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ABSTRACT
Immunosurveillance plays an important role in breast cancer (BC) prognosis and progression, and can be
geared by immunogenic chemotherapy. In a cohort of 1023 BC patients treated with neoadjuvant
chemotherapy (NAC), 40% of the individuals took comedications mostly linked to aging and comorbid-
ities. We systematically analyzed the off-target effects of 1178 concurrent comedications (classified
according to the Anatomical Therapeutic Chemical (ATC) Classification System) on the density of tumor-
infiltrating lymphocytes (TILs) and pathological complete responses (pCR). At level 1 of the ATC system,
the main anatomical classes of drugs were those targeting the nervous system (class N, 39.1%),
cardiovascular disorders (class C, 26.6%), alimentary and metabolism (class A, 16.9%), or hormonal
preparations (class H, 6.5%). At level 2, the most frequent therapeutic classes were psycholeptics
(N05), analgesics (N02), and psychoanaleptics (N06). Pre-NAC TIL density in triple-negative BC (TNBC)
was influenced by medications from class H, N, and A, while TIL density in HER2+ BC was associated with
the use of class C. Psycholeptics (N05) and agents acting on the renin-angiotensin system (C09) were
independently associated with pCR in the whole population of BC or TNBC, and in HER2-positive BC,
respectively. Importantly, level 3 hypnotics (N05C) alone were able to reduce tumor growth in BC
bearing mice and increased the anti-cancer activity of cyclophosphamide in a T cell-dependent manner.
These findings prompt for further exploration of drugs interactions in cancer, and for prospective drug-
repositioning strategies to improve the efficacy of NAC in BC.
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Introduction

Breast cancer (BC) incidence increases with age, as does the
prevalence of many other chronic diseases, such as diabetes,
hypertension, and cardiovascular disease. Molecular BC sub-
types and the density of tumor-infiltrating immune cells are
both considered as important predictive and prognostic fac-
tors for optimal risk stratification in BC patients. Denkert
et al. first evidenced that the amount of stromal immune
infiltration was positively associated with pathological com-
plete response (pCR) after neoadjuvant chemotherapy
(NAC).1,2 These results were recently confirmed on a pooled
analysis of large cohort of 3771 patients receiving NAC from

German Breast Group,3 showing that the relationships
between TIL levels and pCR translates into improved disease-
free survival in HER2-positive and triple-negative BC
(TNBC).

The drivers of immunosurveillance have largely been stu-
died in the past decade, and derive from both (i) tumor-
intrinsic characteristics; and/or (ii) extrinsic factors related
to the host or the environment.4-6 Among endogenous
tumor characteristics, molecular features (BC subtype, prolif-
erative patterns), expression of human leukocyte antigen
(HLA)-class I, tumor mutational burden,4 activation of cellu-
lar pathways,5 or induction of autophagy7 have been found to
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be associated with immune infiltration. Extrinsic factors
including host characteristics (gender,8 age,9 body mass
index), environment (tobacco, alcohol), nutritional factors,
diet, commensal microbiota, physical activity, hormonal
exposure6,10 have been studied less extensively.

There is growing interest in chronically used medications that
may influence the risk for and the progression of cancer.11,12 Some
medications such as aspirin or non-steroidal anti-inflammatory
drugs (NSAID) have been reported to decrease BC risk13 or BC
recurrence (statins,14 NSAIDs,15 beta-blockers (BB)16 and
metformin17,18). So far, the impact of chronic comedications on
immune infiltration has not been investigated. A few studies
suggest that drugs that do not fall into the class of antineoplastics
may have an impact on immunosurveillance through various
mechanisms. For instance, metformin may increase CD8+ TILs19

or potentiate PD-1 blockade through reduction of tumor
hypoxia20 propranolol and etodolac modulate tumor
infiltration21 zoledronic acid22 targets tumor-associated macro-
phages; proton pump inhibitors23-25 reverse T cell anergy; and
tadalafil inhibits myeloid derived-suppressor cells26

In the current study, we hypothesized that some comedica-
tions might be associated with TIL levels in BC. We evaluated
the interactions between comedications, immune infiltration
at diagnosis and pCR rates in a cohort of 1023 non-metastatic
BC patients treated with NAC. Here, we report on epidemio-
logical associations between distinct classes of comedications,
TIL density and pCR rates, as we exemplify the T lymphocyte-
dependent anticancer effects of the psycholeptic zolpidem in
preclinical mouse models. Altogether, the results of our
hypothesis-generating study indicate that comedication may
represent a confounding factor in BC clinical trials, and that
the use of chronic drugs could modify the efficacy of BC
therapies. These findings prompt for further validation stu-
dies, before their beneficial role could be prospectively
assessed in the setting of drug-repositioning trials.

Results

Up to 40% BC patients at diagnosis take drugs affecting
nervous, cardiovascular systems or alimentary tract

Overall, 1023 patients with different BC subtypes (luminal:
44.6% (n = 456); TNBC: 31.2% (n = 319), HER2-positive:
24.2% (n = 248)) were included in the analyses. Four hundred
and eighty-two patients (47.1%) took at least one comedica-
tion (total number of comedications: n = 1178) and 421
(41.1%) had at least one comorbidity. The five main anato-
mical classes (level 1) were drugs for nervous system (Class N,
n = 460, 39.1%), cardiovascular diseases (class C, n = 313,
26.6%), alimentary and metabolism (class A, n = 199, 16.9%),
and hormonal preparations (class H, n = 76, 6.5%), whereas
130 comedications were grouped in the category “others”
(11.0%) (Figure 1, Supplemental Table 1). At level 2, the
most frequent therapeutic classes were psycholeptics (N05,
n = 199), analgesics (N02, n = 118), and psychoanaleptics
(N06, n = 114).

