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ABSTRACT,

Herein|, we report on Fhis-stuy-outlinesthe-case-ofa patient with a a-metastatic turg

atypical_lung carcinoid tumor who presented with-a pleural effusion and progression of

liver metastases after developing resistance to conventional chemotherapytreatments.

Personalized functional profiling (PFP); -e—drug-sereening;-was performed using liver

metastasis-derivedin ex- vivo spheroids ebtained-from-the-patient’s-tiver-metastasis-{0
identify potential therapeutic options. Fhe-Ddrug screening resutts-identifiedreveated

cediranib, an antiangiogenic drug, as a hit drug fer-this-patient-from a library of 66
Food and Drug Administration{~DA)-approved and-investigational drugs. The patient
was administered a combination of bevacizumab and capecitabine on the Bbasedis onf
the-PFP-results and considering the reported-evidence-of-clinical efficacy of this
bevacizumab-and-capecitabine-combination in treating gastro-intestinal neuroendocrine

tumors;-this-combination-was-given-to-the-patient. After 4Feur months-ater, the pleural

effusion and pleural carcinosis regressed and there was no evidence of progression of

the-liver metastasgis%l%d—net—pmg#ess.ﬁhe patient was stable for experienced-2 years

afterefa-stable-disease receiving -underthe-PFP-guided persenalized-treatmenttherapy

but ultimately died after acquiring resistance to the treatment and disease [progression|. |

IKEYWORDSL Personalized functional profiling; drug screening; pharmacotyping;

personalized medicine; precision medicine; spheroids; neuroendocrine tumors; lung

carcinoid_tumor; antiangiogenic therapy
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Introduction |

Lung neuroendocrine tumors (NETSs)neuroendecrine-tumers accountare for approximately

20% of all lung cancers. They are-comprised-of four subtypes:: typical carcinoids, atypical
carcinoids, large-cell neuroendocrine carcinomas, and small cell lung carcinomas.M

Carcinoids account for 1-2% One-te-twe-percent-of lung cancers-iscarsinoids.? Considerable|

advances have been made in Fthe treatment of gastroenteropancreatic (GEP)-NETS has

achieved-considerable-advanees-in recentthe-fast decades with the introduction of sunitinib,
everolimus, somatostatin analogs, and peptide receptor radionuclide therapy (PRRF)-(for
somatostatin receptor-positive GEP-NETs)-in-the-therapeutic-scheme.>* TheThe incidence of

lung and gastreenteropancreatic{GEP)--neuroendocrine-tumers{NETS) has_increased
significantly risen-over the last 40 years most ;-likely baeowing to\ improved diagnosis.®

However, everolimus remains-is-still the only treatmentapproved-by-the-United StatesdS

Food and Drug Administration (FDA)-approved drug treatment for patients-with-lung NETS,

especially in-particular-these-suffering-from-advanced, progressive, nonfunctional lung
putmonary NETSs. Therefore, thus-the-need-fer-more treatment options are neededin-this

indication. 1356

/ADne-of-the major challenges in_the management-managing_ of cancer in general, and lung
NETSs in particular, is developing tdentifyring-personalized treatment-strategies thatallowing
nerease-patients>ehanees to benefit from anticancer therapy. ManagingFhe-seareity-of this
rare type of lung tumor requires eals-forthe involvement eentribution-of a multidisciplinary
expertsteam-in-the-management-ofthe-disease.? The-treatment-of-a-mMetastatic

pulmonarytung carcinoid tumor treatment is palliative rather than net-expected-to-be-curative

and focuses on-but relieving the-symptoms eaused-by-associated with tumor growth erand

hormonale replacementpreduction.? Se-far-Celinical trials ontackling the-management
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efmanaging advanced--stage pulmonary carcinoid tumors areremained limited.;’ Lanel

pPersonalized drug screenings (en-patient’s-tumeor-materiak—ie—functional tumor profiling or

pharmacotyping)®® of patient-derived material is important for making appropriate are-thus

highly-encouraged-to-issue-treatment recommendations. |

IHerei_nL we report the case of a patient with a metastatic lung NET who underwent

personalized functional profiling_(PFP) of his tumor and was treated based on the-drug

screening results.

