sugli effetti della

chemioterapia nell’interazione tra CRC e sistemaumitario. E’ stata proposta una classificazione
integrata molecolare e del microambiente tumoralquesta neoplasia in grado di descrivere la
molteplicita di risposte immunitarie indotte/ossasili, considerando anche il fatto che attualmente
non vi sono dati relativi all’evoluzione nel tempdi tali caratteristiche. Nuove strategie

immunoterapeutiche si stanno sviluppando e sarammiegate in pazienti pesantemente pre-
trattati; pertanto la caratterizzazione immunolagielle metastasi epatiche colorettali sara di
fondamentale importanza per capire chi di essi oteaprealmente beneficiare. Abbiamo percio
pianificato uno studio esplorativo, prospettico edservazionale per la caratterizzazione
immunofenotipica delle metastasi da CRC in paziemdémiotrattati o chemio-naive, che siano stati

sottoposti a metastectomia.
Materiali e Metodi

| pazienti sono stati divisi in due gruppi dipentignente dall’aver ricevuto chemioterapia sistemica
pre-operatoria (gruppo CT) o meno (gruppo naive). retastasi resecate dovevano essere di
almeno 8 cr per permettere I'analisi patologica standard ellgustofluorimetrica. | campioni
sono stati preparati e divisi in sala operator@psegnati al laboratorio per essere processati. |
leucociti infiltranti il tumore sono stati isolatbn digestione meccanica ed enzimatica. Sono stati
allestiti tre pannelli con diversi anticorpi peratinzare i leucociti in termini di composizione
(CD45, CD3, CD20, CD56, CD68), grado di maturazi@ak attivazione (CD45, CD3, TGR
CD4, CD25, CD127, CD8, CCR7, CD45-R0O, PD-1, Tim-Byesenza intracitoplasmatica di
citochine, marcatori di degranulazione o di moitatione (IL-2, IL4, INF, TNFu, CD107a, Ki-
67).

Risultati

Sono state analizzate undici metastasi. Settenehgiruppo pre-trattato e tre nel gruppo naive. La
terapia a base di Oxaliplatino e stata sommingtnat 62.5% dei pazienti, a base di Irinotecano nel
25%, immunoterapia (Ipilimumab/Nivolumab) nel 12,54n paziente € stato trattato con anti-
VEGF (Bevacizumab) e quattro casi con anti-EGFRt&dmab). La localizzazione del tumore

primario era il colon sinistro nel 63,6% (7 pazigdei casi, colon destro e retto nel 18,2% (2)casi

\Y)



rispettivamente. Sono state riscontrate due mutanigi geni mappati (un B-RAF ed un K-RAS), il
restante 80% dei casi era wild-type. Sono statorigrati due casi di instabilita dei microsatelliti
(MSI-H). Cinque pazienti (62.5%) sono stati sottsip@ chirurgia entro 6 mesi dalla fine della

chemioterapia e tre (37,5%) dopo 6 mesi.

Tutti i pazienti sono vivi dopo un periodo di fodeup medio di 12.19 +/- 3.3 mesi. Durante tale
periodo il 60% dei casi ha presentato una recidoa una progressione libera da malattia di 9.15
+/- 2.17 mesi (un caso di recidiva epatica, due malsnonare e linfonodale, un caso di peritoneale
isolata e due casi di peritoneale e polmonare).

| pazienti nel gruppo chemioterapia (CT) hanno ditrado un maggior infiltrato linfocitario nelle
cellule vitali della metastasi rispetto ai naive@048). | paziente pretrattati hanno evidenziata u
risposta immunitaria polarizzata verso le cellul€D4+ (p=0.0001), mentre i naive verso i CD8+
(p=0.05). Il gruppo CT ha dimostrato un signifigati pattern di maturazione dei linfociti,
indipendentemente dal regime chemioterapico. Insiefigy and Temra rappresentano oltre il 95%
delle cellule T (sia nei CD4+ and CD8+, anche se wo diverso rapporto): igfy sono oltre 1'80%
nei CD4+, mentre nei CD8+ il 60% sonewTe il 35% terminalmente-differenziati. Il recettqrer
IL-7 & espresso in piu cellule nei pre-trattatpefo ai naive, sia tra i CD4+(p=0.003) che tra i
CD8+(p=0.045), e a maggiore intensita (p=0.0430124+ e p=0.035 nei CD8+).

L’analisi dell'infiltrato in base al regime chem@gapico € stata limitata dal campione ristretto, ma
il maggior rapporto di leucociti infiltranti tra leellule vitali della metastasi e stato riscontraéd
pazienti trattati con Immunoterapia o con la combione Oxaliplatino-Irinotecano; i pazienti
trattati con Oxaliplatino mostrano una percentudiléeucociti variabile dal 10 al 60%, mentre |l

paziente trattato con Irinotecano ha il rapportaore tra tutti quelli analizzati.

Per analizzare la risposta immunitaria in funziodel tempo trascorso dalla fine della
chemioterapia, sono stati creati due gruppi comar® un cut-off di 6 mesi. | pazienti operati
dopo piu di 6 mesi dalla sospensione del trattambahno evidenziato una maggiore percentuale di
leucociti infiltranti rispetto ai pazienti opergtiu precocemente (p=0.0008). In particolare cio e
stato osservato per i linfociti B (p=0.024). D’altcanto, I'espressione di IL-7R tra i CD8+ € piu
elevata a ridosso della terapia (p=0.043), seblierpieste circostanze il potenziale linfocitario
citotossico tra i CD4+ sia inferiore (p=0.033).

Discussione e conclusione



Lo scopo principale del nostro studio esplorativadiedescrivere e caratterizzare [linfiltrato
immunitario nei pazienti chemiotrattati e naivelj tesultati potranno essere utilizzati in ultefior
studi al fine di identificare il sottogruppo di peati piu adatto a ricevere nuove terapie.

Abbiamo evidenziato come la chemioterapia riducauinero di cellule tumorali nelle metastasi

epatiche, portando ad un maggiore infiltrato imnanm tra le cellule vitali (p=0.048).

Il potenziale citotossico dei linfociti e risultagssere variabile nei CD4+, ma elevato ed uniforme
nei CD8+, consistente con caratteristiche effettiali linfociti effettori di memoria, esprimono
alti livelli di IL7-R, che permette loro di mantemsein vita nella metastasi.

| nostri risultati dimostrano che la chemioteraptarizza la risposta immunitaria verso la linea
CD4+ (p=0.0001). Questo effetto pud essere pareialen spiegato grazie al microambiente
tumorale ed alle modifiche indotte dalla terapiap@o ipotizzare che il trattamento promuova la

presentazione di nuovi antigeni mediante la citeliguindi I'espansione dei linfociti T CD4+.

| pazienti pretrattati mostrano piu linfociti egpanti IL-7R e una sua maggiore espressione rispetto
ai pazienti naive sia nei CD4+ (p=0.003 e p=0.0dspettivamente) che nei CD8+ (p=0.045 e
p=0.035). Tali dati indicano che i trattamenti chaterapici sostengono maggiormente |l
mantenimento dei pool di memoria infiltranti il tone. Tale effetto € abbastanza duraturo anche
dopo la sospensione della terapia: solo in CD8€rggsmo una minore espressione di IL-7R nei

pazienti operati dopo sei mesi dalla fine della(G¥0.043).

L'analisi dell'infiltrato immunitario nelle metasiaepatiche in funzione del chemioterapico
somministrato, € limitata dal ridotto campione dizignti che sono stati arruolati per ciascun
regime; ci0 nonostante abbiamo evidenziato alcufferenze tra i diversi regimi, che potranno

essere usate come ipotesi di lavoro in succedsidi.s

L’analisi della risposta immunitaria in diversi menti dalla fine della chemioterapia, ha
evidenziato come i leucociti infiltranti in genexa(p=0.0008) ed in particolare i linfociti B
(p=0.02), siano piu elevati dopo una piu lunga saspne della terapia. In questi pazienti inoltre
abbiamo evidenziato una maggiore capacita citatassipprezzabile in tutti i linfociti, ma
significativa solamente nei CD4+ (p=0.03). Takuliato potra essere ulteriormente approfondito

per definire il miglior momento per la resezionérgiyica.

La limitazione maggiore di questo studio € la rdotnumerosita campionaria, dovuta
principalmente a grandi difficolta oggettive nefti@olamento dei casi non trattati. Successivi

sviluppi di questo studio dovranno necessariampraeedere un incremento del campione, mirato

\



ad includere piu pazienti non trattati, trattatncilsinotecano o con l'associazione Oxaliplatino-

I[rinotecano.
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BACKGROUND

Colorectal cancer and hepatic metastasis

According to the World Health Organization (WHO)larectal cancer (CRC) is the third

commonest neoplasm and the fourth cancer-relaieskaat death [1].

Twentyfive-30% of patients present at diagnosigyreckronous metastasis, whereas up to 50% of
patients treated with curative-intent primary tumisection, will recur at a distant site
(metachronous metastasis). Of all these distantmece, 70% will occur in the liver, followed by
peritoneum, lung and other sites. Liver metastésdbe leading cause of death in CRC patients

and, if not treated, average survival is 6-8 mofiths

Best therapeutic option is surgical resection, befpre actual effective chemotherapy regimens,
liver metastasis were considered resectable only0i5% of cases. Even with liver resection,
patients treated in combination with systemic chiiei@py had a poor prognosis (12-16 months of

overall survival) [2].

Multidisciplinary team decisions, evolving treatrtenand patient care are at the present
contributing in ameliorating CRC prognosis. Paitfacly, novel chemotherapy agents are very
effective and a median overall survival of 16-22mms can be achieved at the present for not-
resectable liver metastases patients. Actual systehemotherapy demonstrate a response rate
higher than 50%, that converts in a resectionuptt®d 30—40% of cases. All these advances, lead to
a significant improvement of survival up to 28-4émths, with a 5-years overall survival rates of
25-40% (prior <8%) [3,4].

Nevertheless, recurrence rate and mortality isfgtth so there is a continue effort in finding new

strategies and treatments in the scientific comtyguni

As a result of this effort, one of the most intéiregsideas emerging in the last two decades, at th
gross anatomical tumor characteristics are not ahly fundamental features. Molecular and
metabolic pathways, gene alterations, surroundmgrenment (namely liver “normal” cells) and

interplay with patient immune system start to emeeaig key-concepts to understand tumor biology

[5]



It has been demonstrated that liver and lung arertbst frequent metastatic site due to anatomical
reasons (first and second colon and rectum draisdgg but this mechanistic hypothesis do not
explain all changes that are required to CRC turetls to originate a metastasis [6].

The “seed and soil” hypothesis could be used tdutmie that the metastatic ability of CRC is
obtained through tumor cells with stemness featanesmigration skills (the “seed”) together with
an harbouring microenvironment, modified to promiteor cells localization, growth and escape

from immune response (the “soil”) [7].

CRC cells have to gain the ability of generatingtastasis by genetic rearrangement that lead
epithelial to mesenchymal transition (EMT) [8].rinsic and tumor-mediated immunosuppressive

microenvironment of the liver could promote metastdormation [9].

Metastasis microenvironment and immune response

Colorectal cancer (CRC) liver metastases representsnplex microenvironment in which tumor
cells, stroma and immune cells interact to deteendisease control or progression. Impact of
immune cells in cancer control has been alreadgrte@ [10]; such control depends on a multitude
of different factors, ranging from type and compiosi of immune infiltrate, localization of

infiltrate in the metastases, orientation and défifidtiation of immune cells and host genetics.

After these findings “immunoediting theory” has bhedaborated addressing immune cells to have a
major role in suppress tumor (killing tumor cellspntrol progression (equilibrium phase) and

eventually in selecting resistant clones (tumoisend [11].

On the other hand, it has also been demonstratgditimune system can also play a role in
promoting tumor progression, especially when cloonilammation is predominant over adaptive
immune response, stimulating proliferation of canmals, promoting angiogenesis and metastasis
[12]

Tumor microenvironment (TME) and infiltrating cells

Many different types of cells constitute the tunmicroenvironment: epithelial, endothelial and
lymphatic vessels, stromal cells (e.g. cancer aataat fibroblast CAF) and infiltrating immune

cells. Infiltrating immune cells include T lymphdeg (effector CTLs, T-helper T-h, T-regulatory
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cells T-reg), B-lymphocytes, natural killer celldlK), dendritic cells (DCs), myeloid derived
suppressor cells (MDSC), macrophages (M1 and M@)gaanulocytes [13].

The interplay of such cells, their intrinsic actyvand signaling products are determinant in cancer
cells invasiveness and progression and host immasp®nse.

Composition of TME is different among cancer histpl types and can vary between patients with
the same histology. To make the environment everermomplex, TME cells composition could
also vary in the same patients in different metestaaccording to the originating tumor sub-clone

(theory of intratumoral heterogeneity, ITH) [14].

TME is crucial to promote or inhibit immune cellfiltration and finally clinical outcome. In
general, high infiltration of immune cell promotiraglaptive response relates to a better clinical
outcome, whereas high prevalence of mesenchymaltta$ a worst prognosis [15]. High CD8+ T
cells relates to improved clinical outcome in matifferent cancer types, with the exception of
kidney and glioma cancer [16]. In CRC a good pra@imeeems to be related to infiltration of Th1l,
follicular helper T-fh, M1 macrophages, NK cellsdaBCs, whereas M2, MDSCs and Th17 (T
helper cell subset activated by IL-17 that contralnly the myeloid lineage of immune response)

have been reported to be detrimental [17-23].

Many studies reported also that the site and pettef infiltration relate to clinical outcome,
actually cells can be at the center of the tumoinointerface with hepatic tissue and tumor
(invasive margin). [24]. It has also been dematstt an important role in tumor control of tertiary
lymphoid structures (TLS), that represent lymphaggiregates resembling lymph nodes havinga T
zone with mature DCs [25].

High density of CD45RO+ T cells (memory T) and CD8&+center of tumor and invasive margin
are related to better clinical outcome as preseficeature DCs, Th-follicular and B cells in TLS,

probably because the role of TLS in T-cell recr@tinand promotion of adaptive response [24,26].

