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Abstract

Purpose Small intestinal neuroendocrine tumours (siNETs) with a Ki-67 proliferation index between 3 and 20% belong to
WHO grade 2. Response to treatment may be monitored by blood chromogranin A (CgA) and urine 5-hydroxyindoleacetic
acid (SHIAA). The aim of this retrospective study was to investigate the prognostic value of baseline CgA and SHIAA and
of the early biochemical response to treatment, and to compare different cut-off values used in the literature.

Methods A retrospective cohort study of 184 patients with siNET Grade 2 treated with somatostatin analogues (SSA),
interferon-alpha (IFN) or peptide receptor radionuclide therapy (PRRT).

Results Baseline CgA was a statistically significant prognostic marker for both cancer-specific survival (CSS) and
progression-free survival (PFS). A cut-off of 5 x ULN (upper limit of normal) was best discriminative in most cases, but 2 x
ULN discriminated better for SSA. Baseline SHIAA was a prognostic marker for CSS in treatment with IFN and PRRT, but
not for single SSA. Early changes of CgA and SHIAA correlated well with CSS (HR 3.18, 95% CI 1.82-5.56 and HR 1.47,
95% CI 1.16-1.86) and PFS (HR 3.08, 95% CI 1.86-5.10 and HR 1.37, 95% CI 1.11-1.68) for SSA, but not for PRRT.
Conclusions Baseline CgA and to a lesser extent SHIAA are associated with CSS irrespective of treatment used, and with
PES after PRRT, and 5 x ULN provides best discrimination in many, but not all, cases. Early reductions of CgA and SHIAA
are prognostic for treatment with SSA, but not PRRT.

Keywords Chromogranin A - SHIAA - Small intestinal neuroendocrine tumours * Biomarker - Carcinoids * Cut-offs

Introduction

Neuroendocrine neoplasms (NENs) of the small intestine
are the third largest subgroup of NENs in the gastro-
enteropancreatic system [1]. According to the WHO clas-
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non-curable tumours, and may also have a role in detection of
recurrence after potentially curative surgery or other treat-
ments [1]. CgA has been studied for two decades as a
potential diagnostic marker for NENs. However, more recent
work has failed to support this idea, and a recent Delphi
consensus concluded that no single biomarker meets the
sensitivity and specificity standards to be considered as a
diagnostic tool [5, 6]. Although conflicting evidence exists
regarding their prognostic and predictive value, most studies
report that at least higher CgA levels at baseline are associated
with shorter survival, while significance of CgA changes for
predicting worse response to treatment is still unclear. [7-9].
When dichotomizing these biomarkers, different authors have
been using various cut-offs ranging from 1 to 10 times the
upper limit of normal (XULN), leading to results that are not
entirely comparable [7, 10-16]. Limited data shows that early
reduction of CgA and/or SHIAA may correlate with treatment
effect of some, but not all anti-tumoural agents, and with the
survival of the patient [17, 18].

Despite differences between G1 and G2 small intestinal
NETs (siNETs), most studies to date have examined them
as a uniform group, and often in combination with NETs of
other origin. Their results are thus more representative of
the much more common G1 tumours. To the best of our
knowledge, this is the first study investigating the associa-
tion between baseline CgA and SHIAA, as well as their
change during treatment, in a uniform cohort of patients
with G2 tumours of the small intestine, treated with soma-
tostatin analogues (SSA), peptide receptor radionuclide
therapy (PRRT) and/or interferon-alpha (IFN).

Materials and methods

In this retrospective cohort study, all patients with meta-
static siNETs with a Ki-67 proliferation index between 3
and 20% (WHO grade 2) that were treated at the Depart-
ment of Endocrine Oncology, Uppsala University Hospital,
a tertiary referral centre, and at the Department of Oncol-
ogy, Ryhov County Hospital, a regional hospital, between 1
January 2000 and 31 May 2017 were eligible for inclusion
and were retrieved from an internal database. Patients
treated by surgery after initiation of cancer-specific treat-
ment, with no evidence of remaining disease and no
recurrence during the study period, were excluded from the
survival analysis. Following approval from the Uppsala
ethical review board (Dnr 2017/403), data on patients’
clinical status, treatments given and laboratory tests were
extracted from the hospitals’ medical archives. Medical
records were re-reviewed to determine cause of death and
survival status was censored on 31st October 2019 or at last
known contact. Causes of death due to tumour progression,
adverse events, surgical morbidity as well as cases where
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cause of death was indeterminate but cancer-related death
was likely, were classified as cancer-specific mortality.
Patients dying from other causes, not related to their NET
tumour, were censored at time of death. Cancer-specific
survival (CSS) and progression-free survival (PFS) were
calculated for each treatment given. Progression was
defined as radiological progression, according to multi-
disciplinary team assessment, whenever available. It is
worth noting that RECIST criteria were not consistently
applied during the study period, and that in a small subset of
mostly older patients (less than 10%) treating physician’s
assessment of biochemical/clinical progression was accep-
ted as time for progression.

