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Simple Summary: The immune system plays an important role in the development and progression
of cancer. The current treatments for ovarian cancer (surgery and chemotherapy) create changes in
the immune system, but it is not clear how. Nevertheless, if immunotherapy is associated on top
of this, then it seems crucial to understand what is changing in the current state of the art. In this
study, we measured immune-related proteins in the serum of ovarian cancer patients throughout
their treatment. We discovered that carboplatin–paclitaxel as a chemotherapeutic treatment reduces
immunosuppression and promotes immunostimulation, meaning that the immune system be-comes
less hostile and more in favour of the patient. Therefore, chemotherapy seems to induce a tem-
porary window of opportunity to insert immunotherapy during the current treatment of ovarian
cancer patients.

Abstract: In monotherapy, immunotherapy has a poor success rate in ovarian cancer. Upgrading to
a successful combinatorial immunotherapy treatment implies knowledge of the immune changes
that are induced by chemotherapy and surgery. Methodology: Patients with a new ovarian cancer
diagnosis underwent longitudinal blood samples at different time points during primary treatment.
Results.: Ninety patients were included in the study (33% primary debulking surgery (PDS) with
adjuvant chemotherapy (ACT), 61% neo-adjuvant chemotherapy (NACT) with interval debulking
surgery (IDS), and 6% debulking surgery only). Reductions in immunosuppression were observed
after NACT, but surgery reverted this effect. The immune-related proteins showed a pronounced
decrease in immune stimulation and immunosuppression when primary treatment was completed.
NACT with IDS leads to a transient amelioration of the immune microenvironment compared
to PDS with ACT. Conclusion: The implementation of immunotherapy in the primary treatment
schedule of ovarian cancer cannot be induced blindly. Carboplatin–paclitaxel seems to ameliorate the
hostile immune microenvironment in ovarian cancer, which is less pronounced at the end of primary
treatment. This prospective study during primary therapy for ovarian cancer that also looks at the
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evolution of immune-related proteins provides us with an insight into the temporary windows of
opportunity in which to introduce immunotherapy during primary treatment.

Keywords: ovarian cancer; chemotherapy; immunosuppression; debulking surgery; neo-adjuvant
chemotherapy

1. Introduction

Ovarian cancer is the 8th most commonly diagnosed cancer among females and the
8th most frequent cause of female cancer-related deaths worldwide [1]. Most ovarian
cancer patients are diagnosed in an advanced stage (FIGO stage III-IV) and have a sig-
nificantly lower 5-year survival rate compared to stage I ovarian cancer (93.3 (95% CI
91.6–95.0%) versus 26.9% (95% CI 25.3–28.6%)) [2]. More than 90% of ovarian cancers are
epithelial in origin, with 70% of them being high-grade serous ovarian cancer [3]. Primary
therapy consists of cytoreductive debulking surgery with platin-based chemotherapy [4].
Progress has been made in the last few years with the addition of Bevacizumab® (VEGF
(vascular endothelial growth factor) monoclonal antibody) [5–7] and PARP (poly-adenosine
diphosphate-ribose polymerase) inhibitors [8–11] as maintenance therapy.

Therapy response is evaluated clinically by regular radiological evaluations and serial
measurements of carbohydrate antigen 125 (CA125). At diagnosis, CA125 is raised in 85%
of advanced disease cases. Although it remains the most relevant protein that can be used to
discriminate between benign and malignant disease at diagnosis [12], it is still a non-specific
protein for ovarian cancer. Increased CA125 levels are also observed in benign diseases
(e.g., endometriosis, pelvic inflammatory disease, pregnancy, and ovarian cysts) and non-
gynaecological malignancies (e.g., breast, lung, colon, and pancreatic cancer) [13,14].

The immune system plays an important role in the development and progression of
cancer [15]. For ovarian cancer, the emphasis has been on the adaptive immune system for a
long time [16,17]. However, the importance of the innate immune system has recently been
demonstrated [18–20]. So far, immunotherapeutic strategies have been focusing nearly
solely on the manipulation of the adaptive immune system. Immune checkpoint inhibition
has shown a poor response in monotherapy [21,22], but combinatorial immunotherapy
trials have also been unable to meet the high expectations that are placed on these trials (e.g.,
JAVELIN ovarian 100 and 200 trial, IMagyn050/GOG 3015/ENGOT-OV39 trial) [23–25].
Currently, combination treatments are failing, which is most likely because knowledge on
how to combine treatments is lacking. Both chemotherapy, surgery, and immunotherapy
will alter the immune microenvironment, but the extent to which this is possible has yet to
be explored [26]. However, this knowledge is mandatory if we want to combine treatments
in an effective way.

