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a b s t r a c t 

Chemotherapy induces a variety of immunological changes. Studying these effects can reveal opportunities for 

successful combining chemotherapy and immunotherapy. Immuno-chemotherapeutic combinations in ovarian 

cancer are currently not generating the anticipated positive effects. To date, only scattered and inconsistent in- 

formation is available about the immune-induced changes by chemotherapy in ovarian cancer. In this study, 

we compared six common chemotherapeutics used in ovarian cancer patients (carboplatin, paclitaxel, pegylated 

liposomal doxorubicin, gemcitabine, carboplatin-paclitaxel and carboplatin-gemcitabine) and studied their ef- 

fects on the immune system in an ovarian cancer mouse model. Mice received a single chemotherapy or vehicle 

injection 21 days after tumor inoculation with ID8-fluc cells. One week after therapy administration, we col- 

lected peritoneal washings for flow cytometry, serum for cytokine analysis with cytometric bead array and tumor 

biopsies for immunohistochemistry. Carboplatin-paclitaxel showed the most favorable profile with a decrease 

in immunosuppressive cells in the peritoneal cavity and an increase of interferon-gamma in serum. In contrast, 

carboplatin-gemcitabine seemed to promote a hostile immune environment with an increase in regulatory T-cells 

in tumor tissue and an increase of macrophage-inflammatory-protein-1-beta in the serum. 
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Ovarian cancer (OC) is a highly aggressive cancer responsible for the

eath of 28 253 woman in Europe each year (Globocan). Standard-of-

are consists of tumor debulking surgery and platin-based chemother-

py. Despite major advances in immunotherapy, ovarian cancer patients

ave disappointing response rates to immunotherapies in monotherapy

nd even in combinations [1–3] . Despite this failure, chemotherapy is

till deemed as a useful alley to boost the efficacy of immunotherapies

ecause of the immune-manipulating properties of chemotherapeutics. 

Chemotherapy can induce a wide range of effects on multiple lev-

ls that are already extensively investigated and reviewed elsewhere

 4 , 5 ]. Generally, we can summarize the effects into three main cate-

ories. A first and major effect of chemotherapy is the depletion of fast

ividing cells, including the bone marrow progenitor cells and the ac-
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ive, proliferating immune cells at the tumor site. This can result in both

mmune suppression by inducing lymphopenia as well as immune acti-

ation since the immune suppressive network of both tumor cells and

immune suppressive) immune cells can be disrupted. A second effect

f chemotherapy is the increased induction of (neo)antigens and the

elease of antigenicity during cell death. However, for ovarian cancer,

’Donnell et al. showed only a marginal effect of chemotherapy on in-

rease of neoantigen expression of only 5% from the total of 78% more

xpressed neoantigens, indicating that other processes (e.g. mutagene-

is) play a larger role in neoantigen formation [6] . A third effect is the

nduction of immunogenic-cell death, an increased availability of appro-

riate immunostimulatory signals to stimulate the anti-tumor immunity

esponse [7] . 

However, the immunological changes induced by chemotherapy are

ot as straightforward as they may seem. The first difficulty is that there
mor Immunology and Immunotherapy, Herestraat 49, box 603, 3000 Leuven, 
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Fig. 1. Overview of set-up of the experiments. ∗ Group 1: carboplatin + gemcitabine, group 2: carboplatin + paclitaxel, group 3: Pegylated Liposomal Doxorubicin group 