Biomarkers were collected at baseline, and at the
6-month visit. In a minority of patients undergoing inter-
ventional procedures within this 6-month period, last bio-
marker control before intervention was accepted, as long as
it was at least 3 months after treatment start; otherwise these
patients were excluded from analysis. For the measurement
of SHIAA, patients were provided with one or two recep-
tacles and were asked to collect urine for one or two 24-h
periods prior to the planned visit and to maintain a
serotonin-poor diet for 72 h beforehand. SHIAA was mea-
sured as a single sample or as two samples on consecutive
days; whenever two samples were examined, the mean
value was used. Samples were analyzed using high-
performance liquid chromatography. Plasma samples for
CgA were collected in chilled heparinised vacutainer tubes
after fasting overnight. All samples before and during
PRRT were measured at Uppsala University Hospital using
the EuroDiagnostica kit (Malmo, Sweden) for CgA. Sam-
ples before and during other treatments were measured at
Uppsala University Hospital (85% of evaluable samples for
patients treated with SSA or IFN) or at the patient’s
local laboratory. In each case, baseline and 6-month
tests were conducted at the same laboratory. Levels of
CgA and SHIAA were described as XULN of the reporting
laboratory.

Biochemical partial response (PR) was defined as a
reduction of baseline CgA or SHIAA by at least 50% and
biochemically progressive disease (PD) as an increase by at
least 25%. Patients with values at 6 months between —50%
and +25% of baseline were deemed as having biochemi-
cally stable disease (SD).

Statistical methods

Statistical analysis was performed with R version 3.5.3, and
the compareGroups package 4.0.0, using standard metho-
dology (chi-square test for dichotomous variables, z-test for
continuous variables and semi-parametric cox models for
censored variables). PFS and CSS were analyzed using the
Kaplan—Meier method and between-group differences were
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analyzed using a log-rank test. Hazard ratios (HRs) and
confidence intervals (CIs) were estimated from the Cox
proportional hazards model. Optimal cut-off points were
calculated with R packages Survminer 0.4.3 and maxstat
0.7-25 using the maximally selected rank statistics, a
method that allows the evaluation of cut-off points, which
provide the classification of different risk groups in a
quantitative or ordered predictor variable [19, 20]. Sensi-
tivity, specificity, positive (PPV) and negative predictive
values (NPV) were estimated with R package timeROC 0.3.

All tests were two-sided. P values <0.05 were con-
sidered statistically significant.

Results
Demographics

In total, 184 patients with metastatic sSINET G2 were included
in the present study. During the study period 182 patients were
treated with SSA, 93 patients with IFN and 92 patients with
PRRT. Four patients were rechallenged with IFN and 13 with
PRRT, and were included as separate treatment events.
Additional treatments including chemotherapy and everolimus
were offered to less than 20% of patients and were not ana-
lyzed. Most patients started treatment with SSA. PRRT was
used mostly as second or third line of treatment. The patterns
of use of IFN changed significantly during the study period:
During the initial years, it was used either as single first line
treatment (13 patients) or in parallel with SSA, often starting at
the same time or within a few months of SSA initiation (62%
of the IFN treatment cases). During the latter phase of the
study IFN was mostly used as second or third line treatment.
Baseline biochemical markers and selected demographics are
summarized in Table 1. A consort diagram is shown in Fig. 1.

Baseline biomarkers as prognostic markers

We examined the association between biomarker (CgA and
SHIAA) levels at treatment start and survival (CSS and
PFS) both as continuous and dichotomous variables.
Baseline CgA was consistently a statistically significant
prognostic marker for both CSS and PFS as a continuous
variable (non-significant association in the case of PFS on
SSA) (Table 2). Baseline SHIAA was a statistically sig-
nificant prognostic marker for CSS in patients treated with
IFN and PRRT, but not in patients treated with single SSA,
and a statistically significant prognostic marker of PFS for
patients treated with PRRT (Table 3).

