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Abstract

Several inflammation scores have shown association with survival outcomes for
patients with neuroendocrine tumours (NET) treated with peptide receptor radionu-
clide therapy (PRRT). However, whether these scores add value to established prog-
nostic factors remains unknown. In this retrospective, cohort study of 557 NET
patients undergoing PRRT in a tertiary referral centre from 2005 to 2015, we exam-
ined inflammatory markers and scores previously associated with cancer outcomes,
using Cox proportional hazard models and Akaike's information criterion. Lower albu-
min (hazard ratio [95% confidence interval], .91 [.87-.95] per unit), as well as higher
C-reactive protein (CRP; 1.02 [1.01-1.02]), Glasgow Prognostic Score (GPS; 1 vs. O:
1.67 [1.14-2.44], 2 vs. 0 3.60 [2.24-5.79]), CRP/albumin ratio (1.84 [1.43-2.37]) and
platelet count (PIt) x CRP, but not white blood cell, neutrophil and thrombocyte
counts or derived neutrophil to lymphocyte ratio (dNLR), were associated with
shorter median overall survival (OS) in an adjusted analysis. The addition of parame-
ters based on albumin and CRP, but not dNLR, to a base model including age,
chromogranin A, the cell proliferation marker Ki-67, performance status, tumour site
and previous treatments improved the predictive accuracy of the base model. In an
exploratory analysis of patients with available erythrocyte sedimentation rate (ESR)
and CRP, ESR emerged as the most powerful predictor. When added to a prognostic
model for OS in NET patients treated with PRRT, most inflammation scores further
improved the model. Albumin was the single marker adding most value to the set of
established prognostic markers, whereas dNLR did not seem to improve the model's
prognostic ability.
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1 | INTRODUCTION

Neuroendocrine tumours (NET) represent a rare group of neoplasms
originating from neuroendocrine cells located in various organs. They
are often indolent tumours with relatively long survival even when they
have metastasized.! The majority of NET express somatostatin recep-
tors, which can be targeted with peptide receptor radionuclide therapy
(PRRT). Y7Lu-DOTATATE has been used for PRRT of locally advanced
or metastatic, unresectable NET and has been shown in a randomized
trial to prolong progression-free survival of small intestinal NET (SI-NET)
compared with high-dose somatostatin analogues (SSA).2 Several fac-
tors, including baseline chromogranin A (CgA),® age,* prior treatments,>®
tumour proliferation index and Eastern cooperative oncology group per-
formance status (PS)° have been shown to be prognostic factors for
overall survival (OS). There is, however, considerable heterogeneity in
treatment response and new predictive and prognostic markers, which
may offer added value to the established factors, are needed.

Cancer-associated inflammation may be associated with treat-
ment response in various cancers. Mono-analytes including plasma
levels of acute-phase proteins, such as C-reactive protein (CRP)” and
albumin,® and the cellular components of the inflammatory response,
such as lymphocytes and platelets,”*° have prognostic value in multi-
ple cancer types. Also, several composite markers of inflammatory
response have been developed. These include the Glasgow Prognostic
Score (GPS), based on the presence of abnormal CRP and albumin
levels,** neutrophil to lymphocyte ratio (NLR),'?> derived NLR
(dNLR),*® platelet to lymphocyte ratio,** CRP to albumin ratio> and
other high-order combinations of blood tests. Meta-analyses have
evaluated their efficacy in various tumours. It is, however, unclear
which score has the highest prognostic value.

Whether systemic inflammatory response plays an important role
in NET is debated. Inflammatory markers have been investigated in
small patient cohorts, showing some evidence of association with
PRRT outcomes.’®?2 However, no clear correlation was shown in
one larger study.?® It is thus still uncertain whether inflammation-
based scores can be used to predict response to PRRT. Additionally,
there is no evidence as to which inflammatory score has the highest
prognostic value. Furthermore, when a new biomarker is evaluated, it
is important to show whether it offers additional information com-
pared with already established prognostic factors.2*

The aim of this study was to compare previously identified inflam-
mation markers and scores in a large cohort of NET patients treated
with PRRT and to examine whether they provided added value to a

set of established prognostic factors.

2 | MATERIALS AND METHODS

21 | Patients

This retrospective cohort study included 557 consecutive patients
with metastatic inoperable NET treated with PRRT from 2005 to
2015 at Uppsala University Hospital, a tertiary referral centre.

Patients were retrieved from a prospective internal database and
additional data, including baseline inflammatory laboratory tests, were
collected retrospectively. Inclusion criteria have previously been
described.®?° In short, patients with progressive metastatic NET, with
adequate organ function and adequate tumour somatostatin receptor
expression were eligible for inclusion. Chemotherapy, targeted thera-
pies and interferon were stopped at least 1 month prior to PRRT.
PRRT was administered according to previously published
procedures.?®> Briefly, 7.4 GBq ”’Lu-DOTATATE was administered
with 6- to 8-week intended intervals. The vast majority of patients
were treated according to a dosimetry-guided protocol (EudraCT nr
2009-012260-14). Treatment continued until an accumulated dose
of 23 Gy to the kidneys or 2 Gy to the bone marrow or other reasons
to stop therapy occurred. Selected patients progressing after initial
favourable tumour response were eligible for additional salvage ther-

apy with up to 40 Gy accumulated absorbed dose to the kidneys.

2.2 | Follow-up and data collection

Medical records were retrospectively evaluated. All patients had rou-
tine blood tests on the day of hospitalization prior to treatment start.
Erythrocyte sedimentation rate (ESR) was only collected for
200 patients, treated during the early years of the study and is there-
fore not included in the main analysis. CRP was missing for
210 patients. All other blood parameters were collected systematically
throughout the study period, as detailed below. The proliferation
marker Ki-67 was extracted from pathology records. In case of multi-
ple biopsies, the highest Ki-67 value before PRRT start was used. Sur-
vival status was censored on 28 May 2023, or on the date for last
available follow-up.

