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ABSTRACT
Epithelial ovarian cancer (EOC) may cause abnormal blood levels of leukocytes. This paraneoplastic
manifestation is associated with a worse response to therapy and shorter survival. To understand the
complexity and nature of these leukocytes, we dissected the different populations of myeloid cells and
analyzed their relation to clinical outcome. Therefore, baseline blood samples of 36 EOC patients treated
either with carboplatin/doxorubucin or with gemcitabine were analyzed for different subsets of
monocytes/macrophages, myeloid derived suppressor cells (MDSC) and dendritic cells (DC) using
multiparameter flow cytometry as well as functional assays for myeloid cell mediated suppression of
antigen-specific T cell reactivity. Healthy donor blood served as control. EOC patients displayed an
increase in monocytes/macrophages, monocytic MDSC (mMDSC) and CD33-CD11bCCD14-CD15- double-
negative MDSC (CD33- dnMDSC) and a decrease in the frequency of DC, across all EOC subtypes. A low
frequency of DC and high frequencies of monocytes/macrophages and mMDSC, but not CD33- dnMDSC,
were associated with poor overall survival. Patient’s monocytes/macrophages and mMDSC, but not CD33-
dnMDSC, were shown to suppress T cell reactivity in vitro. The mMDSC and DC frequencies were not
altered upon treatment. Importantly, the mMDSC to DC ratio was the strongest independent, highly
sensitive and specific, predictive factor for survival. This was irrespective of the type of chemotherapy or
disease stage and outperformed classical parameters as WHO status or time from last chemotherapy.
Thus, the baseline blood mMDSC to DC ratio is a robust, independent and easy to analyze predictive factor
for EOC survival, and may assist patient selection for immunotherapy.

KEYWORDS
leukocytosis; epithelial
ovarian cancer; mMDSC to
DC ratio; predictive; survival

Introduction

Epithelial ovarian, fallopian tube and primary peritoneal cancer
(EOC) has a very dismal prognosis with a 5-year survival rate of
only 30 to 35%.1-3 Generally, treatment of high risk EOC is based
on surgery and platinum-based chemotherapy.3 Although the
initial response to treatment is good, the large majority of
patients will develop recurrent disease. Recurrent EOC will
become platinum-resistant at one point during treatment, and
subsequent therapies then consist of single agent chemotherapy
like weekly paclitaxel, gemcitabine or experimental therapies
such as immunotherapy. Early results show that only a fraction
(about 15%) of treated patients clinically respond to immuno-
therapy.4,5 However, once an anti-tumor response is activated,
this correlates with better survival.6-9 An important part of the
battle between tumor cells and the immune system is fought
within, but not confined to, the tumor microenvironment.
CD8C T cell infiltration into EOC has a positive effect on che-
motherapy response,7,8 while infiltration with suppressive
immune cells such as regulatory T cells (Tregs), myeloid derived
suppressor cells (MDSC) and M2 macrophages is associated

with a lower response to chemotherapy in EOC.10-13 In addition,
a strong influx of MDSC in ascites is associated with poor sur-
vival.14 Furthermore, EOC causes systemic suppression of
CD8C T cell reactivity15 and abnormal high levels of leukocytes
(i.e. leukocytosis) in the blood.16,17 The latter has been associated
with worse response to therapy in different types of tumors,
including EOC.16-20 These observations sustain the notion that
the efficacy of several types of chemotherapy may depend on
cells of the immune system,21 many of which are also important
for the success of immunotherapy.22

The peripheral blood leukocyte population is a complexmixture
of different types of myeloid cells, including several phenotypically
distinct subpopulations of monocytes/macrophages, MDSC and
DC, which can have opposite effects on the anti-tumor response.
Comprehensive analyses of these cells in the peripheral blood
allows for the distinction of at least six DC types,23 10 potential
MDSC types and over five flavors of monocytes/macrophages.24-26

In order to understand why and which of the circulating
myeloid cells in EOC patients are related to survival, we
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dissected the different populations of circulating myeloid cells
by flow cytometry using several sets of fluorescently labeled
antibodies to identify monocytes/macrophages, MDSC and DC
subsets and analyzed their relation to clinical outcome in two
individual cohorts of EOC patients treated with different types
of chemotherapy. We found that the ratio between mMDSC
and DC was a strong prognostic factor for survival, indepen-
dent of the stage, WHO performance status and chemotherapy
provided, and displayed a sensitivity of 85.7% and a specificity
of 87.5% to correctly predict survival.

