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Abstract

Background: The aim of the present study was to investigate any prognostic value of pre-treatment anemia,
leukocytosis and thrombocytosis in patients with advanced pretreated NSCLC. Methods: A randomized, multicenter
phase II study comparing the IGF-1R modulator AXL with standard docetaxel in the treatment of previously treated
stage IT1IB or IV NSCLC patients was conducted in 2011-2013. Clinical and laboratory data were collected, including
serum values for hemoglobin (Hgb), white blood cells (WBC) and platelets (Plt) at baseline. These hematological
parameters were studied in relation to overall survival using Kaplan—Meier product-limit estimates and multivariate Cox
proportional hazards regression models. Results: The median overall survival for all patients was 8.9 months. Patients
with leukocytosis (WBC > 9 x 10°/L) had a significantly shorter median overall survival (4.2 months) as compared
with those with a WBC <9 x 10°/L at baseline (12.3 months) with a corresponding of HR 2.10 (95% CI: 1.29-3.43).
Patients with anemia (Hgb < 110 g/L) had a non-significant (p = 0.097) shorter median overall survival (6.1 months) as
compared with their counterparts with Hgb > 110 g/L at baseline (9.4 months). As for thrombocytosis (PIt > 350 x 10°/L),
there was no statistically significant impact on overall survival. Leukocytosis retained its prognostic significance
in a multivariate model where other clinical factors such as age, sex and WHO performance status were taken into
consideration (HR: 1.83, 95% CI: 1.06-3.13, p = 0.029). Conclusion: Pre-treatment leukocytosis is a strong and
independent prognostic marker for shorter overall survival in previously treated stage IIIB or IV NSCLC patients
receiving docetaxel or AXL1717. Combined use of pre-treatment leukocytosis assessments together with established
prognostic factors such as performance status could be of help when making treatment decisions in this clinical setting.
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Introduction

Lung cancer is the leading cause of cancer-related
death in the western world (DeSantis et al., 2014). Patients
who relapse after initial therapy of non-small cell lung
cancer (NSCLC) have, prior to the recent introduction
of the PD-1 inhibitors in second-line therapy, often been
given docetaxel in a palliative second-line setting (Noble
et al., 2006). The prognosis for this group of patients has
been poor with a 5-year survival rate of less than 5%
(Bonomi, 2004).

The Insulin-like Growth Factor type 1 Receptor
(IGF-1R) signaling pathway has been reviewed as
a promising target for anti-cancer pharmaceutical
development. (Camidge et al., 2009; Rosenzweig and

Atreya, 2010; Scagliotti and Novello, 2012; Tabernero et
al.,2014; Tran etal., 2014; Zhang etal., 2014). AXL1717
(AXL) is a novel modulator of IGF-1R signaling with a
second anti-tumoral effect deriving from indirect effects
on microtubule dynamics. It was first studied in the phase
I setting on patients with various pre-treated tumors and
showed promising results particularly in patients with
squamous cell NSCLC (Ekman et al., 2011). Subsequently,
a randomized phase II study including a total of 99
patients with previously treated, locally advanced or
metastatic squamous cell cancer (SCC) or adenocarcinoma
(AC) subtypes of NSCLC was conducted, in which the
patients were randomized to either docetaxel (DCT) as
monotherapy or AXL as monotherapy(Bergqvist et al.,
2016). When comparing the rate of progression-free
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survival (PFS) at 12 weeks it was shown that neither of
the treatments was superior to the other.