Using the R package Survminer, we estimated optimal
cut-off points for each treatment and for the whole cohort,
irrespective of treatment. The estimated optimal cut-offs for
different treatments varied considerably (Table 4). For the

Table 1 Baseline patient characteristics

SSA IFN PRRT
(N=182) (N=97) (N=105)
Sex
Female 73 (40.1%) 40 (41.2%) 40 (38.1%)
Male 109 (59.9%) 57 (58.8%) 65 (61.9%)
Age at start 64.7 [58.3;71.5] 60.9 [53.7:68.2] 65.9 [58.4;71.1]

(median [IQR])
Resection of
primary tumour/
lymph nodes

No 47 (26.4%) 20 (20.8%) 20 (19.2%)
Yes 131 (73.6%) 76 (79.2%) 84 (80.8%)
Metastasectomy
No 122 (67.0%) 56 (57.7%) 64 (61.0%)
Yes 60 (33.0%) 41 (42.3%) 41 (39.0%)
Performance
status (WHO)
0 65 (58.0%) 34 (58.6%) 52 (54.7%)
1 31 (27.7%) 15 (25.9%) 33 (34.7%)
2 12 (10.7%) 8 (13.8%) 9 (9.5%)
>3 4 (3.6%) 1 (1.7%) 1 (1.1%)
Ki-67 7% [4%;10%] 6% [4%;10%] 8% [5%;12%]
(median [IQR])
Bone/lung
metastases
No 114 (75.5%) 50 (67.6%) 49 (49.0%)
Yes 37 (24.5%) 24 (32.4%) 51 (51.0%)
Line of treatment
1 168 (93.3%) 60 (62.5%) 9 (8.7%)
2 12 (6.7%) 29 (30.2%) 60 (57.7%)
>3 0 (0.0%) 7 (7.3%) 35 (33.7%)
Concomitant start
SSA/other
No 112 (63.3%) 35 (41.7%) 96 (91.4%)
Yes 65 (36.7%) 49 (58.3%) 9 (8.6%)
Baseline CgA, x 6.8 [2.1;34.0] 8.0 [2.2;45.2] 16.5 [4.5;32.0]
ULN
(median [IQR])
Baseline CgA,
dichotomized
<5 49 (40.5%) 31 (43.7%) 27 (26.7%)
5-10 17 (14.0%) 6 (8.5%) 12 (11.9%)
>10 55 (45.5%) 34 (47.9%) 62 (61.4%)
Baseline SHIAA, x 4.6 [1.3;15.5] 4.2 [1.1;15.0] 6.1 [2.7;15.0]
ULN
(median [IQR])
Baseline SHIAA,
dichotomized
<5 68 (55.3%) 40 (58.0%) 42 (41.6%)
5-10 16 (13.0%) 7 (10.1%) 24 (23.8%)
>10 39 (31.7%) 22 (31.9%) 35 (34.7%)

SSA somatostatin analogues, /FN Interferon-alpha, PRRT peptide
receptor radionuclide therapy, CgA chromogranin A, 5HIAA
5-hydroxyindoleacetic acid, ULN upper limit of normal, IQR
interquartile range

group as a whole, suggested cut-offs were 6 x ULN of both
CgA and SHIAA for CSS. Respective cut-offs for PFS were
6 x ULN and 5 x ULN.

Subsequently, we calculated HRs for CSS and PFES at
“standard” dichotomized cut-off values used in the literature
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Patients (n=235) ‘

Excluded (n=51)
+ Not meeting inclusion criteria (n=32)

+ New WHO G2 definition, ki-67 2-3% excluded (n=19)

SSA (n=182)

Single (n=112) * Combined (n=65) *

l l

IFN single (n=35)* PRRT (n=96)*

FS)
5175

(CSS/PFS)
75175 n=48/45

n=62/62

.
+ Change

+ Change n=51/51

Fig. 1 SSA somatostatin analogues, IFN interferon, PRRT peptide
receptor radionuclide therapy, CgA Chromogranin A, SHIAA 5-
hydroxyindoleacetic acid, CSS cancer-specific survival, PFS
progression-free survival, SHIAA 5-hydroxyindoleacetic acid. *Five
patients with uncertain status excluded. *Treatments given. Most
patients received several lines of treatment. Four patients were
rechallenged with IFN and 13 with PRRT, and were included as

separate treatment events. Approximately one third of patients treated
with SSA and IFN had missing baseline and/or 6-month CgA and
SHIAA data. "For SSA single, SSA combined, IFN, and PRRT, 6, 3, 0
and 2 cases with baseline normal CgA and 17, 3, 5 and 7 cases with
normal baseline SHIAA were excluded from early biochemical
response analysis