2.3 | Inflammation scores

The following inflammation-based mono-analytes and composite
scores previously used in NET studies were evaluated: Absolute white
blood cell (WBC), neutrophil and thrombocyte counts, CRP, albumin,
dNLR, GPS, CRP to albumin ratio and platelet count (PIt) x CRP. The
dNLR was defined as neutrophil/(WBC—neutrophil). Most NET stud-
ies use dNLR/NLR cutoffs internally tailored to fit the data. Those
range from 1.7 to 2.6, with dNLR lingering on the lower side.®"® For
this study, an arbitrary cutoff of 2 was chosen ad hoc to distinguish
high and low dNLR values. GPS was calculated from CRP and albumin,
assigning one point each to CRP >10 mg/L or albumin <35 g/L. CRP
to albumin ratio was calculated as CRP/albumin, whereas Plt x CRP
was calculated by multiplying platelet and CRP counts.

24 | Statistical methods

The primary endpoint was OS, defined as time from treatment start to

death from any cause. OS was analysed using the Kaplan-Meier
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method, and between-group differences were evaluated using a log-
rank test. Hazard ratios (HRs) and confidence intervals (Cls) were esti-
mated from the Cox proportional hazards model applied to the whole
cohort (n = 557). CRP and albumin were analysed as both continuous
and dichotomous variables, with cutoffs of 10 and 35 mg/L as used in
GPS. As this work is perceived as confirmatory for the main set of pre-
viously reported predictors, a Bonferroni correction was used;
accounting for 12 parameters, a p-value <.004 was considered signifi-
cant. Additional markers were exploratory.

In the group of patients for whom all laboratory parameters were
available (CRP cohort, n = 347), Akaike's information criterion (AIC)
was used to estimate goodness-of-fit for each inflammation score.
AIC is an estimator of prediction error and allows for the comparison
of statistical models developed on a specific (same) dataset. When
comparing two models, the absolute difference of AIC (Aac) repre-
sents the information loss when not using the best model (the model
with lower AIC). A Aac <2 is generally considered insignificant,
meaning that the two models are comparable. When 4 < Apc <7,
there is less support for the model with higher AIC, whereas if
Aaic > 10, the model with higher AIC has considerably worse predic-
tive accuracy.2® An additional exploratory analysis was conducted in
the patients in whom ESR had been collected (ESR cohort, n = 199,
Supporting Information).

Statistical analysis was performed with R version 4.1.2
(R Foundation for Statistical Computing, Vienna, Austria, RRID:
SCR_001905) and AIC was calculated with the AlCcmodavg package
(RRID: SCR_023299) version 2.3. All tests were two-sided.

3 | RESULTS

3.1 | Patient demographics

Complete laboratory data were available for 347 of 557 patients.
Median age was 63 years (interquartile range, 55-69). The most fre-
quent tumour location was small intestine (51%), followed by pan-
creas (25%) (Table 1). One third of the patients had high dNLR and
low albumin, and one fifth had high CRP (Table 2). The majority had
grade 1 (29%) and grade 2 tumours (66%). Ki-67 was missing in
approximately 15% of the patients. During a median follow-up time of
37 months, 366 patients (66%) had died.

3.2 |
survival

Relation between inflammation scores and

Higher CRP, GPS, dNLR, CRP/albumin ratio and PIt x CRP, as well as
lower albumin, were associated with shorter median OS in the unad-
justed analysis. No relation between WBC, neutrophil or thrombocyte
counts and OS could be established (Table 2 and Figure 1). In a sub-
group analysis, albumin, CRP and GPS remained associated with OS in
SI-NET, pancreatic NET and NET of other origin. The direction of
effect was similar for Grade 1 and Grade 2/3 tumours, but with the

DR Wi LEy- Lo

TABLE 1 Baseline patient characteristics.
All All inflammation markers
N =557 N =347

Age 63 (55-69) 62 (52-68)
Performance status

0 341 (62%) 207 (61%)

1 153 (28%) 97 (29%)

22 53 (10%) 36 (11%)
Tumour location

Small intestine 281 (51%) 157 (46%)

Pancreas 139 (25%) 92 (27%)

Other 131 (24%) 3(27%)
Chromogranin A (xULN) 9 (2-28) 8(2-29)
Previous lines of therapy except SSA

0 185 (34%) 107 (31%)

1 255 (46%) 159 (46%)

22 111 (20%) 77 (22%)
Ki-67 6(2-12) 5(2-11)
Grade

1 136 (29%) 86 (30%)

2 308 (66%) 188 (66%)

3 26 (6%) 9 (3%)

Note: Values are median (interquartile range) or N (%).
Abbreviations: SSA, somatostatin analogues; ULN, upper limit of normal.

exception of CRP and GPS 2 versus O, differences were significant
only in higher grade tumours (Table S1).

CRP, albumin and most composite inflammation scores, but not
dNLR, remained as independent prognostic factors for OS after
adjusting for age, CgA, PS, Ki-67, tumour site and number of previous
treatments (Table 2). In subgroup analyses, dNLR was still not an inde-
pendent prognosticator irrespective of NET type (adjusted HR [95%
Cl] for SI-NET, pancreas NET or NET in other locations of 1.32 [.94-
1.86], 1.17 [.66-2.07]) and 1.11 [.65-1.89], respectively, or Ki-67
levels (<10%: 1.16 [.84-1.59], 210%: 1.24 [.83-1.85]).