Results

Increased frequencies of circulating myeloid cells are
associated with poor survival after therapy in EOC

To validate the observation that advanced-stage EOC patients
exhibit high frequencies of circulating myeloid cells, peripheral
blood samples of EOC patients that participated in two different
phase I/II chemo-immunotherapy studies were analyzed.24,25 One
group received standard carboplatin (CP) C doxorubicin (DOX)

in combination with tocilizumab and IFNa-2b, the other received
gemcitabin of which some additonally received IFNa-2b and a p53
SLP vaccine. The given experimental immune therapies did not
impact the clinical outcome.24,25 Compared to healthy donors, plat-
inum–sensitive and –resistant EOC patients exhibited increased
frequencies of circulating myeloid cells (Fig. 1A, B). Moreover, the
group of patients displaying relatively high frequencies of these cir-
culating myeloid cells demonstrated a reduced overall survival
(OS) (Fig. 1C and Suppl. Table III). In vitro depletion of the
CD14C fraction in this population of circulating myeloid cells in
the PBMC of two patients, resulted in an increased T cell reactivity
to recall antigens, p53 and/or NY-ESO-1 tumor antigens (Fig. 1D).
Taken together, these data suggest a possible immune suppressive
role for part of themyeloid cells.

High frequencies of circulating monocytic MDSC and low
frequencies of circulating DC are associated with poor
outcome in EOC

To get insight into the composition and role of the different mye-
loid subsets in relation to survival, an in-depth analysis of the

Figure 1. High levels of circulating myeloid cells are associated with reduced overall survival and suppression of anti-tumor immune responses in EOC. Baseline frequency
of myeloid cells was determined in platinum-sensitive and –resistant Epithelial Ovarian Cancer (EOC) patients by flow cytometry. A) Representative dot plot of the forward
and sideward scatter of PBMC of an EOC patient. Total myeloid cells were identified on the basis of their FSC-A and SSC-A properties. B) The frequency of total myeloid
cells as percentage of total viable cells is depicted for healthy donors, platinum–sensitive and –resistant EOC at baseline. The dotted line marks the median myeloid cell
frequency of the total EOC patient group. Differences between healthy donors and patients were analyzed by two-sided Kruskal–Wallis test with a post hoc Dunn’s multi-
ple comparison test. C) Kaplan-Meier plot showing the survival of a cohort of 36 EOC patients. Patients were divided into low or high groups according to the median
myeloid cell frequency of the total EOC patient population.The solid line depicts patients with frequency of the population above the median (high) and the dotted line
depicts patients with frequency below the median (low) of the total EOC group. Statistical significance of the survival distribution was analyzed by log-rank testing. Differ-
ences were considered significant when p < 0.05, as indicated with an asterisk (�p < 0.05, ��p < 0.01, ���p < 0.001 and ����p < 0.0001). D) To test the influence of
high baseline myeloid cells on T cell reactivity towards recall and/or tumor antigens, the PBMC of two EOC patients with high levels (i.e. 38.6 and 41.0%) of circulating
myeloid cells were selected and analyzed for recall antigen (Influenza virus and memory response mix (FLU/MRM)), p53 and NY-ESO-1 antigen reactivity. To this end,
non-depleted (white bars) and CD14-depleted (black bars) PBMC were stimulated for 11 days with autologous monocytes pulsed with a mix of FLU synthetic long pepti-
des (SLP) and MRM or a pool of p53 or NY-ESO-1 SLP, after which antigen reactivity was determined in a 4-day proliferation assay. The proliferation of T cells upon recog-
nition of tumor or recall antigens is shown as stimulation index (SI). A positive response was defined as a SI of at least 3.
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circulating myeloid cell compartment was performed by flow
cytometry. Compared to the frequencies found in healthy donors,
the baseline frequencies of circulating monocytes/macrophages
and mMDSC were elevated while that of DC were reduced in both
the platinum–sensitive and –resistant EOC cohorts (Fig. 2A).
Notably, the frequencies of these immune cells, except for the
CD33- dnMDSC, were not changed upon chemo-immunotherapy
(Fig. 3 and described earlier24,25). Importantly, the presence of high
frequencies monocytes/macrophages and mMDSC as well as low
frequencies of DC in the blood of EOC patients before therapy
were associated with reduced survival (Fig. 2B and Suppl. Table III)
after chemo-immunotherapy. Subgroup analysis revealed that the
association between high levels of monocytes/macrophages and
mMDSC and reduced survival was stronger in the platinum-sensi-
tive than in platinum-resistant EOC. Vice versa, low levels of DC
correlated stronger with reduced survival in the platinum-resistant
EOC cohort (Suppl. Fig. 4). The levels of CD33CCD11bC early-
stage MDSC (CD33C eMDSC) and CD33- dnMDSC were similar
between healthy donors and EOC patients, and were not associated
with survival (Fig. 2A and B).