In this manuscript, we highlight the changes in immune related proteins through-
out the primary state-of-the-art treatment for ovarian cancer. These proteins have also
recently been proven to be relevant in the discrimination between benign and malignant tu-
mours [12]. This systematic analysis, which has been conducted throughout the treatment
process, highlights for the first time the most optimal and transient moment to combine
immunotherapy in first-line treatment.

2. Results
2.1. Patient Characteristics

Ninety patients were included in the study. The median age of the study population
at diagnosis was 64 years (range 26–88 years). Eighty-six percent of the study population
had an advanced stage of disease (FIGO stage III or IV). High grade serous ovarian cancer
was the most frequent histology (72%). In total, 18% of the patients did not undergo
surgery. Chemotherapy was administered in 85 patients, and in 61%, chemotherapy
was administered in an upfront neoadjuvant setting. Five patients (6%) received no
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chemotherapy based on their FIGO stage and histology. Patients who did not receive
chemotherapy were excluded from further analyses. Relapse occurred in 60% (54/90)
of the patients within a median of 22 months (95% CI of 17–36 months). The median
follow-up was 35.5 months. The progression-free survival at 3 years was 24% (22/90), with
a disease-specific survival of 64% (58/90). Further patient characteristics are presented in
Table 1.

Table 1. Patient characteristics of the study population.

Characteristics Number of Patients %

FIGO stadium

I 11/90 12
II 2/90 2
III 32/90 36
IV 45/90 50

Histology

HGSOC 65/90 72
CCC 7/90 8

Endometrioid 4/90 4
LGSOC 6/90 7

Mucinous 4/90 4
Other epithelial tumours 3/90 3

No histology 1/90 1

Chemotherapy regimen

NACT—trajectory 55/90 61
Carboplatin + paclitaxel 10/90 11

Carboplatin + paclitaxel + Bevacizumab 32/90 36
Carboplatin monotherapy 4/90 4

Other * 9/90 10

ACT—trajectory 30/90 33
Carboplatin + paclitaxel 23/90 26

Carboplatin + paclitaxel + Bevacizumab 3/90 3
Carboplatin monotherapy 4/90 4

No adjuvant chemotherapy 5/90 6

R-resection [27,28]

R0 71/90 79
R1 2/90 2
R2 1/90 1

No surgery 16/90 18

Relapse

Yes 54/90 60
No 36/90 40

Death

DOD 34/90 38
AWED 24/90 27
NED 32/90 36

* Other: Taxotere and carboplatin (n = 2), Debio trial (NCT01930292) (n = 6), and paclitaxel and cisplatin started
from chemo cycle six after receiving first five weekly cycles of carboplatin-paclitaxel (n = 1). Abbreviations: ACT,
adjuvant chemotherapy; CCC, clear cell carcinoma; HGSOC, high-grade serous ovarium carcinoma; LGSOC,
low-grade serous ovarium carcinoma; NACT, neo-adjuvant chemotherapy; PDS, primary debulking surgery; R0
resection, complete resection; R1 resection, optimal resection with <1 cm macroscopic tumour; R2 resection, >1 cm
macroscopic tumour; DOD, death of disease; AWED, alive with evidence of disease; NED, no evidence of disease.
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2.2. Serum Characteristics

Originally, 23 proteins were included for analysis in the study. Due to a small percent-
age of observed protein concentrations (missing values or out-of-ranges values), 7 proteins
were excluded from the analysis (IL-12, IL-17, MCP-1, MMP-12, MMP-13, TGF-β and
Galectin-3). Hence, 16 proteins were used in the final analyses. More information can be
found in Figure S1 in the Supplementary Materials. The immune related proteins were
subdivided into three categories: immune stimulatory factors (CXCL 9, CXCL 10, CXCL 12,
CCL 5), immune inhibitory factors (CCL11, CCL24, MMP1-7-8-9, arginase, VEGF, IL-10,
SAA, and osteopontin), or dual function (CCL22).

2.3. Neoadjuvant Carboplatin Reduces Immunosuppression in Ovarian Cancer Patients

To demonstrate the effect of neoadjuvant chemotherapy (NACT) on the immune-
related proteins, the serum samples that were taken at diagnosis were compared with
serum samples after platin-based NACT (n = 55). Results are shown in Figure 1.

