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and can impact the efficacy of chemotherapy/checkpoint blockade combination
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ABSTRACT
Dexamethasone is a synthetic glucocorticoid commonly used for the prevention and management of
side effects in cancer patients undergoing chemotherapy. While it is effective as an anti-emetic and in
preventing hypersensitivity reactions, dexamethasone depletes peripheral blood lymphocytes and
impacts immune responses. The effect of dexamethasone on the number and quality of tumour-
infiltrating leukocytes has not been reported. To address this, we calibrated the dose in two different
strains of mice to achieve the same extent of peripheral blood lymphocyte depletion observed in
patients with cancer. Doses that caused analogous depletion of T and B lymphocytes and NK cells
from the peripheral blood, elicited no change in these populations within the tumour. The expression of
immune checkpoint molecules PD-1, OX40, GITR and TIM3 on tumour-infiltrating lymphocytes was not
altered. We found that dexamethasone had a small but significant deleterious impact on weakly
efficacious chemoimmunotherapy but had no effect when the protocol was highly efficacious. Based
on these results, we predict that dexamethasone will have a modest negative influence on the overall
effectiveness of chemoimmunotherapy treatment.
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Introduction

Glucocorticoids are used to prevent and reduce side effects in
patients receiving chemotherapy, including nausea, vomiting
and allergic/hypersensitivity reactions.1 While there are many
classes of synthetic glucocorticoids, dexamethasone is the most
widely used adjunct for systemic chemotherapy. It has a longer
half-life and a higher binding affinity for glucocorticoid recep-
tors than either cortisol or other synthetic corticosteroid variants
and is known to be immunosuppressive. Specifically, dendritic
cell (DC) numbers are reduced and maturation is inhibited via
downregulation of MHC class II, CD1a, CD80/86 and reduced
cytokine synthesis including IL-12 and TNFα.2 Direct suppres-
sion can occur via inhibition of AP-1, NF-κB and nuclear factor
of activated T cells (NFAT), all of which are involved in T cell
receptor signalling.3 Dexamethasone also induces apoptosis of
circulating CD4+ and CD8+ T lymphocytes while increasing
both ICOS and Ki67 expression on regulatory T cells (Tregs),
indicating increases in Treg activation and proliferation status,
contributing to their immune suppressive activity.4

The combination of chemotherapy with immune checkpoint
blockade is being widely tested in clinical trials,5–7 with at least
part of the rationale being that chemotherapy can induce several
immunostimulatory effects.8–10 These include immunogenic cell
death, increased cross-presentation of tumour antigens, DC

activation, depletion of suppressor cells and enhanced tumour
sensitivity to cytotoxic T lymphocyte (CTL) killing8,11 While
systematic reviews have not found a significant effect of gluco-
corticoids on clinical outcome in patients treated with immune
checkpoint blocking antibodies, these analyses used retrospec-
tive data, which could be subject to selection bias.12 Given the
chance of severe toxicity when administering chemotherapy to
patients in the absence of dexamethasone, a clinical trial testing
its influence on the therapeutic response would not be feasible.
Here, we therefore assessed the effects of clinically relevant
dosages of dexamethasone on immune cell populations, and
immune checkpoint expression in the tumour in preclinical
tumour models. We focused on the effect of dexamethasone
on tumour-infiltrating immune cell subsets and the clinical
response to combination treatment with chemotherapy and
checkpoint blockade, using a dosing regime that phenocopies
the peripheral lymphodepletion occurring in patients.

Results

Dexamethasone treatment results in substantial
lymphodepletion in peripheral blood in patients and mice

We aimed to quantify the extent of lymphodepletion following
dexamethasone treatment in patients in the context of standard
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chemotherapy. We found a mean decrease of approximately 450
CD3 + T lymphocytes per uL of blood after dexamethasone treat-
ment (Figure 1(c)), which represents a 44% change from baseline.
To replicate the extent of lymphodepletion in mice, we dosed
BALB/c and C57BL/6 mice with different concentrations of dex-
amethasone for four days taking blood samples before dosing and
24 hours after the final dose. Both mouse strains showed a dose-
dependent depletion of peripheral blood lymphocytes. The lowest
dose that provided a significant depletion was 1.25mg/kg, and the
dose that gave a depletion of approximately 50% in both models
was 5 mg/kg. These dosages were therefore used for subsequent
experiments.