Case presentation |

A 52-year-old man was diagnosed with an atypical carcinoid of the lung (pT2 pN1 {([1/25])
G2, -10 mitoses/10 high--power fields(HPF),; Ki-67 =15%) in June 2009. RA-right lower
bilobectomy and systematic lymphadenectomy were ther-performed. In May 2012, the
patient was admitted to Mannheim University Medical Center forte-uneerge-a undergoing a
biopsy of the new lesions detected onfeund-in surveillance imaging and for
suspectedsuspicious -ef-disseminated osteoplastic bone metastases. Fhe
{lmmunohistochemical staining anakysis-of bone sectionsmaterial showed strong and
continuous expression of chromogranin A and weak -but-speeificalhly-membrane-

specificbeund co-expression of CD56. The-tumor cells stainedwere negative for cytokeratin 7

{EK-7), cytokeratin 20-(€K-20}, thyroid transcription factor-1-(FFF-1), napsin A, prostate

specific antigenPSA, and prostate specific acid phosphatase expression PSAR-stairing-—The

mpitotic count was 4 per 10 high-power field-HPFs. T-and-the Ki-67 index ranged
frombetween 10% toand 15%. FheA diagnosis of a-disseminated hepatic and bone

metastasets due to an the-chnicath-known-tung-atypical carcinoid of the lung was madeseen.

The patient was treated with capecitabine and temozolomide from June 2012 to January
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2015. |

Treatment Fherapy-was discontinuedthen-interrupted- due-owing to a persistent-stable disease

status. In November 2016, the disease progressed. Fhe-eExtensive tumor bene-marrow
infiltration of the bone marrow tumerprecluded a-peptide receptor radionuclide therapy
{PRRT). In December 2016, the patient was retreated-exposed with-te capecitabine and
temozolomide until the-progression of the-liver metastases in February 2017. Consequently,
treatment-therapy was switched to everolimus. -treatment—EvidenceEvidence of pulmonary

and hepatic progressionpregressive-disease-appeared in January 2018 ledleading to

discontinuation of everolimus.

The ethics committee of X|was consulted before the patient was treated on an individuala
single-case basis. The committee granted approval;; and-the patient provided-gave-his
informed consent prier-tebefore the intervention. In March 2018, a re--biopsy of the liver
showed a progressive NET (G3, Ki-67 =18%). A sample was sent-transported to Ksilink
(Strasbourg, France) for persenalized-functional-profiting(PFP) (i-e~drug screening of
tumor-derived spheroids; and identification of potential hit drugs)s. The eoHected-tumer
sample consisted of four4 core-needle biopsy specimensies (corresponding-to-125.5 mg-in

tetal; -a-minimum of two2 needle biopsy specimensies is generally-cemmenty required for

spheroid generation). \

Biopsy specimensBriefly-the-tumor-biopsy- Merewas mechanically and enzymatically
dissociated-as-follows: tThe-tumorwasy were washed-rinsed with cold DMEM/F12 medium

supplemented with fetal bovine serum and antibiotics\ and minced into 1-—3-mm? fragments
using sterile forceps and a scalpel. Tumor fragments were washed-rinsed andagain-then
digested in DMEM/F12 medium containing collagenase. The cells were seeded in complete

StemProFM hESC SFM medium (Gibco) in ultra-low attachment dishes;plates and incubated
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at 37°C in an atmosphere of 5% CO>. Fhe-<Cells were regularly observedinspeeted under a
microscope to check for spheroid formation. Fhe-sSpheroids were passaged every Hewl days
viausing-a mild enzymatic dissociation to avoid_the accumulationag of dead cells in the

center of the spheroid.

Fhe-sSpheroid culture was considereddeered successful if the-three-dimensional 3D-entities

formedédisplayed a typical standard-rounded multicellular structure and -they-could-outgrow

propagated in culture within a few days in-eulture-and onpropagate-after passaging. Figure

1(a) shows bright-field images of tumorpatient-derived spheroids at differentvariable
passages and days after plating. Images were -generated from three3 different tumor
specimens Ka&described above)\. PFP was performed on short-term cultured spheroids
erder-to deliver drug screening results baek-to the clinician within an acceptable timeframes.
TFo-de-se-the-sSpheroids were dissociated into single cells and small--cell clusters and printed
in anwith-the alginate matrix ofts hanging drops onto 2--mm diameter pillars in a 384-pillar
plate (with a technical duplicate); using anthe ASFA Spotter ST (Medical & Bio Decision,

Suwon, South Korea) [(Figure 1(b))]. |

One day after eel-printing, the-cells were exposed to a library of 66 FDA-approved ané
investigational drugs in a 4feur-fold 7and-seven-point serial dilution series-for five5 days.
Live cells were stained with calcein AM; and-the plates were imaged using a high-throughput
screening system. CellsThe-cells were scanned at 4xx magnification. C-and-elltheir viability
was assessedquantified as-by the area of the-calcein AM Hwe-eeH-staining and normalized to
the that of DMSO-treated cells. For each drug, the half-maximal inhibitory concentration
{150} and Bdose--Rresponse Ccurve-(DRC) were generated;; and-the -Aarea under the dose-
response curve-BRE{AUEC) was calculated. To identify personalized drug candidates, we

compared the drug sensitivity profiles ofebtaired-frem the patient’s tumor-derived spheroids

|
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with the pharmacological landscape of tumor-derived spheroids from 11 |other patients with

cancerlpatients™spheroids.