Monocytic MDSC but not CD33- dnMDSC are capable
of suppressing T cell proliferation

MDSC represent a heterogenous population of immune cells
that can suppress anti-tumor immunity. Due to the absence of
a highly specific marker to identify human MDSC, a multitude
of MDSC subsets with different phenotypes and (sometimes)
unknown suppressive potential have been described in litera-
ture.20 To substantiate our findings on the role of mMDSC,
CD33C eMDSC and CD33- dnMDSC in EOC survival, we
tested the suppressive function of mMDSC, CD33C eMDSC
and CD33- dnMDSC obtained from five EOC patients in a [3
H]-Thymidine-based ex vivo co-culture suppression assay. As
a positive suppressive control, isolated autologous
CD25CCD127¡/low Tregs were included in this assay.27 These
tests revealed that circulating mMDSC were as effective as
Tregs in suppressing responder T cell proliferation (Fig. 4A
and B, Suppl. Fig. 5 for all five EOC patients). The suppressive
capacity of CD33C eMDSC was much lower while CD33-
dnMDSC did not show the capacity to suppress T cell prolifera-
tion in this assay. This indicates that mMDSC and CD33C
eMDSC but not CD33- dnMDSC represent bona fideMDSC.

Circulating HLA-DRCCD14-CD11cC cells represent
a collection of conventional DC

DC are profesional antigen presenting cells (APC) that are
found in blood, lymph nodes and tissues and play an important
role in processing and presenting antigen to T cells and thus
regulating innate and adaptive immune responses. In the blood,
human DC include lineage-negative (LIN-) HLA-DRCCD14-
CD11c-CD123C plasmacytoid DC and LIN-HLA-DRCCD14-
CD11cC conventional DC subsets, of which the latter can be
subdivided into four different DC subsets (DC1 to DC4) based
on the additional markers CLEC9A, CD141, CD1c, CD16,
CD36, CD32b and CD163.23,28 Blood analysis of six EOC
patients and four healthy donors revealed that the HLA-
DRCCD14-CD11cC DC subset was mainly composed of

CD141CCLEC9AC DC1, CD1cCCD32bC DC2, CD1
cCCD32b-CD36CCD163C DC3 and CD1c-CD16C DC4 sub-
sets (Suppl. Fig. 2B) and that there were no overt differences
with respect to the frequencies of each subtype within the total
population between healthy donors and EOC patients. Our
data, thus, confirmed that the LIN-HLA-DRCCD14-CD11cC
DC subset represents a collection of truly circulating blood DC,
which is lowered in overall numbers but not altered in com-
plexity in patients with EOC compared to healthy individuals.

The mMDSC to DC ratio is an independent predictive
factor for patient survival

While DC generally stimulate tumor immunity, MDSC and some
types of monocytes/macrophages can exert suppressive activity
and dampen immune responses. To determinewhether the balance
between these cell types is relevant for survival in these cohorts, we
determined their ratios. Compared to ratios found in healthy
donors, the baseline monocytes/macrophages to DC and mMDSC
to DC ratios were elevated in a number of EOC patients in both
cohorts (Fig. 5A-D). Notably, CP/DOX/tocilizumab/IFNa-2b or
gemcitabin/IFNa-2b/p53 SLP chemo-immunotherapy did not
alter these ratios (Suppl. Fig. 6). Division of the patients on the basis
of the median ratio revealed that the group of patients with a low
monocytes/macrophages to DC ratio and especially the patients
with a low mMDSC to DC ratio (i.e. with suppressing cells <<

activating cells) displayed a significantly better survival (Fig. 5B
and D). Interestingly, EOC patients with detectable T cell reactivity
to recall antigens at baseline always displayed a low monocytes/
macrophages to DC andmMDSC to DC ratios (Suppl. Fig. 7). Fur-
thermore, the predictive value of the mMDSC to DC ratio was not
limited to one of the individual cohorts, suggesting that this ratio is
an important predictor of disease outcome relevant beyond type of
chemotherapy or disease stage. Indeed, correcting for age, WHO
performance status and time from last chemotherapy using multi-
variate Cox regression analysis revealed that both the monocytes/
macrophages to DC and mMDSC to DC ratio were independent
factors for EOC survival (Table 1).

In order to optimize the predictive values of these immune cell
ratios for disease outcome, we sought to find an optimal cut-off
point with respect to sensitivity and specificity by ROC curve analy-
sis. This not only led to a cut-off point for the monocytes/macro-
phages to DC ratio associated with much better separation of the
survival curves in both the individual patient cohorts (Fig. 5E and
F) but also to a highly sensitive (85.7%) and specific (87.5%) cut-off
for the mMDSC to DC ratio yielding a very strong correlation with
survival for the total population and individual patient cohorts
(Fig. 5G andH).

In summary, the pre-treatment circulatingmMDSC toDC ratio
is a robust, easy to analyze (Suppl. Fig. 8) and independent predic-
tive factor for patient survival beyond the type of chemotherapy.