Dexamethasone causes lymphodepletion in blood but not
tumour

To characterise the effects of dexamethasone on individual
immune cell population numbers and activation/proliferation
state in blood and tumour, we used flow cytometry. Using
both the automated signature stratification algorithm
CITRUS13 (Supplementary Fig 1) and standard manual gating
of the flow cytometry data (Figure 2), we found distinct
patterns between blood and tumour samples from the same
mice. In blood, there was a significant decrease in CD4+ and
CD8+ T cells, Tregs, B cells and NK cells in a dose dependent
manner (Figure 2(a)). Neutrophils were significantly elevated
in blood, reaching almost 60% of circulating CD45+ leuco-
cytes (Figure 2(b)). In patients, similar proportional increases
in granulocytes are observed following dexamethasone, thus
validating the mouse models as a surrogate for patients.14

In contrast, in the tumour we observed no significant
differences in any of the immune subsets at either dose of
dexamethasone compared to untreated mice. T cell

activation as measured by ICOS expression, was not sig-
nificantly altered after dexamethasone (Figure 2(c)).
Similarly, the proliferative capacity of tumour-infiltrating
T cells as measured by KI67 expression, was not affected
by dexamethasone treatment (Figure 2(d)). Together,
these data show that lymphodepletion occurs in periph-
eral blood but is not apparent in the tumour. Importantly,
T cell activation and proliferation in the tumour micro-
environment are not affected by dexamethasone.

Immune checkpoint molecule expression on
intratumoural T lymphocytes remains largely unaltered
after dexamethasone administration

Since dexamethasone is part of the standard supportive care of
patients treated with chemotherapy in combination with immune
checkpoint blocking antibodies,5,6 we analysed the level of expres-
sion of several immune checkpoints on tumour-infiltrating lym-
phocytes following dexamethasone. We found that the expression
of most immune checkpoints was unaltered even following the
highest dose of dexamethasone. As expected, we observed an
increase of GITR (glucocorticoid-induced TNFR family related
gene), as well as PD-1 on CD4+ T lymphocytes (Figure 3(a)), but
thiswas not the case forCD8+T cells orTregs. In fact, no change in
checkpoint molecule expression was detected on CD8+

T lymphocytes (Figure 3(b,c)). Dexamethasone did not induce
changes to CD3- cells within the tumour (Supplementary Fig 4).

Differential effects of dexamethasone on the in vivo
efficacy of chemoimmunotherapy treatment
combinations

Given the limited effects of dexamethasone on the quantity and
phenotype of tumour-infiltrating lymphocytes, we tested the

Figure 1. Dexamethasone induces peripheral blood lymphodepletion in BALB/c and C57BL/6 mice similar to patients. (a), Treatment schedules for mesothelioma
patients and (b), mice receiving dexamethasone. (c), Absolute CD3+ T lymphocyte numbers in peripheral blood of patients before and after dexamethasone administration.
(d), Percentage change from baseline of lymphocytes in BALB/c and (e), C57BL/6J mice at different dosages of dexamethasone as measured on the Hemavet blood analyser.
Depicted are mean percentages with SD, n = 6 for all groups; *p < .05, **p < .01, ***p < .001,****p < .0001 (comparison with PBS).
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effect of co-administration of dexamethasone with chemother-
apy/checkpoint blockade on tumour control. Dexamethasone
was administered to mice that received anti-CTLA4 and anti-
PD-L1 antibodies in combination with either cisplatin or 5-FU
(Figure 4). These models display different levels of sensitivity to
immune checkpoint blockade/chemotherapy combination treat-
ment, with AE17 being relatively resistant, AB1 showing some
additive efficacy for combination over single treatment with
cisplatin, and synergistic efficacy for combination of 5-FU/
checkpoint blockade over either treatment alone. We found
that dexamethasone did not have a significant effect on the
limited anti-tumour response in AE17 (Figure 4(a)). However,
the response to cisplatin/checkpoint combination therapy was
significantly diminished with dexamethasone treatment in AB1
(Figure 4(b)), reducing the overall response rate from 50% to