The more frequent comorbidity was hypertension/heart dis-
ease (n = 177), followed by ulcer/gastritis (n = 109)
(Supplemental Figure 1A). The number of comedications was

strongly associated with the number of comorbidities (p < .001)
(Supplemental Figure 1B). The majority of patients with
a given comorbidity took at least one comedication from the
corresponding class (57% of patients with depression/anxiety
taking drugs for nervous system (N), 69% of patients with
hypertension/heart disease taking cardiovascular drugs (C),
70% of patients with thyroid disorders taking drugs from
class H mainly composed of thyroid therapy) (Supplemental
Figure 1C). However, the class of the comedication was not
always related to the very indication (Supplemental Figure 1D).
Indeed, the use of compounds affecting the nervous system was
frequently reported without any mention of an underlying
psychiatric disease.

Patients with comedications were older, and/or more likely
to be post-menopausal, and/or obese, and to have comorbidity
than patients without comedication (Supplemental Table 2).
Intrinsic tumor characteristics (tumor size, nodal status,
grade, BC subtype, mitotic index) were not significantly asso-
ciated with comedication use of any class (except for a lower
tumor size in patients using a class A comedication, and a lower
proportion of histologies of the nonspecific type (NST) in
HER2-positive BC patients using class N drugs).

We conclude that a sizable proportion (approximately
40%) of BC patients took a chronic medication. However, as
an aggregate, comedication is not associated with the disease
presentation at diagnosis.

Some comedications are associated with pre-NAC TIL
levels, mostly in TNBC

Information on pre-NAC TIL levels was available for 615
patients (60%). The TIL density was increased in BC patients
taking drugs from class H (systemic hormonal preparations
(H), Figure 2a). After stratification by BC subtype, TILs were
higher in TNBC patients taking class N (nervous System),
class A (alimentary tract) or class (H) drugs (Figure 2a–c)
whereas in HER2-positive patients, TILs were higher in
patients taking drugs from class C – cardiovascular system
(Figure 2d). Conversely, TIL levels were not different accord-
ing to any comorbidity (Supplemental Figure 2).

At the ATC level 2 (Supplemental Table 3), pre-NAC TILs
were increased in patients with diuretics (C03) or thyroid
therapy (H03) (Figure 3a,d). TIL levels were increased speci-
fically in TNBC patients taking analgesics (N02) and drugs for
[gastric] “acid-related disorders” (A02) (Figure 3b,c). This was
not found in the other BC subtypes and the interactions tests
were statistically significant (Pinteraction comedication/BC sub-
type = 0.019 and 0.027 for N02 and A02, respectively), mean-
ing that the association of the comedication use and TIL levels
differed by BC subtype. Conversely, in TNBC patients, TILs
tended to be decreased (p = .175) in patients taking lipid-
modifying agents (C10) and were significantly (p = .044)
reduced in individuals consuming anti-inflammatory and
anti-rheumatic products (M01) (Figure 3a,c).

We next analyzed gene expression profiles (GEPs) using
RNA from baseline tumor samples in pre-NAC BC patients (n
= 140). We focused on immune-related signatures that had
been reported to correlate with clinical benefit in different
clinical studies using immune checkpoint inhibitors for
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various cancer types.27,28 The T cell-inflamed GEP enriched in
IFNγ–responsive genes related to antigen presentation, che-
mokine expression, cytotoxic activity, and adaptive immune
resistance were found in about 40% specimen (Supplemental
Figure 2). The level of the T cell-inflamed GEP or “IFN
metagene” was significantly higher in patients taking hormo-
nal preparations (whole population, luminal, HER2-positive,
Figure 4a), and this association was different according to the
molecular type among patients taking drugs from class
A (lower in luminal, higher in TNBC patients) (Figure 4b,c).

Altogether, hormonal preparations (mostly targeting thyr-
oid disorders), nervous system-affecting drugs (such as
analgesics), medications targeting cardiovascular diseases
(such as diuretics) and compounds treating acid-related dis-
orders were associated with increased lymphocytic infiltrates,
and T cell inflamed GEP in all and/or triple-negative BC at
diagnosis. In contrast, anti-inflammatory and anti-rheumatic
products were negatively correlated with TIL density.

Comedication is associated with changes in pCR rates
in BC

Bearing in mind the strong correlations between pre-NAC
TIL density and pathological responses,1,2 we next undertook
to analyze potential associations between comedications and
rates of pathological complete responses (pCR) assessed by
pathologists at surgery post-NAC. The use of drugs from the

class N (Nervous system) was associated with higher pCR
rates than no use (Supplemental Table 4) in the whole popu-
lation (p = .035) and in TNBC patients (p = .026). At the level
2 (Supplemental Table 5), pCR rates were increased in
patients taking psycholeptics (N05), agents acting on the
renin-angiotensin system (C09), and TNBC patients taking
psychoanaleptics (N06) (Figure 5a–c). Conversely, pCR rates
tended to be decreased in TNBC patients taking vasoprotec-
tive drugs (C05) or anti-inflammatory and anti-rheumatic
products (M01) (Figure 5d–e).

After multivariate analysis, the association between psycho-
leptics (N05) and pCR remained statistically significant in the
whole population (OR = 1.64, 95%CI [1.05–2.55], p = .027) and
in TNBC patients (OR = 2.04, CI [1.06–3.97], p = .034).
Accordingly, the association between pCR and agents acting
on the renin-angiotensin system (C09) in HER2-positive BC
withheld the multivariate Cox regression model (OR = 3.36,
CI [1.2–10.33], p = .025) (Table 1). No comorbidity was sig-
nificantly associated with pCR after multivariate analysis.