4: carboplatin, group 5: paclitaxel, group 6: gemcitabine. 
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re different immune-effects when using different dosages of chemother-

peutics [8] . In a HM-1 ovarian cancer mouse model, it was shown that

 dose dense chemotherapy (DD) schedule, compared to the maximum

olerated dose regimen, could preserve CD8 + , CD4 + and CD11b + cells,

ncrease F4/80 + cell recruitment into the tumor and reduce the num-

ers of myeloid derived suppressor cells (MDSC) [9] . The immune re-

ated effect of DD schedule could also be correlated with an improved

ontrol of tumor growth. In patients with advanced or recurrent OC,

he DD schedule was well-tolerated and had a better outcome, while

aintaining a constant level of leucocyte numbers [ 10 , 11 ]. The fact that

hemotherapy will not only modulate the immune system but also its

irect environment, makes the situation more complex. Moreover, the

ffect on the immune cells is also dual, since it can be an effect on the

umber of cells present but also an effect on the activity of the immune

ell. Moschella et al. highlighted this in their study where they profiled

enetic responses of peripheral blood mononuclear cells (PBMC) of OC

umor-bearing mice treated with cyclophosphamide and found in the

one marrow PBCM alone 1123 differentially regulated genes, added

ith another 1083 and 868 genes in respectively blood and spleen PBMC

12] . A last problem lies in the fact that the effects of one chemothera-

eutic agent in one type of cancer cannot be generalized to other cancer

ypes. A comparison of cisplatin or carboplatin treated ovarian and cer-

ical cancer cell lines by Dijkgraaf et al. showed that the ovarian cancer

ell lines COV413B, CAOV3, and cervical cancer cell lines HELA, CC8,

SCC7 upregulated their interleukin-6 (IL-6) expression upon treatment

nd subsequently skewed monocytes towards an M2-like phenotype.

n contrast, the same treatment on the other ovarian cancer cell lines

SKOV3, OVCAR3, A2780) or cervical cancer cell lines (CCSCC1, CAKI)

id not increase IL-6 production or the skewing of monocyte differen-

iation [13] . Lastly, we and others have shown that not only attention

hould be given to the type of therapies combined, but also the order and

iming, is crucial [ 11 , 14 ]. These remarks exemplify that a deeper knowl-

dge of the mechanisms behind chemotherapy driven immune changes

s required. In ovarian cancer, this information is scattered and set-up of

xperiments are too heterogenous to draw conclusions (for review, see

upplementary Table 1). 

The goal of this research was to investigate and compare the immune

odulating effects of the most commonly used chemotherapies in ovar-

an cancer patients. To this end, we used the ID8-fLuc ovarian cancer

ouse model [15] . Like this, we hope to identify positive effects that

an be used when designing immunotherapy-chemotherapy combina-

ions. 

aterial and methods 

varian cancer mouse model 

Six to eight-week-old, female C57BL/6 mice (Envigo, Horst, The

etherlands) were intraperitoneally (ip) injected with 5 × 10 6 ID8-fLuc

ells and randomly labelled. Approval of the ethical committee was ob-

ained (P075/2014) and ethical standards (NIH guidelines for the Care

nd Use of Laboratory Animals) as well as the ARRIVE (Animal Re-

earch: Reporting of In Vivo Experiments) guidelines were strictly fol-
2 
owed [ 16 , 17 ]. Sample size was determined via a statistical power anal-

sis, where five mice per treatment group had a power of 0.7320 to de-

ect differences between groups. Mice were co-housed per five mice in

ndividually ventilated cages (IVC) at the Specific-pathogen-free (SPF)

acilities of the KU Leuven. An overview of the design of the experiment

s given in Fig. 1 . 

hemotherapeutic treatments in mice 

Different treatments was randomly allocated to the mice. All drugs

ere administered ip in the right flank of the mouse abdomen, three

eeks after tumor inoculation. Controls were injected with Dulbecco’s

hosphate-buffered saline (DPBS, Thermofisher). If combinations of

hemotherapies were required (for example carboplatin-paclitaxel), two

eparate administrations of each chemotherapeutic were given at the

ame moment. Carboplatin (Hospira, ONCO-TAIN) was dissolved in glu-

ose 5% and administered ip in a dose of 100 mg/kg. Paclitaxel (AB, Au-

obindo Pharma B.V) was diluted in NaCl 0,9% and administrated ip in

 dose of 10 mg/kg. Gemcitabine (Hospira Benelux BVBA – BE390476)