Accumulation of CD20+ has been associated with dordjsease free interval and better overall
survival; actually CD20+ presenting cells are fundatal to proper CD4+ and CD8+ T cells

development and this can give an advantage in tworrol (speculatively it could be possible that
higher CD20+ levels reflects a better general stafuhe patients, capable of an effective immune

response even after heavy systemic chemotheraglgefistudies are required [27].

There are evidences showing some differences inumemnfiltration pattern between primary

tumor and metastasis. Liver metastasis have a higfikration of CD3+ T cells and CD45R0O+ in

11



the invasive margin and CD8+ cells in the centrgurhor and invasive margin, compared to

CD20+ B cells and FoxP3+ T-reg cells in the cenfdumor in primary site (colon or rectum) [28].

Two studies showed no correlation between primany metastatic (liver or lung) immune cell
distribution pattern [29]. It is not fully undersi the mechanism of such difference, it could be
related to intratumoral heterogeneity (differenibnds originates different metastasis with
preferential sites) or, more probably, the différemncroenvironment (colon, liver or lung) plays a

fundamental role in activation of immune system.

Another recent work analyzed correlation betweamary tumor Immunoscorésee next chapter

for detailed description) and metastases’ Immunoscore-like classificatiolCRC patients. Only
Immunoscore of metastasis relates with survivainattivariate analysis, showing that prognosis
depends on immune response (and consequently on) DVMBEetastasis rather than of primary
tumor [30].

There are few evidences of relation between previsystemic treatments, TME changes and
immune infiltration patterns, even though a highLsTIpresence at invasive margin of liver

metastasis seems to give a favorable prognosaalogy with primary tumor TILs [31].
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Immunologic and molecular predictive signature€BfC and liver metastases

Following the previous reported results, in thd {gsars it has been raised an important interest in
histological and immunological quantification of nmine cells to develop a scoring system that
could possible fill the gap of classical anatomiaksification (TNM) of colorectal cancer.

Such efforts lead to “Immunoscore” [32] and clasation of molecular subtypes (Consensus
Molecular Subtypes, CMS) [33].

Those novel scoring systems has proven to be useadding prognostic evaluation combined to
TNM [34,35] and are even more accurate than MSustalone in predicting survival of CRC

metastatic patients [36].

In 2012 Immunoscore (“I”) has been proposed as\elnmol to evaluate the degree of immune
infiltration, considering number of CD8+ and CD45RE€klIs in the center of tumor and in invasive
margin; the score variates from 1 (low infiltratjao 4 (high infiltration). When Immunoscore has
been applied to a large cohort of patients (602agredicts recurrence with high accuracy (in
multivariate analysis only “I” score was signifaagiwhereas T and N stages where not), actually 5-

years survival of 14 patients was 86.2% comparedirt6% of I1 patients [37].

In 2015 an international expert consortium has gsep a classification of four CRC molecular
subtypes (CMSL1 to 4), based on gene-expressioysasmaMicroSatellite instability (MSI) is main
feature of first subtype (CMS1), whereas Chromodomstability (CIN) is the key of the

remainder three [33].
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CMS1 (“immunogenic”, 14% of early stage CRC, goombgmosis) has hypermutation and
hypermetilation of multiple genes, BRAF V600E migatand it is characterized by a very high
immune infiltration (mainly CTLs, CD4Th1 and NK sl

CMS2 (“canonical”, 23% of early stage CRC) showsarked upregulation of WNT and MYC
gene products and high EGFR and HER2 expression.

CMS3 (“metabolic”, 13% of early stage CRC) is p&mubmong others CIN subtypes, presenting
with MSI 30% of cases, lower copy-number alterati@nd an high level of KRAS activating

mutations leading to metabolic cell reprogramming.

CMS4 (“mesenchymal”, 23% of early stage CRC, wprsggnosis) is characterized by activation of
epithelial-mesenchymal transition (EMT) pathwaystracellular matrix remodeling, TGFb,
myeloid chemokines, angiogenetic factors and comeig components.
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TME composition varies between CMSs and clinicatomes are different according to subtypes.

In CMS1, microsatellite instability (MSI), due teficient DNA repair systems, produces a large
amount of neo-antigens that recruit an effectivenune response polarized in Thl direction,
leading to high cytotoxic activity (CTLs) thorou@XC3 and CCR5 chemokines.

CMS4 prognosis is significantly worse than CMSlohably because of different pattern of
immune response: CMS4 has higher expression of aidyealhemokines, angiogenetic factors,
complement components, whereas CMS1 has a veryipeatl-mediated immune response (high

Th1l and T-cell attracting chemokines) [38].

It has been demonstrated, through cell-specifie gapression profiling, that transcripts associated
with poor prognosis (e.g. TGFb signaling) in CM34 produced by TME cells (mainly by cancer
associated fibroblasts CAFs and endothelial cetigher than immune cells themselves [39].

Genomic Epigenomic  Transcriptomic pathways Stroma-immune microenvironment Driver genez Clinical
Immune activation Z ; g n =
MSI CM51 JAK—STAT activation W ‘—;:‘E :;ITII?:gmgenic 'g_ é E
Caspases ™ e B a o
DMNA damage repair | | = =L E e
CMS3 Gllultaminoly'_s'is | | T N ] _
Lipidogenesis ' = 4 é [=
Cell cycle | I ‘S o m =
WNT targets || 8 Poorly =8 (= =
MY C activation T jmmunogenic & : %
CIN o EGFR or SRC activation 3 g < 3
" VEGF or VEGFR activation £ = =
Integrins activation O E =
| TGFp activation = =
Mesenchymal transition Ipﬂamed & _
CMS4 Complement activation (immune- = =
Immunosuppression tolerant) £ o

Adapted from Dientsmann et al

Therefore, prognosis of patients in CMS4 derivesrenthan interaction between tumor and
microenvironment rather than the activity of immuwystem. A similar mechanism of resistance
has been shown in breast cancer: in presence bfleigls of TGFb, tumors show a “immune
benefit disable (IBD)” subtype leading to a worsignosis [40].

According to molecular subtypes, also mechanisnarabr evasion are different.

In CMS1 upregulation of CTLA4, PD-L1 and PDCD1 iormal immune homeostasis those are

surface receptors used to promote lymphocytes anogied death (PD) to decrease immune
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response or destroy auto-reacting lymphatic clgnies}ds to reduction of activity of antigen-

specific immune cells and finally to tumor progiesq38].

In addition, upregulation of non-canonical humawklecyte antigen G (HLA-G) and E (HLA-E) by
colorectal tumor cells inhibits NK activity. Notabihis pathway has also been described in CMS4
and some sub-types of CMS2 and CMBRA-G is expressed by plancetar cells and may play
role in immune tolerance during pregancy; HLA-Eisofactor for NK activity that is usually low

expressed in normal cellptl,42].

In CMS4 overexpression by stromal cells in TME dBHb and CXCL12 (a chemokine that
regulates CD20 expression on B cells and thatesnctiactic for mesenchymal stem cells), reduces

adaptive response and promotes angiogenesis ard tliifinsion [38].

TGFR3 and pro-tumoral genes are not overexpress€&M82, since this subtype avoid immune
control preventing tumor infiltration by immune ksef43]. In CMS2 a possible escape mechanism
could be derived from evidences in other tumnrs

type (such as melanoma and lung cancel Nirarions in M6, NP5, ATM TGFBR?, BRAF and PTEN e

MsI

which upregulation of WNT/b-catenin leads

Mutations in KRAS CMS3

reduction or abolition of dendritic cells (D( along with other genomic
alterations and
metabolic deregularlc:n

\,L.g
[a]
=
w
R

recruitment through suppression of CCL4 ¢ o
. . . . . e Mutations in APC, KRAS, ?g{gg
transcription (a chemokine expressed by imn TP53,SMAD4and PIKSCA 1GFB CMS4

activation
and EMT

%

cells, mainly macrophages, and it is chemot
for NK cells) [44]

KRAS mutation, that is main CMS3 characteristic,addition with LKB1 mutation (a tumor
suppressor gene that controls cell growth and feralion when energy and nutrient levels are
scarce [45] demonstrated in lung cancer an aceeeuitment of neutrophils and production of

cytokines suppressing T-cells activity [46].

Another mechanism of evasion in CMS2 and CMS3 wrdegulation of genes related to Major
Histocompatibility Complex of class | (MHC-I); MHCis fundamental in antigen presentation and

MHC-I loss or downregulation prevents or reducesduantigen recognition by immune cells [47]
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Aim of the study

There is extensive evidence for molecular hetereiein CRC. Studies have revealed that intra-
tumor heterogeneity can be highly variable withinm@ary tumors or between primary and
metastatic sites [48].

Moreover, tumor heterogeneity can be linked todtad therapies in terms of acquired resistance
mutations. In the era of precision medicine, spectiolecular characterization of primary tumor
and metastasis taking into account the dynamisnmefdisease and the actual therapeutic target

should be considered.

Nowadays there is not enough information regardimegimmunological characterization of CRC
metastasis. Especially, few data are available tathmueffect of chemotherapy and targeted drugs
on the interplay between tumour and the immuneesysif the host [49].

Immune system takes part to different phases obturgrowth. It is a dynamic balance that can be
differentially modulated by several agents, reagltin immunosuppression or immunostimulation
[50].

No data regarding the evolution over time of thisgures are available so far. Immune therapy
represents a promising option for the treatmenarfincreasing number of malignancies. New
immunotherapeutic strategies are currently undeeldpment and will be further studied starting

from refractory settings of heavily pre-treated n€Cpatients.

On this basis, a specific immunological charactgiim of CRC metastasis will be relevant to direct

future clinical and pharmacological research.

As surgery is a therapeutic option in the treatm&@hMCRC, a percentage of mCRC patients
undergo to resection of metastasis before or aftedical treatment. These tumour samples could

be useful to define the immune signature of colalauetastatic disease.

Based on the above reported considerations, ithessm planned an exploratory, prospective,
observational study for the immunophenotypical ahtarization of colorectal cancer metastasis
from pre-treateds chemo-naive patients.

Primary objective:
- To describe patterns of tumor-infiltrating leukceyin colorectal cancer metastasis.

17



Secondary objectives:

- to correlate immunological features of metastasib previous treatment received,;
- to explore the impact of specific immunological tteas of metastasis with patients’

outcome.
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MATERIALS AND METHODS

Patients’ selection

Patients could have been treated for primary tumather institutions (in case of metachronous
liver metastases) and then been referred to adali®ncology unit for chemotherapy or to a
Surgical Unit for evaluation of liver resection ¢apventually primary tumor resection in case of

synchronous liver metastases). See results sdoti@ndetailed list of participating Units.

Patients enrolled in the study have to meet tHevi@hg inclusion criteria:

metastatic liver disease from colorectal cancerth@@agical confirmation required to
perform cytofluorimetric analysis)

- good functional status (ECOG PS0 and PS1) to berfdurgery for metastatic disease

- availability of clinical data (pre-operative andléov-up)

- written consent for the study

- age >18 years

After selection and fulfilling of all the previougquirements, patients are divided in two groups
according to previous administration of systemiembtherapy: pre-treated or chemotherapy group

VS naive or not pre-treated group.

All clinical variables related to patient statusmbor type (localization, mutational status, TNM
classification), treatment received (type of chdmodpy, number of cycles and duration of
treatment, use of targeted therapy), surgical ghaceand follow-up (overall survival OS, disease

free survival DFS or progression free survival PR&)e been collected.

Sample collection

Collected metastasis need to be at least Biomolume to allow standard pathological and flow
cytometry analysis. The surgeon in operating roams dissected samples for the study and
contextually the anatomopathologist selected algpoaiion of 1cni from a viable-tumor interface

zone (peripheral zone of metastasis) and desigmai@fiow cytometry.
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Molecular and traditional pathological assessment

The liver specimen was routinely assessed afteh@d4rs formalin fixation and then routine

hematoxylin-eosin slide evaluation.

IHC (immunohistochemistry) staining was performed 4 pm-thick formalin-fixed/paraffin-
embedded (FFPE) tissue sections collected fromapgirumor, with antibodies to hMLH1 (Dako
ESO5; ready to use), hMSH2 (Dako FE11; Ready t9 histSH6 (Dako EP49; diluition 1:50) and
hPMS2 (Dako EP51; diluition 1:50).

DNA was extracted from primary tumor FFPE 10-mictbick sections after deparaffinnization.
KRAS/NRAS and BRAF mutation analysis was perfornbgdmass spectrometry (Kit Myriapod
Colon status, Diatech Pharmacogenetics — MassAaaglyzer) for KRAS/NRAS exons
12,13,59,61,117 and 146 and for BRAF exon 600.

The determination of microsatellite instability walso evaluated by multiplex amplification with
fluorescent primers and subsequent DNA fragmenlyaisaon automated sequencer (Titano MSI
kit CE-IVD Diatech Pharmacogenetics).

Flow cytometry analysis

The liver metastases surgical sample was slicecstmdd O.N. at 4°C in RPMI medium (Roswell
Park Memorial Institute medium or RPMI 1640) witb% of FBS (fetal bovine serum). Slices were
then chopped and digested with Tumor Dissociatiah (KliltenyiBiotec, 130-095-929) in a
GentleMACS Octo Dissociator (MiltenyiBiotec, 1306)827), with Heaters running program
37°C_h_TDK_ 2 or 37°C_h_TDK_3. Erythrocytes wereelys

Analysis of tumor infiltrating leukocytes was pearfeed by multicolor flow cytometry. For cell
surface staining, FCR Blocking was performed (FdBcBing Reagent, Miltenyi Biotec, 130-059-
901).Thereafter, the Fixable Viability Stain 7800(BHorizon, 565388) and the following anti-
human antibodies were used: CD45-BV786 (clone HIBD3-BV510 (clone SK7), CD20-PE-Cy7
(clone 2H7), CD56-APC-R700 (clone NCAM16.2), CD1D4PerCP-Cy 5.5 (clone SK3), CD25-
PE-Cy7 (clone 2A3), CD127-APC-R700 (clone HIL-7R-M2CD8-BV605 or CD8-APC-R700
(clone SK1), CD45R0O-BV650 (clone UCHL1), CD197(CQfAlexa-647 (clone 150503),
CD279(PD-1)-PE-CF594 (clone EH12.1), CD366(TIM-B-lone 7D3), all from BD Bioscience.
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Cells were then processed using the Cytofix/Cytwpesit (BD Biosciences, 554715) or
Transcription Factor Buffer set (BD Biosciences,2BB5), according to the manufacturer's

instructions.