T cell-dependent antitumor effects of zolpidem in mouse
breast cancer

We next analyzed cause–effect relationships between comedi-
cations taken by patients and natural or chemotherapy-
induced cancer immunosurveillance in immunodeficient or
immunocompetent mice bearing BC. First, we tested the

a

b

Figure 1. Distribution of the 1178 comedications according to the five levels of the ATC classification. Number of patients taking co-medications at ATC Level 1 in the
whole population (a) and by BC subtype (b). Number of patients in the whole population taking co-medications at ATC Level 2 (c), at ATC Level 3 (d), at ATC Level 4
(e), at ATC Level 5 (f). Only classes with effectives ≥ 10 are reported.
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combination of bromazepam with standard of care (anthracy-
cline-based chemotherapy and taxanes) in the PDX model of
TNBC HBCx-8 inoculated in immunosuppressed animals.
HBCx-8 xenografts were treated with PBS, AC (adriamycin,
2 mg/kg, and cyclophosphamide (CTX), 100 mg/kg), or doc-
etaxel (TXT), 20 mg/kg, given as single injection at day 1 by i.
p. or i.v. injections, respectively, alone or combined with the
benzodiazepine bromazepam (class N, ATC level 3, anxioly-
tics), given orally at 0.6 mg/kg, 5 days/week. Bromazepam

alone did not reduce tumor growth. Both the AC or TXT
regimens mediated marked antitumor effects, followed by
tumor recurrence. The addition of bromazepam to AC and
TXT did not delay the time until tumor recurrence
(Figure 6a).

Based on the findings that comedications correlated with
the T cell inflamed GEP and TIL densities in tumor beds

a

b

c

d

e

Figure 2. Pre-NAC TILs densities by comedication use (ATC level 1) in the whole
population and by BC subtype. The TIL density (% pre-NAC TILs) was scored
continuously as the average percentage of stromal area occupied by mono-
nuclear cells as previously recommended.72 In the x-axis, patients were classified
according to their use ("yes”) or absence of use ("no”) of a co-medication. (a)
Systemic hormonal preparations (class H); (b) Nervous system (class N); (c)
Alimentary and metabolism (class A); (d) Cardiovascular (class C); (e) Others. In
boxplots, lower and upper bars represent the first and third quartile, respec-
tively, the medium bar is the median, and whiskers extend to 1.5 times the inter-
quartile range. TIL density was compared in Wilcoxon-Mann-Whitney tests (for
groups including less than 30 patients) or with student t-test (n ≥30).

a
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e

f

Figure 3. Pre-NAC TILs densities by comedication use (ATC level 2) in the whole
population and by BC subtype. The TIL density (% pre-NAC TILs) was scored
continuously as the average percentage of stromal area occupied by mono-
nuclear cells as previously recommended.72 In the x-axis, patients were classified
according to their use ("yes”) or absence of use ("no”) of a co-medication. (a)
Thyroid therapy (class H03); (b) Analgesics (class N02); (c) Drugs for acid-related
disorders (class A02); (d): Diuretics (C03); (e) Lipid-modifying agents (C10) ; (f)
Anti-inflammatory and anti-rheumatic products (M01). In boxplots, lower and
upper bars represent the first and third quartile, respectively, the medium bar is
the median, and whiskers extend to 1.5 times the inter-quartile range. TIL
density was compared in Wilcoxon-Mann-Whitney tests (for groups including
less than 30 patients) or with student t-test (n ≥30).

e1677427-4 A.-S. HAMY ET AL.



(Figures 3 and 4), and the assumption that an intact
immune system is required for long-lasting anticancer pro-
tective effects induced by cytotoxicants, we challenged
immunocompetent mice with the transplantable AT3 tri-
ple-negative mouse BC29 AT3 showed a significant albeit
minimal response to zolpidem (N05CF) (10mg/kg/day, i.p.

for 30 days), an imidazopyridine nonbenzodiazepine hyp-
notic drug (binding with high affinity to the α1 subunit of
the gamma aminobutyric acid A receptor) (Figure 6b, left
panel) but not to the proton pump inhibitor pantoprazole
(A02BC) (100mg/kg/day), when the medication was
initiated 14 days prior to tumor inoculation and pursued
for >14 days (Figure 6b, middle panel). When combined to
CTX (100 mg/kg weekly for 3 weeks) alone, Zolpidem

a

b

c

d

e

Figure 4. Levels of the T cell-inflamed gene expression profile or “IFN meta-
gene” in the whole population and by BC subtype. Gene expression profiling on
140 pre-NAC tumor samples centered around the IFN-γ metagene described in
Ayers et al.72 quantified according to the mean-normalized expression value for
six genes (IFNG, IDO1, CXCL9, CXCL10, HLA-DRA, STAT1). In the x-axis, patients
were classified according to their use ("yes”) or absence of use ("no”) of a co-
medication. (a) Systemic hormonal preparations (class H); (b) Nervous system
(class N); (c) Alimentary and metabolism (class A); (d) Cardiovascular (class C); (e)
Others. In boxplots, lower and upper bars represent the first and third quartile,
respectively, the medium bar is the median, and whiskers extend to 1.5 times
the inter-quartile range. IFNG-metagene levels were compared in Wilcoxon-
Mann-Whitney tests (for groups including less than 30 samples) or with student
t-test (n≥30). Student t-test (n ≥30).
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Figure 5. Pathological complete response (pCR) rates by comedication use (ATC
level 2) in the whole population and by BC subtype. The pCR was assessed
according to routine clinical guidelines.80 Effectives mentioned on the barplot
represent the number of patients whose tumor reached pCR/total number of
patients of the given category. In the x-axis, patients were classified according to
their use ("yes”) or absence of use ("no”) of a co-medication. (a) Psycholeptics
(N05); (b) Psychoanaleptics (N06); (c) agents acting on the renin-angiotensin
system (class C09); (d) Vasoprotectives (class C05); (e) Anti-inflammatory and
anti-rheumatic products (M01). The association between categorical variables
was assessed with chi-square test or with the Fisher’s exact test if at least one
category showed less than three patients.
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(N05CF) (but not pantoprazole (A02BC)) ameliorated the
anticancer effects (Figure 6c). The additive effects of the
cytotoxicant CTX and hypnotic drugs were markedly abol-
ished after the depletion of CD4+ and CD8+ T cells by
means of suitable antibodies (Figure 6d), supporting the
working hypothesis. Moreover, tissue immunofluorescence

stainings revealed that AT3 TNBC were infiltrated with
CD3+CD4− lymphocytes that were inversely correlated
with tumor size across all experiments and animals
(Figure 7a). Similarly, the T effector ratio over that of
regulator T cells (Treg) negatively correlated with tumor
size across all experiments (Figure 7b). Importantly, the

Table 1. Study population characteristics.