Discussion

In this study, the composition of circulating myeloid cells and
its relation to clinical outcome was analyzed in two cohorts of
patients treated for platinum-sensitive and platinum-resistant
EOC. In comparison to healthy donors, many of the patients
with advanced EOC displayed an increased frequency of
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Figure 2. High frequencies of circulating monocytic MDSC and low frequencies of circulating DC are associated with poor outcome in EOC. An in-depth analysis of the cir-
culating myeloid cell compartment was performed in EOC at baseline. To this end, PBMC samples of healthy donors and platinum–sensitive and –resistant EOC patients
were analyzed by multi-parameter flow cytometry for the presence of CD3-CD19-CD56-HLA-DRCCD14CCD11bC total monocytes/macrophages, CD3-CD19-CD56-HLA-
DRCCD14-CD11 cC DC, CD3-CD19-CD56-HLA-DR¡/lowCD14CCD15- monocytic MDSC (mMDSC), CD3-CD19-CD56-HLA-DR¡/lowCD14-CD15- and CD33CCD11bC early-
stage MDSC (CD33C eMDSC) and CD3-CD19-CD56-HLA-DR¡/low and CD14-CD15- double-negative (dn) CD33-CD11bC MDSC (CD33- dnMDSC). A) The frequencies of
total monocytes/macrophages (mon/mac), DC, mMDSC, CD33C eMDSC and CD33- dnMDSC (from top to bottom) are depicted as percentage of total viable cells for
healthy donors (left), platinum–sensitive (middle) and –resistant (right) EOC patients at baseline. The dotted line marks the median frequency of the total EOC patient
group. Differences between healthy donors and patients were analyzed by two-sided Kruskal–Wallis test with a post hoc Dunn’s multiple comparison test. Differences
were considered significant when p < 0.05, as indicated with an asterisk (�p < 0.05, ��p < 0.01, ��� p < 0.001 and ���� p < 0.0001). B) Kaplan-Meier plots showing the
survival of a cohort of 36 EOC patients. Patients were divided into low or high groups according to the median frequency of the designated myeloid cell subpopulations
for the total EOC patient population. The solid line depicts patients with frequency of the population above the median and the dotted line depicts patients with fre-
quency below the median of the total EOC group. Statistical significance of the survival distribution was analyzed by log-rank testing.
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Figure 3. Treatment-induced changes were only observed in CD33- dnMDSC for gemcitabine-treated EOC patients. PBMC samples of EOC patients were analyzed at base-
line (before), and during (three cycles of carboplatin/doxorubicin and tocilizumab with or without IFNa-2b for platinum sensitive (left panel) and two cycles of gemcitabin
and IFNa-2b with or without p53 synthetic long peptide (SLP) vaccine for platinum-resistant EOC (right panel)) and after (six cycles of therapy) by multi-parameter flow
cytometry for the presence of CD3-CD19-CD56-HLA-DRCCD14CCD11bC total monocytes/macrophages (mon/mac), CD3-CD19-CD56-HLA-DRCCD14-CD11 cC DC, CD3-
CD19-CD56-HLA-DR¡/lowCD14C CD15- monocytic MDSC (mMDSC) and CD3-CD19-CD56-HLA-DR¡/lowCD14-CD15- and CD33CCD11bC early-stage MDSC (CD33C
eMDSC) and CD3-CD19-CD56-HLA-DR¡/low and CD14-CD15- double-negative (dn) CD33-CD11bC MDSC (CD33- dnMDSC). The frequencies of total mon/mac, DC,
mMDSC, CD33C eMDSC and CD33- dnMDSC (from top to bottom) over time are depicted as percentage of total viable cells for platinum–sensitive (left) and –resistant
(right) EOC patients. Differences between time points were analyzed by two-sided Kruskal–Wallis test with a post hoc Dunn’s multiple comparison test. Differences were
considered significant when p < 0.05, as indicated with an asterisk (�p < 0.05, ��p < 0.01, ��� p < 0.001 and ���� p < 0.0001).
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myeloid cells, comprising monocytes/macrophages and
mMDSC with the capacity to suppress T cell reactivity in vitro.
In contrast to these immune suppressive myeloid cells, our in-
depth analysis also revealed that the frequency of circulating
DC, regardless of subtype, was often lower in patients with
EOC than in healthy donors. Importantly, the balance between
immune suppressive myeloid cells (monocytes/macrophages
and mMDSC) and immune activating cells (DC) was an impor-
tant parameter for overall survival. Patients with a low mono-
cytes/macrophages to DC or mMDSC to DC ratio displayed a
significantly better overall survival. Especially, the ratio between
mMDSC and DC not only formed a strong independent prog-
nostic factor for survival, but could also predict survival with
very high sensitivity and specificity.