3.3 | Comparison of inflammation scores

Models including parameters based on albumin and CRP outper-
formed those based on blood cell counts in unadjusted analysis. More
importantly, all albumin and CRP-based markers substantially
improved the base model, as indicated by the substantially lower AIC
(Aaic > 10), whereas no improvement was observed with dNLR
(Aaic = O compared with base model) (Figure 2). AIC is a measure of
the prediction error and can be used to compare two models derived
from the same dataset; a lower AIC signifies a more accurate model. A
difference of >4 is generally considered as some evidence, and >10 as
strong evidence of a better prognostic ability.2® Albumin and its com-

bination with CRP were the markers associated with lower prediction
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TABLE 2 Association between

oS n HR (unadjusted) p
CRP 351 1.02(1.02-1.03) <.001
Albumin 556 .89 (.87-.91) <.001
White blood cells 556 .99 (.94-1.03) 555
Neutrophils 555  1.05(.98-1.12) 136
Thrombocytes 556 1.00 (1.00-1.00) 496
Albumin, dich Low 178 -

Normal 378 43 (.35-.54) <.001
CRP, dich Normal 279 -

Elevated 72 2.02(1.47-2.79) <.001
dNLR 555  1.19(1.08-1.31)  <.001
dNLR, dich Low 364 -

High 191 1.44(1.16-1.78) .001
GPS 0 210 -

1 99  205(1.51-2.77) <.001

2 42  3.59(2.40-5.36) <.001
CRP/albumin ratio 351 227(1.86-2.78) <.001
(PIt x CRP)/1000 351 1.08(1.05-1.10) <.001

HR (adjusted)® p . -
inflammation markers and OS.
1.02 (1.01-1.02) <.001
.91 (.87-.95) <.001
.96 (.89-1.03) 279
1.00 (.91-1.10) .989
1.00 (1.00-1.00) 906
.39 (.27-.55) <.001
1.75 (1.18-2.59) .005
1.11 (.98-1.25) 111
1.37 (.99-1.90) .060
1.67 (1.14-2.44) .008
3.60 (2.24-5.79) <.001
1.84 (1.43-2.37) <.001
1.06 (1.03-1.08) <.001

Abbreviations: CRP, C-reactive protein; dNLR, derived neutrophil to lymphocyte ratio; GPS, Glasgow
Prognostic Score; HR, hazard ratio; OS, overall survival; Plt, platelet count; SI-NET, small intestinal

neuroendocrine tumours.

#Adjusted for age, ki-67, logarithmically transformed normalized chromogranin A, number of previous
treatment lines (0, 1, 22), performance status (0, 1, 22) at treatment start and stratified by tumour type
(SI-NET vs. pancreas vs. other). The whole dataset was used for unadjusted analyses, whereas adjusted
analyses were performed on the patients with complete lab tests and Ki-67 (n = 273). p-values <.004 (in

bold) were considered significant to adjust for multiple comparisons.

error, and thus could more accurately predict OS, in both unadjusted
and nested models (Figure 2).

In an exploratory analysis including the subgroup of 199 patients
with all available inflammatory markers, ESR was strongly associated
with OS (adjusted HR per one unit increase [95% Cl], 1.02 [1.01-
1.03]; elevated vs. normal, 2.67 [1.59-4.49]). The univariable model
based on ESR outperformed all other single-parameter models,
whereas a multivariable model based on albumin and ESR was the
most informative model (Figure S1).

4 | DISCUSSION
In this study of 557 NET patients treated with PRRT, examining
inflammatory markers and prognostic scores previously associated
with cancer outcomes, we showed that CRP and albumin-based
markers were independently associated with OS but could not detect
an association for dNLR and other cellular inflammation-based
markers. Furthermore, hypoalbuminemia was the single most predic-
tive marker showing the most added predictive value in a model
derived from established prognostic factors.

A useful biomarker has to be reproducible, easy to measure, inex-
pensive and add prognostic value in terms of outcomes.?” As inflam-
mation scores are based on routine blood tests, reproducibility and

accessibility are excellent. Moreover, a new biomarker should increase

the information provided by models derived from already known
prognostic factors. This information can be assessed by model
goodness-of-fit statistics, such as the AIC. We found that, with the
exception of dNLR, all tested inflammatory parameters improved
the prognostic ability of a base model consisting of age, CgA, previous
treatment lines, tumour type and PS. Hypoalbuminemia provided the
most added information, whereas CRP only marginally improved
the models. Based on similar AIC values, both hypoalbuminemia and
its combination with CRP, as expressed in the GPS, emerge as possi-
ble stratification factors for future clinical trials and prognostic
research. According to the principle of parsimony, between two
models fitting the data similarly well, the simpler model with fewer
parameters is preferred. Pending validation in an external study, our
study would thus suggest low albumin as the most useful prognostic
factor.

A recent umbrella review of 204 meta-analyses of observational
studies on neutrophil counts suggested an association between ele-
vated NLR and poor outcomes across multiple cancer types, although
the authors noted some limitations due to study quality and small-
study effects.’? Unexpectedly, dNLR and OS were unrelated in the
present study. This held true irrespective of NET type or Ki-67 levels.
These results contrast with those of previous small retrospective stud-
ies (Figure 3A).1671820 |n addition to the limited number of patients,
these earlier studies used custom cutoffs (either the median or a cut-

off tailored to maximize HR within that sample), which do not
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FIGURE 1 Overall survival by (A) albumin, (B) C-reactive protein (CRP), (C) derived neutrophil to lymphocyte ratio (ANLR) and (D) Glasgow
Prognostic Score (GPS).

necessarily generalize to other populations. Moreover, in our cohort,
dNLR was prognostic in an unadjusted analysis (Figure 1C), but not
after adjustment for potential confounders. Similarly, the only other
study on >100 patients found that NLR did not retain its prognostic
value for 1-year treatment failure (1y TTF) in the adjusted analysis.?®
The reason for this discrepancy is unclear. Possible explanations are
that NET might not cause the same level of activation of cellular sys-

temic inflammation as more aggressive cancer types or that

neutrophil-mediated cancer promotion does not have the same role in
PRRT as in other systemic therapies.