Univariate analysis Multivariate analysis

Whole population OR 95%CI p OR 95%CI p

Age (y.) 1 [0.99–1.02] 0.775
BMI 1.01 [0.98–1.04] 0.628
Menopausal status pre vs post menopausal 0.78 [0.58–1.06] 0.113
Tumor size (TNM) T3 vs T1-T2 0.81 [0.57–1.14] 0.231
clinical nodal status N1-N2-N3 vs N0 0.98 [0.73–1.32] 0.889
Histological type other vs NST 0.58 [0.32–0.99] 0.057
Grade Grade III vs I-II 3.51 [2.49–5.03] <0.001 1.97 [1.33–2.96] 0.001
Ki67 ki67 ≥ 20 vs < 20 4.55 [2.46–9.24] <0.001
BC subtype TNBC vs luminal 9.32 [5.99–15] <0.001 7.71 [4.69–13.17] <0.001

HER2 vs luminal 9.26 [5.85–15.11] <0.001 9.51 [5.79–16.23] <0.001
NAC regimen Anthra taxanes vs anthra 2.24 [1.49–3.49] <0.001

Taxanes/others vs anthra 1.69 [0.9–3.13] 0.097
Hypertension/H.D. Yes vs no 1.31 [0.9–1.89] 0.155
Depression/Anxiety Yes vs no 1.11 [0.65–1.82] 0.699
Dyslipidemia Yes vs no 1.26 [0.71–2.13] 0.411
Diabete Yes vs no 1.62 [0.78–3.2] 0.175
Ulcer/Gastritis Yes vs no 1.09 [0.67–1.72] 0.717
Thyroid disorders Yes vs no 1.25 [0.72–2.1] 0.406
Other comorbidity Yes vs no 1.05 [0.62–1.73] 0.84
Psycholeptics (N05) Yes vs no 1.39 [1.04–1.87] 0.028 1.64 [1.05–2.55] 0.027
Agents acting on the renin -angiotensin system (C09) Yes vs no 1.8 [1.04–3.04] 0.031

Univariate analysis Multivariate analysis

TNBC OR 95%CI p OR 95%CI p

Age (y.) 0.99 [0.97–1.01] 0.426
BMI 0.97 [0.92–1.02] 0.298
Menopausal status pre vs post menopausal 1.08 [0.68–1.75] 0.739
Tumor size (TNM) T3 0.77 [0.45–1.29] 0.332
clinical nodal status N1-N2-N3 0.98 [0.62–1.55] 0.932
Histological type other 0.92 [0.38–2.1] 0.852
Grade Grade III 3.71 [1.7–9.35] 0.002 3.44 [1.56–8.7] 0.004
Ki67 ki67 ≥ 20 3.87 [1.25–16.99] 0.035
NAC regimen Anthra taxanes vs anthra 1.79 [0.97–3.44] 0.069

Taxanes/others vs anthra 1.41 [0.49–3.87] 0.513
Hypertension/H.D. Yes vs no 0.98 [0.53–1.78] 0.954
Depression/Anxiety Yes vs no 1.61 [0.73–3.51] 0.234
Dyslipidemia Yes vs no 0.48 [0.17–1.16] 0.125
Diabete Yes vs no 0.62 [0.2–1.66] 0.366
Ulcer/Gastritis Yes vs no 0.44 [0.17–1.01] 0.067
Thyroid disorders Yes vs no 1.16 [0.51–2.55] 0.709
Other comorbidity Yes vs no 1 [0.41–2.29] 0.996
Psycholeptics (N05) yes vs no 2.43 [1.28–4.66] 0.007 2.04 [1.06–3.97] 0.034
Psychoanaleptics (N06) yes vs no 2.19 [1.05–4.61] 0.037

Univariate analysis Multivariate analysis

HER2 OR 95%CI p OR 95%CI p

Age (y.) 1.03 [1.01–1.06] 0.016
BMI 1.04 [0.98–1.01] 0.1493
Menopausal status pre vs post menopausal 0.47 [0.28–0.8] 0.006 0.55 [0.31–0.98] 0.043
Tumor size (TNM) T3 vs T1-T2 1.05 [0.58–1.89] 0.862
clinical nodal status N1-N2-N3 vs N0 0.8 [0.48–1.36] 0.415
Histological type other vs NST 1.36 [0.33–5.29] 0.65
Grade Grade III vs I-II 1.08 [0.62–1.87] 0.794
Ki67 ki67 ≥ 20 vs < 20 1.72 [0.6–5.69] 0.336
ER status positive versus negative 0.42 [0.24–0.71] 0.001 0.39 [0.22–0.68] 0.001
NAC regimen Anthra taxanes vs anthra 2.56 [1.11–6.64] 0.036 2.94 [1.21–8.05] 0.024

Taxanes/others vs anthra 2.2 [0.74–6.93] 0.163 2.17 [0.68–7.33] 0.197
Hypertension/H.D. Yes vs no 2.04 [1.06–3.97] 0.033
Depression/Anxiety Yes vs no 0.73 [0.23–2.04] 0.565
Dyslipidemia Yes vs no 2.3 [0.98–5.48] 0.054
Diabete Yes vs no 1.52 [0.43–5.18] 0.501
Ulcer/Gastritis Yes vs no 1.95 [0.9–4.23] 0.09
Thyroid disorders Yes vs no 1.27 [0.45–3.44] 0.638
Other comorbidity Yes vs no 1.31 [0.54–3.07] 0.535
Agents acting on the renin -angiotensin system (C09) Yes vs no 3.97 [1.48–11.79] 0.008 3.13 [1.1–9.71] 0.037

Abbreviations: BMI: Body mass index (kg/m2). TNM: tumor node metastasis (AJCC staging). NAC: neoadjuvant chemotherapy
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density of such effectors was increased by concomitant
therapy with Zolpidem (N05CF) alone as compared to
untreated controls. Zolpidem combined with CTX also
yielded a higher density of effector T cells compared to
CTX alone (Figure 7c).