as diluted in NaCl 0,9% and administrated ip in a dose of 50 mg/kg in

onotherapy and in a dose of 120 mg/kg when combined with carbo-

latin. Pegylated liposomal doxorubicin (PLD, Caelyx®, Janssens Cilag

nternational NV)) was administered ip in a dose of 6 mg/kg. Animals

hich became severely ill due to chemotherapy toxicities (e.g. weight

oss, diarrhea and cachexia) were sacrificed prematurely and were ex-

luded from data analysis. 

ampling of blood, peritoneal fluid and tumor tissue for immune monitoring

Immunological changes were evaluated one week after chemother-

py administration. This time point was chosen to study delayed im-

une effects, rather then the immediate effect as well as to increase

he translational relevance of our experiments in correspondence to cer-

ain combinatorial immunotherapy trials where chemotherapy is started

rior to immunotherapy (e.g. DUO 

–O (NCT03737643)). Mice were anes-

hetized with pentobarbital (200 mg/ml, Dolethal, Vetoquinol) prior to

lood collection. Whole blood was centrifuged for ten minutes at 5000

cf to obtain serum. Serum samples were aliquoted and stored at − 80 °C

ntil cytokine quantification with cytometric bead assay. Next, mice

ere euthanized and a peritoneal lavage was performed using 10 mL

PBS. The peritoneal washings were centrifuged for five minutes at 500

cf. The cell pellet was resuspended and used in fluorescent activating

ell sorting read out. Biopsies of the peritoneum for immunohistochem-

cal stainings were taken immediately after euthanasia of the mice and

xed by 4% paraformaldehyde. 

luorescent-activated cell sorting (FACS) 

The cell pellet was dissolved in DPBS and stained with eFluor780

xable viability dye (Affymetrix Inc. San Diego, Ca, USA) in order to

xclude dead cells. Next, surface markers were stained for myeloid cell

arkers and T-cell markers with monoclonal antibodies as described in

upplementary Table 2. In addition, intracellular markers were stained.
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Fig. 2. Fold change (transformed with base log2) of immune profile one week after chemotherapy administration versus tumor bearing non-treated mice. A: 

Carboplatin induces an increase in mMDSC (mean = 1,8, ∗ p < 0.05), a decrease in PMN-MDSC (mean = − 1,9, ∗ ∗ p < 0.01) and an increase in M2 (mean = 1,7, ∗ p < 0.05). 

B: Paclitaxel induces a mean 3,65-fold decrease in M1 ( ∗ ∗ p < 0.01). C: Gemcitabine induces a mean 1,57 decrease in M1 ( ∗ ∗ p < 0.01) and a mean 1,17 decrease in Treg 

( ∗ p < 0.05) D: PLD induces a 2647-fold decrease in M1 ( ∗ ∗ ∗ ∗ p < 0,0001) and a 1,29-fold decrease in Treg ( ∗ p < 0.05). E: Carboplatin-Gemcitabine shows a significant 

2,54-fold increase in mMDSC ( ∗ p < 0.05) and a 2,4-fold decrease in M1 ( ∗ p < 0.05). F: Carboplatin-Paclitaxel shows no significant differences in immune profile. The 

fold change is calculated by dividing the amount of immune cells (as a percentage of their parent-population) in mice one week after chemotherapy (individual 

values) by the amount of immune cells in control mice (mean of the group). PLD = Pegylated liposomal doxorubicin. All tests are one-way ANOVA. Gray dots 

represent outliers, black squares in bar plot represent mean, line represents median. ( N = 6 per group in first experiment, N = 5 per group in repeat experiment). 
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or the myeloid panel, cells were permeabilized using Leucoperm (Bio-

ad Laboratories Inc., Kidlington, UK) in accordance to manufacturers’