Considering the poor prognosis in these patients,
regardless of given treatment, finding prognostic factors
that can reveal beforehand which patients will benefit/not
benefit from treatment is important. The prognostic factors
should preferably be reliable as well as readily available
in the clinical setting. The role of standard hematopoietic
serum samples as prognostic markers has emerged as
potential prognostic factors in several malignancies
(Paik et al., 2014; Aldemir et al., 2015; Koh et al., 2015;
Langsenlehner et al., 2015; Zhang et al., 2015a; Zhang
et al., 2015b). These tests are inexpensive and samples
are routinely taken from virtually every patient that is
projected to receive oncologic treatment. In NSCLC, there
are indications that standard hematopoietic laboratory tests
may have a prognostic value. However previous studies
have generally been small and/or included heterogeneous
study populations (Engan and Hannisdal, 1990; Pedersen
and Milman, 1996; Kasuga et al., 2001; MacRae et al.,
2002; Ferrigno and Buccheri, 2003; Aoe et al., 2004;
Chamogeorgakis et al., 2008; Tibaldi et al., 2008; Tomita
et al., 2008a; Tomita et al., 2008b; Kim et al., 2014). In
addition, there has previously been little focus on patients
in the second-line setting, in which prognostic factors
are of importance in order to decide whether or not to
treat the patient. In the present study, we used data from
the aforementioned randomized phase 1II trial in order to
investigate the prognostic value of anemia, leukocytosis
and thrombocytosis at baseline in the second-line setting
of advanced NSCLC patients treated with either docetaxel
or AXL.

Material and Methods

A randomized, multicenter phase II study was
performed with the primary aim of comparing the PFS
after 12 weeks of treatment with the IGF-1R modulator
AXL1717 to treatment with standard docetaxell1. Intotal,
99 previously treated stage IIIB or IV NSCLC patients
were included and randomized to treatment with either
AXL or docetaxel and the study was conducted 2011 to
2013 in 5 countries in Eastern Europe.

Patients were treated continuously in the primary study
treatment period for a maximum of 4 treatment cycles of
21 days (in total 12 weeks). Patients treated with AXL,
who were treatment responders or had stable disease
at the end of 4 cycles, could be offered an extension of
treatment with AXL. Extension treatment cycles were 42
days (28 days of AXL treatment followed by a 14-day
treatment-free interval) with the same dose as in the
primary study period, and the extension period could
continue for up to 4 extension cycles.

AXL was administered as 400 mg given twice daily
(BID) as an oral suspension. After a protocol amendment
following safety concerns; AXL was administered as 300
mg BID for the first 28 days. Then, depending on absolute
neutrophil count (ANC) levels measured during the first
28 days, subsequent doses could be increased to 400 mg
BID, remain at 300 mg BID, or be temporarily interrupted
and, when ANC levels returned to an acceptable level, be
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resumed at the same dose or one dose level lower.

Docetaxel (DCT) was administered as a standard 75
mg/m2 on Day | of each 21-day treatment cycle for up
to 4 cycles. Dose delays and adjustments were made for
toxicities.

Baseline data, including gender, age at diagnosis,
histology (squamous cell carcinoma or adenocarcinoma)
and the serum values of hemoglobin (Hgb), white blood
cells (WBC) and platelets (PIt) were prospectively
collected for all patients during the screening period and
the blood cell values were again collected at baseline
directly before first dose of study treatments (AXL or
DCT). The reference limits for thrombocytosis (Plt >
350 x 109/L) and leukocytosis (WBC > 9 x 10°/L) are the
limits presently used at the Uppsala University Hospital,
Uppsala, Sweden and anemia was defined as Hgb < 110
g/L in both genders as previously published (Holgersson
etal., 2012).

Statistics

Patients’ characteristics at baseline were presented
with standard descriptive statistics. Overall survival was
analyzed with Kaplan—Meier product-limit estimates and
log-rank test was used to compare the survival curves
of the different categories. Survival time was calculated
from the date of randomization to the date of death or last
follow-up date. Patients lost to follow up were censored at
last date known alive. Overall survival was also analyzed
using multivariate Cox proportional hazards regression
models. The multivariate model was adjusted by gender,
age at diagnosis, histology, WHO performance status,
Hgb, WBC and PIt at baseline and treatment arm. Results
were presented as hazard ratios with 95 % confidence
intervals (95 % CI). P-values were given where p < 0.05
was considered statistically significant.

Results

Of'the 99 patients available for analysis, there were 28
(28%) women and 71 (72%) men. The median age was
57 years (range: 42 — 81 years). Concerning histology, 49
patients (49%) had adenocarcinoma (AC) and 50 (51%)
had squamous cell carcinoma (SCC). Most patients (72%)
were considered to be in WHO Performance Status (PS)
1, whereas 24% were in PS 0 and only four patients (4%)
were in PS 2. The median value of Hgb at baseline was 124
g/L (range 92-167 g/L) and 17 (17%) patients were defined
as being anemic. For WBC, the median baseline value
was 7.3 x 109/L (range 3.8-19.9 x 10°/L) and 33 (33%)
of the patients fulfilled the definition of leukocytosis. For
Plt, the median value at baseline was 284 x 10°/L (range
155-668 x 10°/L) and 26 (27%) of patients fulfilled the
definition of thrombocytosis. The patient characteristics
are summarized in Table 1.