20%. In contrast, there was no effect on response with the 5-FU
combination (Figure 4(c)), with a cure rate of 100%, regardless of
whether dexamethasone was administered or not. Since these
differences in effect on the anti-tumour response could be due to
the fact that we used two different chemotherapeutics, we also
compared the effects of dexamethasone on checkpoint blockade
alone in AB1, which is relatively sensitive to this therapy.15 Also
in this setting, although we still observed complete responders,
we did observe that the clinical efficacy of anti-CTLA4/anti-PD
-L1 checkpoint blockade was slightly diminished by co-
treatment with dexamethasone even though this did not result
in a statistically significant survival difference (Figure 4(d),
Supplementary Figure 2). Combined, these data indicate that
dexamethasone, when given at a dose that causes lymphodeple-
tion to a similar level as seen in patients, can have a modest

Figure 3. Checkpoint molecule expression on tumour-infiltrating lymphocytes is not affected by dexamethasone. Flow cytometry analysis of tumour samples after
dexamethasone treatment showing expression of immune checkpoint molecules GITR, OX40, PD-1 and TIM-3 on tumour-infiltrating T cells. (a), Foxp3−/CD4+ T helper cells.
(b), FoxP3+ Tregs. (c), and CD8+ cytotoxic T cells. Depicted are mean percentages with SEM of the parent population. n = 5 for all groups; *p < .05, **p < .01.

Figure 2. Dexamethasone causes lymphodepletion in blood, but not in tumours. Blood and tumour samples were collected from mice that received either
saline, 1.25 mg/kg or 5 mg/kg dexamethasone and analysed via flow cytometry. Percentage changes of (a), lymphoid and (b), myeloid immune subsets in blood and
tumour from BALB/cArc mice treated with saline, 1.25 mg/kg dexamethasone or 5 mg/kg dexamethasone. (c), Analysis of activation marker ICOS and (d),
proliferation marker Ki67 expression of CD4+ and CD8+ T lymphocytes and Tregs in blood and tumour. Depicted are mean percentages with SEM, n=8 for all
groups; *p < .05, **p < .01, ***p < .001 (comparison with saline controls).
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inhibitory effect on the efficacy of checkpoint blockade/che-
motherapy. Dexamethasone did not alter the response to either
chemotherapy alone (Supplementary Figure 3).

Discussion

Patients undergoing systemic chemotherapy with or without
checkpoint blockade routinely receive supportive care to man-
age side effects. For those receiving platinum-based che-
motherapeutics, toxicity can be quite severe and includes
nausea, vomiting and loss of appetite.1 For other chemother-
apeutics, such as pemetrexed, dexamethasone needs to be co-
administered to prevent hypersensitivity drug reactions.16

Dexamethasone is a common synthetic glucocorticoid agonist
that is largely successful in limiting these side effects.
However, due to its wide ranging immunosuppressive
properties,3 we wanted to test whether dexamethasone might
inhibit the positive immunostimulatory effects of checkpoint
blocking antibodies. We previously found significant
decreases in some T lymphocyte subsets following dexametha-
sone treatment that was independent of chemotherapy.4

While pre-clinical studies have presented both pro- and anti-
tumorigenic effects of dexamethasone,17 this has not been
done in the context of combination chemoimmunotherapy.
Most pre-clinical work has analysed the effect of glucocorti-
coid activity in vitro using cell lines. The effects of glucocorti-
coids on in vivo anti-tumour responses after treatment have
not been characterised in detail.