rotocol and in addition stained for the intracellular marker CD206. Flu-

rescence Minus One technique was used to control for the gating of the

arker CD206. For the T cell panel, cells were permeabilized using eBio-

cience Foxp3 / Transcription Factor Staining Buffer Set (Thermofisher

cientific, Waltham, Massachusetts, USA) and were stained for the in-

racellular marker FoxP3. All antibodies used were titrated for optimal

oncentration. Acquisition was performed using FACS DIVA software on

he BD Canto II (BD bioscience). FlowJo Single Cell Analysis software

TreeStar, Inc., Ashland, OR, USA) was used to analyze the data. 

mmunohistochemistry 

Immunohistochemistry single marker stains were performed for

D8 + cytotoxic T-lymphocytes, FoxP3 + regulatory T-lymphocytes,

y6C 

+ myeloid derived suppressor cells and F4/80 + macrophages as

escribed earlier [18] . Rat anti-mouse CD8a clone 4SM15 (e-Bioscience

4–0808–82) was used in a 1:100 dilution. Rat anti-mouse Foxp3 (e-

ioscience 14–5773–82) was used in a 1:100 dilution. Monoclonal Rab-

it anti-mouse F4/80 (D2S9Rxp) (Bioké, Cell Signaling 70,076 s) was

sed in a 1:250 dilution. Rat anti-mouse Ly6C, clone ER-MP20 (Ther-

oFisherScientific MA1_8189) was used in a 1:200 dilution. Micro-

copic images were digitalized using the Zeiss Axio Slide Scanner using

 x20 objective and ZEN2 software (Zeiss). Qupath was used for digital,

anual analysis [19] . Per slide, four different region of interest (ROI)

ontaining tumor tissue were selected. Positive cells were counted per
3 
OI and a ratio was made of positively counted cells divided by the ROI

n μm 

2 . 

ytometric bead assay 

Serum samples were analyzed for cytokine expression. The follow-

ng cytokines were measured using the cytometric bead assay technique

BD Biosciences, San Jose, CA, USA): interleukin (IL-) 1 𝛽, IL-6, IL-10,

L-12p70, monocyte chemoattractant protein-1 (MCP-1), granulocyte-

acrophage colony-stimulating factor (GM-CSF), macrophage inflam-

atory protein 1 𝛼 (MIP-1 𝛼), MIP-1 𝛽, interferon gamma (IFN 𝛾), tumor

ecrosis factor (TNF). Undiluted samples were analyzed according to

anufacturers’ protocol using flex sets. Acquisition was performed on

he BD Fortessa (BD Biosciences, San Jose, CA, USA). Cytokine anal-

sis was performed using FCAP Array Software v3.0 (BD Biosciences,

an Jose, CA, USA). In some treatment groups the concentration of the

easured cytokines was too low to detect following the CBA-standard

urve and manufactures threshold levels. Values below this threshold

ere excluded for statistical analysis. 

esults 

emcitabine, paclitaxel and carboplatin-paclitaxel reduce 

mmunosuppression in ascites 

After administration of carboplatin, paclitaxel, gemcitabine and pa-

litaxel as a monotherapy, we observed that with carboplatin the
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Fig. 3. . CD8 + /Treg and M1/M2 ratios to evaluate immune profile after chemotherapy administration evaluated by flow cytometry. A-C: no significant differences 

when the CD8 + /Treg ratio is made for all the different chemotherapies. D: Carboplatin shows a significant lower M1/M2 ratio ( p = 0,0079, Mann-Whitney U test). 