Table 2 Baseline CgA as predictor for CSS, PFS

SSA single SSA combined IFN PRRT
HR [95% CI] p HR [95% CI] p HR [95% CI] p HR [95% CI] p
CSs
N=175 N=46 N=28 N=92
Continuous 1.008 [1.003;1.012] <0.01 1.008 [1.004;1.011] <0.01 1.012 [1.004;1.020] <0.01 1.016 [1.008;1.023] <0.01
5-10x 0.02 0.10 0.02 <0.01
5-10x% 1.39 [0.49;3.97] 0.85 [0.22;3.22] 3.37 [0.56;20.28] 5.90 [1.97;17.66]
>10 2.78 [1.32;5.87] 2.12 [0.95:4.75] 6.01 [1.56;23.21] 9.06 [3.75;21.88]
>2 5.30%** [1.85;15.21] <0.01 1.49 [0.61;3.67] 0.38 2.65 [0.58;12.05] 0.19 NA
>5 2.27 [1.12;4.62] 0.02 1.76 [0.80;3.87] 0.15 5.15* [1.40;18.99] 0.01 8.44***[351;20.31] <0.01
>10 2.55[1.29;5.01] 0.01 2.21%**[1.06;4.64] 0.03 4.30 [1.37;13.51] 0.01 4.56 [2.45;8.50] <0.01
>Optimal: treatment 5.30%*** [1.85;15.21] <0.01 1.49 [0.61;3.67] 0.38 23.88*** [4.47;127.62] <0.01 8.32 [2.97;23.25] <0.01
>Optimal 2.88 [1.43;5.82] <0.01 1.71 [0.81;3.61] 0.15 5.15[1.40;18.99] 0.01 6.38 [2.94;13.85] <0.01
PFS
N=175 N=43 N=27 N=92
Continuous 1.002 [0.998;1.006] 0.35 1.004 [1.002;1.007] <0.01 1.005 [1.000;1.010] 0.04 1.007 [1.003;1.011] <0.01
5-10x 0.29 0.36 0.03 <0.01
5-10x% 1.64 [0.79;3.39] 0.88 [0.27;2.83] 6.78 [1.02:45.11] 3.88 [1.13;13.29]
>10 1.45 [0.82;2.57] 1.61 [0.74;3.48] 4.62 [1.22;17.55] 6.36 [2.58;15.72]
>2 2.22%%% [1.21;4.07] 0.01 0.94 [0.40;2.18] 0.87 4.24 [0.54;33.00] 0.14 4.01 [0.96;16.80] 0.04
>5 1.50 [0.89;2.55] 0.13 1.40 [0.67;2.95] 0.38 4.90*** [1.33;17.99] 0.01 5.94*%*%* [2.41;14.63] <0.01
>10 1.27 [0.75;2.14] 0.38 1.67* [0.82;3.38] 0.16 3.05[0.99:9.38] 0.04 4.06 [2.01:8.21] <0.01
>Optimal: treatment 2.22°%** [1.21;4.07] 0.01 2.87*** [1.25;6.63] 0.01 4.90*** [1.33;17.99] 0.01 5.43 [2.34;12.59] <0.01
>Optimal 1.64 [0.97;2.76] 0.06 1.72 [0.83;3.60] 0.15 4.90 [1.33;17.99] 0.01 5.41[2.33;12.55] <0.01

Prognostic value of baseline Chromogranin A (CgA) for cancer-specific (CSS) and progression-free survival (PFS) given as continuous values, at
“standard” cut-offs 2x, 5x, 10 x ULN and at “optimal” estimated cut-offs for the whole cohort (optimal) and per treatment given (optimal:
treatment). Significant p values are marked in bold numbers. Hazard ratios providing best discrimination are marked with *** (all cut-offs) and
with * for “standard” cut-offs, when different