Clinical trials investigating the potential of chemoimmu-
notherapy combinations have shown both positive5 and null7

effects, however, the use of glucocorticoids including dexa-
methasone has not been examined in these trials. It remains
a possibility that positive results could have been better, if
glucocorticoids were inhibiting immune activation. Usually
patients receiving chronic glucocorticoid treatment above
adrenal replacement doses are excluded from checkpoint
blockade treatment due to the assumption that immune func-
tion will be inhibited.12 While there are data suggesting that
glucocorticoids do not alter the efficacy of immune check-
point blockade;18–22 these analyses were ad hoc and not
a primary endpoint of the trial. In addition, these were retro-
spective analyses investigating whether treatment of dexa-
methasone for toxicity induced by immune checkpoint
blockade would not influence the outcome compared to
patients who were not treated with dexamethasone. These
retrospective analyses cannot exclude selection bias. Lastly,
none of these analyses were in the context of chemotherapy-
checkpoint antibody combination therapy, where patients
were treated with dexamethasone right from the beginning
as part of their supportive care. Indeed, there are also retro-
spective analyses that do show a deleterious effect of
glucocorticoids.23 A recent systematic review of the literature
could not identify any clinical trial that investigated the inter-
action of glucocorticoids and checkpoint blockade as
a primary endpoint, nor any studies that investigated the
effect of dexamethasone on intratumoural leukocytes,12 and
illustrates the need for more targeted investigation. Ideally,
this would be investigated in a prospective randomized trial,
but given the potential for severe chemotherapy-induced toxi-
city in the absence of dexamethasone co-treatment, such

Figure 4. Dexamethasone has a differential effect on the in vivo therapeutic response of chemotherapy/checkpoint blockade combination therapy.
Survival plot of s.c. AE17 mesothelioma-bearing C57BL/6 mice (a), n = 10 per group) or AB1 mesothelioma-bearing BALB/c mice (b), n = 15 per group) treated with
cisplatin with or without anti-CTLA4/anti-PD-L1, with or without dexamethasone. (c), Survival plot of s.c. AB1 mesothelioma-bearing BALB/c mice treated with 5-FU
with or without anti-CTLA4/anti-PD-L1, with or without dexamethasone (n = 10 per group). (d), Mean growth curves of AB1 tumours in BALB/c mice treated with
anti-CTLA4/anti-PD-L1 checkpoint blockade (starting day 12) with or without 1.25 mg/kg dexamethasone (days 12–15). Log rank (Mantel-Cox) analysis performed on
survival curves and a mixed model analysis of variance on tumour growth (n = 15 per group).
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a trial would pose ethical problems. For this reason, we
considered animal studies as the next best alternative to
investigate any dexamethasone effect on immune checkpoint
blockade efficacy.

We optimized dexamethasone treatments in mice to mimic
the depletion of lymphocyte populations including CD4+ and
CD8+ T cells in the peripheral blood of patients.4 The dose
required to induce significant lymphodepletion in mice is ana-
logous to that in humans when calculated relative to body sur-
face area.24 However, at these dosages, there was no change in
any of the immune subtypes in tumours, indicating that while
dexamethasonemay have a systemic lymphodepleting effect, this
is not necessarily reflected in the tumour microenvironment.
Neutrophilia, characterised by an average increase of circulating
neutrophils by 32%, was observed in peripheral blood, presum-
ably due to inhibition of spontaneous neutrophil apoptosis
which also mimics patient data.25 Again, this was not observed
within the tumour. Checkpoint molecule expression within
tumours did not change markedly after dexamethasone treat-
ment in vivo. However, it has been shown that dexamethasone
enhances the level of PD-1 expression in vitro when cultured
with mouse or human T cells, which did correlate with our
findings.26

There are several preclinical studies investigating the effect
of dexamethasone on tumour cells, either in vitro or in vivo.17