Cancers 2021, 13, x  4 of 14 
 

 

* Other: Taxotere and carboplatin (n = 2), Debio trial (NCT01930292) (n = 6), and paclitaxel and 

cisplatin started from chemo cycle six after receiving first five weekly cycles of carboplatin-

paclitaxel (n = 1). Abbreviations: ACT, adjuvant chemotherapy; CCC, clear cell carcinoma; 

HGSOC, high-grade serous ovarium carcinoma; LGSOC, low-grade serous ovarium carcinoma; 

NACT, neo-adjuvant chemotherapy; PDS, primary debulking surgery; R0 resection, complete re-

section; R1 resection, optimal resection with <1 cm macroscopic tumour; R2 resection, >1 cm mac-

roscopic tumour; DOD, death of disease; AWED, alive with evidence of disease; NED, no evidence 

of disease. 

2.2. Serum Characteristics 

Originally, 23 proteins were included for analysis in the study. Due to a small per-

centage of observed protein concentrations (missing values or out-of-ranges values), 7 

proteins were excluded from the analysis (IL-12, IL-17, MCP-1, MMP-12, MMP-13, TGF-β 

and Galectin-3). Hence, 16 proteins were used in the final analyses. More information can 

be found in Figure S1 in the Supplementary Materials. The immune related proteins were 

subdivided into three categories: immune stimulatory factors (CXCL 9, CXCL 10, CXCL 

12, CCL 5), immune inhibitory factors (CCL11, CCL24, MMP1-7-8-9, arginase, VEGF, IL-

10, SAA, and osteopontin), or dual function (CCL22). 

2.3. Neoadjuvant Carboplatin Reduces Immunosuppression in Ovarian Cancer Patients 

To demonstrate the effect of neoadjuvant chemotherapy (NACT) on the immune-re-

lated proteins, the serum samples that were taken at diagnosis were compared with serum 

samples after platin-based NACT (n = 55). Results are shown in Figure 1. 

 

Figure 1. Effect of neo-adjuvant chemotherapy (n = 55) on immune-related proteins: platin-based 

neo-adjuvant chemotherapy mainly decreases immunosuppression. Proteins in green are immune 

stimulatory factors, proteins in red are immune inhibitory factors, proteins in orange have a dual 

function. *: 0.01 <= p-value < 0.05; **: p-value < 0.01. Abbreviations: CCL, C-C motif chemokine 

ligand; CXCL, C-X-C motif chemokine ligand; IL-10, interleukin-10; MMP, matrix metallopepti-

dase; NACT, neo-adjuvant chemotherapy; SAA, serum amyloid A; vascular endothelial growth 

factor (VEGF). 

Thirteen proteins decreased after the NACT treatment. Only CCL11, CCL24, and 

CCL5 increased. A significant change was found for six proteins: CCL11 (p = 0.013), Ar-

ginase (p < 0.001), MMP-9 (p < 0.001), SAA (p = 0.001), osteopontin (p = 0.011), and IL-10 (p 

= 0.001). Based on this result, NACT mainly seems to reduce immunosuppression. 

Of note, if the NACT patients who only received carboplatin–paclitaxel (n = 10) are 

compared to those receiving bevacizumab (Avastin® ) (n = 32), then the conclusions are 

Figure 1. Effect of neo-adjuvant chemotherapy (n = 55) on immune-related proteins: platin-based
neo-adjuvant chemotherapy mainly decreases immunosuppression. Proteins in green are immune
stimulatory factors, proteins in red are immune inhibitory factors, proteins in orange have a dual
function. *: 0.01 ≤ p-value < 0.05; **: p-value < 0.01. Abbreviations: CCL, C-C motif chemokine ligand;
CXCL, C-X-C motif chemokine ligand; IL-10, interleukin-10; MMP, matrix metallopeptidase; NACT,
neo-adjuvant chemotherapy; SAA, serum amyloid A; vascular endothelial growth factor (VEGF).

Thirteen proteins decreased after the NACT treatment. Only CCL11, CCL24, and
CCL5 increased. A significant change was found for six proteins: CCL11 (p = 0.013),
Arginase (p < 0.001), MMP-9 (p < 0.001), SAA (p = 0.001), osteopontin (p = 0.011), and IL-10
(p = 0.001). Based on this result, NACT mainly seems to reduce immunosuppression.