ULN upper limit of normal, SSA somatostatin analogues, /FN Interferon-alpha, PRRT peptide receptor radionuclide therapy, NA not available
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Table 3 Baseline SHIAA as predictor for CSS, PFS
SSA single SSA combined IFN PRRT
HR [95% CI] p HR [95% CI] p HR [95% CI] p HR [95% CI] p
CSS
N=75 N=48 N=26 N=92
Continuous 1.014 [0.989;1.040] 0.26 1.014 [1.002;1.026] 0.02 1.064 [1.013;1.119]  0.01 1.071 [1.038;1.104]  <0.01
5-10x 0.07 0.02 0.17 0.01
5-10x 2.50 [0.98;6.36] 0.38 [0.09;1.69] 1.35 [0.27:6.73] 2.08 [1.04:4.15]
>10 2.03 [0.92;4.45] 2.01 [0.96:4.21] 3.19 [0.90;11.39] 2.60 [1.39;4.85]
>2 1.62 [0.79;3.31] 0.18 1.37 [0.59;3.18] 0.47 1.08 [0.35;3.33] 0.89 1.49 [0.73;3.06] 0.27
>5 2.18%* [1.10;4.34] 0.02 1.33 [0.65;2.72] 0.43  2.20 [0.71;6.84] 0.16  2.36* [1.34;4.17] <0.01
>10 1.70 [0.81;3.60] 0.16  2.42%** [1.18;4.94] 0.01 2.98* [0.89;9.97] 0.06 1.97 [1.15;3.38] 0.01
>Optimal: treatment ~ 2.54*** [1.25;5.18] 0.01 1.08 [0.51;2.30] 0.84 3.89%#* [1.22;12.40] 0.01 6.30%** [3.24;12.27] <0.01
>Optimal 1.98 [1.00;3.95] 0.05 1.50 [0.73;3.06] 0.26  2.63 [0.83;8.32] 0.09 2.57 [1.48;4.46] <0.01
PFS
N=15 N=45 N=26 N=92
Continuous 1.003 [0.985;1.022] 0.74 1.001 [0.985;1.017] 0.90 1.026 [0.986;1.067]  0.21 1.048 [1.012;1.087] 0.01
5-10x 0.05 0.40 0.26 0.01
5-10x 2.54 [1.16;5.55] 1.15 [0.41;3.22] 3.03 [0.74;12.45] 3.06 [1.46;6.40]
>10 1.33 [0.72;2.46] 1.65 [0.79;3.44] 1.88 [0.47;7.61] 1.97 [0.99;3.95]
>2 1.64* [0.95;2.81] 0.07  1.29 [0.56;2.99] 0.54 1.69 [0.52;5.54] 0.38 1.86 [0.73:4.74] 0.19
>5 1.59 [0.93;2.72] 0.09 1.49 [0.74;2.97] 0.26  2.32%* [0.74;7.27] 0.14  2.34%%* [1.26;4.36] 0.01
>10 1.17 [0.65;2.12] 0.60  1.59%** [0.80;3.15] 0.18 1.46 [0.39;5.46] 0.57 1.30 [0.72;2.34] 0.39
>Optimal: treatment  2.08*** [1.11;3.90] 0.02 1.35 [0.63;2.91] 0.43  2.53%%* [0.75;8.54]  0.12 2.34%** [1.26;4.36] 0.01
>Optimal 1.55 [0.90;2.65] 0.11  1.49 [0.74;2.97] 0.26  1.63 [0.49;5.46] 042 2.34%%* [1.26;4.36] 0.01

Prognostic value of baseline 5-hydroxyindoleacetic acid (SHIAA) for cancer-specific (CSS) and progression-free survival (PFS) given as
continuous values, at cut-offs 2x, 5x, 10 x ULN and at “optimal” estimated cut-offs for the whole cohort (optimal) and per treatment given
(optimal: treatment). Significant p values are marked in bold numbers. Hazard ratios providing best discrimination are marked with *** (all cut-

offs) and with * for “standard” cut-offs

ULN upper limit of normal, SSA somatostatin analogues, IFN Interferon-alpha, PRRT peptide receptor radionuclide therapy

2%, 5x, 10 x ULN [12, 15, 16, 21] and at a trichotomized
cut-off (5-10x ULN), as well as at the estimated optimal
cut-off points for CgA and SHIAA. Results for each treat-
ment given are summarized in Tables 2 and 3, and for all
cases, irrespective of treatment, in Supplementary Table 1.
Sensitivity, specificity, PPV and NPV are shown in Sup-
plementary Table 2.

Somatostatin analogues (SSA)

We focused on single SSA and PRRT, the two treatments that
are most applicable in current clinical practice. For patients
treated with SSA, the estimated optimal cut-offs for baseline
CgA were 2 x ULN for both CSS and PFS (Table 4). Indeed,
CgA dichotomized at 2 x ULN defines a cohort with worse
CSS (HR 5.30, 95% CI 1.85-15.21, p<0.01) and PFS (HR
222, 95% CI 1.21-4.07, p=0.01). In both cases HRs are
clearly higher compared to other cut-offs (Fig. 2). Trichoto-
mizing CgA at 5-10x ULN did not seem to provide any
additional benefit.

