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MicroAbstract

The purpose of the present study was to investipatefficacy of Somatostatin
Analogs (SSAs) as first- line treatment of metastabn-functioning Neuroendocrine
Pulmonary Carcinoids.
Our results showed that both Lanreotide and @titte improved tumor control with
very few side-effects in progressive metastatiglnauroendocrine carcinoids patients .
Moreover,"*FDG-PET/CT positivity was an independent prognatitor of
progression-free survival identifying more aggresgsumors that may only marginally

benefit from SSA treatment alone.
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ABSTRACT

Introduction: Pulmonary carcinoids (PCs) are classed accordittgetdVHO 2004
classification as typical (TC) or atypical carcit®i(AC). Due to their rarity, no
dedicated clinical trials with somatostatin anal{f§SAs) have been carried out on

primary PCs.

Methods: From January 2007 to December 2015, 30 patientsmatastatic PCs
underwent first-line SSA treatment (20 with octrdetLAR 30 mg and 10 with
lanreotide 120 mg every 28 days). Eight (23.3%iep#t had TC and 23 (76.7%) had

AC.

Results: Median age was 65.5 years (range 47-82). All pti€23 males and 7
females) wer&®Ga-DOTA-TOC-PET/CT-positive (29 patients) or Ocsean-positive
(one patient). Of the 20 patients who perforrf&dG-PET/CT, 14 (70.0%) were
positive and 6 negative (30.0%). Median treatmemaiion was 10 months (range 2-
59). One patient achieved a partial response (38326 (86.6%) showed stable
disease. One patient interrupted SSA treatmentalsgmptomatic cholelithiasis. Five-
year survival was 53.0% (95% CI: 15.0-80.0). Medt&& (mPFS) was 11.1 months
(95%ClI: 7.0-15.0). NegativVeFDG-PET/ CT patients had an mPFS of 15.2 months
(95% ClI: 7.6-not reached) compared to 7.0 montB$s(&|: 4.0-10.1) for*FDG-
PET/CT -positive patients. No differences in mR¥3e found in relation to TTF1-

value, histological subtype, and presence of egpratic metastases.

Conclusion SSAs showed antitumor activity in terms of diseaserol rate and PFS
and proved safe, even in patients with poor ECQ@st*FDG-PET/CT would appear

to be a prognostic factor.
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Keywords: Pulmonary carcinoids; Lung neuroendocrine tumOxdreotide; Lanreotide;

Somatostatin analogs

Introduction

Neuroendocrine tumors (NETS) are rare tumors aisiom endocrine cells in

various anatomic sites of both the gastrointestmal pulmonary systenis.
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Bronchopulmonary NETSs represent approximately 25%riary lung tumors and
20%-25% of all neuroendocrine neoplaénasid have increased in prevalence over the
past 30 years as a consequence of improved texioal and immunohistochemical
diagnostic procedurés.

World Health Organization (WHQO) 2004 criteria cli&gtung NETSs into 4 histologic
variants: typical carcinoid (TC) and atypical cad (AC), defined jointly as
pulmonary carcinoids (PCs), and poorly differemiiaheuroendocrine carcinomas
subdivided into large cell neuroendocrine carcingbh@NEC) and small cell carcinoma
(SCLC) according to cell morpholodyAlthough a new grading system for lung NETs
including Ki-67, mitotic rate and necrosis was mateproposed, further validation
studies are urgently needed.

Prognosis is poor in advanced and progressive shsaad there is still no standard
therapeutic algorithm availab?é. The clinical management of advanced PCs requires a
multidisciplinary approach. Furthermore, very fegeats have been evaluated in
randomized clinical trials and there are still tanslard therapies for metastatic
diseases’

Recent prospective clinical trials investigatedrble of different therapies in
metastatic PCs. In the Radiant-4 trial, Yao etegdorted durable tumor control with
everolimus in non-functioning lung or gastrointeat NETs? Peptide receptor
radionuclide therapy with 177Lu-DOTATATE showed daaxtivity in 34 consecutive
patients with metastatic PCs, with a mPFS of 20ohtims in patients with TC and 15.7

months in those with AE°
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Somatostatin analogs (SSAs) induce stabilizatidd0h70% of patients with well
differentiated NETs, as demonstrated in multiplespective and retrospective
studiest* and are often used as first-line treatment of astatic lung NETS.

Octreotide acetate, developed as a pharmacologstalble, long-acting repeatable
(LAR) analog of the hormone somatostatin octreotide also proven to be an effective
agent because of its antiproliferative effect. leatide is a synthetic analog of
somatostatin. Mimicking the actions of somatoste®iBAs were initially for their
antisecretory effect€. In a paper by Srirajaskanthan et al., SSAs weneirsistered to
7 patients with inoperable TC and to 5 with AC,ibsyndromic, to obtain an anti-
tumor effect or symptom control. Six patients reog first-line SSA treatment showed
a time-to-progression (TTP) of 10.5 montfisin another work, 7 AC patients with
liver metastases underwent SSA treatment, obgicomplete control of carcinoid
crisis and carcinoid syndrome, with a partial reg@o(PR) in 2 (28.5%) patients and a
complete response (CR) in one (14.2%) pafiént.