E: no significant differences in M1/M2 ratios for the chemotherapeutic combinations of Carboplatin-Paclitaxel and Carboplatin-Gemcitabine. F: Significant lower 

M1/M2 ratio when PLD is compared to control-treated mice ( p < 0,0001, unpaired student t -test) and Gemcitabine is compared to control treated mice ( p < 0,0001, 

unpaired student t -test). PLD = Pegylated liposomal doxorubicin. Ratio’s were calculated using number of immune cells as percentage of parent-population. ( N = 6 
per group in first experiment, N = 5 per group in repeat experiment (results of repeat experiment shown)). 
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mount of immune suppressive monocytic MDSC (mMDSC) increased

,5 times. In contrast, the polymorphonuclear MDSC (PMN-MDSC)

howed an almost equal decrease of 3,7x. In addition, carboplatin

onotherapy caused 3,2x more of type 2 pro-tumoral macrophages

M2) present in the peritoneal cavity compared to control-treated tu-

or bearing mice ( Fig 2 A). Paclitaxel monotherapy induced a 12,6x de-

rease in type I anti-tumoral macrophages (M1), displaying an inflamed

henotype, compared to control-treated tumor bearing mice ( Fig 2 B).

pon treatment with gemcitabine, a decrease of approximately 3x fewer

1 and 2,3x fewer Treg were detected ( Fig 2 C). PLD induced a de-

rease of 5,9x less M1 and 2,4x less Treg ( Fig 2 D). The combination

f carboplatin-gemcitabine treatment resulted in on average 5,7x more

MDSC and 5,2x less M1 ( Fig 2 E). The combination of carboplatin-

aclitaxel did not induce any significant changes in the immune com-

osition ( Fig 2 F). In addition, we observed that carboplatin, PLD and

emcitabine in monotherapy resulted in a significant decrease of the

1/M2 ratio ( Fig. 3 D-F). None of the chemotherapeutic agents were

ble to induce a relevant change in the CD8/Treg ratio ( Fig. 3 A-C). 

arboplatin-gemcitabine increases regulatory T cells in tumor tissue 

Apart from carboplatin-gemcitabine that induced a significant in-

rease in FOXP3 + cells, we recorded no statistically significant changes

n the intratumoral immune composition, after administration of any

hemotherapy regimens ( Fig. 4 ). 
4 
arboplatin-gemcitabine increases the concentration of macrophage 

nflammatory protein 1 beta 

Serum cytokines were measured in a total of 84 mice over two inde-

endent experiments. However, most cytokine concentrations remained

ut of detectable range (OOR) ( Fig 5 A). The cytokines MIP-1a, IL-1B,

L-10, GM-CSF and IL-12p70 were not detectable in over half of the

amples and therefore excluded from further statistical analysis. The

nly cytokine measured repeatedly was MIP-1b, which showed a sig-

ificant increase in mice treated with carboplatin-gemcitabine ( Fig 5 B).

ytokines TNF, MCP-1, IL-6 and IFNy could be detected in the major-

ty of mice treated with carboplatin, paclitaxel, carboplatin-paclitaxel

nd carboplatin-gemcitabine. Overall, carboplatin-gemcitabine treat-

ent induced a major increase in all studied serum cytokines, whereas

aclitaxel barely induced any changes. Carboplatin in monotherapy in-

uced a significant increase IFNy. 

iscussion 

To the best of our knowledge, information on the effect of

hemotherapy on the immune system in ovarian cancer bearing mice

as only limitedly available. In our study, we evaluated the effects at the

umor tissue level, in ascites and in blood. Our results demonstrate favor-

ble changes of the immune system by carboplatin-paclitaxel (decrease

f immunosuppressive cells in ascites and increase of IFNy in serum)

nd a worsening of the immune microenvironment by carboplatin-
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Fig. 4. Immunohistochemical analysis of peritoneal biopsies. Carboplatin-Gemcitabine treated mice show an increase in intratumoral FoxP3 + cells (p-adj = 0,0014, one- 

way ANOVA). No significant intratumoral differences could be noted in CD8 + and Ly6C + cells. PLD = pegylated liposomal doxorubicin. ( N = 6 per group in first 

experiment, N = 5 per group in repeat experiment, four different regions of interest where measured in each individual sample (results of initial experiment shown)). 
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emcitabine (increase in Treg in tumor tissue and increase in MIP1 𝛽

n serum) ( Fig. 6 ). The effects of chemotherapy in monotherapy are ei-

her absent or only present at one read out level and therefore represent

ost likely a less strong influence on the immune system. These findings

re crucial in our understanding of the immune system in ovarian cancer

nd for the design of preclinical experiments, combining chemotherapy

nd immunotherapy, that should precede clinical trials. 