Finally, for the intracellular staining the follomg anti-human antibodies were used: CD68-FITC
(clone Y1/82A), CD107a-PE-Cy7 (clone H4A3), Ki67-B¥1 (clone B56), IL-2-PE (clone MQ1-
17H12), IL-4-APC (clone 8D4-8), INk-Alexa488 (clone B27) and TNé&BV650 (clone MAb11)

all from BD Bioscience. Cells were acquired on &U$flow cytometer (BD Bioscience), and data

were analyzed using FlowJo software (TreeStardh@).

Antibody panel 1 characterized leukocytes subsetposition, panel 2 described lymphocytes
maturation and activation grade, panel 3 monitangdtoxic granules and cytokine production, and

cycling/proliferative activity.

Leucocyte count is an estimation of white bloodscptesent in the observed sample and it has been

obtained by optical microscopy after dying with pay blue.

Tumor infiltrating leukocytes composition (panel 1)

First panel described immune infiltrating cells,particular T- and B-lymphocytes, Natural Killer
(NK) cells and Macrophages. To identify these imewsabsets the following markers (listed with

essential biological meaning) have been used.

CD45

Called also Protein Tyrosine Phosphatase recepjoe T (PTPRC) or leukocyte common antigen
(LCA) is a transmembrane receptor expressed iergifit isoforms in all hematopoietic cells with
the exception of red blood, platelets and plasniia.c@D45 function is essential for cell growth and
mitotic cycle regulation. It is used to identify itéh blood cells among tumoral and stromal cell

types [51].

CD3

A T-cell specific co-receptor expressed in T lymgytes membrane (and at lower level in Purkinje
cells). After antigen recognition, association @Zwith T-cell receptor (TCR) leads to activation
of CD4 (T-helper) and CD8 (cytotoxic) lymphocytéss used to differentiate lymphocytes among
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other immune cells [52].

CD20
A specific B-cell membrane protein, necessary fevedlopment and differentiation of B-cells into
plasma cells. It probably acts as a calcium chafoilgwing ligation of the B cell receptor with

antigen. CD20 is used to identify B-lineage lympjtes [53].

CD56

also called Neural Cell Adhesion Molecule (NCAN) expressed in membrane surface of neurons
and skeletal muscle cells playing a role in celeédl adhesion, neuronal growth and synaptic
plasticity. In hematopoietic lineage it is highlypeessed in natural killer cells. NK cells are pety

of cytotoxic lymphocyte essential in innate (bwgaain acquired) immune response, able to destroy
cells that are not expressing MHC class | (suctuasr cells that use the downregulation of MHC

to mask tumor neo-antigens that could be recogriyeztiaptive immunity) [54].

CD68

a protein highly expressed in circulating monocytssue macrophages and osteoclasts. CD68 is
part of the family of scavenger receptors (CD68etyp) with a role in clear cellular debris,
promotes phagocytosis and mediates recruitmentaatidation of macrophages. CD 68 acts as a
protein binder to tissue -specific lectins or sefes; allowing targeting and homing of macrophages
[55].

Lymphocytes activation and maturation (panel 2)
Panel 2 described T-cells sub-types, identifyingd€and CD8+ T-cells, TCRé Lymphocytes
(TCRy), regulatory T-cells (Treg), their maturation geaas Naive, central memorydJ), effector

memory (&v) and terminally differentiated effector memory RApressing (duwra). In addition,
two markers had been used to determine the presgngenune-checkpoints molecules (PD-1and
TIM-3).

CD4
This antigen is involved in the recognition of MH@ss Il molecules and is a co-receptor for HIV.
CD4 is primarily expressed in a subset of T-lympftes, also referred to as T helper cells, but may

also be expressed by other cells in the immuneesyssuch as monocytes, macrophages, and
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dendritic cells. CD4 functions to initiate or augméhe early phase of T-cell activation through its

association with the T-cell receptor complex anatgin tyrosine kinase, Lck.

CD8

Cluster of Differentiation 8 is a cell surface ghprotein found on most cytotoxic T lymphocytes
that mediate efficient cell-cell interactions withihe immune system. The CD8 antigen acts as a
co-receptor with the T-cell receptor on the T lyropyte to recognize antigens displayed by an
antigen presenting cell (APC) in the context ossld MHC molecules. CD8 is found on a T cell
subset of normal cytotoxic/suppressor cells whicakenup approximately 20-35 % of human
peripheral blood lymphocytes. The CD8 antigen soalletected on natural killer (NK) cells,
subpopulations of peripheral blood null cells, tlopytes and bone marrow cells. The CD8 co-
receptor functions as either a homodimer compos$dd® alpha chains, or as a disulfide-linked
heterodimer composed of one alpha and one beta.daih alpha and beta chains share significant
homology to immunoglobulin variable light chaindi€Tmajority of CD8+ T cells express CD8 as a
alpha/beta heterodimer.

TCR+d

“Normal” T-cell receptor (TCR) is composed by oalkpha and one beta subunit; T@&R<cells
(Tyos or TCRgd or Tgd) is a less frequent subtype ofyghocytes with an invariant TCR
composed by one gamma and one delta subunit,abdedgnize a broad range of antigens (mainly
lipidic) not presented by MHC molecules. T@R<cells can have also direct cytotoxic activity or
indirectly through activation of other immune cedisd cytokine production [57]. TCH® cells are

a subsets of CD3+ cells. TCR-cell function and behaviour in tumoral tissue ao¢ completely
understood. In many cancers they act as dirediuamdr cells (leukemia, neuroblastoma and some
carcinomas) [58], but it has been reported a pnasturole in colorectal cancer (CRC), in which a
subtype of TCRw (y6T17) are responsible of the chronic inflammatidmotigh 1L-17 secretion,
leading to expansion of myeloid-derived suppresstis (MDSC) [59].

Regulatory T cells (Tregs)

Treg cells are a subset of CD4+-Tcells with a seggie role in normal immunity and in self-
tolerance, necessary to prevent autoimmune latisgases (e.g. in thymus and enteric mucosa)
[60]. Treg cells activation in periphery is promibteshen a naive CD4+ T-cell recognizes an
antigen in absence of optimal co-stimulation (egtestinal commensal bacteria) or in presence of

TGFb produced by tumor microenviroment [61]. Peafittion of Treg is promoted by FOXP3
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(forkhead box P3) a transcriptional regulator tlainverts naive T-cells into Tregs, with
suppressive activity [62]. Treg express high lex@d|£D25[63] and a combination of staining for
CD127 along with staining for CD25 can be usedisgriminate Treg cells from activated T cells.
CD4+,CD25+,CD127-/low T cells show high FoxP3 esgren and potent suppressive activity
[64].

IL7-Receptor CD127

IL-7 is a protein with differentiation and homedstaole in lymphoid lineage cells (T, B and NK).
IL-7 promotes differentiation of hematopoietic stesll in lymphoid progenitor cell, from which
will derive lymphocytes, as opposed to IL-3 sterth samulation towards myeloid progenitor.

As many other IL receptors, IL-7 receptor is a hmdaner composed of a gamma chain (common
to many other IL-R) and a specific sub-unit (IL-Rte, CD127). Dosing IL-7R on lymphocytes
surface can estimate the proliferation and lymploeits pool maintenance during immune response
[65].

Naive, central memory, effector memory and TEMRAymphocytes

The study of lymphocyte behavior and biology hasemly overcome, mainly thanks to
cytofluorimetry, the original concept of a dual idien of T lymphocytes (CD3+) in helper (CD4+)
and effector (CD8+) categories.

Biological behavior of T cells has been 3 coasra CD45RA Figure 1

successfully explained describing a pool @f;,

lymphocytes with different phenotypes,

homing and functions. T cell populations cp27

\ CD45RO

CCR7

have beerlivided into four cell types using. . o,,/cos:
surface markers as-C motif chemokine cossoiire:
receptor (CCR)-7 and CD45R(@n isoform TREnCs/Tehlom;res s
of CD45). Such pool of lymphocytés 5o 7

PD1 CD45R0O
includes naive T cells (TN) and antige ~

Expression

experienced memory T cells (Tm) divide Cps7

CD28

. KLRG1 CcD27
into central memory (Tcm) and effector

memory (Tem). Naive T cells express both CCR7 abDd3RA (Tn CCR7+/CD45RA+), whereas
primed T cells have three different subsets that loa differentiated by CCR7 and CD45RA
expression patterns: T central memory (Tcm CCR7H&RA-), T effector memory (Tem CCR7-
/CD45RA-) andterminally differentiated effector memory cells eepressing CD45RATemra
CCR7-/ICD45RA+) [66].
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Tcm cells express CD62L and CCR7, that promote hampdes migration and prompt proliferation

in case of antigen re-exposition. Tem cells canratggin periphery and infiltrate tissue because
lack CD62L and have immediate effector functionan&mory cells derive from central memory

(Tem) and persists for life because their of apitid self-renew. A short-lived subtype with an

extremely high cytolytic phenotype (granzymes awdfqrin) are Te (T effector) cells that can

derive from Tcm and Tem after repeated antigenambi67].

PD-1

PD-1 is a cell surface receptor member of the impglobulin superfamily expressed on T and pro-
B cells. PD-1 has a regulatory (suppressive) roleimmune response (immune check-point)
protecting from autoimmune diseases; PD-1 bindsstbgands (PD-L1 and L2) in the context of
MCH TCR-antigen interaction acting as a negativestimulator to promote apoptosis in activated
T-cells and inhibiting apoptosis in regulatory Tle€T-Regs).

In addition to immunosuppressive microenvironmenéchanisms (as secretion of inhibitory
cytokines), many tumor types (including gastricawan, lung and renal carcinomas) over-express
PD-L1, down-regulating effector anti-tumor T-cetiti@ity and facilitating immune evasion (tumor
imunoediting).

After these findings, several clinical trials usewbnoclonal antibodies against PD-1 (and anti-
CTLA-4 antibody with analogous physiologic mechamjisto prevent immune evasion, with

promising clinical outcomes for tumor “immunotheyaf68].

TIM-3

T cell immunoglobulin and mucin domain 3 (TIM-3)asmember of the TIM gene family that are
surface receptors expressed in T and myeloid leeaglls. TIM-3 has an inhibitory role in T cell-
mediated immune responses, leading to reducedgrailon and cytokines production.

TIM-3 plays a role in control of autoimmunity ansl overexpressed in chronic viral infections,
many types of cancers (in CD8+ in melanoma and GOB8+ in lung cancer) and in exhausted

effector lymphocytes [70].
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Cytokine secretion (panel 3)

Panel 3 has been performed to describe intracydoptapresence of cytokines (IL-2, IL-4, INF-
TNF-a) in CD4+ and CD8+ T-cells, and their cellular =ity in terms of proliferation (Ki-67) and

presence of cytotoxic granules (CD107a).

IL-4

The interleukin 4 is a cytokine with many physiatzg roles, produced by Th2 lymphocytes after
differentiation from naive helper T cells (ThO),eevthough is not fully understood which is the
first cell type producing IL-4 (could be basophild)-4 stimulates proliferation of activated B and
T cell, M2 class macrophages (leading to fibrosidferentiation of B-cell in plasma cell and IgE

class switch [72].

Ki-67

Ki-67 (Kiel (German city) - 67 (number of clone biodgkin lymphoma line from which it was
isolated)) is a nuclear protein associated withutal replication and ribosomal RNA transcription.
Ki-67 is present in all replicating phases (G1G2,and M) and it is absent in GO (cell quiescence),

so it is used clinically and experimentally to detme the replication grade of observed cells [73].

CD107a

Lysosomal-associated membrane protein 1 (LAMP-1Ctrster of Differentiation 107a) is a
transmembrane protein, mainly associated with lysws expressed in many cellular types.
LAMP-1 is primary located across lysosomal membnaitle homeostatic functions (pH, lysosomal
integrity and catabolism control), but can be egpegl in cellular membrane after lysosomal fusion
acting as selectins-ligand in cell to cell adhedia® in cytotoxic effector phase of T-lymphocytes
and NK cells). CD107a is studied as a degranulatiath cytotoxic activity indicator on effector
cells [74].
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Statistical analysis

Since the study is exploratory, no formal hypothefsir sample sizing have been postulated.
Nevertheless, the inclusion of 5 chemo-naive pttieand 5 patients pre-treated with systemic
chemotherapy plus or minus a targeted drug is densil reasonable for the purpose of the study.
Cytofluorimetric data, collected clinical variablewverall survival (OS), disease free survival (DFS
or progression free survival (PFS) of the two go(ghemotherapy vs naive patients and grouped
chemotherapy regimens), have been analyzed usinQ\ANtest, Student T-test, Chi Square or
Fisher exact test and Log-Rank (Mantel-Cox) whepragpriate, with SPSS software v. 20.0 (SPSS
Inc. Chicago IL).

A cut-off p value of 0.05 has been considered fggraving or rejecting working hypothesis JjH
indicative for relation between analyzed variabie #&esting feature(s). A p value of 0.05-0.07 has
been separately reported in results.

Data have been tabulated and depicted with ap@tepiables and graphs to help results reading.