The use of SSAs is more controversial in non-furgtig tumors, but in the wake of
the promising results from the PROMID and CLARINEi&ls on
gastroenteropancreatic (GEP-)NETS, octreotide amekbtide are now more widely
used for non-functioning tumors of other origi@onversely, clinical trials on the use of
SSAs in PCs are lacking®

The objective of this paper was to retrospectiesigluate the efficacy of SSAs as
first- line treatment of metastatic non-functionin@s. We also aimed to identify
prognostic factors and to assess their potentiahpoove the therapeutic management

of these patients.
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Methods

Patients

Patients>18 years old were required to have histologicatlgfemed measurable
metastatic TC or AC according to the WHO 2004 dfasdion. All patients were
required to have a positif&Ga-DOTA-TOC-PET/CT (29 patients) or Octreoscan
(one patient) . AIP¥Ga-PET/CTs were performed at our institute. Podiffigrentiated
tumors were excluded from this analysis. The mbjai patients had extrahepatic
disease at diagnosis. Histology referrals of guasi from other institutes were reviewed
by our pathologist, as per our internal guidelindsdian follow-up was 40 months
(range 1-88 months).

Clinical data were retrieved from the Rare Tumotabase and the project was
reviewed and approved by the Medical Scientific @ottee and Ethics Committee of
Istituto Scientifico Romagnolo per lo Studio e lar&dei Tumori (IRST) IRCCS. All
patients had previously consented to treatmentaddsigned a consent form
authorizing the processing of their personal datadsearch purposes.

Staging procedures performed before the stareatrrent included physical
examination, biochemical profile and brain-chesdahinal CT scan or liver and brain
MRI and chest CT scan. Treatment was discontinaelea event of worsening clinical
conditions, unacceptable toxicity or disease pregjom. Patients were evaluated every
three months or if disease progression was susheutd those without radiological
restaging were defined as non evaluable. Respgoriseatment was evaluated using
response evaluation criteria in solid tumor (REQIBarameters? Toxicity was
assessed using National Cancer Institute Commamimetogy Criteria for Adverse

Events version 4.0.
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Treatment

All patients who received at least one administratfactveotide LAR or lanreotide
were considered eligible for the study. Lanreoti@es given at a dose of 120 mg via
deep subcutaneous injection every 28 days. Oatie#R was administered at dose of
30 mg by deep intramuscular injection at 4-weegridls after a 15-day induction

period with octreotide 0.1 mg three times dailysopcutaneous injection.

Satistical Analysis

Categorical variables were presented as frequemtyercentage, while continuous
variables as median and range. Overall surviva)) (@5 calculated from the date of
the start of the first-line regimen to the datele&th or last contact. Progression-free
survival (PFS) was measured from the date of e sf the first-line regimen to the
date of the first documented disease progresdienjate of the start of second-line
treatment or the date of death due to any causeheder came first. OS and PFS were
estimated by the Kaplan-Meier method and 95% cenfid interval (95%CI) were
computed. OS and PFS were reported as median wahikesthe proportion of patients
who were alive after 5 years was also shown for@fferences between groups were

analyzed using the logrank test.
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Results

From January 2007 to December 2015, 30 patientsmatastatic PC received first-
line SSA treatment (20 with octreotide LAR 30 mgld® with lanreotide 120 mg
every 28 days). No prior treatments for either rsigitzc or localized disease were
permitted. Seven (23.3%) patients had TC and 23¥%phad AC. The Ki67 value was
<5% in 9 (30%) patients and between 6% and 20%6i(53%).

Median age was 65.5 years (range 47-82) and EC@Grpance status at diagnosis
was 0 in 14 (46.7%) patients, 1 in 11 (36.7%) pasieand 2 (16.6%) in 5 patients. At
diagnosis, 16 (53.3%) patients had undergone sufgetocalized disease while 14
patients (46.6%) presented with locally advancechetastatic cancer. Ninety percent
of patients had extrahepatic metastatic diseas@sthowed a high liver tumor burden.
The most common sites of metastasis were thediwdrbone. All patients wer¥Ga-
PET/CT- or Octreoscan- positive. All 30 patientslenvent second-line treatment, 6
with chemotherapy and 23 with peptide receptoramagilide therapy (PRRT) and 12
(40 %) received also a third-line therapy. Patadrdracteristics are listed in Table 1.

