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ABSTRACT: Accrual of metastatic pulmonary carcinoid patients for therapy is usually relied on clinical and histologic characterization, with

no role for the proliferation activity as defined by Ki-67 labelling index (LI). A total of 14 carcinoid patients with tumour primaries (TP) and 19
corresponding tumour metastases (TM) were blindly reviewed by 2 different pathologists for necrosis, mitotic count, and Ki-67 LI. Ki-67 LI
outperformed histologic subtyping, mitotic count, and necrosis with good to almost excellent (0.40-0.75) inter-observer agreement. About 10%
cut-off Ki-67 LI predicted survival better than histology for TP and TM for both observers. The TM patients survived differently according to
diverse treatments (somatostatin analogues [SSAs], analogues plus additional treatments except for platinum; platinum-based chemotherapy) in
close correlation with <10%, 10% to 20%, and >20% cut-off thresholds of Ki-67 LI, respectively. There was also a trend for an increase in Ki-67
LI'in TM as compared with TP. This is the first proof of concept in which a clinical potential is preliminarily suggested for Ki-67 LI to better stratify
pulmonary metastatic carcinoid patients for treatment according to a criterion of histology-independent biological aggressiveness.
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Introduction

The current classification of lung neuroendocrine tumours
groups 4 histologic variants, namely, typical carcinoid (TC),
atypical carcinoid (AC), large-cell neuroendocrine carcinoma,
and small-cell lung carcinoma (SCLC), which are hallmarked
on resection specimens by assessing morphology, necrosis, and
mitoses.! In the clinical handling of carcinoid patients, how-
ever, an important source of uncertainty may derive from the
metastatic disease, especially in the setting of AC,? as defining
criteria may be challenging to reproduce.3* The evaluation of
Ki-67 antigen expressed as labelling index (henceforth simply
Ki-67 LI) on immunohistochemistry may help to separate car-
cinoids from SCLC> and may have prognostic and grading
potential,% but it is worthwhile deciphering whether this
marker may highlight different subsets of lung carcinoid
patients diversely behaving or responding to treatments in a

more effective way than using morphology as thus far outlined
in most clinical trials.®

This study was aimed as a preliminary one to generate a
proof of concept that could be instrumental to activate clinical
trials in the future.

Materials and Methods
Study design

This study aimed to generate a proof of concept on the clinical
usefulness of the Ki-67 LI in carcinoid patients treated with
diverse treatments and experiencing a range of outcomes when
using small-sized diagnostic material. The proliferation rate
progression at metastatic sites was also evaluated. This is a ret-
rospective study correlating the Ki-67 LI with the diverse treat-
ments being administered and the observed relevant outcomes.
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Table 1. Clinicopathologic characteristics.

PATIENT CHARACTERISTICS NO. (%)
All patients 16 (100)
Sex

Male 9 (56.2)

Female 7 (43.8)
Age

Median (range) 60 (35-73)

<50 3(18.8)

50-59 5 (31.3)

60-69 6 (37.5)

70+ 2(12.5)
Therapy

SSAor FU 11 (68.7)

SSA + everolimus 2(12.5)

Chemotherapy 3(18.8)
Follow-up, y

Median (range) 3.8 (1.7-15.9)

Person-years 81

Deaths 6

Annual death rate 7.4/100y

Abbreviations: FU, follow-up only; SSA, somatostatin analogues.

Patients and tumours

A total of 16 consecutive carcinoid patients (9 men and 7
women), aged between 35 and 73 years, were retrospectively
abstracted from the pathology archives of the University of
Turin during the time frame January 1996 to May 2017 (6.7%
of 239 consecutive lung carcinoid resections) to have compara-
ble therapy schedules. All consecutive cases of carcinoids in this
time frame were included to minimize selection biases. Of the
16 patients, 14 under evaluation were lung resected (henceforth
simply tumour primaries or TP), whereas 2 patients had been
diagnosed on metastases only (1 by liver biopsy and 1 by supra-
clavicular lymph node FNAC [fine needle aspiration cytol-
ogyl). Overall, 17 paired metastases in either loco-regional or
distant sites and these 2 metastatic foci made up the group of
tumour metastases that entered the study (henceforth simply
TM).

The TP comprised 13 lung surgical procedures and 1 pul-
monary FNAC sample, whereas TM included lymph node,
parotid gland, liver, bronchus, and skin specimens obtained
from resection, biopsy, or FNAC. First-, second- and third-line
therapies were offered for 13, 10, and 4 patients, respectively.