To date, no immunotherapeutic strategies have been implemented

uccessfully in the routine treatment of ovarian cancer, despite prove

hat ovarian cancer is indeed an immune responsive malignancy. A first

ilestone was set by Zhang et al. who showed that T-cell infiltration cor-

elated with an improved 5-year survival of 73.9% versus only 11.9%

or patients without. Both the KEYNOTE-100 (Phase II in advanced re-

urrent ovarian cancer) and the JAVELIN Solid tumor (ovarian cohort)

rial using pembrolizumab and avelumab were therefore promising can-

idates, but ended up with disappointing results, yielding overall re-

ponse rates of less than 10% in monotherapy [ 20 , 21 ]. Part of this fail-

re could be attributed to the high levels of immune suppression present
5 
n ovarian cancer, represented by Treg, MDSC and M2. Indeed, in ovar-

an cancer, this influx of innate immune suppressive cells has been cor-

elated with worsened survival [ 18 , 22 ]. Moreover, these cells are not

he subject of current immunotherapeutic strategies. Therefore, part of

he solution could lie in a strategic combination of chemotherapy, im-

unotherapy and targeted therapy combinations to overcome immuno-

uppression. Knowledge about the immune-effects of chemotherapy is

rucial in designing these combinations. Our data show that carboplatin-

emcitabine seems to create an increase in immune suppression as it en-

orses the innate immune suppressive cells mMDSC and decreases the

umbers of M1. In addition, carbo-gemcitabine increases the serum pro-

ein levels of MIP-1 𝛽. Giuntoli et al. found elevated levels of MIP-1 𝛽 in

oth ascites and serum samples of patients at the time of primary cy-

oreductive surgery [23] . Taken this together, carboplatin-gemcitabine

oes not seem to be the chemotherapeutic of choice to be used in com-

ination strategies. For PLD chemotherapy, we found an induction of a

ow M1/M2 ratio. Clinical data in ovarian cancer has demonstrated that

 low M1/M2 ratio was associated with a worse prognosis [24] , making
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Fig. 5. Serum cytokines measured one week after chemotherapy administration. A: Cytokines MIP-1 𝛽 ( 𝐶 𝐶 𝐿 4 ) , IL-10, IFN- 𝛾, MCP-1 (CCL2), IL-6, TNF- 𝛼, IL-12p70, GM-CSF, 

MIP-1 𝛼 (CCL3) were measured with CBA in a total of 84 mice in two separate experiments. Most cytokines remained out of detectable range (OOR). B: MIP-1 𝛽 was 

measurable across all treatment groups and showed a significant increase ( ∗ ∗ ∗ p < 0,0002) for CG compared to control. C: TNF, MCP-1, IL-6 and IFNy were measurable 

in the treatment groups carboplatin, paclitaxel, TC and CG. Carboplatin showed a significant increase in IFN- 𝛾 ( p < 0,05). ( N = 6 per group in first experiment, N = 5 
per group in repeat experiment (results of both experiments combined are shown)). 

P-values were computed by comparing treated cytokine values to control group, via one-way ANOVA. 