However, these primarily investigated glucocorticoids as
a single agent, not in combination with other treatments
and present contradictory results, with the majority of studies
being conducted in vitro. In the context of chemotherapy
treatment, glucocorticoids can induce resistance to therapy
in several mouse cancer models.27 Our study specifically
focussed on the effect of dexamethasone co-medication on
the efficacy of cancer chemoimmunotherapy treatment. 5-FU,
an antimetabolite, can enhance anti-tumour immune
responses via depletion of myeloid-derived suppressor
cells28-30 while cisplatin can sensitize tumour cells to gran-
zyme B-mediated T cell cytotoxicity31,32 and enhance antigen
presentation by dendritic cells.33,34 Cisplatin, which is the
standard first-line therapy in mesothelioma in combination
with pemetrexed, gave an additive effect over checkpoint
blockade alone, while the combination of 5-FU and check-
point blockade induced a profound anti-tumour immune
response. This allowed us to test the effects of dexamethasone
on the anti-tumour response when either a moderately addi-
tive or a synergistic drug combination was used. In the AB1
model, the robust therapeutic response induced by 5-FU/
checkpoint blockade was not hampered by dexamethasone.
However, when cisplatin was used, which gave only a modest
additive effect on top of the immune checkpoint blockade
response, dexamethasone significantly decreased the thera-
peutic response. There was no stimulatory or inhibitory effect
seen in the AE17 model used in C57BL/6J mice, although this
model has a lower response to all therapies and so does not
provide a substantial effect that could be altered by the addi-
tion of dexamethasone. It therefore appears that the negative
effect of dexamethasone may depend on the magnitude of the
therapeutic effect induced by the chemotherapy, but we can-
not exclude the possibility that the effect depends on the
chemotherapeutic used. The fact that we also saw a minor

decrease in complete responses with checkpoint blockade
alone when dexamethasone was added, does hint at the pos-
sibility that these responses are affected by dexamethasone.
Given that different corticosteroids have different immunolo-
gical effects,3 it will be of interest to see whether other corti-
costeroids have similar effects on the anti-tumour response,
while maintaining an appropriate anti-emetic effect.

Our study does have several limitations. Firstly, we used
mesothelioma models only. We chose this cancer type because
the standard treatment for mesothelioma is platinum-based
chemotherapy with dexamethasone as mandatory supportive
care, and because mesothelioma is a representative example of
a cancer that is amenable to chemo-immunotherapy.35

Although responsiveness to checkpoint blockade between
murine and human cancer types do not overlap well,36,37

and although we did test the effects of dexamethasone in
two different mouse strains excluding strain-specific effects,
we cannot exclude the possibility that other cancer types will
respond differently. Secondly, while our study forms a first
investigation on the effect of dexamethasone on tumour-
infiltrating immune cells, an avenue that has not been
explored yet in solid tumours,17 further validation in tumour
biopsies from patients after glucocorticoid treatment are
needed. This could include gene expression studies, as has
been done in the context of dexamethasone treatment without
chemo-immunotherapy,38 or with immune checkpoint block-
ade alone.15 Pharmacokinetic analysis of dexamethasone infil-
tration into solid tumours may also provide insight into its
immunomodulatory effects. Thirdly, we investigated the
effects of dexamethasone alone on tumour-infiltrating
immune cell populations, prior to chemotherapy. It is possible
that the combination of dexamethasone and chemotherapy
further alters their composition and phenotype. Future studies
would ideally include studies investigating the dynamic events
following dexamethasone and chemo-immunotherapy.39

Lastly, prospective clinical studies specifically designed to
investigate the effect of corticosteroids on the therapeutic
immune response will need to be done before firm conclu-
sions can be drawn.