The median overall survival for all patients was 8.9
months and there was no statistically significant survival
difference between the patients receiving docetaxel (8.6
months) and those receiving AXL (8.9 months). There was
no statistically significant difference in overall survival
between patients aged <65 years as compared to those >65
years. Male patients had a shorter median overall survival



Table 1. Baseline Characteristics

Docetaxel ~ AXL1717 Total
(N=41) (N=58) (N=99)
Age
Mean 58.6(7.6) 57.5(7.0) 57.9(7.2)
(SD)
Median 58 57 57
Range 441073 42 to 81 42 to 81
n 41 58 99
Gender n (%)
Female 10 (24) 18 (31) 28 (28)
Male 31 (76) 40 (69) 71 (72)
Histology n (%)
Adenocarcinoma 20 (49) 29 (50) 49 (49)
Squamous cell 21 (51) 29 (50) 50 (51)
carcinoma
WHO Performance n (%)
status
0 12 (29) 12 (21) 24 (24)
1 28 (68) 43 (74) 71 (72)
2 1(2) 3(5) 4(4)
Hgb
Mean 126 (17) 125 (16) 125 (16)
(SD)
Median 125 122 124
Range 92 to 167 93to 164  92to 167
n 40 57 97
Hgb n (%)
<110 g/L 6 (15) 11 (19) 17 (18)
>110 g/L 34 (85) 46 (81) 80 (82)
WBC
Mean 8.3(3.7) 8.1(2.8) 8.2(3.1)
(SD)
Median 7.3 7.3 7.3
Range 3.8t019.9 3.8t0 3.8t019.9
15.5
n 41 58 99
WBC n (%)
<9 x 109/L 29 (71) 37 (64) 66 (67)
>9 x 109/L 12 (29) 21 (36) 33 (33)
Plt
Mean 313 (102) 307 (98) 309 (99)
(SD)
Median 301 276 284
Range 155 to 668 196 to 155 to 668
588
n 40 57 97
Plt n (%)
<350 x 109/L 27 (68) 44 (77) 71(73)
>350 x 109/L 13 (33) 13 (23) 26 (27)

Hgb, Hemoglobin; WBC, White blood cells; Plt, Platelets; SD,
Standard deviation

than female patients (7.0 vs. 13.6 months), however the
difference did not reach statistical significance (p =0.16,
log rank test). Patients with SCC histology had shorter
median overall survival than those with AC histology
(8.1 and 12.6 months, respectively) but the difference
was not statistically significant (p = 0.12, log rank test).
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Figure 1. Anemia and Survival

Patients with PS 0 had better median overall survival
(16.5 months) than patients in PS 1 and PS 2 (7.1 and
10.1 months, respectively) but the difference was not
statistically significant (p = 0.13, log rank test).

When comparing patients with and without anemia
(Figure 1) using Kaplan-Meier methodology, the patients
with anemia had a shorter median survival (6.1 months) as
compared with the patients without anemia (9.4 months),
a non-significant difference with a HR of 1.63 (95% CI:
0.91-2.93, p = 0.097, log rank test). For patients with
and without leukocytosis (Figure 2), the patients with
leukocytosis had a shorter median survival (4.2 months)

Table 2. Median Overall Survival Times (Months) by
Subgroup

Median OS Log-rank
(95 % CI) p-value
Total 8.91 (6.05-13.55)
Treatment
DCT 8.60 (5.36-16.1)
AXL 8.91 (5.46-16.5) 0.66
Age
<65 years 8.91 (5.36-14.5)
>65 years 7.14 (6.05-NA) 0.4
Sex
Female 13.6 (7.53-22.4)
Male 7.00 (5.36-12.6) 0.16
Subtype
Adenocarcinoma 12.6 (4.87-18.3)