We found that abnormal high levels of circulating mye-
loid cells is a prognostic sign for poor survival. The exact
mechanism behind this hematologic paraneoplastic manifes-
tation is unclear but is most likely caused by tumor-pro-
duced hematopoietic cytokines (e.g. GM-CSF, G-CSF, IL-6,
PGE2)13,29 that are known to mobilize and expand MDSC
and macrophages from the bone marrow.30 In line with our
previous studies in lung and cervical cancer,26,31 these mye-
loid cells are suppressive since in vitro depletion unleashed
T cell reactivity to recall antigens and tumor antigens. This
may explain why leukocytosis is negatively associated with
overall survival in our and other studies.16-20 Recent studies
by us and others on the effects of chemotherapy on leuko-
cytes revealed that carboplatin-paclitaxel can transiently

normalize these abnormal levels of leukocytes and that this
is associated with stronger T cell immunity.25,26,32 In our
platinum-sensitive EOC cohort, patients received a combi-
nation of carboplatin and doxorubicine, and this did not
have a long term effect on the levels of the different leuko-
cytes.24 However, due to the timing of blood sampling we
can not exclude that transient effects were present.26 The
platinum-resistant EOC cohort had been treated with gem-
citabine. This chemotherapeuticum has been shown to elim-
inate MDSC in mice.33 Recently, we showed that
gemcitabine eliminated the phenotypically defined HLA-
DR-CD33-CD11bCCD14-CD15- MDSC (CD33- dnMDSC)
in patients with advanced EOC.25 Here, we functionally
tested three types of phenotypically defined MDSC and
showed that mMDSC displayed a high capacity to suppress
activated T cells in our in vitro set-up, whereas the putative
CD33- dnMDSC in fact did not. This shows the importance
of functional assessments of myeloid cell types and explains
why deletion of CD33- dnMDSC by gemcitabine did not
have an impact on the survival. Interestingly, docetaxel has
also been reported to eliminate MDSC in mice34 and the
change in mMDSC from baseline to the third treatment
cycle was prognostic for survival in metastatic castration-
resistant prostate cancer,35 suggesting that docetaxel may
eliminate the right MDSC type in patients, albeit that this
chemotherapy is not frequently used in patients with EOC.

Despite the increase in myeloid cells, many of the patients
with advanced EOC displayed a decreased frequency of DC

Figure 4. Monocytic MDSC and CD33C eMDSC but not CD33- dnMDSC are capable of suppressing responder T cell proliferation. CD4CCD25CCD127¡/low regulatory T
cells (Tregs), CD3-CD19-CD56-HLA-DR¡/low and CD14CCD15- monocytic MDSC (mMDSC), CD3-CD19-CD56-HLA-DR¡/lowCD14-CD15- and CD33CCD11bC early-stage
MDSC (CD33C eMDSC) and CD3-CD19-CD56-HLA-DR¡/low and CD14-CD15- double-negative (dn) CD33-CD11bC MDSC (CD33- dnMDSC) were isolated from the PBMC
of five (three platinum-sensitive and two platinum-resistant) EOC patients by flow sorting and analyzed for their capacity to inhibit autologous responder T cell (Tresp)
proliferation in a [3 H]-Thymidine-based ex vivo co-culture suppression assay. A) Proliferation is given in counts per minute (cpm) for un-stimulated and anti-CD3/CD28
bead-stimulated autologous CD4CCD25C/-CD127C Tresp cells in the presence or absence of isolated suppressor cells at a 1:1 to 32:1 Tresp-to-suppressor ratio for a rep-
resentative patient. Differences in proliferation were analyzed by two-sided Kruskal–Wallis test with a post hoc Dunn’s multiple comparison test. Differences were consid-
ered significant when p< 0.05, as indicated with an asterisk (�p < 0.05, ��p< 0.01, ��� p < 0.001 and ���� p < 0.0001). B) Percentage inhibition§ SEM of responder cell
proliferation by Tregs (black circles), mMDSC (dark grey squares), CD33C eMDSC (light grey triangles) and CD33- dnMDSC (white diamonds) at different Tresp-to-sup-
pressor ratios is depicted for five EOC patients.

e1465166-6 S. J. A. M. SANTEGOETS ET AL.



and this had a negative impact on the prognosis of patients. It is
possible that this is a direct consequence of the cancer-medi-
ated altered myelopoiesis but it could also be the outcome of a
PGE2-driven redirected differentiation of DC to mMDSC.36

DC are an important component of the EOC microenviron-
ment of patients with better survival,37 hence therapeutic
approaches to normalize their levels are warranted. Potentially,
targeting PGE2 may be of help.29

An important question is whether a blood biomarker reflects
what is going on in the tumor microenvironment. It has been
reported that peripheral leukocytosis correlated with higher
numbers of intratumoral neutrophils and lower numbers of
intratumoral CD8C T cells, and worse clinical outcome after
chemotherapy in anal cancer,38 suggesting that similar findings
can be expected for ovarian cancer. Notwithstanding their rela-
tion with the tumor microenvironment, the ratio between

mMDSC and DC can predict survival with high specificity and
sensitivity.