6 



A. Vankerckhoven, T. Baert, M. Riva et al. Translational Oncology 14 (2021) 101076 

Fig. 6. Outline displaying the compared chemotherapeutics and their overall 

immune effect. 
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hese effects also undesirable. Gemcitabine in monotherapy decreased

he number of Treg, but also exhibited a lower M1/M2 ratio. This unfa-

orable lower M1/M2 ratio, could impede the positive effects of lower

reg numbers, making also this chemotherapeutic a lesser choice in

ombination strategies. Also carboplatin in monotherapy showed the

ame unfavorable lower M1/M2 ratio while in serum we detected in-

reased IFN 𝛾 levels. Although IFN 𝛾 is generally regarded as a proin-

ammatory cytokine, it has been shown that IFN 𝛾 upregulates the ex-

ression of PD-L1 in ovarian cancer cells and thereby can inhibit an anti-

umoral immune response [23] . An additional important observation is

hat the immune modulating effect of dual chemotherapies (carboplatin-

aclitaxel or carboplatin-gemcitabine) is not a summation of these ef-

ects of the chemotherapies in monotherapy. 

In contrast to literature, we do not see a toxicity towards MDSC un-

er gemcitabine treatment in mice [25–27] . One explanation for this

iscrepancy is that the mouse models used in these studies were subcuta-

eous tumor models of breast cancer and pancreatic cancer, where they

tudied mostly the presence of MDSC at the level of the spleen, which

s in contrast to our work, based on an orthotopic mouse model and the

valuation of MDSC in ascites. However, it is also true that not all tumors

espond equally and this highlights once more the important differences

etween the immune biology of the different tumors. In contrast to Peng

t al., we did not found an increase in CD4 + and CD8 + cells after pa-

litaxel treatment. In general, we did not see many immune changes

n an intratumoral level. Only the carboplatin-gemcitabine treatment

ould induce an increase in FOXP3 + . A possible explanation for these

ontrasting results is that both the paclitaxel dose and the time point

f analyses differs [28] . Another explanation can be found in the fact

hat the immune composition is different between different metastatic

iopsies in ovarian cancer, as is demonstrated in three recent papers

29–31] . Therefore, we should be cautious with interpreting and ex-

rapolating results from a single and relatively small tumor biopsy, as it

ay not be representable for the whole tumor or the general immune

ondition of the patient. 

We would like to acknowledge some important limitations to this

tudy. We recognize the absence of data on the activation status and

unctional capacities of the immune cells, as our study focused on explor-

ng shifts in numbers of immune cells caused by the different chemother-

pies, and that the immune system was only evaluated at one time point.

his time point was chosen to see the delayed immune effects of the

hemotherapy, since evidence already exists that chemotherapy can di-

ectly stimulate effector functions of several immune cells [32] . How-
7 
ver, more time points should be investigated when looking for the op-

imal therapeutic windows. Another limitation is that we investigated

he effect of only one chemotherapy administration, while in a clinical

etting, patients will receive multiple cycles of chemotherapy. 

We believe our findings are crucial to design combinatorial im-

unotherapy trials. At present, it is not known how to combine

hemotherapy and immunotherapy. Preclinical evidence is lacking and

linical immunotherapy studies have been stopped prematurely or were

egative [ 20 , 21 , 33 ]. Besides the fact that immune monitoring in clinical

mmunotherapy trials will be crucial to understand how the immune bi-

logy of patients is altered [34] , it will be necessary to preclinically test

ombination regimens. To successfully combine therapies, the knowl-

dge of the immune modulating effects of chemotherapy is crucial. 

In conclusion, we have provided information on the immunologi-

al effects of chemotherapy in an ovarian cancer mouse model. Based

n these results, carboplatin-paclitaxel induced a superior immune

rofile to that of paclitaxel, carboplatin, gemcitabine or carboplatin-

emcitabine and therefore could be considered for future combined

hemotherapy-immunotherapy treatment regimes. We are thus hopeful

nd patiently awaiting results of some of the newer trials (e.g. DUO 

–O

NCT03737643), FIRST (NCT03602859) or ATHENA (NCT03522246)),

ho are studying in a first-line setting the combination of checkpoint

nhibitors with carboplatin-paclitaxel. 
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