Institutions collaborating to the study

Since management of stage IV colo-rectal cancemsuigidisciplinary, many different Units have

collaborated to the present study. Here we repdariatory, pathological, surgical and oncological
Units, with their respective affiliations, that taddorate in patients’ treatment, follow-up or in
sample collection and analysis:

 Tumor Immunology laboratory; Dept. of Surgery, Ology and Gastroenterology,
Immunology and Oncology section; University of Paalo

» Pathology unit; Dept. of Medicine; Pathology anddlggy unit; University of Padova

« 1°'Oncology unit, Veneto Institute of Oncology IRC$adova

« 1 Surgical Clinic; Dept. of Surgery, Oncology ands@aenterology; University of Padova

» Hepatobiliary and Liver transplant unit, Dept. afr§ery, Oncology and Gastroenterology;
University of Padova

* Oncological surgery of the esophagus and digestast unit, Veneto Institute of Oncology
IRCSS, Padova
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RESULTS

Clinical characteristics

Eleven liver metastases have been collected angzadacoming from 10 patients of metastatic
colorectal cancer (one patient had resection oflesmns and both have been included in the study
and considered as two different cases). Seven npgtieave been pre-treated with systemic
chemotherapy (CT group) and three patients have bely surgically treated with colic resection

and/or palliation (e.g. oostomy or intestinal bysgeand liver metastases biopsy or excision (Tab I)

Gender was male in 45.5% and female in 54.5 % sdésdViean age at operation was 55.7 +/- 15.6
years. The main part (87.5%) of CT-patients reakiope line of chemotherapy; the other 12.5%
received two lines before surgery. Oxaliplatin-lthsbemotherapy was administered in 62.5% of
patients, Irinotecan-based in 25% and immunother@pyimumab/Nivolumab) in 12.5% (one
case). One case received anti-VEGF (Bevacizumall) faur cases received anti-EGFR

(Cetuximab) targeted therapy in addition to cytatahemotherapy.

Primary tumor location was right colon in 18.2%cé&es), left colon in 63.6% (7 cases) and rectum
in 18.2% (2 cases). One B-RAF and one N-RAS mutatisere mapped, the other 80% of patients
had no mutations in analyzed genes. There werepatients with micro-satellite instability (MSI-
H), whereas the remainder 8 were stable (MSS).

Five patients (62.5%) underwent on surgery withinm®nths from the end of systemic
chemotherapy administration and 3 (37.5%) after 6ntims. Metastatic samples used for

flowcytometry analysis had a mean weight of 1.740+91 grams.

All patients were alive after a mean follow-up periof 12.19 +/- 3.3 months after operation.
During follow-up, 60% of patients presented a tumecurrence with a mean progression-free
survival (PFS) of 9.15 +/- 2.17 months (one casd hahepatic recurrence only, two cases
pulmonary and lymph-nodal, one case peritoneal anti/two cases peritoneal and pulmonary).
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Table I. Patients characteristics

. . . Flowcytometry | Total leukocytes | Leukocytes/gram
Met | Patient| Primary tumor . Mutational . . . .
. CT regimen Satellite status | sample Weight | in flowcytometry | in flowcytometry
ID age site status
(g) sample sample
1 72,1 Right colon (0).4 NRAS mut MSI-H 1,7 1,5E+07 8,8E+06
2 50,8 Left colon (0)4 All WT MSS 1 1,0E+07 1,0E+07
3 39,1 Left colon IRI/cet All WT MSS 4,3 5,6E+06 1,3E+06
4 67,8 Rectum OX-IRI/bev All WT MSS 1,3 2,0E+06 1,5E+06
5 66,6 Rectum OX/pani All WT MSS 1,5 6,5E+06 4,3E+06
6 22,8 Right colon ipili/nivol All WT MSI-H 1,6 7,5E+06 4,7E+06
7 Left colon OX/pani All WT MSS 1,8 5,0E+06 2,8E+06
8 62,5 Left colon OX/pani All WT MSS 2 3,0E+06 1,5E+06
9 72,1 Left colon Naive All WT MSS 1,1 6,0E+06 5,5E+06
10 51,7 Left colon Naive BRAF mut MSS 1,63 0,6E+06 0,4E+06
11 44,6 Left colon Naive All WT MSS 1,14 7,5E+06 6,6E+06
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Tumor infiltrating leukocytes compaosition

Among all leukocytes infiltrating the 11 samplegt@tted with CD45), the vast majority were T-
lymphocytes, followed by macrophages, B-lymphocyed NK cells. Moreover, an estimation of
absolute number of cell sub-types revealed thaglE-avere 8.0x19+ 1.6x10/gram, macrophages
1.3x10+ 2,5x10/gram, B-cells 0.2x10+4.9x1G/gram and NK cells 0.2x£@& 0.6x16/gram (Tab

I, Fig. 1A).

Table II. Leukocytes sub-populations

Leukocytes count (absolute number) in
% intra CD45+
flowcytometry samples
Mean
SD Mean (n=11)
(n=11) SD
LT (CD3+) 62,7 25,6 8,0E+06 1,6E+06
LB (CD20+) 1,2 1,6 1,9E+05 5,0E+06
NK (CD56+) 1,0 1,1 2,5E+05 6,7E+05
Md (CD68+, CD3neg,CD20neg,CD56neg) 6,7 3,0 1,3E+06 2,5E+06

One metastases (ID Met 10) had a very low leveinbltrating leukocytes, making possible to
execute only this first leukocytes sub-populatianalysis. It was possible to characterize T-cells
subpopulations with further analysis only on thieeotten metastases.

Analyzing T-lymphocyte sub-population, CD4+ cellsre the most represented among CD3+ cells,
followed by CD8+ cells and TCR cells. Among CD4+, T-regulatory cells (Treg) wetd%.
Absolute number estimation of such cell populatioeBowed that CD4+ T-cells are
5.2x10+1.1x10/gram, CD8+ T-cells are  2.3x3%.1x10/gram, TCR& cells
2.7x10+5.2x10/gram and Tregs 5.0x1@1.2x1G/gram (Tab. Il and Fig. 1B).



Table Ill. T-cell subpopulations

% intra CD3+ Lymphocyte count
or CD4+ (absolute number)
Mean (n=10) SD Mean (n=10) SD
CD4+intra CD3+ 57,9 15,5 5,2E+06 1,1E+07
CD8+ intra CD3+ 31,2 11,4 2,3E+06 4,1E+06
TCRyS&+intra CD3+ 3,6 1,1 2,7E+05 5,2E+05
Tregs (CD25+/CD127low)
71 4,5 5,0E+05 1,2E+06
intra CD4+

Figure 1. Leukocyte (A) and Lymphocyte (B) sub-plagions
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Analysis of CD4+ and CD8+ T-cells with the two nratiion markers CCR7 and CD45R0O, showed
that the vast majority of these cells were effectells and in particular effector memorygfl
CCR7neg/CD45R0O+) and terminally  differentiated etff®e memory  (Ewra,
CCR7neg/CD45R0neg), with a very low level of naiveells (CCR7+/CD45R0Oneg) or central
memory (tm, CCR7+, CD45R0+). Our results show that naive Bgg together accounted less
than 4% in both T-cells sub-types (Tab. IV and Rig.
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Table IV. Differentiation of CD4+ and CD8+ T-cells

Lymphocyte count

% of CD4+
(absolute number)
Mean (n=10) SD Mean (n=10) SD
CD4+ naive 0,4 0,9 7,9E+04 1,4E+05
CD4+ Tem 2,0 1,9 6,7E+03 7,9E+03
CD4+ Tew 81,7 14,7 4,4E+06 9,6E+06
CD4+ Temra 16,1 14,2 8,0E+05 1,8E+06
Lymphocyte count
% of CD8+
(absolute number)
Mean (n=10) SD Mean(n=10) SD
CD8+ naive 1,3 1,3 3,7E+04 5,5E+04
CD8+ Tem 3,3 5,5 2,6E+04 4,8E+04
CD8+ Tgm 57,2 16,1 1,3E+06 2,6E+06
CD8+ Temra 38,5 16,1 9,1E+05 1,6E+06

M CD4central_
memory

B CD4effector_
memory

= CD4naive

W CD4temra

Figure 2. Differentiation of CD4+ (A) and CD8+ (B)cells
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Evaluation of a proliferation marker (Ki67) des@atba limited proliferative capability of both

CD4+ and CD8+ infiltrating T-cells (less than 10%ere cycling cells). On the other hand,

cytotoxic activity analysis (measured as preserigetacytoplasmic cytotoxic granules CD107a+)

displayed a high activity for CD8+ T-cells in allraples and a more variable (but present) activity

for CD4+ T-cells (Fig 3).

Figure 3. Proliferation and cytotoxic activity oD@+ and CD8+ T-cells.
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IL-7 is a crucial survival factor for memory T-celland in particular, its presence supports

maintenance of the memory-cells pool. To evaluddd-£and CD8+ T-cells capability to maintain

memory pools, IL-7 receptor (IL-7R or CD127) wastésl as an instructive marker. CD127 was

expressed on the membrane in a higher percentaG®4# (p=0.0001) if compared to CD8+ T-

cells and with a more pronounced intensity expoes§=0,001) (Fig. 4).

Figure 4. IL7-R expression on CD4+ and CD8+ T-cells

IL-7R expression IL-7R expression IL-7R expression
in CD4+ in CD8+ intensity in CD4+

1500+
s

12504 ole

-

o

o
1

%CD127+ intra CD4+
3

%CD127+ intra CD8+
o >
< S

=
(=3
[=3
o

~
o
1
~
o
1

intra CD4+
~
0
o

Geomean CD127+
(5]
[=3
<

Geomean CD127+

N
o
1
N
o
1

N

(2]

o
1

o
I
o
I
o

34

intra CD8+

IL-7R expression
intensity in CD8+

15001

1250




Mean SD p

CD4_IL7R 85,7 8,3
0,0001
CD8_IL7R 31,0 14,6
Intens_IL7TR_CD4 | 1084,0 | 228,2
0,001

Intens_IL7TR_CD8 | 868,3 118,2

Despite the complex processing procedure of sawlglgregation and the long interval between
surgical excision and cytofluorimetric labelling,has been tried an analysis of intracytoplasmic
cytokine production. IL-4 was the only detectabjg@okine among that evaluates in panel 3 (see
Materials and Methods). IL-4 expression was noedeble in all samples. The IL-4 positive
samples showed both CD4+ and CD8+ cytokine exprgssicells, even though IL-4 expressing T-

cells displayed low expression intensity (Fig. 8l @ata not shown).

Figure 5. IL-4 expression in CD4+ and CD8+ T-cells. the right panel, CD4+ and CD8+

connected came from the same sample.
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Finally, immuno-checkpoint markers have been amalyPD-1 was expressed in both CD4+ and
CD8+ in more than 50% of T-cells. The outlier (IDeM6) that appeared with a very lower
percentage of PD-1 expressing T-cells is the patidro received anti-PD-1 therapy. On the other
hand, TIM-3 has a low expression in both sub-papmra (Fig. 6).
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Figure 6. Immuno-checkpoint markers expressionbd€and CD8+ T-cells
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Pre-treated and naive patients

To determine the effect of chemotherapy in livertastases infiltrating leukocytes, it has been
performed a comparative analysis between patidras received systemic chemotherapy before
operation (Chemotherapy group) and patients the¢ leeen treated with surgical resection first

(naive group).

Since immunotherapy regimen has the main targect¥ating and stimulating patient's immune
system against tumor cells, to avoid confoundingdia patient treated with immunotherapy has

been excluded in this comparative analysis of dytoimetric results.

Even though optic microscopy cell count with vialldge Trypan-blue did not demonstrate
difference in absolute number of infiltrating leaktes per gr of tissue (Fig. 7A), cytofluorimetric
data of leukocytes (%0CD45+) among viable cells ldiggpd a different distribution in pre-treated
(CT-group) and naive patients (Fig. 7B). In pafacuCT-patients had a higher percentage of
infiltrating leukocytes among viable cells compatedaive patients (p=0,048). Not all viable cells
have been precisely characterized with specifickerar Otherwise, flowcytometry data described
their size (FSC, Forward Scatter) and cellular dexify (SSC, Side Scatter cytometric parameter),
and it is plausible to consider them mainly tumeliscalso because normal liver tissue have been
mainly eliminated from biopsies by the pathologigsection in operating room before standard

coloration and eventually by the biologist befoytofiuorimetric procedures.
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Figure 7. Leukocytes in liver lesions
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Analyzing leukocyte sub-populations, some diffeenbetween CT- and naive patients emerged,
but none of these reached statistical significahtegarticular, B-cells were more represented in
CT-patients and NK cells have a higher ratio invagbatients. On the other hands, T-cells and

Macrophages were present in similar percentagdgitwo groups of patients (Fig. 8 and Tab. V).

Figure 8. Leukocytes sub-populations in CT- ande@atients
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Table V. Leukocyte sub-populations in CT- and nagiagents

% intra CD45+
CT-patients Naive P
Mean
SD M_efg SD
(n=10) (n=10)
LT (CD3+) 63,5 23,1 54,8 37,7 n.s.
LB (CD20+) 0,9 0,8 0,4 0,4 n.s.
NK (CD56+) 0,7 0,9 1,8 1,7 n.s.
M¢ (CD68+, n.s.
CD3neg,CD20neg,CD56neQ) 7.0 3.2 6.5 3.5

On the other hand, T-lymphocytes analysis revetilatl CT-patients showed a polarized response
towards CD4+ T-cells, strongly more representedrag©D3+ if compared to naive patients and
with a very small dispersion around the mean vd&jpoe0,0001). In contrast, naive patients
displayed a polarization towards a CD8+ T-cellpoese if compared to CT-group (p=0,005). In
addition, TCRéd and T-regs were more represented in pre-treatiehps even if these differences

did not reach statistical significance (Fig. 9 diadble VI).

Figure 9. T-cells subsets distribution between @ligmts and naive
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Table VI. Lymphocyte subsets in CT-patients andeai

% intra CD3+ or CD4+

CT Naive
Mean . Mean .
(n=9) (n=9)
CD4+ (intra CD3+) 67,2 4,2 35,1 3,1 0,000
CD8+ (intra CD3+) 25,8 7,1 40,0 10,2 0,05
TCRgd+ (intra CD3+) 3,9 11 2,4 0,8 n.s.
Tregs (intra CD4+) 7,0 3,2 3,1 3,0 n.s.