Squamous cell carcinoma  8.09 (6.55-13.32) 0.12

WHO performance status

0 16.5 (5.36-NA)

1 7.14 (5.46-13.3)

2 10.1 (1.32-NA) 0.13
Hgb

<110 g/L 6.05 (3.45-NA)

>110 g/L 9.41 (6.48-15.0) 0.097
WBC

<9x 109/L 12.3(7.53-17.1)

>9 x 109/L 4.24 (3.22-11.3) 0.002
Plt

<350 x 109/L 12.6 (6.55-16.1)

>350 x 109/L 4.24 (3.45-23.6) 0.094

DCT, Docetaxel; AXL, AXL1717; Hgb, Hemoglobin; WBC, White
blood cells; PIt, Platelets; SD, Standard deviation; OS, Overall survival
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Figure 2. Leukocytosis and Survival

Table 3. Multivariate Cox Analysis for Overall Survival

Hazard 95% CI P-
ratio value
Male gender 1.38 (0.80-2.39) 0.24
Age (per year) 1.00  (0.97-1.04) 0.89
Squamous cell carcinoma vs 1.26  (0.76-2.10)  0.37
Adenocarcinoma
WHO Performance status 1 vs 0 1.48 (0.81-2.71)  0.21
WHO Performance status 2 vs 0 1.23 (0.34-4.48) 0.76
Hgb <110 g/L vs >110 g/L 148  (0.76-2.86) 0.25
WBC >9 x 109/L vs <9 x 109/L 1.83  (1.06-3.13) 0.029
Plt >350 x 109/L vs <350 x 109/L 1.25  (0.71-2.22) 044
AXL vs DCT 0.86  (0.54-1.38) 0.54

Hgb, Hemoglobin; WBC, White blood cells; Plt, Platelets; DCT,
Docetaxel; AXL, AXL1717; SD, Standard deviation; CI, Confidence
interval

as compared with the patients with a WBC <9 x 10%/L at
baseline (12.3 months) with Kaplan-Meier curves showing
a HR of 2.10 (95% CI: 1.29-3.43). This HR was also
statistically significant (p = 0.002, log rank test). When
comparing patients with and without thrombocytosis
(Figure 3), the patients with thrombocytosis had a shorter
median survival (4.2 months) as compared with the
patients with Plt <350 x 10%/L at baseline (12.6 months)
however, the corresponding Kaplan-Meier curves did not
show a statistically significant difference (HR 1.54, 95%
CI: 0.93-2.65, p=0.094, log rank test). For a summary of
median overall survival in different subgroups see Table
2. In a multivariate Cox analysis including gender, age,
histology, WHO performance status, treatment arm in
addition to all three pathological lab parameters (Table 3)
the prognostic significance was retained for leukocytosis
(HR: 1.83,95% CI: 1.06-3.13, p = 0.029).

Discussion

In the present study, we show that for patients
with advanced, pretreated NSCLC treated with either
docetaxel or the IGF-1R modulator AXL1717, baseline
leukocytosis (WBC > 9 x 10°/L) was shown to be a
strong and independent prognostic marker for overall
survival. For anemia (Hgb < 110 g/L) and thrombocytosis
(PIt > 350 x 10°L), there was a trend towards worse
survival but no statistically significant relationship
was found. Also, female patients and patients with
adenocarcinoma histology had a better overall survival
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Figure 3. Thrombocytosis and Survival

than male patients and patients with squamous histology,
although the association was not statistically significant
in the present study of limited size.

The strengths of the present study consist of its
homogenous and well-defined patient population and
reliable data collected prospectively according to a
specified protocol for the performance of a phase 11 trial.
Limitations include a retrospective post hoc review of
data, a limited patient population and the experimental
setting associated with clinical trials, which does not
always reflect clinical reality.

Several clinical prognostic factors influencing survival
have been previously studied in NSCLC patients and some
of these, including tumor stage, age and performance
status, are being used presently for treatment decision
making (Brundage et al., 2002). Much research has
been conducted concerning novel immunological and
histological prognostic biomarkers such as epidermal
growth factor receptor (EGFR), however these markers
are often expensive and time-consuming to measure and
their prognostic value in NSCLC patients remains to be
confirmed (Donnem et al., 2012). Therefore, identifying
additional reliable prognostic markers that are inexpensive
and easy to use are of importance to tailor the treatment
for each individual NSCLC patient.