Of note, if the NACT patients who only received carboplatin–paclitaxel (n = 10)
are compared to those receiving bevacizumab (Avastin®) (n = 32), then the conclusions
are comparable. However, the decrease in the arginase, SAA, and IL-10 concentration
compared to the values at diagnosis becomes significant in contrast to chemotherapy alone.
Results are displayed in the Supplementary Materials (Table S1).

To evaluate if the effects of carboplatin–paclitaxel on the immune system could be
influenced by the tumour load, we looked at patients in the adjuvant chemotherapy (ACT)
group with R0 resection (n = 30), comparing serum samples after primary debulking surgery
with serum samples in the middle of adjuvant chemotherapy. The results were similar, with
a predominant decrease in immunosuppression (Figure S2). We can therefore conclude
that it is the presence of carboplatin–paclitaxel that is able to reduce immunosuppression.
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2.4. Debulking Surgery Creates an Unfavourable Immune Environment

The effect of surgery was evaluated by comparing serum samples after NACT with
serum samples after interval debulking surgery (IDS) in the NACT group and serum
samples at diagnosis, with serum samples after primary debulking surgery (PDS) being
taken in the ACT group. Only patients with a complete resection of their tumour load (R0
resection: n = 66) were included in the analysis.

Seven proteins decreased after surgery, and nine proteins increased. A significant
change was found for seven proteins: CCL11 (p < 0.001), CXCL10 (p = 0.001), CXCL9
(p = 0.012), MMP-7 (p = 0.040), MMP-8 (p = 0.049), MMP-9 (p = 0.002), and SAA (p = 0.018)
(Figure 2). Debulking surgery seems to result in a decrease in immune stimulation and an
increase in immunosuppression.
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Figure 2. Effect of debulking surgery (n = 66) on immune related proteins: debulking surgery tends
to increase immunosuppression and decrease immunostimulation (similar results are seen when
leaving out stage I ovarian cancer patients, see Figure S3). Proteins in green are immune stimulatory
factors, proteins in red are immune inhibitory factors, and proteins in orange have a dual function.
*: 0.01 ≤ p-value < 0.05; **: p-value < 0.01. Abbreviations: CCL, C-C motif chemokine ligand; CXCL,
C-X-C motif chemokine ligand; IL-10, interleukin-10; MMP, matrix metallopeptidase; SAA, serum
amyloid A; vascular endothelial growth factor (VEGF).

To evaluate the effect of platin-based chemotherapy prior to surgery, samples from the
NACT group (n = 36) and the ACT group (n = 30) were compared (Figure S4). The trend
in the decreasing/increasing immunostimulation/immunosuppression was the same in
both groups. However, in the NACT group, a significant change was observed in CCL11
(p < 0.001), MMP-7 (p = 0.029), MMP-9 (p = 0.022), and SAA (p = 0.004). A significant
change was only observed for two proteins in the ACT group: CXCL9 (p = 0.014) and
CXCL10 (p = 0.003).

2.5. Adjuvant Chemotherapy Leads to Mixed Immune Changes

To evaluate the effect of adjuvant chemotherapy, serum samples after IDS and at the
end of treatment in the NACT group were compared. In the ACT group, the serum samples
in the middle of chemotherapy were compared with serum samples at the end of treatment.
Only patients with the complete tumour resection during surgery (R0 resection: n = 66)
were included in these analyses.

Eight proteins decreased after ACT treatment, and eight proteins increased. A signifi-
cant change was observed for three proteins: CCL11 (p < 0.001), CCL24 (p = 0.031), and
MMP-9 (p < 0.001) (Figure 3). From our analyses, it seems that adjuvant chemotherapy can
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(partially) revert the effect of the debulking surgery through a non-significant increase in
immune stimulation and through a rather mixed effect on immunosuppression.
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Figure 3. Effect of adjuvant chemotherapy (n = 66) on immune related proteins: adjuvant chemother-
apy shows non-significant increase in immunostimulation and a mixed effect on immunosuppression
(similar results are seen when leaving out stage I ovarian cancer patients, see Figure S5). Proteins in
green are immune stimulatory factors, proteins in red are immune inhibitory factors, and proteins
in orange have a dual function. *: 0.01 ≤ p-value < 0.05; **: p-value < 0.01. Abbreviations: CCL,
C-C motif chemokine ligand; CXCL, C-X-C motif chemokine ligand; IL-10, interleukin-10; MMP,
matrix metallopeptidase; ACT, adjuvant chemotherapy; SAA, serum amyloid A; vascular endothelial
growth factor (VEGF).