The patients’ clinicopathological characteristicsfeatures-of-the-patients are summarized in

ITabIe \1 (Ppatient 11 is the subject of this case report). A drug was considered-as a “hit”-ef

interest for-ourpatient-if the AUC-z-score_of the area under the dose-response curve was less

than -=1, indicating the inclusion of the patient’s tumor-derived spheroids in the top 16% of
the most sensitive spheroids to this drug. Based-en-the-dDrug sensitivity analysis;- revealed
only cediranib was-selected-as a hit drug-(z-score < -=1) [{Figure 2(a)}]. Otnterestinghy—our
patient’s tumor was the-most resistant to everolimus {[Figure 2(a)}], consistentwhich-is-in-tne
with-the clinical evidence that ef-everolimus resistance manifested in this patient before

eeHecting-the-tumor samplingsample-used- for drug screening [{Figure 2(a)}]. The dose--

response curves o

showedshews a dose-dependent cytotoxic effect of cediranib_but not of-in-these-cells—n

contrast-they-were-unrespensive-to everolimus-treatment [(Figure 2(b))]. Cediranib-is a
multi-kinase vascular endothelial growth factor (VEGF) receptor-(VEGFR) inhibitor, has
shown-that-demenstrated promising results in preclinical trials but failed to-meet-its-main
goals-in several-clinical studies. % *? Fhe-Next--Ggeneration Ssequencing assay-(Illumina
TruSightTM Tumor 170 _gene panel-Hlumina®) of the liver metastasismetastatic sample

from March 2018 did not identify reveat-any druggable targets. Therefore, PEP-and

functional-profiting remained the only option for improving-the the disease outcome.

On the basisTherefore;based orf the-personalized drug screening resulis-and taking-inte
accountthe clinical efficacyactivity and safety profile of the combination of bevacizumab (a
VEGF blocker) and capecitabine eembinatien-in gastro-intestinal NETs (--the BETTER

trial),*® the iInstitutional tTumor Bboard recommended treatment with bevacizumab and
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capecitabine-and-bevacizumab-and. Ttreatment was initiated in May 2018, after evidence of
pleural effusion and progression of liver metastases (Figure 3). After 4Four months-later, the
pleural effusion and pleural carcinosis regressed and the-liver metastasies remained stable
(Figure 3). The patient maintained-awas stable disease-for 2during-a-two-year years-period
after receiving -trderthe-PFP-guided persenatized-treatmenttherapy. In June 2020, 25

months after the commencement of bevacizumab and capecitabine/bevacizumab

therapystarted, the-disease-progressed-implying-acquired resistance and disease progression

occurred-te-this-combination-and. T-the patient died 6 months Iater.\

Discussion |

This ease-report_highlights-gives the importance of a-persenatized-functional-prefiting(PFP)
approaech-for personalized therapymedicine, especially when no other treatment option is
availableexpected-to-generate-a-promising-clinical-response. tndeed;wWith no druggable
targets identified asrevealed-byon the-genomegenemie sequencing; and with-the
development acguisition-of secondary-drug resistance-te-several-therapies, the decision efto
pursue -pursting-PFP-for-drugrecommendation e (-drug screening of the patient’s tumor-

derived spheroids generated-from-the-patient-biopsy;-and identification of potential drug hit
drugs) for drug recommendations allowed for -permitted-the identification selection-of an

antiangiogenic drug as a potential therapy and_confirmation of -cenfirmed-the clinically
observed resistance to previous treatmenttherapies.-Aecordinghy Tthe patient benefited from

an-additional-two-year-period-from-a-personalized therapy with stable disease status for an

additional 2 years treatment-based, in part, on our observation of thea significant