Treatments included lanreotide (a long-acting SSA) in 8 and 2
patients in the first and second treatment line, respectively;
everolimus (an inhibitor of mammalian target of rapamycin
[mTOR]) with or without SSA in 2, 6, and 2 patients in the
first, second, and third line, respectively; platinum-based chem-
otherapy (CT) (cisplatin, carboplatin, etoposide) in 3 patients
at the first line; and non-platinum-based CT (temozolomide,
taxanes) in 2 and 1 patient in the second and third line, respec-
tively (some patients received more treatment lines over time).
Peptide receptor radionuclide therapy (PRRT) was adminis-
tered in 1 patient in the third line of treatment. In all, 6 patients
died of disease, 7 were alive with persisting disease, and 3 were
alive and well (due to loco-regional lymph node metastases
that were excised at the time of the initial surgery, thus without
residual disease).

All original slides were blindly revised by 2 pathologists
(EM. and G.G.), independent of each other and blinded to
patient identity and clinicopathologic characteristics including
Ki-67 activity, who accomplished mitotic count on 2mm? and
necrosis assessment in keeping with the 2015 World Health
Organization (WHO) classification.! Ki-67 LI was quantified
on 2000 cells or 2mm? on both resection specimens and biopsy
samples as recently detailed.” In TP, the original diagnosis was
TC, AC and carcinoid not otherwise specified/NOS (on
FNAC sample) in 1, 12, and 1 case, respectively. In TM, AC
was recognizable in 10 of the 19 metastatic foci, with the
remaining 9 cases being labelled as carcinoid NOS (4 of them
were FNAC samples).

Statistical analysis

All analyses (Fisher exact test for contingency tables, Kaplan-
Meier/log-rank method for survival curves and weighted kappa
statistics using the Cicchetti-Allison weights for inter-observer
agreement) were performed on the SAS statistical software
version 9.2 (SAS Institute, Inc., Cary, NC, USA), considering
2-sided P values <.05 as statistically significant.

Results

A clinicopathologic summary of the tumour series under eval-
uation is presented in Table 1. While an inconsistent associa-
tion was found with tumour subtyping (TC vs AC),
histopathologic characteristics, and Ki-67 LI distribution
according to pathologists and types of material (TP or TM)
(Tables 2 and 3), the best inter-observer agreement was
observed for Ki-67 LI and mitotic count, whereas necrosis
failed to a larger extent. As necrosis is one of the defining cri-
teria for AC, this caused a less reproducible separation of TC or
AC to be obtained in either TP or TM sample (Table 4). While
no or only marginal differences in survival were observed
according to histology in either TP or TM, a 10% threshold
was found to best separate diversely behaving patients in both
TP and TM (Supplemental Figure 1A and B). The lack of
association between Ki-67 LI in metastases and histology for 1
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Table 2. Histopathologic characteristics according to pathologist and tissue.

PRIMARY TUMOURS? PRIMARY TUMOURS? METASTASES METASTASES
FIRST PATHOLOGIST SECOND PATHOLOGIST FIRST PATHOLOGIST SECOND PATHOLOGIST
Histology
TC 3 7 7 10
AC 1 7 12 9
Mitosis
Median (range) 2 (0-8) 1(0-8) 2 (0-5) 1(0-8)
0-1 5 8 9 1
2-4 7 5 9 6
5-9 2 1 1 2
Necrosis
Absent 4 11 9 15
Present 10 3 10 4
Ki-67
Median (range) 7 (1-30) 7 (1-32) 7 (1-60) 8 (1-62)
0-4 2 5 2 5
5-9 8 6 8 5
10+ 4 3 9 9

aMissing for 2 patients.

Table 3. Association between Ki-67 labelling index in metastases and histology.

ALL TYPICAL CARCINOID ATYPICAL CARCINOID P VALUE?
First pathologist
Ki-67 (metastasis, %)
0-4 2 2 0
5-9 8 4 4
10+ 9 1 8 .03
Second pathologist
Ki-67 (metastasis, %)
0-4 5 3 2
5-9 5 4 1
10+ 9 3 6 .32

aP value calculated using the Fisher exact test.

of the 2 pathologists confirmed that histology was not the best than those receiving also everolimus or treated with CT alone
approach for describing these tumours in both TP and TM (Figure 1), where the relevant Ki-67 LI averaged 8.6%, 12.8%,
samples (Table 3). and 28%, respectively. In second and third line, SSAs and/or

When TM were stratified by first-line treatment, a trend was everolimus and/or PRRT was administered in 9 patients,

found for patients treated with SSAs to run a longer survival whereas non-platinum-based CT (taxanes or temozolomide)
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Table 4. Agreement between 2 pathologists for the assessment of necrosis, histology, Ki-67, and mitotic count on primary tumour and metastasis.