2.6. Complete Primary Treatment Results in a Less Hostile Immune Environment Compared to the
Situation at Diagnosis

To evaluate the effect of the complete primary treatment, we compared the serum
samples that were taken at diagnosis with the serum samples that were taken at the end of
the treatment. Only patients with complete tumour resection during surgery (R0 resection:
n = 66) were included in the analysis. Twelve proteins decreased after the primary treatment.
Only CCL11, CCL24, MMP-7, and CCL5 increased. A significant change was observed for
seven proteins: CCL11 (p < 0.001), CCL24 (p = 0.02), CXCL10 (p < 0.001), MMP-8 (p = 0.039),
arginase (p < 0.001), MMP-9 (p < 0.001), and IL-10 (p = 0.038) (Figure 4).

The overall effect of the primary treatment on immune-related proteins is a decrease
in immune stimulation and immunosuppression, rendering the environment less hostile
after treatment than it was at diagnosis.

2.7. Sequence in Surgery and Chemotherapy Transiently Influences the Immune Environment

To evaluate if there is an immunological difference when the order of chemotherapy
and surgery is altered (i.e., first chemotherapy, then surgery (NACT group: n = 36) versus
surgery first followed by chemotherapy (ACT group: n = 30)), we compared the serum
samples that were taken at diagnosis and after IDS with the serum samples that were
taken at diagnosis and in the middle of adjuvant chemotherapy. Interestingly, we indeed
observed significant differences between the groups concerning the concentrations of CCL5
(p = 0.0013), CCL22 (p = 0.0004), MMP-7 (p = 0.0160) and IL-10 (p = 0.0002) (Table 2). Overall,
we observed a more pronounced decrease in the immunosuppressive proteins in the NACT
group compared to in the ACT group.



Cancers 2021, 13, 5899 7 of 13
Cancers 2021, 13, x  7 of 14 
 

 

 

Figure 4. Effect of total primary treatment (n = 66) on immune related proteins: primary treatment 

of ovarian cancer gives a pronounced decrease in immunostimulation and immunosuppression. 

(Similar results are seen when leaving out stage I ovarian cancer patients, see Figure S6.) Proteins 

in green are immune stimulatory factors, proteins in red are immune inhibitory factors, and pro-

teins in orange have dual function. *: 0.01 <= p-value < 0.05; **: p-value < 0.01. Abbreviations: CCL, 

C-C motif chemokine ligand; CXCL, C-X-C motif chemokine ligand; IL-10, interleukin-10; MMP, 

matrix metallopeptidase; SAA, serum amyloid A; vascular endothelial growth factor (VEGF). 

2.7. Sequence in Surgery and Chemotherapy Transiently Influences the Immune Environment 

To evaluate if there is an immunological difference when the order of chemotherapy 

and surgery is altered (i.e., first chemotherapy, then surgery (NACT group: n = 36) versus 

surgery first followed by chemotherapy (ACT group: n = 30)), we compared the serum 

samples that were taken at diagnosis and after IDS with the serum samples that were at 

diagnosis and in the middle of adjuvant chemotherapy. Interestingly, we indeed observed 

significant differences between the groups concerning the concentrations of CCL5 (p = 

0.0013), CCL22 (p = 0.0004), MMP-7 (p = 0.0160), and IL-10 (p = 0.0002) (Table 2). Overall, 

we observed a more pronounced decrease in the immunosuppressive proteins in the 

NACT group compared to in the ACT group. 

Table 2. Effect of the sequence in chemotherapy and debulking surgery on the immune environment. 