Interestingly, we found that low albumin levels strongly associ-
ated with worse OS. One previous study reported that hypoalbumine-
mia is a negative prognostic factor for OS and PFS, whereas a larger
study could not establish a relation with 1y TTF (Figure 3B). Hypoal-
buminemia has been reported in up to 30%-50% in cancer patients

and is more prevalent in late disease stages. Although
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FIGURE 2 Predictive accuracies of unadjusted and adjusted models. (A) Unadjusted. (B) Added to the base model. While comparing two
models, lower values signify lower prediction error (a more informative model), and thus a model that better fits the test data. Base model
includes age, tumour type, Ki-67, logarithmically transformed normalized Chromogranin A, number of previous treatment lines, excluding SSA and
performance status at treatment start. All parameters but derived neutrophil to lymphocyte ratio (ANLR) improved the base model. Albumin was
the single parameter that mostly reduced the base model's prediction error. Glasgow Prognostic Score (GPS), a composite score combining
C-reactive protein (CRP) and albumin values, marginally further improved the adjusted model. AIC, Akaike's information criterion; PIt, platelet

count.

hypoalbuminemia is likely to be multi-factorial, albumin levels have
been suggested to be a more potent indicator of inflammation than of
low nutritional status.?® Indeed, in our study, there was a stronger cor-
relation between hypoalbuminemia and inflammatory parameters,
such as CRP (Pearson's r = —.45), than to body mass index (r = .16) or
degree of hepatic involvement (point biserial correlation coefficient
I'ob = .26). In an exploratory analysis, hypoalbuminemia remained an
independent prognostic factor for OS after adjusting for metastatic
burden in the liver (Figure S2). Hypoalbuminemia has been associated
with surgical complications and morbidity,?’ poor survival outcomes
in multiple cancer types® and higher toxicity of chemotherapy, tar-
geted therapy and external radiotherapy.®° 32

Unexpectedly, ESR was found to have higher predictive value
than CRP in a subset of patients for whom both measurements were
available. Unlike CRP, which is a direct marker of acute inflammatory
reaction, ESR is an indirect marker of inflammation. ESR levels
increase slower, remain elevated for longer periods of time and are
less specific than CRP; thus CRP is preferred in most, but not all situa-
tions.3® Although a higher CRP has been associated with poor out-
comes in multiple cancer types, including NET in some but not all

34-37 and the associa-

studies (Figure 3C), evidence for ESR is scarce,
tion between ESR and OS in patients treated with PRRT has not been
studied previously. Our findings indicate a potential role of ESR for
identifying patients who might respond poorly to PRRT. However, as
this finding was merely based on a subset of patients treated during
the initial years of our study, we consider it preliminary and in need of

further validation.

As data on other treatments were limited, we could not deter-
mine whether inflammatory markers, apart from their prognostic sig-
nificance, can also predict treatment effect specifically after PRRT.
Interestingly, in a previously presented subset of 115 patients with
both SSA and PRRT baseline data,®® there seemed to be association
between inflammatory markers and survival for treatment with PRRT
but not with SSA. This might signify either an intrinsic difference
between the two treatment types or a more inflammatory disease sta-
tus at later stages (Table S2).

Our study has several limitations. First, 210 patients were
excluded from comparison models because of missing inflammatory
parameters, mostly CRP, potentially introducing an unintended bias.
However, in a real-world retrospective study, parameter collection
can be expected to differ over time. All comparisons were performed
in subsets of patients for whom all parameters were available. Second,
lymphocyte, eosinophil and monocyte counts were not routinely col-
lected. Consequently, scores such as the albumin to monocyte ratio,
or platelet to lymphocyte ratio could not be calculated. Third, we
studied dNLR instead of the more frequently used NLR. As lack of
information on lymphocytes is common in clinical trials, dNLR has
been suggested to have similar prognostic value.*®> The association
between dNLR and survival outcomes has been shown in meta-
analyses in multiple tumour types.®?~#! Indeed, the only study report-
ing on both dNLR and NLR in NET patients shows similar effect
sizes.X® Fourth, inflammation markers and particularly ESR and CRP
might be influenced by both the underlying inflammatory status and
transient infections. Although minor infections cannot completely
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(2) NLR/ANLR (high vs low) n Estimate [95% ClI]
os :
de Lima, 2022*** 96 — 1.81[1.03-3.19]
Black, 2019 55 — 2.35[0.90-6.14]
Casas, 2023 40 : —_— 6.25 [2.55-15.31]
Casas, 2023 (dNLR) 40 : —. 6.45[2.89-14.43]
Current study, (dNLR) 555 D o—m— 1.44 [1.16-1.78]
Current, (ANLR) adjusted 555 »-F-—c 1.15 [0.92-1.44]
PFS
de Lima, 2022*** 96 — 1.61[0.89-2.91]
Black, 2019 55 —_— 1.59[0.75-3.37]
Ohlendorf, 2021 33 —_—— 0.86 [0.29-2.52]
Casas, 2023 40 o 3.76 [1.42-9.95]
Casas, 2023 (dNLR) 40 —_—— 2.83[0.94-8.50]
1y TTF
Chen, 2022** 136 - 1.18 [1.01-1.37]
Chen, 2022**, adjusted 136 — 0.91[0.72-1.15]
RE Model I — T | 1.80 [1.29-2.53]
0.25 1 4 16
Hazard ratio (log scale)
(b) Albumin (normal vs low) n Estimate [95% Cl]
os
Black, 2019 55 ._._. 0.36 [0.14-0.95]
Current study 556 .-— 0.43 [0.35-0.53]
Current study, adjusted 556 —— 0.57 [0.45-0.72]
PFS
Black, 2019 55 —— 0.33[0.15-0.72]
1y TTF
Chen, 2022 136 -—_ 0.01 [0.00-0.36]
Chen, 2022, adjusted* 136 0.06 [0.00-7.38]
RE Model ' N | ' 0.46 [0.35-0.59]
0.05 0.25 1 4