activityefficacy of this class of drugs in an ex -vivo patient-derived spheroid model-frem-the
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Aln-cancer-angiogenesis,i-e-the-formation-of-new-and-abrormal-blood- vessels; is an
important forfacterin tumor growth and metastasis.* The release of pro-angiogenic factors
by cancer cells and_the tumor microenvironment promotes stimulates-the-migration,-ane
proliferation, and vessel formation inef endothelial cells-and-triggers-vessel-formation. !
L&pan—tremangiegenesis,—egther mechanisms contribute to aceeunt-fortumor

vascularization, especially in-particular-vessel co-option_(-a process whereby turrercancer

cells incorporate-and-use preexisting vessels from the-surrounding-nermal tissue instead of

inducing new vessel growth)-te-pretiferate-and-spread; and vascular mimicry (whieh-is-the

acquisition by-tumereeHs-of an endothelial-like phenotype by tumor cells, resulting inleading

to vascular-like structures).’>1® Previous studies-have shown-that NETs are highly

vascularized, suggesting the pessiblepotential efficacy of antiangiogenic drugs in treating

these tumorsthis-indication.'” 18 Based-on-thisrationale; Tseveral-clinicaltrials-have been
conducted-to-evaluate-the efficacyactivity of antiangiogenic drugs in treating advanced NETs
has been evaluated.'*2* ThisFhese -investigations-led to the FDA approval of sunitinib for
treating #n-treating-progressive, well-differentiated pancreatic NETs in-fer patients with
locally advanced or metastatic disease.zz‘ NoAdtheughre antiangiogenic drugs have been

granted FDA approval for lung NETS to date. However, -of pulmonary-erigin-yet.-several

clinical trials have already-demenstratedshown the efficacy of antiangiogenic drugs, i

including
surufatinib,? axitinib,? pazopanib,?* and bevacizumab,? for treating NETs.-in-NET-

Nevertheless, there is no consensus on generak-treatment recommendations -can-be-given-at

this-stage-regarding using antiangiogenic drugs for treating lungin NETs-efputmenary-origin.
Resistance to Evasion-ef-anti-angiogenic therapy after an initial response phase has been
reported in several metastatic cancers.?6-28 In thouris case-+epert, the patient

manifestedacquired resistance to the_ combination of capecitabine and /bevacizumab
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combination-after 2twe- years of treatment, suggesting —This-acquiredresistance-suggests-the

activation of adaptive and compensatory mechanisms;_(-e.g., up-regulation of pro-angiogenic
factors other than VEGF [a {target ofed-by bevacizumab]}, vascular co-option, and vascular
mimicry).*>16 The cancer stem cell population may alse-be involved in-the-secondary drug
resistance and tumoer-relapse-as-previeushy-shown.?>%0 Unfortunately, the-degradation
deterioration of the patient’s health precluded additional eendition-was-not-anymere
compatible-with-a-new-tumor sampling-precedure, -and-thus-apreventing follow-up PFP-could
not-be-envisaged.

Among the-three-dimensional {35)-models used in preclinical research, patient-derived

xenografts{PB>} models have contributed significantly-centributed to theadvancements in

advancing-precision medicine and are widelystit-argely used in biomedical research.®

NeverthelessHowever, some limitations of these three-dimensional3B preclinical models

exist-are-to-be-mentioned:-: theThe potential -pessible-contribution te-the-ebserved-drug

respense-of factors inherent to the-apimal model itself to the observed drug response;® the

lengthy procedure-(6--te-8 -monthss) procedure required for the-generation-ofgenerating

patient-derived xenograft these-PBx-models, which may not be compatible with the rapid

progression of the disease;3*3* and and-the limited number of protocols that can be

usedtested. ™

ContraryCentrarity to patient-derived xenograft aPB>X-models, our PFP approach (which

exploited expleiting-the predictive potential of an ex -vivo patient-derived spheroid
&del)}sﬁ%‘ could-provided treatment recommendations within i2a-less-than-twe months—-a
clinically still-acceptable timeframe for treatment decision-making #-for patients with cancer
patients. Importantly, our eel-culture conditions supported the growth and propagation of

stem cells, suggesting that at least a fraction of the spheroid-forming cells are ferming-the
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sphereids-is-cancer cells with stem -cell-like features that may contribute to-tumer relapse-in
the-chinie. tn-additierMoreover, our animal-free approach is easily applicable in a hospital

environment.-Such-a- Ppersonalized strategy-isstrategies are needed, -highly-reguired

especially for aggressive and i-multidrug--resistant tumors that are -poorly

studiedunderstood, -aggressive-timers:-as is the case effor-this a metastatic tung-atypical lung

carcinoid tumorl. Commented [A51]: Please consider adding the following:
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