Proteins 
NACT Group 

Median  

ACT Group 

Median 
Adjusted p-Value 

Eotaxin-1 (CCL11) −0.3256 −0.0299 0.0900 

Eotaxin-2 (CCL24) −0.0533 0.0598 0.3702 

IP-10 (CXCL10) −0.4989 −0.7101 0.3676 

MIG (CXCL9) −0.2177 −0.3920 0.3376 

SDF1a (CXCL12a) −0.3149 −0.0857 0.3548 

VEGF-A −0.1470 −0.2192 0.5021 

MMP-1 −0.2100 −0.0150 0.4619 

MMP-7 −0.1282 0.2073 0.0160 

MMP-8 0.1462 −0.0938 0.2932 

Arginase −0.4091 −0.8253 0.2908 

MDC (CCL22) 0.0410 −0.5603 0.0004 

MMP-9 −0.1882 −0.5729 0.2076 

Rantes (CCL5) 0.2248 −0.4855 0.0013 

SAA 0.0399 −0.0188 0.4688 

Osteopontin −0.0709 −0.0695 0.6585 

IL-10 −0.1920 0.4215 0.0002 

Figure 4. Effect of total primary treatment (n = 66) on immune related proteins: primary treatment
of ovarian cancer gives a pronounced decrease in immunostimulation and immunosuppression.
(Similar results are seen when leaving out stage I ovarian cancer patients, see Figure S6.) Proteins in
green are immune stimulatory factors, proteins in red are immune inhibitory factors, and proteins
in orange have dual function. *: 0.01 ≤ p-value < 0.05; **: p-value < 0.01. Abbreviations: CCL, C-C
motif chemokine ligand; CXCL, C-X-C motif chemokine ligand; IL-10, interleukin-10; MMP, matrix
metallopeptidase; SAA, serum amyloid A; vascular endothelial growth factor (VEGF).

Table 2. Effect of the sequence in chemotherapy and debulking surgery on the immune environment.

Proteins NACT Group
Median

ACT Group
Median Adjusted p-Value

Eotaxin-1 (CCL11) −0.3256 −0.0299 0.0900
Eotaxin-2 (CCL24) −0.0533 0.0598 0.3702

IP-10 (CXCL10) −0.4989 −0.7101 0.3676
MIG (CXCL9) −0.2177 −0.3920 0.3376

SDF1a (CXCL12a) −0.3149 −0.0857 0.3548
VEGF-A −0.1470 −0.2192 0.5021
MMP-1 −0.2100 −0.0150 0.4619
MMP-7 −0.1282 0.2073 0.0160
MMP-8 0.1462 −0.0938 0.2932

Arginase −0.4091 −0.8253 0.2908
MDC (CCL22) 0.0410 −0.5603 0.0004

MMP-9 −0.1882 −0.5729 0.2076
Rantes (CCL5) 0.2248 −0.4855 0.0013

SAA 0.0399 −0.0188 0.4688
Osteopontin −0.0709 −0.0695 0.6585

IL-10 −0.1920 0.4215 0.0002
NACT group (n = 36): serum samples at diagnosis versus after interval debulking surgery. ACT group (n = 30):
serum samples at diagnosis versus middle of adjuvant chemotherapy. Stage I ovarian cancer patients were
excluded from this analysis. Only patients with complete resection during (primary or interval) debulking surgery
were included (R0 resection). Mann–Whitney U test was applied. Abbreviations: CCL, C-C motif chemokine
ligand; CXCL, C-X-C motif chemokine ligand; IL-10, interleukin-10; MMP, matrix metallopeptidase; SAA, serum
amyloid A; vascular endothelial growth factor (VEGF).

2.8. Progression-Free Survival Analyses

The levels in the immune-related proteins at different time points in the treatment
schedule (i.e., after NACT, ACT, surgery, and total primary treatment) were related to PFS
by calculating the hazard ratios (HR). None of them were significant (results are not shown);
therefore, it is impossible to draw any conclusions at this point. A larger prospective study
will be necessary. OS data are immature, with only 34 events at the time of analyses.
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3. Discussion

To our knowledge, this study is the first prospective cohort study trial on the evolution
of immune related proteins during first-line treatment in ovarian cancer. Platin-based
chemotherapy does alter the immune system in a favourable way by reducing immune
suppression. Surgery reverses this effect by rendering the environment more hostile. ACT
can reverse the negative effect of surgery on the immune system. Importantly, the order in
which chemotherapy and surgery are applied to a patient alters the immune environment
differently, with a transient benefit for NACT. Complete first-line treatment in ovarian
cancer renders the immune microenvironment less hostile, which is mainly the result of a
decrease in immunosuppression. This prospective cohort study confirms our previously
published retrospective results [29].

Until now, only a small number of publications have focused on the effects of chemother-
apy on the immune system in ovarian cancer [30], most of them being retrospective and
focusing on tumour biopsy samples. However, studies using tumour biopsies have the
potential shortcoming that the immune microenvironment in ovarian cancer is highly
susceptible to intrapatient spatiotemporal variation [31–33]. Systemic immune profiling
with peripheral blood samples might be more representative [34]. To our knowledge, only
two studies have been published on systemic immune profiling. In 2010, Wu et al. observed
a significant increase of CD8+ T cells and a decrease in regulatory T cells (Treg) at day 12–14
after one cycle of adjuvant carboplatin–paclitaxel in 13 patients with advanced primary
epithelial ovarian cancer [35]. A longitudinal study in nine patients by Colleman et al. in
2005 showed a positive effect of adjuvant platin-based chemotherapy on the function of
CD8+ T cells in ovarian cancer [36]. In other cancers, for example lung cancer, the results
are less uniform [37,38]. Multiplex protein biomarker data pre- and post-chemotherapy is
as good as not existing in the literature.