These results illustrate that specific drugs modulating the
nervous system can advantageously be combined with che-
motherapy to increase tumor infiltration by T lymphocytes
and to reduce tumor progression in immunocompetent (but
not immunodeficient) TNBC bearing hosts.

Discussion

Comedication may represent an underestimated confounding
factor in many clinical trials conducted in oncology. Off-
target effects mediated by non-cytotoxic drugs with

a satellite role in the oncological armamentarium may have
direct or indirect anti-cancer effects through several mechan-
isms. These mechanisms include reduction of inflammation,21

decrease of invasion and metastasis,21 modulation of angio-
genesis and vasculature,30 enhancement of apoptosis,31 inhi-
bition of epithelia-mesenchymal transition,32 reversal of
hypoxia20 and acidosis,33 decrease of proliferation,34 inhibi-
tion of critical growth or tumor suppressor pathways.35,36

These effects were evidenced either alone21,22 and in combi-
nation with other anti-cancer treatments (chemotherapy30,37

or radiotherapy38). The concomitant use of co-medication
during NAC may also affect pharmacokinetic-related para-
meters, in as much as a wide range of medications interfere
with cytochromes. For example, cimetidine has been
described to modify the pharmacokinetic of epirubicin in
advanced BC patients39 Similarly, the cytochrome P450 –
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Figure 6. Immune effects of co-medication in mouse breast cancer models. (a) The PDX HBCx-8 xenograft established from a TNBC patient was transplanted into
female 8-week-old Swiss nude mice and then, randomly assigned to the control or treatment groups (AC versus TXT alone or combined with bromazepam (N05BA)).
Tumor growth kinetics with broma alone versus Ctrl, AC versus AC+ N05BA and TXT versus TXT+ N05BA are represented overtime, in six animals/group, in
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depicted for a pool of two independent experiments comprising six mice/groups for (b) and (d). *p < 0.05, ** p < 0.01, *** p < 0.001, ns=not significant.
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(isoform 2C8 and 3A4) inhibitor amiodarone has been related
to serious pharmacokinetics interactions when used with
taxanes40 Comedications may also inhibit multi-drug resis-
tance (MDR), involving efflux proteins of the ATP binding
cassette transporter family translocating a substrate from the
intracellular to the extracellular compartment.
P-glycoproteins and breast cancer resistance protein can
indeed be inhibited by atorvastatin,41 itraconazole,42

verapamil43 or PPI44

In this hypothesis-generating study performed in 1023 BC
patients, we found that the use of several comedication classes
was associated with either increased or decreased TIL levels,
some of these associations translating into increased pCR
rates. While independent from the intrinsic molecular and
clinical characteristics of BC at disease presentation, the use
of comedications, linked to age-related morbidities, was found
to correlate with immune infiltration at diagnosis, knowing
that a high TIL density is a prerequisite for optimal patholo-
gical response to NAC.1,2 Our preclinical data also support
a mandatory role for T lymphocytes in the additive effects of
hypnotic and cytotoxic compounds in immunocompetent
tumor bearers while they failed to boost each other in PDX
models established in immunodeficient hosts. These findings
plead for immune-related effects mediated by comedications
and their capacity to shape the tumor microenvironment to
pave the way to the immunomodulatory role of
chemotherapy45

While many retro- or prospective studies evaluated the
links between aspirin or NSAID and reduced cancer
occurrence,46,47 no such study has evaluated the potential

association of daily administration of other types of self-
medication or prescription by the general practitioner on
immune functions and cancer immunosurveillance. In
a randomized controlled trial in 38 BC patients, perioperative
COX-2 and β-adrenergic blockade by propranolol and etodo-
lac was associated with changes in immune profiles of surgical
specimens with notably decreased tumor-infiltrating mono-
cytes and increased tumor-infiltrating B cells21 Moreover,
retrospective clinical data suggest that some anesthetic tech-
niques can attenuate immunosuppression and minimize
metastasis after cancer surgery.48,49 For example, in patients
undergoing breast cancer surgery, propofol anesthesia with
postoperative ketorolac analgesia reportedly has a favorable
impact on NK cell cytotoxicity compared with sevoflurane
anesthesia and postoperative fentanyl analgesia.50,51