Leukocytosis in patients with cancer can be caused
by infection or bone marrow metastases. However,
leukocytosis can also be detected in patients without
other signs of infectious disease, which is thought to be
caused by tumoral production of hematopoietic cytokines;
a paraneoplastic phenomenon known as tumor-related
leukocytosis (TRL) (Maione et al., 2009). This has been
associated with significantly shorter survival in lung
cancer as compared with patients without leukocytosis and
patients with leukocytosis caused by apparent infection
or bone marrow metastasis (Kasuga et al., 2001). A large
number of studies, including a pooled analysis of North
Central Cancer Treatment Group (NCCTGQG) trials with
data from over 1,000 patients, have reported leukocytosis
to be associated with poorer outcome in NSCLC in the
first line setting (Ferrigno and Buccheri, 2003; Mandrekar
etal., 2006; Tibaldi et al., 2008). In the NCCTG analyses,
elevated WBC (>10.2 x 10°/L for males and >10.6 x 10°/L
for females) was associated with worse overall survival
with a HR of 1.43 compared to patients with normal
(non-elevated) WBC. The relationship between WBC
and survival in NSCLC in the second-line setting is less
investigated and the reason for the strong prognostic



significance of leukocytosis with an impressive HR
of 1.83 in the present study is unclear. It is, however,
well-known that cancer-related inflammation is a hallmark
of cancer progression and the tumor micro-environment
plays an important role in tumor progression (Hanahan
and Weinberg, 2011). It could be hypothesized that high
levels of circulating WBC in a patient that has already been
exposed to first-line systemic treatment correlates with a
higher level of pro-inflammatory mediators in the tumor
microenvironment, which has previously been found to
be associated with chemoresistance in NSCLC (Wang et
al., 2007). In recent trials, immune checkpoint inhibitors
such as PD-1 antibodies, which activates lymphocytes in
the tumor microenvironment, have proven to be superior
to chemotherapy in the second-line setting (Borghaei et
al., 2015; Brahmer et al., 2015). Thus, evaluating whether
leukocytosis also has a predictive role for response to
treatment with PD-1 inhibitors would be of interest.

Anemia leads to tumor hypoxia, which is proposed to
increase the resistance of the tumor cells to chemotherapy
through modulation of gene expression and cell-cycle
progression which makes the tumor cells less susceptible
to treatment (Teicher, 1995; Vaupel et al., 2002; Harrison
and Blackwell, 2004). In the present study anemia, was
associated with worse survival but the difference was
not statistically significant. Thrombocytosis has been
suggested to facilitate tissue invasion and formation of
metastases by affecting the blood vessel endothelium
(Karpatkin and Pearlstein, 1981; Gastpar et al., 1982;
Mehta, 1984) and, similarly to leukocytosis, it has been
shown to be a negative prognostic marker in NSCLC
in several studies (Gislason and Nou, 1985; Engan and
Hannisdal, 1990; Pedersen and Milman, 1996; Aoe et al.,
2004; Tomita et al., 2008b; Kim et al., 2014). However,
like anemia, thrombocytosis was in the present study
associated with worse survival but the difference did not
reach statistical significance.

To summarize, the results from the present study
shows a strong and independent negative prognostic
significance of pre-treatment leukocytosis in patients
with NSCLC given second-line treatment with either
docetaxel or the IGF-1R modulator AXL1717 with a HR
of 1.83. A WBC > 9 x 10°L, which is widely used in
clinical practice as a denotation of leukocytosis, seems
to be a good cut-off level. Creating a prognostic index by
combining pre-treatment leukocytosis with established
prognostic factors such as performance status and disease
stage could improve treatment decision making when
selecting patients for palliative second-line chemotherapy.
The results need to be validated prospectively with larger
cohorts of patients stratified according to pre-treatment
WBC levels. These studies should preferably also
include patients treated with PD-1 inhibitors, which are
increasingly used in the second-line setting, in order to
investigate whether pre-treatment WBC levels also may
also have a role as a predictive marker for PD-1 inhibitor
response in addition to being a prognostic marker for
survival.
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