Materials and methods

Patient samples

Blood samples were prospectively obtained from patients
enrolled in two phase 1b chemoimmunotherapy clinical trials
at Sir Gairdner Hospital (Perth, WA, Australia). Eligible
patients had a confirmed diagnosis of malignant pleural
mesothelioma (MPM) and were planned to have first-line
treatment of cisplatin plus pemetrexed chemotherapy plus
either low-dose cyclophosphamide or anti-CD40 agonistic
antibody, depending on the trial they were enrolled in.
Clinical trial registration numbers with the Australia New
Zealand Clinical Trial Registry are ACTRN12609000294257
and ACTRN12609000260224 and all involvement of human
subjects complied with the Declaration of Helsinki. Patients
received dexamethasone prior to and during chemotherapy as
anti-emetic and to prevent allergic reaction to pemetrexed.
Dexamethasone was given as 2 × 4 mg oral doses the day
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before and 1 × 4 mg dose the day of chemotherapy adminis-
tration. Blood samples were taken before and after dosing of
dexamethasone but prior to receiving chemotherapy.4 Blood
was collected into BD K2EDTA Vacutainers (BD
Diagnostics). We previously reported the results of this cohort
with regard to lymphocyte subpopulations following
dexamethasone,4 here we focused on the number of CD3+

T cells only. Whole blood was stained and analysed via flow
cytometry to determine the absolute cell number of CD3+

T lymphocytes. Samples were stained then fixation and red
cell lysis performed using BD FACS lysing buffer. Data was
collected using a Millipore Guava and Guava ExpressPro
Software.

Mice

Female BALB/cArc and C57BL/6J mice were purchased from
the Animal Resource Centre (Murdoch, Western Australia)
and housed under specific pathogen free (SPF) conditions at
the Harry Perkins Institute of Medical Research Bioresources
Centre (QEII Medical Centre, Nedlands, Western Australia).
Mice were between 8 to 10 weeks of age at the start of all
experiments. Experiments were conducted in accordance with
the code of conduct of the National Health and Medical
Research Council (NHMRC) of Australia and protocols were
approved by the Harry Perkins Institute for Medical Research
Animal Ethics Committee (protocols AE029 and AE0100).
Mice were fed rat and mouse cubes (Speciality Feeds, Perth,
WA Australia) and housed on aspenchipsAB3 bedding
(Datesand, Manchester UK). The animal facility temperature
was kept between 21°C and 22°C. Drugs were dosed between
9:00 am and 11:00 am. For tumour flow cytometry and
therapeutic studies, BALB/cArc and C57BL/6J mice were
inoculated s.c. with 5 × 105 AB1 or AE17 mesothelioma
tumour cells, respectively. Mice were randomised to treatment
groups prior to treatment, several days after tumour inocula-
tion, when tumours were palpable. The researcher measuring
tumour size (D.E.H.) was blinded for treatment allocation,
which was administered by another researcher (W.J.A.).
Blood and tumour samples were collected 24 hours after the
final dexamethasone dose into a 1.5 ml Eppendorf tube with
15 μl heparin (Pfizer, Bentley WA Australia) or 2% FCS/PBS
respectively.

Cell lines

The mesothelioma cell line AB1 (RRID: CVCL_4403) for
BALB/cArc (RRID: IMSR_ARC:BC) mice and AE17 (RRID:
CVCL_4408) for C57BL/6J (RRID: IMSR_ARC:B6) mice were
used for all flow cytometry and treatment response experi-
ments. These cell lines have been authenticated by CellBank
Australia and grown in RPMI 1640 (ThermoFisher Scientific,
Scoresby VIC Australia) supplemented with 20 mM HEPES,
0.05 mM 2-mercaptoethanol, 100 units/ml penicillin (CSL,
Melbourne VIC, Australia), 50 μg/ml gentamicin (David
Bull Labs, Kewdale, Australia), and 10% NCS (ThermoFisher
Scientific, Scoresby VIC Australia). Cells were inoculated into
mice after 4 passages from being thawed. These cell lines were

regularly tested for Mycoplasma spp every 3 months by PCR
and found to be negative.