Several mechanisms have been proposed to account for
these off-target effects of distinct compounds, not necessarily
annotated as “cytotoxic agents”. ER stress response inducers
(i.e. thapsigargin52,53 or cardiac glycosides54,55,56) or autophagy
inducers (such as aspirin, spermidine, hydroxycitrate57-59)
could mediate a cellular stress of cancer cells associated with
secretion of alarmins or cell surface expression of danger sig-
nals igniting the inflammasome and/or pattern recognition
receptors45 These cell autonomous changes of cancerous cells
preceding immunogenic cell death pave the way to synergistic
anticancer activities when these compounds are combined with
conventional chemotherapy, radiotherapy or targeted treat-
ments. Other comedications can reprogram the tumor micro-
environment by dampening myeloid suppressor cells. Thus, the
anti-diabetic biguanide metformin may yield clinical benefit in
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Figure 7. Comedications influence TIL densities in mouse TNBC. Representative micrograph pictures of co-immunofluorescence of CD3 (green), CD4 (cyan), FOXP3
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ovarian cancer patients through improvement of antitumor
T-cell immunity by dampening CD39/CD73-dependent
MDSC immunosuppression60 Metformin may also act on the
cognate arm of immunity i.e. CD8+ TILs and protect them
from apoptosis and exhaustion,19 thereby potentiating the effi-
cacy of PD-1 blockade. In addition, proton pump inhibitors
could cause reversal of acidity-induced cancer immune
escape23,24 and modulate myelopoiesis and the polarization of
tumor-associated macrophages61 Compounds impacting the
nervous system, more specifically hypnotic drugs are broadly
prescribed. The hypnotic zolpidem was associated with higher
TIL density in our retrospective clinical study and turned out
to be immunogenic in combination with CTX in our preclini-
cal AT3 model. These proinflammatory effects are consistent
with correlative associations reported in a large population-
based study of >59 000 individuals in the National Health
Insurance Research Database (NHIRD) of Taiwan performed
among patients with sleep disturbance taking zolpidem for at
least 2 years (n = 14 000 patients). The authors found positive
associations between the use of zolpidem and the risk of
ischemic stroke,62 of Parkinson disease after 5 years of follow-
up63 and of cancer occurrence64 (oral cancer (HR, 2.36; 95%
CI, 1.57–3.56), as well as kidney cancer, esophageal cancer,
and BC). Conversely, GABAergic modulation with classical
benzodiazepines lorazepam and clonazepam, aside from exert-
ing anxiolytic and antidepressant effects, may have therapeutic
potential as neuroimmunomodulators during psychosocial
stress. Lorazepam and clonazepam as well as the antidepressant
imipramine blocked stress-induced accumulation of macro-
phages in the central nervous system, prevented neuroinflam-
matory signaling and reversed anxiety-like and depressive-like
behavior in mice exposed to repeated social defeat.65,66 The use
of beta-blocker, specifically the selective blockade of β2adrener-
gic receptors, correlated with better overall survival in meta-
static melanoma patients and improved the efficacy of anti-
PD1 and IL-2-based immunotherapies mobilizing
T lymphocytic effectors in mice67 Conversely, in another
experimental study where epinephrine-mobilized NK cells pre-
vented tumor outgrowth following exercise, β-adrenergic sig-
naling blunted training-dependent tumor inhibition and the
trafficking of IL-6-dependent NK effectors into the tumor
bed68 These apparent contradictions highlight the need for
mechanistic exploration of the synergistic or antagonistic off-
target bioactivity of these comedications.

Our findings suggest that the effect of comedications on
TILs and pCR may vary by BC subtype. The multiple inter-
actions and the high number of drugs to explore on a single
cohort highlights the need for large-scale validation studies to
address the immense complexity that likely underlies the
interactions between comedication, immune infiltration, and
chemotherapy outcome. Only very large patient cohorts
would provide the sufficient statistical power for meaningful
comparisons among tumor and drug subgroups.

We acknowledge several limitations of our work. First, we
were not able to monitor whether the comedications retrieved
in electronical medical records (EMR) truly reflected the
chronic treatment. Patients may either over or underreport
drugs to the physician, and measuring adherence to treatment
remains a substantial challenge in medicine. In addition, we

were not able to evaluate the respective roles of taxanes and
anthracyclins in the drug interactions we evidenced, because
most of BC patients received a sequential NAC regimen
including anthracyclines first followed by taxanes, which
represents the standard of care in the neoadjuvant
setting. Second, no gold-standard method exists for measur-
ing comorbidities in the context of cancer so far69 It is known
that complexities exist in both measuring comorbidity in
cancer patients and evaluating their impact on patients’
outcome.69,70 Plus, the effects of chronic diseases on outcomes
vary by condition and by cancer type69 These pitfalls might
limit the generalization of our findings to other cancer types.
Third, we did not adjust our statistical analyses for multiple
testing. While decreasing the risk of false-positive results, such
conservative statistical procedures would have considerably
increased the false-negative risk of this hypothesis-
generating work, without overcoming the other limitations
we previously described. Instead, we rather chose to validate
our findings in an experimental manner, and we are launch-
ing a large-scale validation program in independent datasets
of BC patients. Finally, as we based our results on real-world
evidence, we cannot exclude that our findings might be ham-
pered by inherent bias of retrospective studies. Thus, our
study must clearly be considered as hypothesis generating,
and further validation is highly needed.

The hypotheses we raised in the current work open several
thrilling perspectives for drug repositioning. It paves the way
to further explore the field of comedications as immunomo-
dulators and chemotherapy sensitizers. As nearly half of the
patients take one or more comedications, a considerable
amount of untapped data is already available for exploitation
in electronical health records of patients treated with NAC in
cancer centers. We hypothesize that a variety of drugs that are
not usually part of the oncological armamentarium may exert
off-target effects against BC or other cancer types. Digging
into such real-life data could help to identify drugs or lifestyle
experiences that improve the response to antineoplastic treat-
ments, followed by the design of clinical trials to quickly
validate these hypotheses. In a context where the financial
burden of innovative oncologic therapies jeopardizes health
systems, repositioning routine prescriptions as anticancer
treatments sensitizers could be an exciting strategy71

Material and methods

Patients, tumors and cancer treatments

We analyzed a cohort of 1023 T1-3NxM0 patients with invasive
breast carcinoma (NEOREP Cohort, CNIL declaration number
1547270) treated with NAC at Institut Curie, Paris, between
2002 and 2012. We included only unilateral, non-recurrent,
non-inflammatory, non-metastatic tumors, and excluded T4
tumors. All patients received NAC, followed by surgery and
all but 21 patients received radiotherapy. The study was
approved by the Breast Cancer Study Group of Institut Curie
and was conducted according to institutional and ethical rules
regarding research on tissue specimens and patients. Written
informed consent from the patients was not required by French
regulations. Analysis of human samples was performed in
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accordance with the French Bioethics Law 2004–800, the French
National Institute of Cancer (INCa) Ethics Charter, and after
approval by the Institut Curie review board and ethics commit-
tee (Comité de Pilotage du Groupe Sein) that waived the need
for written informed consent from the participants. Women
were informed of the research use of their tissues and did not
declare any opposition for such research. Data were analyzed
anonymously. Patients were treated according to national
guidelines. NAC regimens changed over time (anthracycline-
based regimen or sequential anthracycline-taxane regimen),
with trastuzumab used in an adjuvant and/or neoadjuvant set-
ting since the mid-2000s. Surgery was performed four to 6
weeks after the end of the chemotherapy. Endocrine therapy
(tamoxifen, aromatase inhibitor, and/or GnRH agonists) was
prescribed when indicated.