Hazard ratio (log scale)

FIGURE 3 Association between survival outcomes and inflammatory parameters in the literature. Adjusted and unadjusted hazard ratios for
overall survival (OS), progression-free survival (PFS), and 1-year treatment failure (1y TTF) for (A) NLR/derived neutrophil to lymphocyte ratio
(dNLR), (B) albumin, (C) C-reactive protein (CRP) and (D) Glasgow Prognostic Score (GPS). Hazard ratios (HRs) are unadjusted and variables are
dichotomized, unless otherwise noted. HR (log scale). Higher values denote increasing risk of death or progression. HRs >1 denote worse

prognosis. *Extreme predictions as only 6 patients with hypoalbuminemia; **continuous;

ruled out, patients included in the analysis did not have major con-
ditions that would deem them clinically unfit for PRRT on the day
of admission and blood sampling. Finally, as detailed information on
metastatic status was missing in a third of the patients, we did not
include this factor in the base model. However, all patients were
metastatic at baseline, and more than 95% had liver metastases. In
a separate analysis adding to the model information on bone and
peritoneal disease, which have been associated with worse survival,
albumin-based markers were still strongly correlated to OS (data
not shown). The main strength of our study is the size of the under-
lying cohort, which makes it the largest study examining inflamma-
tion markers in NET patients treated with PRRT. Additionally, to

okok

estimated.

the best of our knowledge, it is the only study examining not only if
inflammatory variables are independent predictors of OS but also
whether they offer added value to established prognostic
parameters.

In conclusion, we show that most established inflammation
scores, but not cellular inflammation markers, correlate with OS in
NET patients treated with PRRT, particularly for Grade 2/3 patients,
and that hypoalbuminemia adds the highest prognostic value to a
model composed of established prognostic factors. ESR emerges as
a potential powerful biomarker, pending further validation. Our results
strongly suggest that inflammation scores could be incorporated as

stratification factors in future PRRT trials.
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(C) CRP (high vs low) n Estimate [95% ClI]
os
Black, 2019 55 .—.—. 2.55[0.97-6.72]
Current study 351 Do 2.02[1.47-2.78]
Current, adjusted 351 S 1.56 [1.09-2.23]
PFS :
Ohlendorf, 2021 33 4.52[1.27-16.13]
Black, 2019 55 — 2.75[1.27-5.95]
1y PFS :
Chen, 2022, continuous** 136 - 1.04 [0.98-1.11]
| i T |
RE Model 0.5 j 16 1.80 [1.23-2.64]
Hazard ratio (log scale)
(d) GPs(lorlivso0) n Estimate [95% CI]
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Pauwels, 2019 43 R 3.90 [1.62-9.38]
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Pauwels, 2022 (adjusted) 83 —— 2.09 [1.07-4.09]
Current study (adjusted) 351 L —— 1.94 [1.43-2.64]
PFS
Pauwels, 2019*** 43 - 4.26 [0.65-28.02]
Black, 2019 55 : — 14.20 [5.24-38.45]
1y TTF
Chen, 2022 136 —_— 1.80[0.83-3.88]
Chen, 2022 (adjusted) 136 (S 1.03 [0.34-3.10]
RE Model I I ———] | 2.70 [1.91-3.82]
0.25 1 4 16
FIGURE 3 (Continued)
AUTHOR CONTRIBUTIONS PEER REVIEW

Dimitrios Papantoniou: Conceptualization; data curation; formal analy-
sis; investigation; visualization; writing - original draft; writing - review
and editing. Katarzyna Fréss-Baron: Conceptualization; investigation;
writing - review and editing. Ulrike Garske-Roman: Conceptualization;
investigation; writing - review and editing. Anders Sundin: Investiga-
tion; writing - review and editing. Espen Thiis-Evensen: Investigation;
writing - review and editing. Malin Gronberg: Investigation;
writing - review and editing. Staffan Welin: Investigation;
writing - review and editing. Eva Tiensuu Janson: Investigation; super-

vision; writing - original draft; writing - review and editing.

FUNDING INFORMATION

This study was supported by the Swedish Cancer Society (grant num-
ber 200921) and Futurum—the Academy for Health and Care, Region
Jonkoping County.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest that could be perceived as

prejudicing the impartiality of the research reported.

The peer review history for this article is available at https://www.
webofscience.com/api/gateway/wos/peer-review/10.1111/jne.
13379.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available upon rea-
sonable request from the corresponding author (Dimitrios Papanto-
niou). The data are not publicly available due to their containing
information that could compromise the privacy of research

participants.

ETHICS STATEMENT

All procedures within this study were in accordance with the 1964 Hel-
sinki Declaration and its later amendments. Two hundred patients were
included in a previous prospective study (EudraCT nr 2009-012260-14,
EPN 2009-320) after providing written informed consent. For the
remaining patients the local ethics committee approved an amendment
to the original application for retrospective review of medical records

and data collection without the patients' informed consent.

85UB01 T SUOWIWOD BAIER.D 3(qedldde ay) Aq peusencb a.e 9ol VO ‘88N JO S9INJ 10} ARiqi8UIIUQ AB]1/W UO (SUOTIPUOD-pUR-SWB)LID" A3 1M ALeIq 1 Ul |Uo//Sd1y) SUONIPUOD pue SWIS | 8Y) 88S *[7202/80/2z] Uo Areiqiauluo Ao ‘Ariqi Aisieaiun egesddn Ag 6/€ET 9UITTTT OT/I0p/W00 A8 1M Aeiq 1 BUl[UO//SdNY W01} pepeoumod ‘0 ‘9z8ZG9ET


https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/jne.13379
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/jne.13379
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/jne.13379

PAPANTONIOU ET AL.