Determination of this ratio might help to assess the potential
benefit from current immunotherapies, since MDSC and DC,
respectively play important negative and positive roles in
immunotherapy,22 including checkpoint therapies.39-42

Materials and methods

Patients

Peripheral blood samples were previously obtained from
healthy donors or EOC patients treated within the PITCH and
CHIP study after signed informed consent.24,25 The PITCH
study is a multicenter phase I/II dose-escalation study to evalu-
ate the safety and feasibility of tocilizumab in combination with

Figure 5. The pre-treatment circulating mMDSC to DC ratio is an independent predictive factor for patient survival that is relevant beyond type of chemotherapy or dis-
ease stage. Monocyte/macrophage (mon/mac) to DC (A) and mMDSC to DC (C) was calculated by dividing the mon/mac or mMDSC value by the DC value measured at
baseline. A, C) The mon/mac to DC (A) and mMDSC to DC (C) ratios are depicted for healthy donors, and platinum–sensitive and –resistant EOC at baseline. The dotted
line marks the median ratio of the total EOC patient group. B, D) Kaplan-Meier plots showing the survival of the total cohort of EOC patients (left), and the individual
cohorts of platinum–sensitive (middle) and –resistant (right) EOC patients are given for the mon/mac to DC (B) and mMDSC to DC (D) ratio. Patients were divided into
low or high groups according to the median of the total EOC patient population. The solid lines depicts patients with frequency of the population above the median
(high) and the dotted line depicts patients with frequency below the median (low) of the total EOC group. E, G) Optimal cut-off point for the mon/mac to DC (E) and
mMDSC to DC (G) ratios by ROC curve analysis is depicted. The black cross depicts the optimal cut-off point with respect to sensitivity and specificity. F, H) Kaplan-Meier
plots showing the survival of the total cohort of EOC patients (left), and the individual cohorts of platinum–sensitive (middle) and –resistant (right) EOC patients are given
for the optimized mon/mac to DC (F) and mMDSC to DC (H) cut-offs. The solid lines depicts patients with frequency of the population above the ROC cut-off and the dot-
ted line depicts patients with frequency below the ROC cut-off. Statistical significance of the survival distributions were analyzed by log-rank testing. The number of
patients and the corresponding median survival for each group is given in the plots.
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carboplatin/doxorubicin (CP/DOX) and interferon-a 2b in
patients with recurrent EOC.24 The CHIP study is a phase I/II
study to evaluate the feasibility and immunogenicity of the
combination of gemcitabine and interferon-a 2b with or with-
out a p53 synthetic long peptide (p53 SLP) vaccine in patients
with recurrent platinum-resistant p53-positive EOC.25 Patients
that participated in the PITCH and CHIP study are hereafter
referred to as platinum-sensitive and platinum-resistant EOC,
respectively. Both studies were conducted in accordance with
the Declaration of Helsinki and approved by the Medical Ethics
Committee Leiden in agreement with the Dutch law for medi-
cal research involving humans and registered to the clinical trial
register (PITCH study: NCT01637532 and CHIP study:
NTC01639885). Patient selection and characteristics, as well as
feasibility and safety of the studies, have been described previ-
ously.24,25 A summary of the patient characteristics and out-
come are given in suppl. Table 1.

Isolation of peripheral blood mononuclear cells

PBMC were isolated from venous blood samples by density
gradient centrifugation using Ficoll-amidotrizoate (LUMC
pharmacy, The Netherlands), cryopreserved in 90% fetal calf
serum (FCS; PAA Laboratories, Austria) and 10% DMSO
(Sigma-Aldrich, USA), and stored in the vapor phase of liquid
nitrogen until further use as described earlier.24,25 Handling,
storing and staining of the PBMC were done according to the
standard operation procedures (SOP) of the department of
Medical Oncology at the LUMC by trained personnel.

Myeloid cell depletion and antigen reactivity testing
of PBMC in vitro

To test the association between increased circulating myeloid
cells and reduced T cell reactivity towards recall and/or tumor
antigens, CD14C monocytes were depleted from two plati-
num-sensitive EOC patients with high baseline monocyte
counts by CD14-guided magnetic cell sorting (Miltenyi Biotec,
Germany) as described earlier.26,31 CD14-depleted and non-
depleted PBMC were subsequently cultured for 11 days with
autologous monocytes loaded with either a mix of 30 amino
acid long and overlapping influenza virus M1 (FLU) synthetic

long peptides (SLP) and memory response mix (MRM)43 or a
mix of 30 amino acid long and overlapping p53 or NY-ESO-1
SLP in IMDM medium (Lonza, Switzerland) supplemented
with 10% human AB serum (Capricorn scientific, Germany),
100 U/ml penicillin, 100 mg/ml streptomycin and 2 mM L-glu-
tamin (all from PAA laboratories, Austria) in the presence of
10% T cell Growth Factor (Zeptometrix, USA) and 5 ng/ml IL-
7 and IL-15 (Peprotech, USA). After 11 days, the cells were
tested for antigen reactivity in triplicate wells in a 4-day prolif-
eration assay following re-stimulation with either unloaded
(control) or pulsed (FLU/MRM, p53 or NY-ESO-1) monocytes.
Proliferation was measured by [3 H]-Thymidine incorporation
(0.5 mCi/well; Perkin Elmer, USA) during the last 16 hours of
the assay and expressed as radioactive counts per minute
(cpm). A positive response was defined as a stimulation index
(SI; cpm tested wells divided by cmp negative control wells) of
at least 3.