Table 4 Optimal cut-offs (xULN)

CgA SHIAA

CSS PFS CSS PES
Irrespective of treatment 6 6 6 5
SSA single 2 2 4 1
SSA combined 90 45 17 6
IFN 32 5 8 3
PRRT 4 7 18 5

Estimated “optimal” cut-offs for Chromogranin A (CgA) and
5-hydroxyindoleacetic acid (SHIAA) using the maximally selected
rank statistics, for the cohort as a whole (in bold), irrespective of
treatment, and per treatment given

ULN upper limit of normal, SSA somatostatin analogues, IFN
Interferon-alpha, PRRT peptide receptor radionuclide therapy, CSS
cancer-specific survival, PFS progression-free survival

The estimated optimal SHIAA cut-offs were 4 x ULN for
CSS and 1 x ULN for PFS. The optimal estimated cut-offs
separate two groups with a moderate HR of 2.54 (95% CI

@ Springer
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Fig. 2 Cancer-specific (CSS) and progression-free survival (PFS) for
patients treated with somatostatin analogues (SSA) or peptide receptor
radionuclide therapy (PRRT) at various cut-offs: trichotomized
(squares), dichotomized (cycles) and at “optimal” estimated cut-offs
(diamonds) for the whole cohort (opt: overall) and per treatment given
(opt: treatment). A Chromogranin A (CgA), B 5-hydroxyindoleacetic
acid (SHIAA). Dashed lines in place for “standard” cut-offs giving

1.25-5.18, p=0.01) for CSS and 2.08 (95% CI 1.11-3.90,
p =0.02) for PFS (Table 3). These results, though statisti-
cally significant, are less discriminative in comparison to
grouping by CgA. A cut-off at 5 x ULN provides a slightly
worse discrimination for CSS (HR 2.18, 95% CI 1.10-4.34,
p =0.02). Using two cut-off intervals at 5x and 10 x ULN
unexpectedly resulted in lower HRs for the >10x ULN
compared to the 5-10 x ULN group.

Peptide receptor radionuclide therapy (PRRT)

For patients treated with PRRT, the estimated optimal CgA
cut-offs were 4 x ULN for CSS and 7xULN for PFS.
Using two cut-offs at 5x and 10xULN clearly dis-
tinguished three groups with HR of 590 (95% CI
1.97-17.66) and 9.06 (95% CI 3.75-21.88) for CSS, 3.88
(95% CI 1.13-13.29) and 6.36 (95% CI 2.58-15.72) for
PFS. However, a single cut-off at 5 x ULN provided similar
discriminative value (HR 8.44, 95% CI 3.51-20.31, p<
0.01 for CSS and 5.94, 95% CI 2.41-14.63, p<0.01 for
PES), is probably easier to use and provides higher HRs
compared to other single cut-offs (Table 2 and Fig. 2).
The estimated optimal cut-offs for SHIAA were 18x for
CSS and 5x for PFS. As is the case with SSA, SHIAA
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limit of normal) seems to discriminate best for SSA, whereas 5 x ULN
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SHIAA is lower irrespective of cut-off examined. In PRRT the
“optimal” cut-off is clearly higher. The estimated “overall” optimal
cut-offs (dark grey diamond) did not provide better discrimination in
any case

provided worse discriminative value in comparison with
CgA, with similar HRs in the 2-10 x ULN range, which are
more frequently used in the literature. The optimal HR in
our cohort was provided at higher cut-off values for CSS,
and discriminated sufficiently for CSS (HR 6.30, 95% CI
3.24-12.27, p<0.01) and moderately for PFS (HR 2.34,
95% CI 1.26-4.36, p =0.01).

Changes in biomarkers as prognostic markers of
response

Somatostatin analogues (SSA)

Biochemical test results at 6 months after treatment start
were available for 98 (CgA) and 99 (SHIAA) patients
among those who initially had a raised CgA and SHIAA,
respectively. The median reduction of CgA and SHIAA
were 43% and 41% respectively for all patients, 19% and
31% for patients starting treatment with single SSA, and
51% and 53% for patients starting a combination treatment
(mostly with IFN and in nine cases with PRRT) at first line.
Thirty-nine percent of all patients, 31% of patients treated
with single SSA and 53% of patients starting on combined
treatment achieved a reduction of CgA at 6 months of at
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least 50% and were classified as partial responders; the
corresponding numbers for SHIAA were 39%, 31%
and 50%.

Six-month reductions of CgA and SHIAA correlated well
with PES and CSS for patients treated with single SSA, both
as continuous and dichotomous variables (Table 5). It is
worth noting that although CSS was reduced for patients
progressing biochemically within 6 months of SSA start, the
difference between patients having SD and those having PR
was marginal (Fig. 3).