Absolute estimated number of T-cells per gram sdue were higher in pre-treated patients, as B-

cells and NK cells; macrophages are, on the oppdsigher in naive patients (see Fig. 10 and Tab.

Vi),

Figure 10. Absolute estimated number of Leukocytessts per gram of tissue
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Table VII. Absolute estimated number of Leukocytes gram of tissue

LT
LB (CD20+/gr NK (CD56+/gr Mo (CD68+/gr
(n°CD3+/gr) ( /8r) ( /gr) ¢ ( /gr)
Mean (n=9) 9,2E+06 2,6E+05 3,1E+05 1,2E+06
CT
SD 1,9E+07 5,8E+05 8,0E+05 2,6E+06
Mean (n=9) 5,0E+06 3,0E+04 1,1E+05 1,8E+06
Naive
SD 9,5E+05 1,4E+04 1,1E+05 2,7E+06
CD4+ Tregs (n°CD25+/CD127low
. CD8+ (n°/gr) | TCRgd+ (n°/gr)
(n°/gr) /gr)
Mean (n=9) | 6,1E+06 2,3E+06 3,1E+05 6,1E+05
CT
SD 1,3E+07 4,7E+06 5,8E+05 1,3E+06
Mean (n=9) | 1,6E+06 1,9E+06 1,1E+05 5,2E+04
Naive
SD 2,1E+05 8,8E+05 1,4E+04 5,4E+04

A comparative analysis of T-cells maturation betv€d and naive group was not able to display
any difference because of the great dispersionadfenpatients in this characterization. On the
contrary, CT-patients displayed a very consisteatumation signature with a minimal dispersion
around the mean and independently from CT-regimegether Ey and Tewra represented more
than 95% of all T-cells in both CD4+ and CD8+, lith a different ratio. Ey were more than
80% of all CD4+T-cells. On the other hand, withib&-, 60% were §y and more than 35% were
terminally differentiated effector (Fig. 11).
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Figure 11. T-lymphocytes maturation in CT and ngiaéents
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To dissect differences in the capacity of genegadind supporting memory pools, expression of IL-

7R was determined. The percentage of cells poditiv¢his cytokine receptor was higher both in
CD4+ (p=0,003) and CD8+ T-cells (p=0,045) in CTupats if compared to naive patients.
Moreover, also IL-7R expression intensity was higimeCT-group if compared to naive patients
(p=0,043 in CD4+ and p=0,035 in CD8+; Fig. 12 aradb.T1X). This data support the idea that CT-

regimen encourages and sustains T-cell memory moots efficiently than absence of treatment.

Figure 12. IL-7R expression and intensity in CT aaitve patients
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Tab IX. IL7-R expression and intensity in CT andvegpatients

CcT Naive P
Mean SD Mean SD
% cells IL7R+ intra CD4+ 90,29 4,1 75,0 57 0,003
% cells IL7R+ intra CD8+ 37,3 12,5 14,3 4,3 0,045
Intens_IL7R+_CD4+ 1185,0 192,6 828,5 77,1 0,043
Intens_IL7R+_CD8+ 921,0 94,3 728,5 77,1 0,035

Flow cytometry analysis of proliferative capacityda degranulation activity did not reveal
differences between CT and naive patients ratlghlighted a great spreading especially in CT-
group (Fig. 12bis and Tab. X).

Figure 12bis. Proliferation and activity of CD4ardaCD8+ T-cells.
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The percentage of PD-1 expressing cells was elgvatboth T-cells of CT and naive group. Only
among CD8+, PD-1+cells from CT-patients were ma@resented than in naive group (p=0.05).
The other immune-checkpoint marker analyzed TIMeBribt allow to discriminate CT- and naive

patients (Fig. 13 and Tab X).
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Figure 13. PD-1 and TIM-3 expression in CT and egiatients
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Neither the analysis of the presence of IL-4 grasuh CD4+ and CD8+ T-cells revealed to be
instructive to distinguish pretreated from untreageoup (Fig.14 and Tab X).

Figure 14. IL-4 levels in T-cells from CT and napatients
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Tab X. Proliferation, checkpoint, IL-4 in CT andiva patients
CD4_ [ CD8_KI CD8_PD
K167 67 CD4_PD1 1 CD4_TIM3 | CD8_TIM3 | CD4_IL4 | CD8_IL4
Mean 2,2 4,5 65,6 73,5 13,8 17,0 2,5 3,5
CT
SD 0,8 2,4 9,3 8,9 9,0 11,6 1,6 3,3
Mean 15 55 68,8 58,1 4,7 12,9 2,6 5,0
Naive
SD 0,2 2,5 2,9 2,3 4,4 1,8 3,6 7,1
p ns ns ns 0,05 ns ns ns ns
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Chemotherapy regimens

To determine if different regimens of chemotherg@gxaliplatin, Irinotecan, Oxaliplatin plus
Irinotecan and Immunotherapy) could affect infiitng leukocytes, a comparative analysis of all

collected variables has been performed using Cimegas comparison factor.

Percentage of infiltrating leukocytes among viat®#ls was the highest in the patient treated with
immunotherapy (Pfiv; at pathological report there was a complete nespavith no viable tumor
cells), and similar in oxaliplatin-plus-irinotecéireated one (Pdx-r)). Oxaliplatin-treated patients
(PTSx) displayed variable CD45+ percentage ranging betw®0 and 60%. Irinotecan-treated

(PTir)) and naive patients revealed low leukocyte peaggas among total viable cells (Fig. 15).

The estimated number of leukocytes obtained witiicapmicroscopy are lower in patients treated

with Irinotecan (alone or in association with Opédtin).

Figure 15. Infiltrating leukocytes in different G&gimen treated patients
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Even though the majority of infiltrating leukocyte®re T-cells independently from chemotherapy
regimen, in PT&x a certain spreading was observed. B-cells wenaifgigntly higher in Puw,
although percentages were smaller than 10% of alkdcytes (p=0.0035). NK cells and
macrophages did not differentiate CT regimens (Fég.Tab XI).
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Figure 16. Leukocytes sub-populations in differ€mtregimen patients
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Among T-lymphocytes, CD4+ percentages were gredicamparable in PTsx, PTr and PBx.ri

and low in PTum, generating a statistically significant differer{pe-0.013; Fig. 17, Tab XI).

On the other hand, CD8+ T-cells were higher inygTif compared to all other treated patients
(p=0,006). Among the “classic” cytotoxic chemothmraegimens, Pdx.ri displayed the highest
level of CD8+ T-cells and RJ; the lowest one (p=0.027).

TCRgd in the patient treated with Irinotecan argdothat other cytotoxic regimens (p ns). Treg are
very high in immuno-treated patient (p=0.006) andDixaliplatin-treated patient among cytotoxic
regimens (p=0.027) (Fig. 17).
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Figure 17. T-cell subsets in different CT-regimextignts
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Lymphocytes maturation analysis in classical CTimegs, showed a high proportion of CD4gyT
and low CD4+Eura in PTox, PTox-r @and PTum treated patients, whereas,klhas a significantly
lower level of CD4-Ey (p=0,026) and a higher presence of CD4#rl. Data from CD8+ lineage
displayed similar tendency, even though they didreach statistical significance (Fig. 18).
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Figure 18. T-cell subsets maturation
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Considering IL7 receptor expression, all treatetiepgs show high level, whereas immuno-treated

patient has low level of IL7-R (p=0,031). &Ir and PTuw displayed a low level of IL-7R

expression in CD8+ T-cells, but the differences wid allow discriminating them from the other

patients. IL-7R expression intensity disclosed codant results (Fig.19, Table XI).

Figure 19. IL-7R expression in infiltrating T-cells
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CD4+ and CD8+ T-cells proliferation did not statatly differ among analyzed groups, even
though PBx.r displayed the highest level of Ki-67+ T-cells dropared to other CT regimens.

CD4 degranulation (CD107a) show dispersed resutisng different regimens and in Oxaliplatin
treated patients. CD8 cells degranulation (CD103apore similar among groups (Fig. 20, table
X1).

Figure 20. T-cells proliferation and degranulateapacity in different CT-regimen patients
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About cytokines, IL-4 production was higher in &3Jr, if compared with other regimens, among

CD4+ and CD8+ T-cells (Fig. 21).
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Figure 21. IL-4 expression in T-cells of differeT-regimen patients
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PD-1 expression in CD4+ and CD8+ T-cells was sigaiftly lower in PTyv (p=0.012 and

p=0.003, respectively). Analyzing all the otherinegns, PD-1+ cell portion was high in pre-treated

patients, without any difference between CT-regisngdn the other hand, TIM-3 expression was
highly variable in both CD4+ and CD8+ T-cells frétit Sx (Fig. 22 and Tab XI).

Figure 22. Immuno-checkpoint molecules expressioh-cells of different CT-regimen patients
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Table XI. Results of comparison of CT regimens bnchunotherapy

p p
Oxaliplatin Irinotecan Immuno Ox-iri Naive
(excluding naive) (including naive)
. oxali vs iri
.. | oxvsiri allcT .
Mean Mean Mean ox vs iri . Mean VS oXiri vs
SD Mean (n=1) .. | vs oxirivs SD and N
(n=5) (n=1) (n=1) Vs oxiri . (n=3) X naive (excl
imm naive .
imm)
Linf_T 56,2 | 23,7 84,7 80,4 79,2 ns ns 54,8 37,7 ns ns
Linf_B 1,1 0,9 0,3 5,7 0,8 ns 0,035 0,4 0,4 0,009 ns
NK 1,0 1,0 0,2 1,1 0,0 ns ns 1,8 1,7 ns ns
MF 7,1 3,8 8,1 51 5,5 ns ns 6,5 3,5 ns ns
CD4 68,6 4,2 64,1 37,7 63,4 0,013 35,1 3,1 0,010 0,001
CcD8 26,3 3,6 13,3 51,4 35,7 0,027 0,006 40,0 10,2 0,020 0,039
TCRgd 4,1 0,8 1,9 3,7 4,9 ns ns 2,4 0,8 0,096 0,062
Tregs 8,6 2,0 2,9 15,8 3,0 0,067 0,027 3,1 3,0 0,023 0,065
CD4central_m
- 2,7 1,8 4,5 1,0 0,4 ns ns 0,3 0,3 ns ns
emory
CD4effector
- 88,5 4,4 66,9 81,2 90,5 0,026 ns 68,3 31,2 ns ns
memory
CD4naive 0,1 0,1 3,0 0,3 0,0 0,0001 0,0001 0,2 0,4 0,0001 0,0001
CD4temra 9,2 4,8 26,1 18,1 9,4 0,075 ns 30,9 30,2
CD8central_m
2,1 1,1 18,8 1,0 1,1 0,0001 0,001 0,8 0,5 0,0001 0,0001
emory
CD8effector
- 58,3 7,3 50,1 71,2 65,1 ns ns 47,2 39,9 ns ns
memory
CD8naive 1,8 1,7 1,0 0,9 0,5 ns ns 0,8 0,8 ns ns
CD8temra 38,2 6,1 30,2 27,3 33,6 ns ns 51,5 40,6 ns ns
CD4_PD1 63,8 9,2 62,4 1,1 77,8 ns 0,012 68,8 2,9 0,006 ns
CD8_PD1 76,9 6,5 57,6 9,2 72,3 ns 0,003 58,1 2,3 0,001 0,035
CD4_TIM3 16,1 9,9 8,1 29,7 7,8 ns ns 4,7 4,4 ns ns
CD8_TIM3 19,6 13,1 8,4 14,7 12,9 ns ns 12,9 1,8 ns ns
CD4_IL7R 92,0 3,2 84,0 75,0 88,0 ns 0,031 75,0 5,7 0,015 0,016
CD8_IL7R 38,8 13,1 44,0 20,0 23,0 ns ns 14,4 4,3 ns 0,092
Intens_IL7R_C 216,
54 - 1230,2 0 1077,0 888,0 1067,0 ns ns 828,5 77,1 ns ns
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Intens_IL7R_C

D8 940,4 | 86,2 965,0 779,0 780,0 ns ns 728,5 77,1 ns ns
CD4_KI67 2,2 0,9 1,7 2,3 3,2 ns ns 1,5 0,2 ns ns
CD8_KI67 3,7 2,0 4,5 1,0 8,4 ns ns 5,5 2,5 ns ns

CD4_CD107a 61,6 42,5 22,0 36,0 97,1 ns ns 53,5 17,7 ns ns
CD8_CD107a 82,0 21,9 84,0 93,0 97,0 ns ns 86,5 6,4 ns ns
CD4_IL4 1,8 1,2 3,0 0,7 51 ns ns 2,6 3,6 ns ns
CD8_IL4 3,1 3,5 1,6 0,3 7,0 ns ns 5,0 7,1 ns ns
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Interval between chemotherapy and surgery

To analyze time-dependent evolution of immune raspoin liver metastases, a two categories
comparison scheme was created, according to teevaitfree from systemic chemotherapy and
surgery (less than 6 months and more than 6 mdrdhsthe treatment). Patients treated within 6
months from the end of CT received Oxaliplatin-lstasegimen in 3 cases and Irinotecan in one
case; patients in group > 6 months received Oxalipin 2 cases and Oxaliplatin plus Irinotecan in
one case. As seen in previous section, Immunotiidrapted patient had particular biological

features, so it has been excluded to reduce codiogriactors.

Estimated number of infiltrating leukocytes obtaineith optical microscopy, revealed a tendency
to a higher number of these cells per gr of tigaugatients with the longer interval free from CT.

The same group of patients had a higher percerghgdiltrating leukocytes among viable cells

(p=0.0008; Fig. 23).