Recall antigen reactivity for all EOC patients at baseline was
previously tested ex vivo by lymphocyte stimulation test or
IFNg ELISPOT assay.24,25

Phenotyping of PBMC

Immunophenotyping of the PBMC to identify monocytes/mac-
rophages and MDSC by multi-parameter flow cytometry was
previously performed.24,25 The monocytes/macrophages set
consisted of CD3, CD1a, CD11b, CD11c, CD14, CD16, CD19,
CD45, HLA-DR, CD163, CD206 and the live/dead marker yel-
low amine reactive dye. The MDSC set consisted of the live/
dead marker yellow amine reactive dye, CD3, CD19, CD45,
HLA-DR, CD11b, CD14, CD15, CD33, CD34 and CD124.

To characterize peripheral blood DC subsets a novel anti-
body panel was established that could identify four different
conventional peripheral blood DC subsets. The latter was based
on a publication by Villani and co-workers23 and consisted of
the following markers: the live/dead marker yellow amine reac-
tive dye, CD11b-AF488 (clone ICRF44), CD16-PE-CF594
(clone 3G8), CD14-PE-Cy7 (clone M5E2), HLA-DR-V500
(clone L243), CD11c-BV650 (clone B-ly6), CD163-PerCP-
Cy5.5 (clone GHI/61), CD123-BV605 (clone 9F5; all from BD),
CD141-APC (clone AD5–14H12, Miltenyi Biotec), CLEC9A-
PE (clone 8F9), CD36-APC-Cy7 (clone 5–271; both Biolegend),

Table 1. Univariate and multivariate analysis of monocytes/macrophages to DC and mMDSC to DC ratio.

Variable Crude HRb (95% CI) p-value Adjusted HR (95% CI)c Adjusted p-valuec

Age 1.0 0.995 n.a.a n.a.
(0.954–1.048)

WHO performance status — 0.283 n.a. n.a.
1 1.510 0.306 n.a. n.a.

(0.686–3.323)
2 3.135 0.143 n.a. n.a.

(0.679–14.467)
Time from last chemotherapy 0.954 0.014 n.a. n.a.

(0.918–0.990)
monocytes/macrophages to DC ratio 2.29 0.034 3.37 0.007

(1.066–4.921) (1.395–8.130)
mMDSC to DC ratio 3.850 0.0009 3.731 0.0037

(1.738–8.526) (1.536–9.091)

an.a. not applicable.
bHazard ratio (95% confidence interval (CI)) is shown for high versus low pre-treatment frequency of the designated immune parameter.
ccorrected for AGE, WHO performance status and time from last chemotherapy.
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CD1c-BV421 (clone L161, eBioscienes) and CD32b-AF700
(clone #190723, R&D systems).

The cryopreserved PBMC were thawed and stained as
described previously.26 In brief, 1 million PBMC were washed
in phosphate buffered saline (PBS) and stained with yellow
amine reactive dye (1:800) for 20 minutes at room temperature,
after which they were washed two times with PBS supple-
mented with 0.5% bovine serum albumin (BSA, Sigma). Next,
cells were blocked for non-specific binding of antibodies by
PBS/0.5% BSA/10%FCS for 10 minutes on ice, washed and sub-
sequently incubated for 30 minutes on ice with the abovemen-
tioned antibody mixes. Then, the cells were washed twice with
PBS/0.5% BSA, resuspended in 1% paraformaldehyde (Phar-
macy LUMC), stored at 4�C in the dark and acquired at the
flow cytometer (LSR-Fortessa, BD) within 24 hours. The data
were (re-) analyzed with DIVA software 8.02. Specific gating
strategies of all the different myeloid, monocytes/macrophages,
MDSC and DC populations are given in suppl. Fig. 1 (mono-
cytes/macrophages and MDSC subsets) and suppl. Fig. 2
(peripheral blood DC subsets). Exact subset definitions are
given in suppl. Table II.