Median treatment duration was 10.0 months (ran@&2.0). The minimum follow
up was 3 months. One patient progressed afterardymonth. One (3.3%) patient
achieved a partial response and 26 (86.6%) shotabtediseasdyoth statuses
maintainedor a median of 12 months. Fourteen (46.6%) ptgierperienced
steatorrhea and 8 (26.6%) had grade 1 diarrhestett with symptomatic drugs. One
(3.3%) patient interrupted SSA due to grade 3 spmatic cholelithiasis. No deaths
occurred from toxicity.

The 5-year overall survival rate was 53.0% (95%1G10-80.9) (Fig. 1) . Median PFS

was 11.1 months (95% CI: 7.0-15.0) (Fig. 2). Ngn#icant differences in median PFS
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209 were found in relation to age, sex, performanceistd TF1 value, Ki67 value,

210 histological subtype, liver tumor burden or pregeatextrahepatic metastases

211 (Table 2). No differences in median PFS (mPFS)ge&r OS were seen between the
212 lanreotide and octreotide groups (PFS 10.1 morgh&l.1 months, respectively: 5-year
213 OS 87.5% vs. 65.6%) (Fig. 3).

214

215 "®FDG-PET/CT evaluation

216  Of the 20 patients who perform&#DG-PET/CT, 14 (70.0%) were positive and

217 6 negative (30.0%). Patients with negafi¥eDG-PET/CT had a median PFS of 15.2
218  months (95% CI: 7.6-not reached), while those WIBDG-PET/CT positivity had a
219  median PFS of 7.0 months (95% CI. 4.0-10.1). THiemnce was statistically

220  significant p = 0.0169) (Fig. 4). The medidfFDG-PET maximum standardized

221  uptake value (SUVmax ) was 3.5 (range 0-7.7). TRESiwas greater in patients with
222 FDG-PET/CT SUV max < 3.5 ( mPFS: 12 months, 95%1@:25.3) than in those
223 with SUV max >3.5 ( mPFS: 7 months, 95% CI: 3.09)20=0.0497) (Fig. 5.)No

224  differences in terms of mOS were observed betW#eDG-PET-positive (mOS: 42
225 months) and -negative patients (mOS not reacheEd).8747)

226 Discussion

227 PCs are rare tumors with an incidence of 5-10/1,@@Mperson-years and an

228  estimated 5-year OS of 61-88% for resected ACs, fid%esected TCs and about 27%
229  (median OS of 17 months) in the metastatic sefting.

230 In metastatic disease, the role of cytotoxic agescisplatin, streptozocin,

231  capecitabine, dacarbazine, 5-fluorouracil, temanide and interferon, is uncledr.

10
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Recently, everolimus, a targeted m-TOR inhibitbgwed positive results in a
prospective clinical trial involving patients wigltogressive lung NETS.

According to recently published guidelines, SSAS loa considered for the first-line
systemic treatment of patients with advanced P@s aviow proliferation index and a
positive Octreoscan. However, these recommendati@ne based on the results of
GEP-NET clinical trials and on the safety profifetitese drug&. No dedicated trials
have been carried out on non-secreting PCs an@oaslitould thus be exercised in
administering SSAs to patients with a high tumandien, high mitotic index or rapidly
progressing disease.

In our study, patients with non-secreting PCs hath®FS of 11 months. Although a
direct comparison with the mPFS of the PROMID ah@RINET trials is not feasible,
we confirmed that SSAs (both octreotide and lamdediobtained long-term tumor
control and showed very few side-effects in progikesmetastatic lung NETs. Our
results also suggest that PCs have a variable pstgyand appear to be more aggressive
than GEP-NETSs. In our case this could be becaugbehigh percentage of patients
with ACs (76.7%), which are more aggressive thas B@t also by the high number of
patients with extrahepatic disease and a high tiveor burden. However, histology
cannot be the only factor to guide the choice ofliced treatment but more clinical and
pathological information is needed to distinguigivieen patients with a good
prognosis and those with a bad one.

It is widely accepted that somatostatin receptontisgaphy and°Ga-
DOTATATE/TOC PET/CT are useful in the diagnosisnal differentiated lung NETs

given that about 80% of these tumors express satadito receptors, with a high

11
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prevalence of subtype'3. ®FDG PET/CT is also a helpful tool in the identifica of
mediastinal lymph node disease in ACs.

In a retrospective study by Kaira et al., the antaii® FDG uptake in early stage
lung NETs was determined by markers of glucose lboditan, hypoxia and
angiogenesis and increased in pancreatic NETsvasr fprogressed from low- to high-
grade from low-grade to high-grade pancreatic NETs.our study, patients with a
positive’®FDG PET/CT had a shorter PFS than those who sh&{R&x3-PET/CT
negativity and this difference was statisticallgrsficant = 0.0154). This suggests
that information obtained froffFDG-PET/CT could help to identify more aggressive
tumors that may only marginally benefit from SSé@atment alone and could be
included in the treatment decision algorithm fortaséatic disease.