There were 133 events of escalation of SSA dose in 98
patients. The median change for CgA and SHIAA was an
increase of 17% and 15% respectively after the dose esca-
lation. The biochemical response rate (RR) was 4.7% and
4.1% for CgA and SHIAA, while 48% and 58%, respec-
tively, had SD at the 6-month control. Changes in CgA as a
continuous variable showed a non-statistically significant
correlation with CSS (HR 1.11, 95% CI 0.99-1.25, p=
0.08). There was no correlation between early SHIAA
changes as a continuous variable and either CSS or PFS.
For both CgA and SHIAA as dichotomous variables, there
was no correlation with CSS (Table 5 and Fig. 3).

Peptide receptor radionuclide therapy (PRRT)

The median change of CgA and SHIAA was a reduction of
15% and 12% respectively after PRRT, with RR of 18% and
18% for CgA and SHIAA, while 66% and 67%, respec-
tively, had stable markers at the 6-month control. Reductions
in CgA and in SHIAA did not correlate with either PFS or
CSS (Fig. 3). Results are summarized in Table 5.

Patients treated with PRRT were treated in parallel with
various doses of SSA; Thirty-six percent of patients with
available data were treated with up to standard doses (30 mg
Sandostatin” LAR /4 weeks or 120 mg Somatuline” Auto-
gel/4 weeks), 34% with SSA every 3 weeks and 30% with
SSA every 2 weeks or higher doses. We examined whether
different SSA doses could potentially mask the early effect
of PRRT on CgA and SHIAA levels stratifying for standard
versus higher SSA doses. In this case early reductions of
CgA had a borderline significant correlation with CSS (HR
1.45, 95% CI 1.02-2.05, p =0.04), whereas early reduc-
tions of SHIAA did not show any correlation (HR 1.29,
95% CI1 0.80-2.07, p = 0.29). The correlation between early
reduction of CgA and CSS remained significant even after
correcting for baseline hormonal values, Ki-67 and perfor-
mance status (Supplementary Table 3).

Interferon-alpha (IFN)
Of the 97 treatment cases with IFN during the study

period, 58 had evaluable biomarkers both at baseline and
after 6 months of treatment. Of those, 58% initiated

treatment concomitantly, or shortly after, the initiation of
SSA, as was the clinical routine during the early study
period. The median reduction of CgA and SHIAA was
14% and 31% for the total population, with RR of 29%
and 34%. However, at least part of this effect will be due
to the SSA analogue given concomitantly: For 35 patients
starting treatment with IFN as single treatment, the
median CgA increased by 5% and median 5SHIAA
decreased by 23% at 6 months from treatment start. Still,
one out of seven patients had a more than 50% reduction
of CgA and/or SHIAA, and almost two thirds of evalu-
able patients had stabilization of those biochemical
markers.

Because of the small number of patients, we examined
patients having PD or SD together and compared them with
responders; the groups were stratified by concomitant or not
start of IFN. HR for CSS for responders vs. non-responders
was statistically significant for SHIAA (HR 2.59, 95% CI
1.04-6.43, p =0.04) but not for CgA (HR 1.91, 95% CI
0.80-4.56, p =0.14). However only three of 19 evaluable
responders were in the IFN single group and this result
should be interpreted with caution.

Changes in biomarkers and early change of
treatment

There were 83 cases of early biomarker progression: 23 on
SSA, 11 on IFN, 16 on PRRT and 33 after SSA dose
escalation. In 31 cases both CgA and SHIAA increased by
>25%, in 25 cases only CgA and in 27 cases only SHIAA
increased. Thirty-nine of those patients changed treatment
within a year. In univariate analysis, CSS from treatment
start did not differ significantly for those changing treatment
early compared to patients who changed treatment more
than a year later (HR 1.16, 95% CI 0.67-2.00, p = 0.59).
However, it is likely that patients changing treatment early
had a more aggressive disease and higher baseline hormone
levels. In a multivariate analysis for baseline factors asso-
ciated with more aggressive outcomes (CgA and SHIAA at
baseline, age, Ki-67), HR changed in favour of patients
starting escalating their treatments earlier, but this was
not statistically significant (HR 0.70, 95% CI 0.37-1.33,
p=0.28).