Tumor samples and pathology review
ER, PR and HER2 positivity determination is detailed in the
supplemental material. BC subtypes were defined as follows:
tumors positive for either ER or PR, and negative for HER2
were classified as luminal; tumors positive for HER2 were
considered HER2-positive BC; tumors negative for ER, PR,
and HER2 were considered as triple-negative BC (TNBC).

For a subset of patients (n = 615), central reading of tumor
material was performed, and stromal TILs were retrospec-
tively reviewed on pathological specimens of pre-NAC core
needle biopsy (See supplemental methods). Pretreatment core
needle biopsies were evaluated independently by two expert
breast pathologists for the presence of a mononuclear cells
infiltrate (including lymphocytes and plasma cells, excluding
polymorphonuclear leukocytes) following the recommenda-
tions of the international TILs Working Group72 TILs were
scored continuously on hematoxylin and eosin-stained sec-
tions without additional staining as the average percentage of
stromal area occupied by mononuclear cells.

Comedications
Chronic concomitant therapies – designed throughout the
manuscript as comedications – were extracted retrospectively
from medical charts, as any chronic treatment for a chronic
condition declared by the patient upon hospital admission at
initial or anesthetics consultation, and reported in electronic
medical record from BC diagnosis until the date of surgery.
Intercurrent treatments lasting less than 1 week were
excluded, as well as medications prescribed around che-
motherapy (anti-vomiting drugs, granulocyte-colony stimu-
lating factors, steroids), as they are systematically prescribed
to all patients. As the information on drug dosing, schedule,
or date of introduction was not constantly available, comedi-
cation use was coded as a binary variable (yes: at least one
drug declaration; no: no comedication mentioned). They were
classified according to the Anatomical Therapeutic Chemical
(ATC) Classification System (ATC index 2018) controlled by
the World Health Organization Collaboration (available at the
URL https://www.whocc.no/atc_ddd_index/). ATC is used for
the classification of active ingredients of drugs according to
the organ or system on which they act and their therapeutic,
pharmacological and chemical properties. The first level of the
code indicates the anatomical main group (14 main groups)

and consists of one letter; the second level of the code indi-
cates the therapeutic subgroup; the third level and the fourth
levels of the code indicate the chemical/therapeutic/pharma-
cological subgroup, and the fifth level indicates the chemical
substance. The complete classification of metformin illustrates
the structure of the code:

Drugs from categories D (dermatologicals), P (antiparasitic
products, insecticides, and repellents), L (antineoplastic and
immunomodulating agents), S (sensory organs) were excluded
from the analyses. Only chronic antivirals for systemic use
(J05) and oral drugs for respiratory system (antihistamines for
systemic use (R06)) were included in drugs from category
J (anti-infectives for systemic use) and R (respiratory system)
respectively. Anatomical classes with less than 50 comedica-
tions were grouped into the category “Others”.

Comorbidities
Comorbidities, defined as any chronic condition declared by
the patient at initial or anesthetics consultation were extracted
retrospectively from medical charts. Comorbidities were
regrouped into six classes: hypertension/heart disease, depres-
sion/anxiety, dyslipidemia, diabetes, ulcer/gastritis, thyroid
disorders, and the category “Others” regrouped the remaining
chronic conditions.

Gene expression
Total RNA extraction from frozen pretreatment biopsies was
previously performed for 140 patients who participated in the
clinical trials REMAGUS0273,74 and REMAGUS0475 Human
GeneChip U133 plus 2.0 microarray hybridization and quality
controls have already been described in details elsewhere.75-78

For each dataset, batch effects were eliminated by the median
centering of each probe set across arrays and the quantile
normalization of all arrays separately for each set. The expres-
sion levels of six immune genes (IFNG, IDO1, CXCL9,
CXCL10, HLA-DRA, STAT1) from the previously published
Interferon-γ signature27 were extracted from the pooled gene
expression matrix. We assessed Interferon-γ metagene expres-
sion by calculating the mean-normalized expression value for
all the genes considered together and we generated a heatmap
of the metagene expression profile using the gplot package.

Study endpoints
ypTN stage was defined according to the American Joint
Committee on Cancer/Union for International Cancer
Control staging79 A pathological complete response (pCR)
was defined as an absence of invasive residual tumor in the
breast, and of invasive disease in the axillary nodes (ypT0/is+
ypN0)80

A Alimentary tract and metabolism
(1st level, anatomical main group)

A10 Drugs used in diabetes
(2nd level, therapeutic subgroup)

A10B Blood glucose lowering drugs, excl. insulins
(3rd level, pharmacological subgroup)

A10BA Biguanides
(4th level, chemical subgroup)

A10BA02 Metformin
(5th level, chemical substance)

e1677427-10 A.-S. HAMY ET AL.

https://www.whocc.no/atc_ddd_index/


Animal models

Immunodeficient xenograft model
The PDX HBCx-8 xenograft was established from a triple-
negative negative breast cancer as previously described81 The
in vivo efficacy study was conducted by transplanting HBCx-8
tumor fragments into female 8-week-old Swiss nude mice that
were randomly assigned to the control or treated groups (six
mice per group) when tumors reached a volume of 60 to
200 mm3. Adriamycin, 2 mg/kg (Doxorubicin, Teva
Pharmaceuticals) and cyclophosphamide, 100 mg/kg
(Endoxan, Baxter), or docetaxel, 20 mg/kg (Taxotere, Sanofi-
Aventis) were given as single injection at day 1 by intraper-
itoneal (i.p.) and intravenous (i.v.) injections. Bromazepam
was given orally at 0.6 mg/kg 5 days/week until ethical
sacrifice. Tumor growth was evaluated by measurement of
two perpendicular diameters of tumors with a caliper twice
per week. Individual tumor volumes were calculated as V =
axb 2/2, a being the largest diameter, b the smallest. Mice were
ethically sacrificed when the tumor volume reached
1500 mm3.