Treatment schedules for in vivo experiments

Dexamethasone (DBL dexamethasone sodium phosphate,
Hospira, Mulgrave VIC Australia), cisplatin (DBL cisplatin,
Hospira, Mulgrave VIC Australia), 5-fluorouracil (Fluorouracil
Ebewe, Sandoz PTY LTD, Pyrmont NSW Australia), and the
checkpoint antibodies anti-CTLA4 (clone 9H10) and anti-PD-L1
(clone MIH5) were diluted in sterile 0.9% sodium chloride before
use. Mice were injected with the maximum-tolerated dose of
cisplatin (6 mg/kg) or 5-FU (75 mg/kg)40 when tumours were
~20 mm2. Anti-CTLA4 was dosed at 100 μg/mouse and anti-PD
-L1 was dosed 3 times with 2-day intervals at 100 μg/mouse.
Dexamethasone was given daily for four days at varying dosages
beginning the day preceding chemotherapy/checkpoint blockade
treatment. As body surface area can be used to accurately assess
comparative dosages, an average body surface area of 1.62 m2 for
humans and 0.007 m2 for mice was used.24 A dose of 10 mg in
humans would be equivalent to a dose of 6.17 mg/m2. This falls
between our selected dose range of 1.25 mg/kg (3.75 mg/m2) and
5 mg/kg (15 mg/m2) for flow cytometry and tumour response
experiments.24 All treatments were administered intraperitoneally
(i.p.) except 5-FU, which was administered intravenously (i.v.) via
tail vein injection. Mice were euthanised when tumours reached
a size of > 100 mm2, or in case of complete regression, when mice
had remained tumour-free for more than 4 weeks.

Hemavet and flow cytometry analysis

Blood and tumour samples were collected and tumour sam-
ples dissociated on the gentleMACS octo dissociator using the
mouse tumour dissociation kit and protocol (Miltenyi Biotec,
Sydney NSW, Australia). For Hemavet analysis, 20 μl blood
was run on the Hemavet HV950FS blood analyser (Drew
Scientific) to determine absolute number of peripheral blood
lymphocytes. For flow cytometry, red blood cell lysis was
performed on blood samples using BD FACS lysing buffer
(BD Biosciences) before staining. Samples were incubated
with Fc block (eBioscience) for 10 minutes, washed and via-
bility staining done using the Zombie UV fixable viability kit
(BioLegend). All samples were then stained for surface mar-
kers, permeabilised using the Transcription Factor Staining
Buffer Set (Life Technologies, Scoresby VIC Australia) and
stained for intracellular markers. Samples were fixed using BD
Stabilising fixative and run on a BD LSR Fortessa using BD
FACSDiva software (BD Biosciences). Data was analysed
using FlowJo V10 (Tree Star Inc) and CITRUS (cluster iden-
tification, characterisation and regression) (Cytobank Inc).
CITRUS is an algorithmic tool that clusters cells into pheno-
typically similar populations using unsupervised analysis,
identifying clusters associated with an experimental or clincal
endpoint of interest, independently of manual gating.13

A total of 3 flow cytometry panels were run; one for lymphoid
markers, one for myeloid markers and one for immune
checkpoints (supplementary Table 1).
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Statistical analysis

For Hemavet and flow cytometry experiments, statistical ana-
lysis was performed using One-way ANOVA with Dunnett’s
multiple comparisons test to compare between control and
treated samples. Benjamini-Hochberg correction was used to
correct for multiple comparisons using a false discovery rate
(FDR) of 0.05.

For depletion experiments we wanted to be able to detect
a difference of 50% in absolute lymphocyte numbers.
Assuming a power of 0.8 and an alpha of 0.05, we estimated
that 6 mice per group would allow us the detection of
a difference in lymphocyte counts of 20% (untreated) com-
pared to 10% for dexamethasone-treated mice (SD 5%).

For in vivo response experiments, we wanted to be able to
detect a change in response rate from 65% in control groups
to 10% in dexamethasone treated groups, for which a group
size of 14 was required, assuming a power of 0.8 and an alpha
of 0.05, using a chi-square test.
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