Ex vivo co-culture suppression assay

The suppressive function of various MDSC subsets was
assessed by [3 H]-Thymidine incorporation-based ex vivo co-
culture suppression assay.27 This assay was initially described
by Tree et al. as a highly efficient (using only 10,000 cells) and
sensitive assay for measuring Treg suppressive function. Suit-
ability of this assay for measuring suppressive function of Treg
cells was confirmed by us previously for peripheral blood-iso-
lated CD25CCD127¡/low Tregs (Santegoets et al, manuscript
in preparation). Now, the capacity of mMDSC, CD14-CD15-
double-negative (dn) CD33CCD11bC and CD33-CD11bC
MDSC (hereafter referred to as CD33C early stage MDSC
(eMDSC)44 and CD33- dnMDSC) to inhibit responder T cell
proliferation was assessed using this assay. First, mMDSC,
CD33C eMDSC and CD33- dnMDSC and CD3CCD14-
CD4CCD25CCD127¡/low Tregs (positive control) were iso-
lated from pre-treatment PBMC samples of five EOC patients
(two platinum-sensitive and three platinum-resistant patients)
by flow cytometric sorting (Aria III cell sorter, BD). To this
end, PBMC were stained with antibodies against CD3-V450
(clone UCHT1), CD4-APC (clone RPA-4), CD25-BV605
(clone 2A3), CD127-PE (clone HIL-7R-M21), CD33-PE-Cy7
(clone P67.6), CD11b-AF488, CD14-PerCp-Cy5.5 (clone
M5E2), CD15-PE-CF594 (clone W6D3), CD56-APC-Cy7
(clone HCD56) and HLA-DR-V500 (clone L243; all from BD).
Single lymphocytes were identified based on FSC and SSC
properties, after which the following populations were
sorted: CD3CCD14-CD4CCD25int/lowCD127C responder T
cells (Tresp), CD3CCD14-CD4CCD25CCD127¡/low Tregs
(positive control), CD3-CD56-HLADR¡/lowCD14CCD15-
mMDSC, CD3-CD56-HLA-DR¡/lowCD11bCCD14-CD15-
and CD33C eMDSC or CD33- dnMDSC. The purity of the iso-
lated populations was determined by flow cytometry after each
experiment. Foxp3 expression within the isolated Tregs was
determined after subsequent staining with PE-CF594-labeled
Foxp3 monoclonal antibody (clone 259D/C7, BD) using the

BD Pharmingen Transcription Factor Buffer set as described
before.45 Gating strategies for FACS sorting, purity check and
characteristics of the isolated populations are given in suppl.
Fig. 3 for a representative patient.

Suppressive potential of the isolated populations was ana-
lyzed by culturing 500 Tresp cells in X-VIVO-15 medium sup-
plemented with 10% human AB serum, 100 U/ml penicillin,
100 mg/ml streptomycin and 2 mM L-glutamin in quintuplet
wells in sterile 96-wells V-bottom plates (Greiner Bio One) in
the presence or absence of the isolated mMDSC, CD33C
eMDSC and CD33- dnMDSC or Tregs at a 1:1 to 32:1 Tresp-
to-suppressor cell ratio. Samples were stimulated with anti-
CD3/CD28 activator beads at a 1:1 bead: Tresp ratio and incu-
bated for six days at 37�C and 5% CO2. Proliferation was
assessed by the addition of [3 H]-Thymidine as described
above. Samples displaying proliferation below 3000 cpm were
excluded from the analysis. Percentage suppression was calcu-
lated using the following equation: % suppression D 100-((cpm
in presence of Tregs minus cpm unstimulated Tresp) / (cpm in
absence of Tregs minus cpm unstimulated Tresp))�100).

Statistical analysis

Non-parametric Friedman or Kruskal–Wallis with Dunn’s
multiple comparison test for multiple samples were per-
formed as appropriate. All statistical tests were performed
at the 0.05 significance level, confidence intervals (CI) were
95% two-sided intervals. For survival analysis, the EOC
patients were grouped into two groups according to the
median (i.e., grouped into below (low) or above (high) the
median of the total group for each parameter), after which
survival was tested using Kaplan–Meier method, and statis-
tical significance of the survival distribution was analyzed
by log-rank testing. Variables with significance for survival
in the univariate Cox regression analyses were further ana-
lyzed using multivariate Cox regression analysis and cor-
rected for age, WHO performance status and time to last
chemotherapy to test their independence. Hazard ratios
(HR) estimated from the Cox analysis were reported as rel-
ative risks with corresponding 95% CI. The best cut-off
value for the monocytes/macrophages to DC and mMDSC
to DC ratios was determined using receiver operating char-
acteristics (ROC) curve analysis. The monocytes/macro-
phages to DC and mMDSC to DC values with the best
accuracy (i.e. with greatest sensitivity and specificity) were
selected as the most optimal cut-off value and used for sub-
sequent survival analysis. Statistical analyses were performed
using SPSS for Windows version 20.0 (IBM, USA) and
Graph- Pad Prism 7.1 (San Diego, USA).
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