Our study has a number of limitations, the mostartgnt being the small number of
patients evaluated due to the rarity of this subgrof tumors. In addition, although
octreotide LAR and lanreotide would seem to be Byge#ective in controlling the
disease, a comparison between subgroups was rebledsecause of the retrospective
nature of the study. For the same reason, safegnation may have been
underestimated. There was also no central revielveoimages, and patient follow up
was performed on the basis of local institutionatiglines.

Despite the above limitations, our findings confitme activity and safety profile of
both octreotide and lanreotide in non-functionir@skand provide valuable information
on the prognostic significance 6fFDG-PET/CT . These data could be taken into
consideration when designing prospective clinitadii®s on pulmonary carcinoids.

Prospective clinical and biological studies speaeify focusing on PCs are needed to

12
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278  better understand the natural history of these tapwhich seems to differ from that of

279  GEP-NETS, and to guide physicians in their choiceeatment.

280

281

282

283

284

285

286

287

288 Clinical Practice Points

289 * Pulmonary carcinoids are rare tumors includingedéht histological

290 subtypes with different clinical outcomes.

291 * PCs are divided in “functioning” and “not-functioiy”’ tumors depending on
292 hormone secretion capability

293 * Few dedicated clinical studies are available aedcctimical management of
294 PCs requires a multidisciplinary approach.

295 ®  Qur study shows that SSAs improve tumor control in patients with non -

296 functioning metastatic PCs with a median PFS of 11.1 months and a 5-year
297 overall survival rate of 53.0% .

298 e Clinical factors including age, sex, performanadist, TTF1 value,

299 histological subtype, liver tumor burden or preseaf extrahepatic

300 metastasis are not correlated to mPFS

13
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« Moreover, **FDG-PET/CT could help to identify more aggressiveors
and should be included in the treatment decisigarahm for metastatic

disease
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407  Figure 1. Overall survival (OS) in the entire population.

408  Figure 2. Progression-free survival (PFS) in the entire papaoih.
409  Figure. 3 PFS according tFDG-PET/CT scan.

410 Figure. 4 Median PFS (mPFS) (a) and 5-year OS (b) accordiniget type of
411 somatostatin analog used.

412 Figure 5. Progression-free survival as a functiot®DG-PET/CT SUV.
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Table 1. Patient characteristics

Variable No. (%)

Sex

Male 23 (76.7)

Female 7(23.3)
Median age, years (range) 65.5 (47-82)
ECOG Performance Status

0 14 (46.7)

1 11 (36.7)

2 5 (16.6)
WHO Classification

Typical carcinoid 7(23.3)

Atypical carcinoid 23(76.7)
Ki67%
<5% 9 (36%)
6-20% 16 (64%)
Unknown 5
TFF1

Negative 12 (80.0)

Positive 3(20.0)

Missing 15
Ga68-PET/CT or Octreoscan

Negative 0 (0.0

Positive 30 (100.0)
FDG-PET/CT

Negative 6 (30.0)

Positive 14 (70.0)

Not performed 10
Somatostatin analog

Lanreotide 10 (33.3)

Octrectide 20 (66.7)

Site of Metastasis

Liver 27 (90.0)
Bone 22 (73.3)
Lymph node 19 (63.3)
Lung 18 (60.0)
Liver tumor burden

One hepatic lesion 2(7.9)

2-6 5(18.5)
>6 20 (74.1)

Extra hepatic metastasis
Yes 27 (90.0)
No 3(10.0)




Variable No. (%)

Second-line treatment

Chemotherapy 6 (20.0)
PRRT 23 (76.7)
Other 1(3.3)

Third-line treatment

Chemotherapy 6 (50.0)
PRRT 4(33.3)
Other 2(16.7)
Missing 18

PRRT, peptide receptor radionuclide therapy



Table 2. Prognostic factors

Variables No. g)zt;ents No. events  5-year survival rate (95%Cl)
Total 24 8 53 (23.7-77.1)
Pet result

FDG-PET/CT negative 5 1 80.0 (20.4-96.9)

FDG-PET/CT positive 12 4 48.9(7.3-82.2)
WHO Classification

Typical carcinoid 6 3 60.0 (12.6-88.2)

Atypical carcinoid 18 5 41.2 (6.4-75.1)
TFF1

Negative 9 1 87.5(38.7-98.1)

Positive 3 1 -
K167% value
<5% 6 2 65.6 (15.7-90.9)
6-20% 8 4 47.7 (8.6-80.0)
Somatostatin analog

Lanreotide 9 3 87.5(38.7-98.1)

Octreotide 15 5 65.7 (29.4-86.6)
Liver tumor burden

One hepatic lesion 1 0 -

2-6 4 2 -

>6 16 5 72.2 (40.8-88.9)
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