ORCID

Dimitrios Papantoniou
Anders Sundin

Espen Thiis-Evensen

https://orcid.org/0000-0001-5472-2322
https://orcid.org/0000-0002-2214-6217
https://orcid.org/0000-0003-0029-6481

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Janson ET, Knigge U, Dam G, et al. Nordic guidelines 2021 for diagno-
sis and treatment of gastroenteropancreatic neuroendocrine neo-
plasms. Acta Oncol. 2021;60(7):931-941. doi:10.1080/0284186X.
2021.1921262

Strosberg J, el-Haddad G, Wolin E, et al. Phase 3 trial of *"7Lu-
Dotatate for midgut neuroendocrine tumors. N Engl J Meds. 2017;
376(2):125-135. doi:10.1056/NEJMo0al1607427

Papantoniou D, Grénberg M, Landerholm K, et al. Assessment of hor-
monal levels as prognostic markers and of their optimal cut-offs in
small intestinal neuroendocrine tumours grade 2. Endocrine. 2021;
72(3):893-904. doi:10.1007/s12020-020-02534-8

Zhang J, Liu Q, Singh A, Schuchardt C, Kulkarni HR, Baum RP. Prog-
nostic value of *® F-FDG PET/CT in a large cohort of patients with
advanced metastatic neuroendocrine neoplasms treated with peptide
receptor radionuclide therapy. J Nucl Med. 2020;61(11):1560-1569.
doi:10.2967/jnumed.119.241414

Aalbersberg EA, Huizing DMV, Walraven |, et al. Parameters to pre-
dict progression-free and overall survival after peptide receptor radio-
nuclide therapy: a multivariate analysis in 782 patients. J Nucl Med.
2019;60(9):1259-1265. doi:10.2967/jnumed.118.224386
Fross-Baron K, Garske-Roman U, Welin S, et al. *”/Lu-DOTATATE
therapy of advanced pancreatic neuroendocrine tumors heavily pre-
treated with chemotherapy: analysis of outcome, safety, and their
determinants. Neuroendocrinology. 2021;111(4):330-343. doi:10.
1159/000506746

Hart PC, Rajab IM, Alebraheem M, Potempa LA. C-reactive protein
and cancer—diagnostic and therapeutic insights. Front Immunol. 2020;
11:595835. doi:10.3389/fimmu.2020.595835

Gupta D, Lis CG. Pretreatment serum albumin as a predictor of cancer
survival: a systematic review of the epidemiological literature. Nutr J.
2010;9:69. doi:10.1186/1475-2891-9-69

Yuan 'Y, Zhong H, Ye L, et al. Prognostic value of pretreatment platelet
counts in lung cancer: a systematic review and meta-analysis. BMC
Pulm Med. 2020;20(1):96. doi:10.1186/s12890-020-1139-5

Zhao J, Huang W, Wu Y, et al. Prognostic role of pretreatment blood
lymphocyte count in patients with solid tumors: a systematic review
and meta-analysis. Cancer Cell Int. 2020;20:15. doi:10.1186/512935-
020-1094-5

Forrest LM, McMillan DC, McArdle CS, Angerson WJ, Dunlop DJ. Eval-
uation of cumulative prognostic scores based on the systemic inflam-
matory response in patients with inoperable non-small-cell lung cancer.
Br J Cancer. 2003;89(6):1028-1030. doi:10.1038/sj.bjc.6601242

Cupp MA, Cariolou M, Tzoulaki |, Aune D, Evangelou E, Berlanga-
Taylor AJ. Neutrophil to lymphocyte ratio and cancer prognosis: an
umbrella review of systematic reviews and meta-analyses of observa-
tional studies. BMC Med. 2020;18(1):360. doi:10.1186/512916-020-
01817-1

Proctor MJ, McMillan DC, Morrison DS, Fletcher CD, Horgan PG,
Clarke SJ. A derived neutrophil to lymphocyte ratio predicts survival
in patients with cancer. Br J Cancer. 2012;107(4):695-699. doi:10.
1038/bjc.2012.292

Li B, Zhou P, Liu Y, et al. Platelet-to-lymphocyte ratio in advanced
cancer: review and meta-analysis. Clin Chim Acta. 2018;483:48-56.
doi:10.1016/j.cca.2018.04.023

Yue L, Lu Y, Li Y, Wang Y. Prognostic value of C-reactive protein to
albumin ratio in gastric cancer: a meta-analysis. Nutr Cancer. 2021;
73(10):1864-1871. doi:10.1080/01635581.2020.1817510

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

DR Wi LEy- Lo

Casas EAJ, Naiiez VP, Anido-Herranz U, et al. Evaluation of ”7Lu-
Dotatate treatment in patients with metastatic neuroendocrine
tumors and prognostic factors. World J Gastroenterol. 2020;26(13):
1513-1524. doi:10.3748/wjg.v26.i13.1513

. Black JRM, Atkinson SR, Singh A, Evans J, Sharma R. The

inflammation-based index can predict response and improve patient
selection in NETs treated with PRRT: a pilot study. J Clin Endocrinol
Metabol. 2019;104(2):285-292. doi:10.1210/jc.2018-01214

de Lima BAM, da Silva RG, Carroll C, et al. Neutrophil to lymphocyte
ratio as a prognosis biomarker of PRRT in NET patients. Endocrine.
2022;78(1):177-185. doi:10.1007/512020-022-03133-5

Ebbers SC, Brabander T, Tesselaar MET, et al. Inflammatory markers
and long term hematotoxicity of holmium-166-radioembolization in
liver-dominant metastatic neuroendocrine tumors after initial peptide
receptor radionuclide therapy. EJNMMI Res. 2022;12(1):7. doi:10.
1186/s13550-022-00880-4

Ohlendorf F, Werner RA, Henkenberens C, et al. Predictive and prog-
nostic impact of blood-based inflammatory biomarkers in patients
with Gastroenteropancreatic neuroendocrine tumors commencing
peptide receptor radionuclide therapy. Diagnostics (Basel). 2021;11(3):
504. doi:10.3390/diagnostics11030504