Surgery induces a immunosuppressive state to support wound healing and postopera-
tive pain [39]. Altered cytokine levels (decreases in IL-2, IL-12, IFN- γ and increases in IL-6,
Il-8, TNF-α) and the release of growth factors (VEGF and TGF-β) generate an increase in
Treg, MDSC (myeloid derived suppressor cells), and M2 macrophages and a decrease in CD8+
T cells. Postoperative complications (e.g., sepsis, blood loss, hypothermia, . . . ) were shown
to aggravate the immunosuppressed state [39]. Specifically for ovarian cancer, primary
debulking surgery decreases Treg cells in the peripheral blood at day 1 postoperatively,
with an increase at day 7 postoperatively [40]. Suboptimal debulking surgery worsens the
immunosuppressive state due to increased levels of TGF-β [41].

PDS followed by ACT is considered the first line standard of care for advanced ep-
ithelial ovarian cancer. The EORTC 55791 trial [42] and the CHORUS trial [43] showed a
similar survival in the neo-adjuvant therapy group followed by IDS compared to primary
debulking followed by ACT. A meta-analysis [44] of these studies demonstrated a signifi-
cantly improved OS for stage IV ovarian cancer patients in the NACT group (24.3 versus
21.1 months, HR 0.76 (95% CI 0.58–1.00), p = 0.048). Peri- and post-operative morbidity and
mortality occurred less frequently in the NACT group. Nowadays, NACT is selected in
patients where upfront debulking surgery will not lead to complete cytoreduction or when
the comorbidities of the patient indicate high peri/post-operative morbidity/mortality [4].

Our study results indicate that the sequence/order of surgery and chemotherapy
alters the immune environment differently. NACT positively influences the immune
environment, with a decrease in immunosuppression, offering a window of opportunity to
introduce immunotherapy during the primary treatment of advanced ovarian cancer. This
temporary beneficial window is not present when debulking surgery is performed upfront.

The immune changes induced during first line treatment are important to under-
stand before starting combinatorial immunotherapy trials. The JAVELIN ovarian 100
(NCT02718417), which combined carboplatin–paclitaxel with avelumab (anti-PD-L1) in
previously untreated patients with epithelial ovarian cancer, was interrupted early due to
significantly lower PFS in the arm with avelumab as maintenance therapy after chemother-
apy (Hazard ratio (HR) of 1.43 with 95% CI of 1.051–1.946) [24]. The arm starting treatment
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with avelumab simultaneously with primary chemotherapy and continued as maintenance
therapy, showed a insignificantly lower PFS compared to chemotherapy alone (HR 1.14 with
95% CI of 0.832–1.565) [24]. Several combinatorial immunotherapy trials are currently ongo-
ing (e.g., KEYLYNK-001/ENGOT-ov43/BGOG-OV43 (NCT03740165) [45], FIRST/BGOG-
ov44 (NCT03602859) [46], DUO-O/BGOG-OV46 (NCT03737643) [47] or IMagyn050/GOG
3015/ENGOT-OV39 (NCT03038100) [25]). The first results of the IMagyn050 [48] also
showed no advantages of combining atezolizumab (anti-PD-L1) in a primary setting.
Both JAVELIN Ovarian 100 and IMagyn050 had one therapeutic arm that administered
anti-PDL1 and carboplatin–paclitaxel simultaneously from the start of treatment (i.e., at
diagnosis, in the case of NACT or after debulking surgery in case of upfront surgery).
From an immunological point of view, based on the results of our study, both situations
are compatible, resulting in a less favourable immune microenvironment. The true benefit
of chemotherapy seems to be achieved after NACT. In an earlier preclinical study, we
demonstrated the importance of the sequence of treatments in an ID8-fLuc serous ovarian
cancer mouse model [26], where survival in mice was altered depending on the order in
which immunotherapy and chemotherapy were given.