Immunocompetent mice model
The C57BL/6 mice were injected intraperitoneally (i.p.) for 14
consecutive days with Zolpidem (5 mg/kg twice a day) or
Pantoprazole (100 mg/kg once a day) or vehicle (NaCl).
On day 14, 106 AT3 cells were inoculated and mice continued
their treatment with Zolpidem or Pantoprazole or vehicle.
When tumors reached 20 to 35 mm2 in size, mice received
either NaCl or Cyclophosphamide (100 mg/kg of body
weight) every 7 days x 3–4 injections. Tumor size was routi-
nely monitored every 3 days by means of a caliper. In experi-
ments using anti-CD4 mAb (clone GK1.5, 200μg per mouse)
or anti-CD8 mAb (clone 53–6.72, 200μg per mouse) or their
isotype controls (clone LTF-3 or clone 2A3), mAb were
injected i.p. 2 days before Cyclophosphamide injection and
then continued every 7 days starting from day 0 until the final
Cyclophosphamide injection. All antibodies were purchased
from BioXcell, NH, USA.

Immunohistochemistry
Immunofluorescence staining, scanning, and analysis were per-
formed for Foxp3, CD4 and CD3 expression in AT3 tumor from
treated mice. For multiplexed staining, 3μm-thick sections of
formalin-fixed, paraffin-embedded AT3 tumor from treated
mouse were stained by means of an automated immunostainer
(DISCOVERY ULTRA, Ventana, IGR). Heat-induced antigen
retrieval in EDTA buffer (pH 8.0) for 48 min at 95°C was
performed. The primary polyclonal Rabbit anti-human Foxp3
antibody (Thermo Fisher Scientific, #PA-1-46126, 1mg/mL) was
applied on the slides for 1 h at 37°C, followed by detection using
the biotin-free peroxidase system of detection, Discovery
UltraMap anti-Rabbit HRP (Ventana, #760-4315). The
Visualization of Foxp3 was accomplished using TSA fluoro-
phore system, Discovery Rhodamine 6G kit (Ventana, #760-
244). Heat-induced antigen retrieval in Citrate buffer (pH 6.0)
for 10 min at 100°C was performed. Then, the slides were
incubated on primarymonoclonal Rabbit anti-human CD4 anti-
body (Abcam, EPR19514, 0.623mg/mL) for 1 h at 37°C, detected

by Discovery UltraMap anti-rabbit HRP and visualized by
Discovery Cy5 kit 360 (Ventana, #760-238). Heating step with
Citrate Buffer was carried out, as described above. Next, the
slides were incubated on primary polyclonal rabbit anti-human
CD3 antibody (DAKO, #IS503, ready to use) for 32 min at RT,
detected by Discovery UltraMap anti-rabbit HRP and visualized
by Discovery FAM kit (Ventana, # 760–364 243). After the
heating step with Citrate Buffer, nuclei were subsequently visua-
lized with Spectral DAPI (Perkin Elmer, FP1490, 1:10). Images
displayed in the figures were acquired as whole slide images
(WSI) with a slide scanner Zeiss Axio Scan.Z1 (objective Plan-
Apochromat 20x/0.8, 3CCD camera Hitachi HV-F202SCL) and
exported from the Zeiss Zen 2 lite software as TIFF images.
Image analysis of WSIs was performed using QuPath82
Regions of Interest were defined for tumor in each WSI by
hand. Cells were detected based on the DAPI intensity. Next,
CD3, CD4, and Foxp3 positive cells were determined by thresh-
olds of each fluorescence intensity on QuPath.

Statistical analysis

Clinical cohort
The study population was described in terms of frequencies
for qualitative variables, or medians and associated ranges
for quantitative variables. All the analyses were performed on
the whole population and after stratification by BC subtype.
The association between TIL levels, qualitative variables, and
comedications (ATC level 1,2,3) in classes were compared by
student’s/ANOVA tests, or in Mann Whitney U/Kruskal–
Wallis tests where indicated. Interactions tests were per-
formed when a differential effect between TILs levels and
comedication was suspected across BC subtypes. The rela-
tionships between pCR and comedications are reported
according to the levels 1,2,3 of the ATC. Factors predictive
of pCR (clinical, pathological variables, and comedication
according to ATC level 1,2,3) were introduced into
a univariate logistic regression model. The covariates
selected for the multivariate analysis were the clinical, patho-
logical variables, and comedications according to ATC level
2 classes with a likelihood ratio test p-value 0.05 or lower in
univariate analysis. A multivariate logistic model was then
implemented using a forward stepwise selection procedure.
Analyses were performed with R software, version 3.1.2,83
with the ggplot2, dplyr, cowplot, tableone, and survival
libraries.

Animal experiments
Data analyses were performed with the statistical environment
Prism 6 (GraphPad, San Diego, CA, USA). Tumor size differ-
ences were calculated using ANOVA, Student’s t-test or dedi-
cated software (https://kroemerlab.shinyapps.io/TumGrowth/).
Briefly, tumor growth was subjected to a linear-mixed effect
modeling applied to log pre-processed tumor surfaces. P-values
were calculated by testing jointly whether both tumor growth
slopes and intercepts (on a log scale) were different between
treatment groups of interest. All reported tests are two-tailed
and were considered significant at p < .05.
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Study approval

All animal experiments were carried out in compliance with
French and European laws and regulations. The local institu-
tional animal ethics board and the French Ministry of
Research approved all mouse experiments (permission num-
bers: 2014-071-1124, 2016-049-4646).
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