Pauwels E, Dekervel J, Verslype C, et al. [®Ga]Ga-DOTATATE-avid
tumor volume, uptake and inflammation-based index correlate with
survival in neuroendocrine tumor patients treated with [*”7Lu]Lu-
DOTATATE PRRT. Am J Nucl Med Mol Imaging. 2022;12(5):152-162.
Pauwels E, van Binnebeek S, Vandecaveye V, et al. Inflammation-
based index and ¢®Ga-DOTATOC PET-derived uptake and volumet-
ric parameters predict outcome in neuroendocrine tumor patients
treated with *°Y-DOTATOC. J Nucl Med. 2020;61(7):1014-1020. doi:
10.2967/jnumed.119.236935

Chen L, Gnanasegaran G, Mandair D, Toumpanakis C, Caplin M,
Navalkissoor S. Prognostic stratification for patients with neuroendo-
crine tumours receiving 1771 u-Dotatate. Endocr Relat Cancer. 2022;
29(2):111-120. doi:10.1530/ERC-21-0248

Harrell F. Statistical thinking—statistically efficient ways to quantify
added predictive value of new measurements. October 17, 2018.
Accessed June 2, 2023. https://www.fharrell.com/post/addvalue/
Garske-Roman U, Sandstrém M, Fross Baron K, et al. Prospective
observational study of 177Lu-DOTA-octreotate therapy in
200 patients with advanced metastasized neuroendocrine tumours
(NETSs): feasibility and impact of a dosimetry-guided study protocol
on outcome and toxicity. Eur J Nucl Med Mol Imaging. 2018;45(6):
970-988. doi:10.1007/s00259-018-3945-z

Burnham KP, Anderson DR. Multimodel inference: understanding AIC
and BIC in model selection. Sociol Methods Res. 2004;33(2):261-304.
doi:10.1177/0049124104268644

Bennett MR, Devarajan P. Chapter 1—characteristics of an ideal bio-
marker of kidney diseases. In: Edelstein CL, ed. Biomarkers of Kidney
Disease. Academic Press; 2011:1-24. doi:10.1016/B978-0-12-
375672-5.10001-5

Horwich TB, Kamyar KZ, Fonarow GC. Low serum albumin levels are
strongly associated with inflammation but not with body mass index
in advanced heart failure patients. J Card Fail. 2007;13(6):5102. doi:
10.1016/j.cardfail.2007.06.406

Christina NM, Tjahyanto T, Lie JG, et al. Hypoalbuminemia and colo-
rectal cancer patients: any correlation?: a systematic review and
meta-analysis. Medicine (Baltimore). 2023;102(8):e32938. doi:10.
1097/MD.0000000000032938

Murdock JL, Duco MR, Reeves DJ. Tolerability of highly protein
bound targeted oral oncolytic drugs in patients with hypoalbumine-
mia: a retrospective analysis. Ann Pharmacother. 2021;55(2):165-173.
doi:10.1177/1060028020942485

Seo SH, Kim SE, Kang YK, et al. Association of nutritional status-
related indices and chemotherapy-induced adverse events in gastric

85UB01 T SUOWIWOD BAIER.D 3(qedldde ay) Aq peusencb a.e 9ol VO ‘88N JO S9INJ 10} ARiqi8UIIUQ AB]1/W UO (SUOTIPUOD-pUR-SWB)LID" A3 1M ALeIq 1 Ul |Uo//Sd1y) SUONIPUOD pue SWIS | 8Y) 88S *[7202/80/2z] Uo Areiqiauluo Ao ‘Ariqi Aisieaiun egesddn Ag 6/€ET 9UITTTT OT/I0p/W00 A8 1M Aeiq 1 BUl[UO//SdNY W01} pepeoumod ‘0 ‘9z8ZG9ET


https://orcid.org/0000-0001-5472-2322
https://orcid.org/0000-0001-5472-2322
https://orcid.org/0000-0002-2214-6217
https://orcid.org/0000-0002-2214-6217
https://orcid.org/0000-0003-0029-6481
https://orcid.org/0000-0003-0029-6481
info:doi/10.1080/0284186X.2021.1921262
info:doi/10.1080/0284186X.2021.1921262
info:doi/10.1056/NEJMoa1607427
info:doi/10.1007/s12020-020-02534-8
info:doi/10.2967/jnumed.119.241414
info:doi/10.2967/jnumed.118.224386
info:doi/10.1159/000506746
info:doi/10.1159/000506746
info:doi/10.3389/fimmu.2020.595835
info:doi/10.1186/1475-2891-9-69
info:doi/10.1186/s12890-020-1139-5
info:doi/10.1186/s12935-020-1094-5
info:doi/10.1186/s12935-020-1094-5
info:doi/10.1038/sj.bjc.6601242
info:doi/10.1186/s12916-020-01817-1
info:doi/10.1186/s12916-020-01817-1
info:doi/10.1038/bjc.2012.292
info:doi/10.1038/bjc.2012.292
info:doi/10.1016/j.cca.2018.04.023
info:doi/10.1080/01635581.2020.1817510
info:doi/10.3748/wjg.v26.i13.1513
info:doi/10.1210/jc.2018-01214
info:doi/10.1007/s12020-022-03133-5
info:doi/10.1186/s13550-022-00880-4
info:doi/10.1186/s13550-022-00880-4
info:doi/10.3390/diagnostics11030504
info:doi/10.2967/jnumed.119.236935
info:doi/10.1530/ERC-21-0248
https://www.fharrell.com/post/addvalue/
info:doi/10.1007/s00259-018-3945-z
info:doi/10.1177/0049124104268644
info:doi/10.1016/B978-0-12-375672-5.10001-5
info:doi/10.1016/B978-0-12-375672-5.10001-5
info:doi/10.1016/j.cardfail.2007.06.406
info:doi/10.1097/MD.0000000000032938
info:doi/10.1097/MD.0000000000032938
info:doi/10.1177/1060028020942485

el wie - Y

32.