Figure 23. Leukocytes in liver lesions of patiergsected less than 6m (<6m) and more than 6m

(<6m) from systemic CT
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Analyzing flow cytometry data, T- and B-cells pertages appeared higher after 6 months of
therapy, even though only in the second case tfiereice reached significance (p=0,024). NK

cells had a tendency to be higher in long intefsaah CT (>6 months), macrophages were present
in the same proportion in all groups (Fig. 24 aiadb.TXII).
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Figure 24. Leukocytes subsets in patients resdegsdthan 6m (<6m) and more than 6m (<6m)

from systemic CT
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There was no difference among T-lymphocyte subsatsparing the two time-dependent groups.
Only CD8+ T-cells percentages displayed a tendémte higher in long interval from CT (Fig. 25
and Tab XIlI).

Figure 25. T-cell subsets in patients resected tlests 6m (<6m) and more than 6m (<6m) from

systemic CT
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Time after the end of chemotherapy does not affettration of T-lymphocytes (data not shown
and Tab XiIlI).

On the other hand, the expression of IL-7R appetrdée related to time from CT suspension only
in CD8+ T-cells, being lower for longer suspensp@niod (p=0,043). Intensity of IL7-R expression
shows the same trend, even though it did not reggtificance (Fig. 26 and Tab XII).

Figure 26. IL-7R expression in T-cells from patgergsected less than 6m (<6m) and more than 6m

(<6m) from systemic CT
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There is no time-dependent differences in proltfera capacity among these infiltrating T-
lymphocytes, which principally had effector functto data not shown). On the other hand,

cytometry data displayed a negative CT-impact ograteulation activity in patients with a short
interval between surgery and CT. This phenomentectaid both CD4+ and CD8+ T-cells, but it
reached statistical relevance only in CD4+ (p=0,038. 27 and Tab XIlI).
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Figure 27. Degranulation activity of T-cells fromatgnts resected less or more than 6 months from

systemic CT suspension.
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PD-1 expression did not differ in CD4+ and CD8+dllx according to the time of CT suspension
(data not shown). On the other hand, patientstthdtbeen operated after 6 months from CT end,
displayed a tendency to have higher percentag@dM{3-expressing CD4+ and CD8+ T-cells,
despite a notable dispersion (Fig. 28 and Tab XII).

IL-4 analysis showed a tendency towards higherl$emeCD4+ and CD8+ T-cells of patients with
long interval from CT, even though it didn’t reasflatistical significance (Fig. 29 and Tab XII).

Figure 28. Immuno-checkpoint TIM-3 expression icdlls from patients resected less or more than

6 months from systemic CT suspension.
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Figure 29. IL-4 expression in T-cells from patiemésected less or more than 6 months from

systemic CT suspension.
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Tab XII. Analysis of time from CT to surgery

<6m >6m p
Mean (n=5) SD Mean (n=3 SD| <6m vs >61

Linf_ T 53,9 26,1 76,5 12,0 ns
Linf_B 0,4 0,3 1,6 0,7 0,024
NK 0,4 0,3 1,2 1,3 ns
MF 7,7 3,8 6,1 2,3 ns
CD4 67,5 5,3 66,9 34 ns
CD8 23,3 7,8 29,1 5,8 ns
TCRgd 3,7 1,3 4,1 0,9 ns
Tregs 6,7 3,2 7,4 3,9 ns
CD4central_memory 3,5 2,0 1.4 1,2 ns
CD4effector_memory 84,0 12,1 88,0 3,9 ns
CD4naive 0,9 14 0,1 0,1 ns
CD4temra 12,2 10,0 10,9 4,2 ns
CD8central_memory 6,0 8,5 2,0 1,% ns
CD8effector_memory 56,5 8,8 60,2 59 ns
CD8naive 1,1 0,5 2,0 2,3 ns
CD8temra 36,8 8,2 35,9 2,1 ns
CD4_PD1 67,6 6,8 62,9 13, ns
CD8_PD1 71,2 11,7 76,4 3,6 ns
CD4_TIM3 10,4 3,4 18,4 13,2 ns
CD8_TIM3 10,0 1,3 26,4 13,2 ns
CD4_IL7R 91,5 51 88,7 2,1 ns
CD8_IL7R 45,1 4,9 27,0 12,5 0,043
Intens_IL7R_CD4 1277,8 153, 1061,3 189,6 ns
Intens_IL7R_CD8 965,0 71,9 862,3 996 ns
CD4_CD107a 35,0 35,2 95,7 2,7 0,033
CD8_CD107a 6,4 97,7 19,9 0,6 ns
CD4_IL4 1,8 1,1 3,3 2,0 ns
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DISCUSSION AND CONCLUSION

In the present study, we describe infiltrating lecjtes of 11 hepatic lesions from 10 patients
affected by colo-rectal metastatic tumors. Sevetieps have been pre-treated with systemic
chemotherapy whereas three patients did not reegiydreatment (naive). Different chemotherapy
regimens have been used: Oxaliplatin-based, goaot-based or a combination of them; one case

has been treated with check-point inhibitors (fpuimab/Nivolumab).

The main aim of our exploratory study is to dese@nd characterize immune infiltrate in naive and
pre-treated patients. Results can drive furthetistuand possibly identify the most favorable stibse

of patients for receiving novel therapies (sucimasuno-modulating drugs or vaccines).

Flowcytometry data give a first indirect demonstnatof chemotherapy effect, that reduces tumor
cells in liver metastases from treated patientsyaéig a higher amount of immune-infiltrate among
total viable cells (p=0.048; Fig. 7).

Coherently with other published data, the majodtyinfiltrating leukocytes are T-lymphocytes,
followed by macrophages, B-lymphocytes and NK d&lty.

Lymphocyte cytotoxic potential is variable among 43D but high and uniform in CD8+ T-cells,
consistent with an effector pattern (Fig. 3). Mare@o maturation patterns confirmed that almost all
infiltrating T-lymphocytes are T effector memory{J and RA-expressing effector memory
(Temra) (Fig. 10).

On the other hand, the infiltrating lymphocytes hagely proliferating (Fig. 3), but the major part
of them displayed an important expression of IL#Rt allows the maintenance of memory pool in
the metastases (Fig. 4) [76].

Finally, those effector lymphocytes express exterigiPD-1 and barely TIM3, showing an active
population susceptible to immunomodulation, butyedt‘exhausted” (Fig. 6) [77,78].

Even though presence of infiltrating T-cells is hajher in treated patients compared to untreated
ones, our results demonstrate that chemotherapyntemt polarizes immune response towards
CD4+ T-cells (p=0.0001; Fig. 9). This effect coulde partially explained by tumor
microenvironment modification induced by chemotpgrain particular because the treatment

induces tumor cell death, promoting antigen predemt and CD4+ T-cells expansion [79,80].

It could be possible that macrophages recruitdlenrmetastases by chemotherapy-induced cellular
death, play a major role in presenting new antigenssing a shift in the effector cytotoxic response

towards CD4+ T-cells lineages. Alternatively, aatig could be presented in lymphoid organs, as
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in a “classical” immune response, or in tertiargnphoid structures (TLS) associated to metastases
[81].

Independently by the CT-regimen, pre-treated ptielisplay T-cells presenting higher level of
IL7-R compared to naive patients (Fig. 12). Inigatar the therapy impacts on the portion of cells
that present the receptor and improves its exmesstensity both in CD4+ (p=0.003 and p=0.043,
respectively) and in CD8+ T-cells (p=0.045 and p38). These data demonstrate that

chemotherapy treatment indirectly support memoipmside the metastatic site.

Combining these results with previously reporteéxrit can be affirmed that pre-treated patients
have an “immune-activated pattern”, reasonably tedintowards new and/or different tumor

antigens induced by chemotherapy cytotoxic effégtg1].

These findings could be relevant to answer the mgaastion of the study about the best group of
patients (pre-treated or naive) to be submittdchtouno-modulating therapies, such as check-point
inhibitors or tumor-antigens based vaccines. Spreetreated patients show a more effective and
polarized immune response, it seems attractivereasbnable the idea of using chemotherapy as a
“starter” for immune response that can be laterel#d” with subsequent immune-modulating
therapies. On the other hand, also other elemeavs to be considered. Not all tumors have the
same capability of elicit immune response, as detnated in studies of molecular subtype
classification of colorectal cancer [33]. Moreovpatients with tumors with a low infiltration can
benefit from chemotherapy as “immunogenic stimulatdVhereas patients with microsatellite
instability, that in general have a vigorous immuegponse against tumor, could have a detrimental
effect following a “standard” cytotoxic systemicezhotherapy because of a depression of actively

replicating immune cells [82,83].

Analysis of immune infiltrate in liver metastasex@rding to chemotherapy regimen is limited by
the small sample size of patients that have beeuviled for each regimen. Nevertheless, we find
some differences among regimens that can be userasg hypothesis in further works.

It immediately appears clear that patient treatdth Wilimumab/Nivolumab regimen strongly

differs from other treated patients. She has tlghdst presence of infiltrating leukocytes among
viable cells (p= 0.0049; Fig.15), the highest leoEB-lymphocytes (p=0.035; Fig. 16) and T-reg
(p=0.006; Fig.17), finally displays a prominent Cb8-cells response (p=0.006; Fig 17). Probably

these results depends not only on the immunotheragymen, but also on the particular
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immunological status of the patient in “ending/ahgsphase” of the immune response, since she
reached the pathological complete response witaie tumor cells in the liver lesion analyzed.
Accordingly, this patient has the lowest expressilL7-R in both CD4+ (p=0.031) and CD8+
lymphocytes (Fig. 19) [27, 84].

Oxaliplatin-treated patients compose the largest group of treated patientsy Theplay a great

dispersion about the presence of infiltrating lexjkes among viable cells (Fig. 15), T-cells and
Macrophages (Fig. 16), suggesting that not only r&Jimen controls and determines these
parameters. Other elements that could influencsetlfieatures are primary tumor location, interval

from CT end, molecular and genetic profile of thmor.

On the other hand, in this group data support amahdispersion in the percentage of CD4+
(70%) and CD8+ (28%) and the consequently CD4+/C8#® around 2.5. Moreover, all samples
display quite all CD4+ with an effector memory pbsie (Fig. 18) and expressing IL7-R at high
intensity (Fig. 19). On the other hand, it canoal®e observed a higher immunosuppressive
population, represented by higher infiltrating Treg this group compared to other regimens
(p=0.027, Fig. 17).

This findings show that Oxaliplatin has a diredfeet on CD4+ T-cells phenotype and

differentiation and promotes memory pool maintegansuggesting that this regimen has an
intrinsic higher effectiveness as cytotoxic agdntt also elicits a partial immunosuppression at

tumor site.

Interestingly, thdrinotecan-treated patient has a low level of leukocytes intra total viabils
(Fig. 15), the lowest level of CD8+ T-cells (p= DM Fig. 17), TCRS (p= n.s.; Fig. 17) and
effector memory CD4+ T-cells (p=0.0026; Fig. 18)ymmared to other CT-regimens. This CT-
treatment does not seem to support cytotoxic immmasponse, but it is important to underline that
those results have to be carefully considered gimeg are referred to a single patient and they nee

to be confirmed before to be related to a “less imagenic” chemotherapy.

The patient treated witxaliplatin-lIrinotecan combined regimen shows a very high level of

immune infiltration (almost the same level of immodineated regimen; p=0.0049; Fig.15), probably
because of effectiveness of this regimen in killlmghor cells (that are still well represented at
pathological report after surgery, in contrast wittmuno-treated patient). Moreover, this regimen
displays the highest level of CD8+ T-cells amonigGiI-regimens (p=0.027; Fig. 17). The high
level of effector CD8+ T-cells could suggest thambination of Oxaliplatin and Irinotecan is the

most immunogenic among cytotoxic regimens.
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Our data show that different treatments can proru@d+ or CD8+ T-cells lineages, but data are
not sufficient to determine if infiltration rate isduced by tumor cytotoxic activity and intrinsic
efficacy of the specific drug only, or also by difént tumor-host-chemotherapy interactions.

Probably all together these factors cause differesonse patterns. [85].

Literature reports a slightly higher response fateOxaliplatin compared to Irinotecan (7 to 51%
vs 9 to 35%), both in association with continuodsnmistration of 5-FU/LV [86]. These CT-
regimens are used as “conversion” therapy becaweseihduce metastases regression and make
eligible for radical surgery, an un-resectablegudtat diagnosis, even though there are no evidence

in terms of overall and disease-free survival insmeg.

Analysis of immune response variation accordinginte from the end of chemotherapy before
surgery, shows that infiltrating leukocytes in gehdp=0.0008; Fig. 23), and B-lymphocytes in
particular (p=0.02; Fig. 24) are higher after 6 mtsrfrom CT suspension.

Time does not determine any difference among CD#ad¢ &D8+ T-cells distribution and
maturation pattern of both lymphocytes lineages ti@nother hand, it is possible to demonstrate a
time-dependent affection of CD8+ memory pool maiatee through a lower IL7-R expression in
late operated patients (p=0.043; Fig. 26). [87]alagous trend can not be observed in CD4+
lymphocytes, perhaps because IL-7R expression antidi+ requires more than 6 months to

decrease.

Conversely, we observed a lower degranulation igt(@CD107a) in patients operated close to
chemotherapy administration. This effect is valeabh both CD4+ and CDS8+, but reaches
statistical significance only among CD4+ T-lymphtesy (p=0.03; Fig. 27). These data are
consistent with a cytotoxic effect of CT-treatmehiarged to lymphocytes in patients with short-

term interval after therapy suspension.

From a clinical point of view, to identify the mosslvantageous interval between surgery and
chemotherapy suspension is paramount. It wouldditeibto operate when CD8+ memory pool
maintenance is at its best (less than 6 monthg)vesuld be better to wait for cytotoxic capability

recovery? Certainly, a larger group of patientsaéseded to shed light on this complex phenomenon.

On the other hand, these results have to be caliticnterpreted because of a possible selection
bias. Naive, short and long interval patients direliierent patients and so results across time do

not express variations of immune response of theegaatient. Since long interval patients are only
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“good responders” with no disease progression aftemg chemotherapy suspension period, and
that patients with progression have not been exdpit could be possible that long interval pasent
have been positively selected for surgery. For td@son is it possible that they do not represent a

realistic evolution of immune response of shorttipatients after CT-suspension.