PRIMARY TUMOURS

SECOND PATHOLOGIST

METASTASES

SECOND PATHOLOGIST

Histology TC AC TC AC
First pathologist | TC 3 0 Kappa (95% ClI) TC 7 0 Kappa (95% ClI)
AC 4 7 0.43 (0.04-0.82) AC 3 9 0.69 (0.38-0.99)
Necrosis No Yes No Yes
First pathologist | No 4 0 Kappa (95% Cl) No 9 0 Kappa (95% Cl)
Yes 7 3 0.20 (0.00-0.45) Yes 6 4 0.39 (0.07-0.71)
Mitoses 0-1 2-4 5-9 0-1 2-4 5-9
First pathologist | 0-1 5 0 0 Kappa (95% ClI) 0-1 8 0 1 Kappa (95% ClI)
2-4 2 5 0 0.65 (0.31-0.98) 2-4 3 5 1 0.45 (0.13-0.76)
5-9 1 0 1 5-9 0 1 0
Ki-67 LI 0-1 2-4 5-9 0-1 2-4 5-9
First pathologist | 0-4 2 0 0 Kappa (95% CI) 0-4 2 0 0 Kappa (95% Cl)
5-9 3 5 0 0.56 (0.20-0.91) 5-9 3 5 0 0.75 (0.52-0.98)
10+ 0 1 3 10+ 0 0 9
Abbreviations: AC, atypical carcinoid; Cl, confidence interval; TC, typical carcinoid.
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Figure 1. Survival by therapy — Overall survival of patients according to the type of treatment. SSA indicates somatostatin analogues; Eve, everolimus;
CT, chemotherapy. The mean Ki-67 labelling index of tumour metastases was 8.6% for SSA, 12.5% for Eve, and 28% for CT.

was continued in 2 out of 3 patients undergoing this treatment
(P=.039). In these instances, the mean Ki-67 LI was 3.5% for
SSA patients, 14.1% for those also treated with everolimus and/
or PRRT, and 23.5% for CT-only patients. Accordingly, 3
patient subsets could be thus identified using the same cut-off
values of <10% (SSA), 10% to 20% (SSA = everoli-
mus * PRRT), and >20% (non-platinum-based CT) emerging
from such a therapy-related distribution model, which resulted
in different histology-independent survival curves (Figure 2).
Finally, a trend towards an average increase in Ki-67 LI from

TP to TM was found in all patients under evaluation (Table 5).

Discussion
This study makes up a preliminary proof of concept on the
clinical usefulness of the Ki-67 LI in individual carcinoid
patients benefitting from diverse treatment options on small-
sized diagnostic material. Proliferation rate progression at met-
astatic sites was also investigated in the light of recent data
highlighting the concept of transition or evolution of carci-
noids to neuroendocrine carcinomas.%11

At variance with gastrointestinal tract neuroendocrine neo-
plasms, where clinical decisions are dictated on an effective
grading system incorporating Ki-67 LI,'213 the treatment of
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Figure 2. Survival by Ki-67 — Overall survival of patients according to
tripartite division of Ki-67 labelling index (<10%, between 10% and 19%,
=20%). This distribution looked like that of type of therapy, with which
shared comparable mean values of proliferation.

pulmonary metastatic carcinoids is often challenging and still
based on morphology as the sole interpretation cue.>® A patient
selection through Ki-67 LI has not been thus far playing any
decisional role in most clinical trials dealing with metastatic
lung carcinoids,?® including the recent LUNA trial, which was
specifically designed for lung and thymus well-differentiated
neuroendocrine tumours. Although ongoing clinical trials
suggest pulmonary carcinoid patient selection is likely to be
clinically warranted,® we herein preliminarily suggest that dif-
ferent cut-off thresholds of Ki-67 LI could help to stratify
histology-independent patient subsets benefitting from diverse
treatments on the basis of their own tumour aggressiveness. In
other words, Ki-67 LI would not act as a surrogate of diagnosis
(for which it was not designed in whatever context is dealt
with!7) but rather constitutes an innovative key player in the
clinical decision-making process on metastatic pulmonary car-
cinoid patients as previously proposed for resection speci-
mens.’> The variable association between Ki-67 LI and
histology we documented between observers supported even
more its independent value of traditional morphology, whereas
the substantial inter-observer agreement of Ki-67 LI on both
types of material — with Cohen kappa 0.56 in TP and 0.75 in
TM — confirmed its reliability as decision-making parameter
outperforming histologic subtyping, which in turn suffered
from lower reproducibility of necrosis and, to some extent,
mitotic count.»1¢ Strict counting guidelines of Ki-67 LI were
likely to account for this improved inter-observer and inter-
material variability on both resection and biopsy samples.® This
parameter was also superior to histology to predict patient sur-
vival in TM when adopting a 10% cut-off value, whereas a
steady increase in Ki-67 LI was revealed at metastatic sites
indicative of malignancy progression.!”