33.

34.

35.

36.

37.

38.

PAPANTONIOU ET AL.

cancer patients. BMC Cancer. 2016;16(1):900. doi:10.1186/512885-
016-2934-5

Sun W, Li G, Zhang J, Zhu J, Zhang Z. The role of nutritional assess-
ment for predicting radiotherapy-induced adverse events in patients
with gastric cancer. Br J Radiol. 2022;95(1130):20201004. doi:10.
1259/bjr.20201004

Assasi N, Blackhouse G, Campbell K, et al. Introduction. Comparative
Value of Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein
(CRP) Testing in Combination Versus Individually for the Diagnosis of
Undifferentiated Patients with Suspected Inflammatory Disease or Serious
Infection: A Systematic Review and Economic Analysis [Internet]. Cana-
dian Agency for Drugs and Technologies in Health; 2015 Accessed
June 24, 2023. https://www.ncbi.nlm.nih.gov/books/NBK333366/
Akkiz H, Carr Bl, Bag HG, et al. Serum levels of inflammatory markers
CRP, ESR and albumin in relation to survival for patients with hepato-
cellular carcinoma. Int J Clin Pract. 2021;75(2):e13593. doi:10.1111/
ijcp.13593

Lee SC, Huh JW, Lee WY, et al. Prognostic value of serum inflamma-
tory markers in colorectal cancer. Int J Colorectal Dis. 2020;35(7):
1211-1219. doi:10.1007/s00384-020-03591-1

Park G, Song SY, Ahn JH, et al. The pretreatment erythrocyte sedi-
mentation rate predicts survival outcomes after surgery and adjuvant
radiotherapy for extremity soft tissue sarcoma. Radiat Oncol. 2019;
14(1):116. doi:10.1186/s13014-019-1331-2

Wu S, Zhou Y, Hua HY, et al. Inflammation marker ESR is effective in
predicting outcome of diffuse large B-cell lymphoma. BMC Cancer.
2018;18(1):997. doi:10.1186/s12885-018-4914-4

Papantoniou D, Gronberg M, Thiis-Evensen E, et al. Treatment effi-
cacy in a metastatic small intestinal neuroendocrine tumour grade
2 cohort. Endocr Relat Cancer. 2023;30(3):e220316. doi:10.1530/
ERC-22-0316

39.

40.

41.

Liu F, Luo H, Zhu Z, Zhu P, Huang J. Prognostic significance of periph-
eral blood-derived neutrophil/lymphocyte ratio in patients with diges-
tive cancer. J Cell Physiol. 2019;234(12):22775-22786. doi:10.1002/
jcp.28842

Su S, Liu L, Li C, Zhang J, Li S. Prognostic role of pretreatment derived
neutrophil to lymphocyte ratio in urological cancers: a systematic
review and meta-analysis. Int J Surg. 2019;72:146-153. doi:10.1016/
j.ijsu.2019.10.043

Zhang Q, Gong X, Sun L, Miao L, Zhou Y. The predictive value of pre-
treatment lactate dehydrogenase and derived neutrophil-
to-lymphocyte ratio in advanced non-small cell lung cancer patients
treated with PD-1/PD-L1 inhibitors: a meta-analysis. Front Oncol.
2022;12:791496. doi:10.3389/fonc.2022.791496

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Papantoniou D, Fross-Baron K,
Garske-Roman U, et al. Hypoalbuminemia, but not derived
neutrophil to lymphocyte ratio (ANLR), predicts overall survival
in neuroendocrine tumours undergoing peptide receptor
radionuclide therapy: A retrospective, cohort study of 557
patients. J Neuroendocrinol. 2024;e13379. doi:10.1111/jne.
13379

85UB01 T SUOWIWOD BAIER.D 3(qedldde ay) Aq peusencb a.e 9ol VO ‘88N JO S9INJ 10} ARiqi8UIIUQ AB]1/W UO (SUOTIPUOD-pUR-SWB)LID" A3 1M ALeIq 1 Ul |Uo//Sd1y) SUONIPUOD pue SWIS | 8Y) 88S *[7202/80/2z] Uo Areiqiauluo Ao ‘Ariqi Aisieaiun egesddn Ag 6/€ET 9UITTTT OT/I0p/W00 A8 1M Aeiq 1 BUl[UO//SdNY W01} pepeoumod ‘0 ‘9z8ZG9ET


info:doi/10.1186/s12885-016-2934-5
info:doi/10.1186/s12885-016-2934-5
info:doi/10.1259/bjr.20201004
info:doi/10.1259/bjr.20201004
https://www.ncbi.nlm.nih.gov/books/NBK333366/
info:doi/10.1111/ijcp.13593
info:doi/10.1111/ijcp.13593
info:doi/10.1007/s00384-020-03591-1
info:doi/10.1186/s13014-019-1331-z
info:doi/10.1186/s12885-018-4914-4
info:doi/10.1530/ERC-22-0316
info:doi/10.1530/ERC-22-0316
info:doi/10.1002/jcp.28842
info:doi/10.1002/jcp.28842
info:doi/10.1016/j.ijsu.2019.10.043
info:doi/10.1016/j.ijsu.2019.10.043
info:doi/10.3389/fonc.2022.791496
info:doi/10.1111/jne.13379
info:doi/10.1111/jne.13379

	Hypoalbuminemia, but not derived neutrophil to lymphocyte ratio (dNLR), predicts overall survival in neuroendocrine tumours...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patients
	2.2  Follow-up and data collection
	2.3  Inflammation scores
	2.4  Statistical methods

	3  RESULTS
	3.1  Patient demographics
	3.2  Relation between inflammation scores and survival
	3.3  Comparison of inflammation scores

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