4. Materials and Methods
4.1. Study Set Up

Ovarian cancer patients were prospectively recruited between 2015 and 2017 in Uni-
versity Hospitals Leuven, Belgium. The study was approved by the local ethical committee
(Ethics Committee Research UZ/KU Leuven, Belgium, s56311 and s64035). All of the
included patients signed an informed consent. Inclusion criteria were women who were
newly diagnosed with invasive ovarian cancer. Patients were excluded in the case of a
concomitant second tumour, the presence of immune disease, treatments with immunomod-
ulators, pregnancy at diagnoses, surgical removal of the primary tumour before inclusion,
infectious serology (HIV, hepatitis B or hepatitis C), and/or age below 18 years. Patients
who had an infection at the moment of planned inclusion were not sampled. Since an
infection also mostly implied the planned treatment had to be postponed, blood sampling
was then done at the moment of postponed treatment.

4.2. Serum Samples

Depending on the preoperative assessments, patients received either upfront (de-
bulking) surgery (PDS) followed by adjuvant chemotherapy or received neoadjuvant
chemotherapy (NACT) first and then interval debulking surgery (IDS) followed by the
completion of their chemotherapy [40]. Serial blood samples were taken at the different
time points in the primary therapy schedule: at diagnosis, after surgery, after NACT or in
the middle of the adjuvant chemotherapy and at the end of primary treatment (=two-four
weeks after the last chemotherapy). In the ideal scenario, all of the patients had four
consecutive blood samples (Figure 5).

The following clinical parameters were recorded: age at diagnosis, FIGO stage [3],
histology, primary treatment strategy (primary debulking surgery versus NACT with
interval debulking surgery), residual tumour after debulking surgery, and survival (disease
specific survival (DSS), progression free survival (PFS) and overall survival (OS)).

4.3. Protein Analysis

Proteins were measured with a Luminex assay, according to the manufacturers’ in-
structions and as described earlier by our group [12]. The following immune-related
proteins were analysed: interleukin-10 (IL-10), IL-12, IL-17 arginase, eotaxin-1/C-C mo-
tif chemokine ligand 11 (CCL11), eotaxin-2/C-C motif chemokine ligand 24 (CCL24),
transforming growth factor β/latency-associated peptide (TGF-β/LAP), galectin-3, ma-
trix metallopeptidase-1 (MMP-1), MMP-7, MMP-8, MMP-9, MMP-12, MMP-13, inter-
feron gamma-induced protein 10/C-X-C motif chemokine ligand 10 (IP-10/CXCL10),
macrophage-derived chemokine/C-C motif chemokine ligand 22 (MDC/CCL22), monokine
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induced by gamma interferon/C-X-C motif chemokine ligand 9 (MIG/CXCL9), osteopon-
tin (OPN), vascular endothelial growth factor (VEGF), RANTES/C-C motif chemokine
ligand 5 (CCL5), serum amyloid A (SAA), stromal cell-derived factor 1 alpha/C-X-C motif
chemokine ligand 12 (SDF-1alpha/CXCL12).
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4.4. Statistical Analysis

For the statistical analyses, missing values and values that were out of range were
addressed using multiple imputation [28]. These imputations were based on the following
variables: the proteins, age, treatment, and timepoint. The Wilcoxon signed-rank test
was used to look at the effect of an intervention on the proteins (comparing the sample
before and after the intervention). Results between the NACT treatment arm and the ACT
treatment arm were compared with the Mann–Whitney U test. A 5% significance level was
assumed for these tests.

Univariable Cox proportional hazard models were built to assess the impact of the
protein levels on the PFS. All of the statistical analyses were performed in R version 3.5.1.

5. Conclusions

Each step in the primary treatment schedule for ovarian cancer has its specific influence
on the immune microenvironment. Based on the above results, there seems to be a window
of opportunity after NACT for immunotherapy. The increase in immunostimulation and a
decrease in immunosuppression creates a favourable immune environment to treat cancer,
which might lead to an improved PFS in ovarian cancer. However, more information
on the immune system is needed and should also be obtained during ongoing clinical
trials. Our results demonstrate that this can be achieved both easily and reliably by serial
measurement of immune-related proteins in blood samples.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers13235899/s1, Figure S1: Overview of missing data on proteins in ACT group and
NACT group, Table S1: Subgroup analysis on the effect of neo-adjuvant platin-based chemotherapy,
Figure S2: Effect of carboplatin-based chemotherapy without tumour load, Figure S3: Effect of
debulking surgery on immune related proteins without Stage I ovarian cancers, Figure S4: Effect of
chemotherapy in operated patients, Figure S5: Effect of adjuvant chemotherapy on immune-related
proteins without stage I ovarian cancers, Figure S6: Effect of primary treatment on immune-related
proteins without stage I ovarian cancers.
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