The main limitation of this study is the reducedhpée size. We analyzed only three naive patients

(and in some tests only two), but there were ohjedifficulties in enrolling such patients.

Firstly, naive patients are referred to surgeomabse of primary tumor symptoms that require
immediate treatment (unstoppable and life-threatghieeding or mechanical bowel obstruction).
Considering this, there are ethical issues (paientieteriorated general conditions in which agdin
a liver biopsy for the study could be harmful orpimssibility to obtain pre-operative informed
consent) and practical aspects (coordinate urg@erations and laboratory availability for

processing and analyzing samples) that reduceedatimh of these patients.

Another point is the increasing effectiveness @ésning programs (reduction of advanced stages

patients at diagnosis) that luckily make criticedgentation of naive patients everyday less freiquen

There is also a different distribution of patieataong chemotherapy regimens, which reflects the
actual drugs clinical use. The vast majority ofigras receive Oxaliplatin-based chemotherapy as
first line, according to international guidelinegdaOncologists preferences [88].

Immunotherapy is quite new in clinical practice aral widespread. Moreover, only a minority of
patients (namely MSI-H) with CRC can be eligible tiois therapy [82,84].

Irinotecan, even though could be used as firsttlegapy according to guidelines as alternative to
Oxaliplatin, is usually proposed as second-linearpin case of progression to Oxaliplatin regimen,
reducing the number of patients receiving Irinoteead surgery (a progressing patient is usually

considered not eligible for surgery) [89].

Oxaliplatin plus Irinotecan is a very effective domation therapy that is usually proposed as
“conversion” therapy to reduce metastatic lesiore sand number, to become operable (at
presentation lesions could be too disseminatedeohnically impossible to resect). Use of

Oxaliplatin/Irinotecan combination is limited byghi grade of CT-related side effects (it can be
proposed only to a patients with in good clinicahditions) and because after that regimen there

are virtually no other effective lines of therai®g[89].
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Further developments of the present study will esagy include an extension of sample size,
aimed to enroll more naive, Irinotecan-treated @xaliplatin plus Irinotecan-treated patients (at

least three more patients in each group), to ltfaia dispersion and empower statistical analysis.

Enlarging sample size could also permit analysisnotational status (RAS, RAF genes) and

targeted therapy (e.g. anti-EGFR antibodies) effedmmune response in liver metastases.

Another interesting aspect could be characterinapbpatients in terms of Consensus Molecular
Subtypes (CMS), eventually to demonstrate a diffepattern of immune response according to
CMS profile.

Variation of immune response across time and itdgrpetween chemotherapy, tumor adaptation
and immunity of the patient are extremely diffictdt analyze due to biological complexity that
required a wide specimen availability. To this aime could propose an exploratory study,
collecting from the same patient biopsies and peral blood samples, before and after
chemotherapy, if patient is eligible for surgicabgedure of metastases excision. In particular,
repeated PBMC collection display immune responsedifications through monitoring of

circulating Tem as precursors of infiltrating effector memory sellhis approach will clarify if

selection bias affects our present data and praadédy collectable specimens.

64



REFERENCES

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Globocan 2012: estimated cancer incidence, mortatitl prevalence worldwide. Sep;2017

de Jong MC, Pulitano C, Ribero D, Strub J, Mentha&ehulick RD, Choti MA, Aldrighetti L, Capussotti
and Pawlik TM: Rates and patterns of recurrencéoviehg curative intent surgery for colorectal liver
metastasis: An international multi-institutionabéysis of 1669 patients. Ann Surg. 250:440-4489200
Resection after preoperative chemotherapy versashsgnous liver resection of colorectal cancer rlive
metastases: a propensity score matching analyisisCKV, Lee JL, Yoon YS, et al. Medicine. 2017;96/81
Maher B, Ryan E, Little M, Boardman P, Stedman Be Thanagement of colorectal liver metastases. Clin
Radiol. 2017;72:617—625

Puppa, G.; Sonzogni, A.; Colombari, R.; Pelosi,TBIM staging system of colorectal carcinoma: A cati
appraisal of challenging issues. Arch. Pathol. IMéd. 2010, 134, 837-852

Viadana, E.; Bross, 1.D.J.; Pickren, J.W. The Meiés Spread of Cancers of the Digestive Systerilam.
Oncology1978, 35, 114-126 Weiss, L.; Grundmann, E.; dosh J.; Hartveit, F.; Moberg, I.; Eder, M.;
Fenoglio-Preiser, C.M.; Napier, J.; Horne, C.H.pkn, M.J. Haematogenous metastatic patterns imioolo
carcinoma: An analysis of 1541 necropsies. J. PatB86, 150, 195-203

Seretis, F.; Seretis, C.; Youssef, H.; Chapman,Qdlorectal cancer: Seed and soil hypothesis redsit
Anticancer Res2014, 34, 2087-2094

Sayagués, J.M.; Corchete, L.A.; Gutiérrez, M.L.ra&Squete, M.E.; del mar Abad, M.; Bengoechea, O.;
Fermifian, E.; Anduaga, M.F.; del Carmen, S.; lgigsM.; et al. Genomic characterization of livertastases
from colorectal cancer patients. Oncotarf&t6, 7, 72908-72922

Chan, T.; Wiltrout, R.H.; Weiss, J.M. Immunotheraf)e modulation of the suppressive liver and tumor
microenvironments. Int. Immunopharmac2011, 11, 876—886

Roelands J, Kuppen PJK, Vermeulen L, Maccalli Ccdak J, Wang E, Marincola FM, Bedognetti D,
Hendrickx W. Immunogenomic Classification of Colatad Cancer and Therapeutic Implications.Int J Mol
Sci. 2017 Oct 24;18(10)

Schreiber, R.D.; Old, L.J.; Smyth, M.J. Cancer immediting: Integrating immunity’s roles in cancer
suppression and promaotion. Scie@@dl, 331, 1565-1570

Mantovani, A.; Allavena, P.; Sica, A.; Balkwill, Eancer-related inflammation. Natu2@08, 454, 436—-444
Quante, M.; Varga, J.;Wang, T.C.; Greten, F.R. Tbastrointestinal tumor microenvironment.
Gastroenterolog2013, 145, 63—78

Fridman, W.H.; Pages, F.; Sautés-Fridman, C.; Gadlomhe immune contexture in human tumours: Impact
clinical outcome. Nat. Rev. Canc2012, 12, 298-306

Pages, F.; Galon, J.; Fridman, W.H. The essential of the in situ immune reaction in human coltabc
cancer. J. Leukoc. BioR008, 84, 981-987

Chifman, J.; Pullikuth, A.; Chou, J.W.; BedogneRi, Miller, L.D. Conservation of immune gene sigmas

in solid tumors and prognostic implications. BMCnCar2016, 16, 911.

Edin, S.;Wikberg, M.L.; Dahlin, A.M.; Rutegérd, JOberg, A.; Oldenborg, P.-A.; Palmqvist, R. The
distribution of macrophages with a M1 or M2 phepatyin relation to prognosis and the molecular
characteristics of colorectal cancer. PLoS QINE2, 7, e47045

Vayrynen, J.P.; Sajanti, S.A.; Klintrup, K.;Makeldl.; Herzig, K.-H.; Karttunen, T.J.; Tuomisto,
A.;Makinen,M.J. Characteristics and significancecoforectal cancer associated lymphoid reactiot. Jn
Cancer2014, 134, 2126-2135

Bindea, G.; Mlecnik, B.; Tosolini, M.; KirilovskyA.;Waldner, M.; Obenauf, A.C.; Angell, H.; Fredrés, T.;
Lafontaine, L.; Berger, A.; et al. Spatiotemporghamics of intratumoral immune cells reveal the ume
landscape in human cancer. Immurded3, 39, 782-795

Herrera, M.; Herrera, A.; Dominguez, G.; Silva,@arcia, V.; Garcia, J.M.; Gomez, |.; Soldevilla; Bufioz,
C.; Provencio, M.; et al. Cancer-associated fitasband M2 macrophage markers together predicomgan
colorectal cancer patients. Cancer 2013, 104, 437-444

Liu, J.; Duan, Y.; Cheng, X.; Chen, X.; Xie,W.; lggnH.; Lin, Z.; Zhu, B. IL-17 is associated with guo
prognosis and promotes angiogenesis via stimulMBg@F production of cancer cells in colorectal aawma.
Biochem. Biophys. Res. Commu2011, 407, 348-354

Salama, P.; Phillips, M.; Grieu, F.; Morris, M.; g& N.; Joseph, D.; Platell, C.; lacopetta, B. Tomo
infiltrating FOXP3+ T regulatory cells show stropgpgnostic significance in colorectal cancer. JnGDncol.
2009, 27, 186-192

Barbera-Guillem, E.; Nelson, M.B.; Barr, B.; NyhusK.; May, K.F.; Feng, L.; Sampsel, J.W. B lympyiec
pathology in human colorectal cancer. Experimeatal clinical therapeutic effects of partial B aigdipletion.
Cancer Immunol. Immunothe2000, 48, 541-549

Bindea, G.; Mlecnik, B.; Tosolini, M.; KirilovskyA.;Waldner, M.; Obenauf, A.C.; Angell, H.; Fredrée T.;
Lafontaine, L.; Berger, A.; et al. Spatiotemporghamics of intratumoral immune cells reveal the ume
landscape in human cancer. Immurded3, 39, 782-795

65



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

Dieu-Nosjean, M.-C.; Goc, J.; Giraldo, N.A.; Sadk&giman, C.; Fridman,W.H. Tertiary lymphoid struies

in cancer and beyond. Trends Immurgill4, 35, 571-580

Di Caro, G.; Bergomas, F.; Grizzi, F.; Doni, A.;aBchi, P.; Malesci, A.; Laghi, L.; Allavena, P.; Mavani,
A.; Marchesi, F. Occurrence of tertiary lymphoisstie is associated with T-cell infiltration anddicés better
prognosis in early-stage colorectal cancers. @amcer Res. Off. J. Am. Assoc. Cancer R€44, 20, 2147—
2158

Berntsson J, Nodin B, Eberhard J, Micke P, JirstkinfPrognostic impact of tumour-infiltrating B celand
plasma cells in colorectal cancer. Int J Cancé162Sep 1;139(5):1129-39

Van den Eynde, M.; Mlecnik, B.; Machiels, J.-P.HDgbetancourt, D.; Bindea, G.; Jouret-Mourin, A.;
Sempoux, C.; Carrasco, J.; Gigot, J.F.; HuberteCal. Characterization of the immune microenuinent of
synchronous primary tumor and liver colorectal rmttses. J. Clin. Oncd015, 33, 3610

Halama, N.; Spille, A.; Lerchl, T.; Brand, K.; Help E.;Welte, S.; Keim, S.; Lahrmann, B.; Klupp, F.
Kahlert, C.; et al. Hepatic metastases of colotezdacer are rather homogeneous but differ frormary
lesions in terms of immune cell infiltration. Onoonunology2013, 2, €24116

Kwak, Y.; Koh, J.; Kim, D.-W.; Kang, S.-B.; Kim,W.HLee, H.S. Immunoscore encompassing CD3+ and
CD8+ T cell densities in distant metastasis is lusd prognostic marker for advanced colorectal eanc
Oncotarge016

Halama, N.; Michel, S.; Kloor, M.; Zoernig, |.; Beer, A.; Spille, A.; Pommerencke, T.; von KnebelVD
Folprecht, G.; Luber, B.; et al. Localization anendity of immune cells in the invasive margin offan
colorectal cancer liver metastases are prognosticesSponse to chemotherapy. Cancer R@%l, 71, 5670—
5677

Galon, J.; Pageés, F.; Marincola, F.M.; Angell, H.KRhurin, M.; Lugli, A.; Zlobec, I.; Berger, A.; Bilco, C;
Botti, G.; et al. Cancer classification using thariunoscore: A worldwide task force. J. Transl. M2il2,

10, 205

[Guinney, J.; Dienstmann, R.;Wang, X.; de Reyni&s,Schlicker, A.; Soneson, C.; Marisa, L.; Roepman
P.;Nyamundanda, G.; Angelino, P.; et al. The cossenmolecular subtypes of colorectal cancer. Nat.
Med2015, 21, 1350-1356].