In our study, decision on the treatment type of metastatic
pulmonary carcinoid patients had been guided on the basis of
the individual clinical balance and performance status, although
Ki-67 LI was originally available in all cases, whereas histologic

Table 5. Difference in Ki-67 labelling index between primary tumours
and metastases.

FIRST
PATHOLOGIST

KI-67 IN
METASTASES, %

0-4 5-9 10+

Ki-67 in primary Kappa (95% Cl)

tumours?a, %

5-9 | 1 5 2 0.31 (0.0-0.66)

10+ | 1 1 5 Fisher P=.13

SECOND
PATHOLOGIST

KI-67 IN
METASTASES, %

Ki-67 in primary | 0-4 2 2 1 Kappa (95% ClI)

tumoursa, %

5-9 3 2 1 0.29 (0.0-0.64)

10+ | O 1 5 Fisher P=.14

Abbreviation: Cl, confidence interval.
aThere were 2 patients with metastatic tumours only.

diagnosis had remained carcinoid NOS in almost 50% of
instances on revision because of challenging material (4 sam-
ples were FNAC and other 5 missed defining criteria due to
small size and/or crushing).”? Of note, patients treated in first
line with SSAs showed a trend for longer survival compared
with those also receiving everolimus or treated with CT, in
whom the relevant Ki-67 LI averaged 8.6%, 12.8%, and 28%,
respectively. These differences among the first-line patient
groups were likely to be the cause rather than the consequence
of the diverse therapies, inasmuch as precise guidelines on the
use of Ki-67 LI in metastatic lung carcinoids are still lacking.>8
In second and third line, SSA patients showed an average 3.5%
Ki-67 LI, whereas those also receiving everolimus and/or
PRRT or further CT courses averaged 14.1% and 23.5% Ki-67
LI, respectively. Interestingly, 10% and 20% cut-off levels have
recently been proposed in primary AC to identify diversely
behaving tumours'>'® and as a tool to avoid misdiagnosing AC
as SCLC.5?

Accordingly, we devised Ki-67 LI cut-off levels <10%,
between 10% and 20%, and >20% to stratify different patient
subsets as a function of such a therapy-related distribution
model (Figure 2). More specifically, metastatic lung carcinoids
with a lower proliferation activity (Ki-67 LI <10%) could
be amenable of SSAs; patients with an intermediate prolifera-
tion activity (10%<Ki-67=<20%) could also undergo
mTOR inhibitors and/or PRRT; and patients with a higher
proliferation rate (Ki-67 >20%) could benefit from alkylating
agents, antiangiogenic drugs, or capecitabine/temozolomide
much better than platinum-based CT. Interestingly, all
these treatments have been proposed in the therapy of meta-
static lung carcinoids,>'* although biological pre-selection
strategies according to tumour aggressiveness have often
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been missed. We found that there was a trend towards an
average increase in Ki-67 LI from TP to TM in all patients
under evaluation; this remarks the concept of transition or
evolution of carcinoids to neuroendocrine carcinomas as
recently highlighted.1011

Limitations to our study were its retrospective character, the
relatively small number of patients (despite the rarity of well-
documented metastatic carcinoids as investigated in literature),
not complete uniformity in the treatments, and the lack of an
independent validation set.

Conclusions

Our results make up the first proof of concept on the potential
strategic use of Ki-67 LI in the clinical handling of metastatic
lung carcinoids. The assessment of Ki-67 LI is likely destined
to become a backbone in the clinical handling of metastatic
lung carcinoids in virtue of the close relationship among its
expression, clinical behaviour, and, potentially, therapy options
as preliminarily suggested in the current investigation. The
current view still emphasizes the preeminence of morphology,
but it is also essential to implement innovative algorithms
based on the use of Ki-67 LI in the decision-making process
on lung carcinoids as recently emphasized.!” Further improve-
ments in the quantification criteria of this marker in biopsy
samples will increase even more its clinical utility.’
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