Discussion

The present study examined the prognostic and predictive
ability of two widely used biomarkers in clinical routine,
plasma CgA and urine SHIAA, focusing on their baseline
values and relatively early changes during treatment. Unlike
most previous studies that included various locations and
histopathological grades of NET, it focused on a uniform
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Fig. 3 Cancer-specific survival (CSS) and progression-free survival
(PES) after treatment with somatostatin analogues (SSA) (A), peptide
receptor radionuclide therapy (PRRT) (B) and SSA dose escalation (C)
stratified by 6-month biochemical response. Adjusted survival curves
for CSS in patients treated with interferon, as a function of

marker of morphological evolution of disease and has
therefore no utility in this setting [30].

Less is known about the prognostic and predictive value of
SHIAA in siNETs. Zandee et al. reported that baseline
SHIAA at a cut-off of 10xULN is a negative prognostic
factor of overall survival (OS) in univariate, but not multi-
variate analysis [25]. On the other hand, Laskaratos et al.
reported that SHIAA at a cut-off of 10 x ULN together with
age were the only factors that remain significant in multi-
variate analysis for OS of siNETs with desmoplasia [16]. Data
about SHIAA changes associated with specific treatments are
limited. In our study, SHIAA seems to be prognostic of PFS
and CSS in patients treated with PRRT, but not with single
SSA. It is also significant as a prognostic factor for CSS for
patients treated with interferon. The optimal cut-off is higher
than that for CgA but varies between treatments, and HRs are
generally similar in the range of 2-10 x ULN. At least in the
case of PRRT the optimal cut-off for CSS might be sig-
nificantly higher and in our cohort it was 18 x ULN.

biochemical response for the cox model, stratified for concomitant use
of SSA (D). CgA Chromogranin A, SHIAA 5-hydroxyindoleacetic
acid, PR partial response, SD stable disease, PD progressive disease.
P values derived from log-rank test (A—C) and cox models (D)

We examined early biomarker changes in some specific
situations: First we showed that in a group of patients
treated with escalated doses of SSA, early continuous
decreases of CgA, but not SHIAA, had borderline correla-
tion with CSS and PFS. Moreover, we hypothesized that
early biomarker changes in patients treated with PRRT
might be masked by concomitant treatment with SSA.
Unfortunately, we could not examine biomarker changes in
an SSA-naive population, but we examined differences
depending on the different baseline SSA doses. Early
changes of CgA but not SHIAA showed a borderline cor-
relation with CSS after correcting for baseline SSA doses.

As more treatment options become available, it is
important to investigate if early intensification of treat-
ment can improve survival. Approximately half of the
patients with early biochemical progression changed
treatment within a year of treatment start. We compared
patients with early treatment changes with those who
remained on the same treatment for a longer time. In
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univariate analysis there was no difference in CSS (HR
1.16, 95% CI: 0.67-2.00, p = 0.59), but the HR switched
in favour of early treatment changes when adjusting for
known prognostic factors of poor response in a multi-
variate analysis (HR 0.70, 95% CI 0.37-1.33, p =0.28).
A larger study could give a definitive answer to this
question.

Monoanalytes, such as CgA and SHIAA have been cri-
ticized for lacking specificity and sensitivity [31, 32].
Genomic assays such as the NETest” have been argued to
provide a more precise alternative [32]. However, trials to
date have examined the prognostic ability of the NETest" in
relation to disease status and progression instead of OS.
Besides, genomic tests have struggled to become main-
stream in most oncologic fields and are almost never used in
the metastatic setting: For example the 15-year-old Onco-
type DX° in breast cancer still had 35% adoption rate
among US physicians and as low as <20% in some areas in
Europe [33, 34]. Simple monoanalytes are still used routi-
nely in several solid tumours and, despite their limitations,
are probably unlikely to be completely replaced by multi-
genomic assays in the very near future.

The study has several limitations. First, the study popu-
lation is mostly that of a tertiary referral centre, and might
not be representative of the general population. Second, this
is a retrospective study with laboratory tests spanning over a
20-year period and there is considerable variation between
different methods of measuring CgA and SHIAA. However,
more than two-thirds of tests in SSA and IFN patients and
virtually all tests in PRRT patients were conducted in a
single reference laboratory. Finally, treatment patterns
changed during the study period; most notably IFN con-
comitantly with SSA as a first line treatment is rarely used
nowadays, and the IFN results might not be applicable to
patients treated with IFN at second or later lines.

In conclusion, we have shown that CgA and to a lesser
extent SHIAA baseline levels are associated with CSS in
patients with siNETs G2, irrespective of treatment used, and
with PFS in patients treated with PRRT and we suggest
optimal cut-off points for dichotomizing those variables.
The reductions of CgA and SHIAA at 6 months from
treatment start have prognostic utility in patients treated
with SSA, but not in patients treated with PRRT.
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