Pages, F.; Kirilovsky, A.; Mlecnik, B.; Asslaber,.M osolini, M.; Bindea, G.; Lagorce, C.; Wind, Rlarliot,

F.; Bruneval, P.; et al. In situ cytotoxic and meynd cells predict outcome in patients with eargee
colorectal cancer. J. Clin. Onc@D09, 27, 5944-5951

Galon, J.; Fox, B.A.; Bifulco, C.B.; Masucci, ®Rau, T.; Botti, G.; Marincola, F.M.; Ciliberto, GPages, F.;
Ascierto, P.A.; et al. Immunoscore and Immunopimdilin cancer: An update from the melanoma and
immunotherapy bridge 2015. J. Transl. M2dl6, 14

Mlecnik, B.; Bindea, G.; Angell, H.K.; Maby, P.; #elova, M.; Tougeron, D.; Church, S.E.; Lafontaibe,
Fischer, M.; Fredriksen, T.; et al. Integrative lgsas of colorectal cancer show immunoscore ig@nger
predictor of patient survival than microsatellibstability. Immunity2016, 44, 698-711

Pages F, Kirilovsky A, Mlecnik B, Asslaber M, TosolM, Bindea G, Lagorce C, Wind P, Marliot F,
Bruneval P, et al: In situ cytotoxic and memoryélis predict outcome in patients with early-stagectal
cancer. J Clin Oncol 2009, 27:5944-5951

Becht E, de Reynies A, Giraldo NA, et al. Immunal &tromal Classification of Colorectal Cancers Is
Associated with Molecular Subtypes and RelevantPiecision Immunotherapy. Clin Cancer Res. 2016 Aug
15;22(16):4057-66

Calon, A.; Lonardo, E.; Berenguer-Llergo, A.; E|irE.; Hernando-Momblona, X.; Iglesias, M.; Seuilb,
M.; Palomo-Ponce, S.; Tauriello, D.V.F.; Byrom, Bt; al. Stromal gene expression defines poor-praigno
subtypes in colorectal cancer. Nat. Ge@615, 47, 320-329

Miller, L.D.; Chou, J.A.; Black, M.A.; Print, C.; l@fman, J.; Alistar, A.; Putti, T.; Zhou, X.; Bedoetti,
D.;Hendrickx, W.; et al. Immunogenic subtypes oédst cancer delineated by gene classifiers of inemun
responsiveness. Cancer Immunol. R€46

Zeestraten, E.C.M.; Reimers, M.S.; Saadatmand;&ssens-Beumer, 1.J.; Dekker, J.-W.T.; Liefers,;Gzan
den Elsen, P.J.; van de Velde, C.J.H.; KuppenKPQombined analysis of HLA class |, HLA-E and HLG-
predicts prognosis in colon cancer patients. B€ahcer2014, 110, 459—-468

Swets, M.; Kénig, M.H.; Zaalberg, A.; Dekker-Ensjink.G.; Gelderblom, H.; van de Velde, C.J.H.; vamd
Elsen, P.J.; Kuppen, P.J.K. HLA-G and classical HtlAss | expression in primary colorectal cancet an
associated liver metastases. Hum. Immu2@i6, 77, 773—-779

Spranger, S.; Gajewski, T.F. Tumor-intrinsic onaoge pathways mediating immune avoidance.
Oncoimmunology2015, 5, e1086862

Spranger, S.; Bao, R.; Gajewski, T.F. Melanomaisiaic b-catenin signalling prevents anti-tumour iomity.
Nature2015, 523, 231-235

Launonen, V.Mutations in the human LKB1/STK11 gddem. Mutat.2005, 26, 291-297

Koyama, S.; Akbay, E.A.; Li, Y.Y.; Aref, A.R.; Skbdis, F.; Herter-Sprie, G.S.; Buczkowski, K.A.;W,iY.;
Awad, M.M.; Denning, W.L.; et al. STK11/LKB1 defamcy promotes neutrophil recruitment and

66



47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

proinflammatory cytokine production to suppressell-activity in the lung tumor microenvironment. f@zr
Res.2016, 76, 999-1008

Watson, N.F.S.; Ramage, J.M.; Madjd, Z.; Spendldvg,Ellis, 1.0.; Scholefield, J.H.; Durrant, L.G.
Immunosurveillance is active in colorectal cancerdawnregulation but not complete loss of MHC clhass
expression correlates with a poor prognosis. Intahcer2006, 118, 6-10

McGranahan N, Swanton C. Clonal heterogeneity ambt evolution: past, present, and the future..QeIL7
Feb 9;168(4):613-628

Ma Y, Yang H, Pitt JM, et al. Therapy-induced mengironmental changes in cancer. J Mol Med (B20)L6
May;94(5):497-508

Khong HT, Restifo NP. Natural selection of tumoriaats in the generation of “tumor escape” phenesyp
Nat Immunol. 2002 Nov;3(11):999-1005

Holmes N. CD45: all is not yet crystal clear. Imrology. 2006;117(2):145-155.

Kuby J, Kindt TJ, Goldsby RA, Osborne BA (2007).dgdmmunology. San Francisco: W.H. Freeman.
ISBN 1-4292-0211-4

Stohl W (ed): B Cell Trophic Factors and B Cell Agonism in Autoimmune Disease. Curr Dir Autoimmun.
Basel, Karger, 2005, vol 8, pp 140-174

Van Acker HH, Capsomidis A, Smits EL, Van Tendelle. CD56 in the Immune System: More Than a
Marker for Cytotoxicity?. Front Immunol. 2017;8:892

Chistiakov DA, Killingsworth MC, Myasoedova VA, Gdeov AN, Bobryshev YV. CD68/macrosialin: not
just a histochemical marker.,Lab Invest. 2017 J&@1;94-13

Marsh SG, Albert ED, Bodmer WF, Bontrop RE, DupBnErlich HA, Geraghty DE, Hansen JA, Hurley CK,
Mach B, Mayr WR, Parham P, Petersdorf EW, Sasaeu8chreuder GM, Strominger JL, Svejgaard A,
Terasaki PI, Trowsdale J (2005). "Nomenclaturefdotors of the HLA System, 2004". Tissue Antigests.
(4): 301-369

Bonneville M, O'Brien RL, Born WK.Gammadelta T ceffector functions: a blend of innate programming
and acquired plasticity. Nat Rev Immunol. 2010 10K7):467-78

Silva-Santos B, Serre K, Norell i T cells in cancer. Nat Rev Immunol (2015) 15(183:691.10.1038/
nri3904

Wu P, Wu D, Ni C, Ye J, Chen W, Hu G, Wang Z, W&ghang Z, Xia W, Chen Z, Wang K, Zhang T, Xu
J, Han Y, Zhang T, Wu X, Wang J, Gong W, Zheng i85, Yan J, Huang J Immunity. 2014 May 15;
40(5):785-800.

Sakaguchi S, Yamaguchi T, Nomura T, Ono M. Reguwyatocells and immune

tolerance. Cell 2008; 133:775-87

Yadav M, Stephan S, Bluestone JA. Peripherally ¢eduTregs — role in immune homeostasis and
autoimmunity. Front Immunol 2013; 4:232

Hori S, Nomura T, Sakaguchi S (February 2003). 't@mf regulatory T cell development by the
transcription factor Foxp3". Science. 299 (560957161

CD4+CD25high regulatory cells in human periphetabld - Baecher-Allan C1, Brown JA, Freeman GJ,
Hafler DA- J Immunol. 2001 Aug 1;167(3):1245-53

Liu W, Putnam AL, XuYu Z, Szot GL, Lee MR, Zhu S, et al. CD127 expressnversely correlates with
FoxP3 and suppressive function of human CD4+ Teedlg. J Exp Med 2006; 203: 1701-11

Zaunders JJ, Lévy Y, Seddiki N. Exploiting diffeti@hexpression of the IL-7 receptor on memory Tisc®
modulate immune responses. Cytokine Growth Facter R014 Aug;25(4):391-401

Klebanoff CA, Gattinoni L, Restifo NP. Sorting thugh subsets: Which-Tell populations mediate highly
effective adoptive immunotherapy? J Imunother203.531-660.

Berger C, Jensen MC, Lansdorp PM, Gough M, ElihtRiddell SR. Adoptive transfer of effector CD8+ T
cells derived from central memory cells establighesistent T cell memory in primates. J Clin Irnv@808
Jan;118(1):294-305

George K. Philips, Michael Atkins, Therapeutic uséanti-PD-1 and anti-PD-L1 antibodies Internasibn
Immunology, Volume 27, Issue 1, January 2015, P3§ed6

Ito M., T. Maruyama, N. Saito, S. Koganei, K. Yanm@m N. Matsumoto . 2006. Killer cell lectin-like
receptor G1 binds three members of the classictidarén family to inhibit NK cell cytotoxicity. J. . Med.
203: 289-295

Du W, Yang M, Turner A, Xu C, Ferris RL, Huang Jn€ LP, Lu B. TIM-3 as a Target for Cancer
Immunotherapy and Mechanisms of Action. Int J Mal 2017 Mar 16;18(3).

Gaffen SL, Liu KD. Overview of interleukin-2 funoti, production and clinical applications. Cytokigé04,
28 (3): 109-23.

Junttila IS, Tuning the Cytokine Responses: An Wpda Interleukin (IL)-4 and IL-13 Receptor Compex
Front Immunol. 2018 Jun 7;9:888

Scholzen T, Gerdes J. The Ki-67 protein; from thewn and the unknown. Journal of Cellular Physiglog
2000 182 (3): 311-22.

Eskelinen EL "Roles of LAMP-1 and LAMP-2 in lysoserhiogenesis and autophagy". Molecular Aspects of

67



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Medicine. 2006 27 (5-6): 495-502
.Nosho K, Baba Y, Tanaka N, Shima K, Hayashi M, Bt&ardt JA, Giovannucci E,Dranoff G, Fuchs CS,
Ogino S. Tumour-infiltrating T-cell subsets, molinchanges in colorectal cancer, and prognostsorto
study and literature review. J Pathol. 2010 De2R250-66
Schluns KS, Kieper WC, Jameson SC, Lefrancois ferleukin-7 mediates the homeostasis of naive and
memory CD8 T cells in vivo. Nat Immunol. 2000 Nof5t426-32
Yan J, Zhang Y, Zhang JP, Liang J, Li L, Zheng ImT3 expression defines regulatory T cells in human
tumors. PLoS One. 2013;8(3):e58006
Marisa L, Svrcek M, Collura A, Becht E, CerverafPanherdrick K, Buhard O, Goloudina A, Joncheére V,
Selves J, Milano G, Guenot D, Cohen R, Colas CrémtPuig P, Olschwang S, Lefévre JH, Parc Y, Bdige
Lepage C, André T, Fléjou JF, Dérangére V, Ghireliglr, de Reynies A, Duval A. The Balance Between
Cytotoxic T-cell Lymphocytes and Immune Checkpd@rpression in the Prognosis of Colon Tumors. J Natl
Cancer Inst. 2018 Jan 1;110(1)
P. Correale, M.G. Cusi, M.T Del Vecchio et al. Detid Cell-Mediated Cross-Presentation of Antigens
Derived from Colon Carcinoma Cells Exposed to ahligCytotoxic Multidrug Regimen with Gemcitabine,
Oxaliplatin, 5-Fluorouracil, and Leucovorin, Elgid Powerful Human Antigen-Specific CTL Responsi wi
Antitumor Activity in Vitro. The Journal of Immunogy July 15, 2005, 175 (2) 820-828
Lu Y, Wang Y, Miao L, Haynes M, Xiang G, Huang Lxgoiting in situ antigen generation and immune
modulation to enhance chemotherapy response imaddamelanoma: A combination nanomedicine
approach. Cancer Lett. 2016 Aug 28;379(1):32-8
Diaz A, Forner A. Prognosis assessment by pathgitdgithe detection of intratumoural tertiary lymogd
structures a reliable tool? J Hepatol. 2019 Jat)7D{-12
Cohen R, Pellat A, Boussion H, Svrcek M, Lopez-add D, Trouilloud I, Afchain P, André T.
Immunotherapy and metastatic colorectal cancets mitrosatellite instability or mismatch repair idefncy.
Bull Cancer. 2019 Feb;106(2):137-142
Smyth EC, Wotherspoon A, Peckitt C, Gonzalez D KkKidlVilson S, Eltahir Z, Fassan M, Rugge M, Valeri
N, Okines A, Hewish M, Allum W, Stenning S, NanKivé, Langley R, Cunningham D. Mismatch Repair
Deficiency, Microsatellite Instability, and Survivén Exploratory Analysis of the Medical Reseafbuncil
Adjuvant Gastric Infusional Chemotherapy (MAGIC)alr JAMA Oncol. 2017 Sep 1;3(9):1197-1203
Overman MJ, Lonardi S, Wong KYM, Lenz HJ, GelsomindAglietta M, Morse MA, Van Cutsem E,
McDermott R, Hill A, Sawyer MB, Hendlisz A, Neyns Bvrcek M, Moss RA, Ledeine JM, Cao ZA, Kamble
S, Kopetz S, André T. Durable Clinical Benefit Witivolumab Plus Ipilimumab in DNA Mismatch Repair-
Deficient/Microsatellite Instability-High MetastatColorectal Cancer. J Clin Oncol. 2018 Mar 10;36(83-
779

Opzoomer JW, Sosnowska D, Anstee JE, Spicer JBIAMN. Cytotoxic Chemotherapy as an Immune
Stimulus: A Molecular Perspective on Turning Up tenunological Heat on Cancer. Front Immunol. 2019
Jul 17;10:1654
Hind D1, Tappenden P, Tumur I, Eggington S, Sdtcl, Ryan. The use of irinotecan, oxaliplatin and
raltitrexed for the treatment of advanced colofecdacer: systematic review and economic evaluation
Health Technol Assess. 2008 May;12(15):iii-ix, X2l
Schluns KS, Kieper WC, Jameson SC, Lefrancois ferlaukin-7 mediates the homeostasis of naive and
memory CD8 T cells in vivo. Nat Immunol. 2000 Nof51426-32
E. Van Cutsem, A. Cervantes, R. Adam, A. Sobrerbl. Yan Krieken, D. Aderka, E. Aranda Aguilar, A.
Bardelli, A. Benson, G. Bodoky, F. Ciardiello, A'Hbore, E. Diaz-Rubio, J.-Y. Douillard, M. Ducreuk,
Falcone, A. Grothey, T. Gruenberger, K. Hausterménsieinemann, P. Hoff, C.-H. Kéhne, R. Labianea,
Laurent-Puig, B. Ma, T. Maughan, K. Muro, N. NormanP. Osterlund, W. J. G. Oyen, D. Papamichael, G.
Pentheroudakis, P. Pfeiffer, T. J. Price, C. PurnRicke, A. Roth, R. Salazar, W. Scheithauer,.t$chmoll, J.
Tabernero, J. Taieb, S. Tejpar, H. Wasan, T. Yastn Zaanan and D. Arnold. ESMO Consensus
Guidelines for the Management of Patients with Idigtic Colorectal Cancer. Annals of Oncology, 2016
Cremolini C, Antoniotti C, Lonardi S, Bergamo F,@&si E, Tomasello G, Moretto R, Ronzoni M, Racc¢a P
Loupakis F, Zaniboni A, Tonini G, Buonadonna A, Merino F, Allegrini G, Granetto C, Masi G, Zagonel
V, Sensi E, Fontanini G, Boni L, Falcone A. Primdamymor Sidedness and Benefit from FOLFOXIRI plus
Bevacizumab as Initial Therapy for Metastatic Cetdal Cancer. Ann Oncol. 2018

68



