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Abstract 

Purpose Dexmedetomidine (Dexmed) is a highly selective alpha 2 adrenoceptor (α2-AR) agonist with excellent 
sedation and analgesic effects and is frequently used in breast cancer surgery. However, the exact impact of Dexmed 
on breast cancer prognosis is still unclear. The primary objective of this pilot study was to explore study feasibil-
ity (recruitment and dropout rates) for future large-scale randomized controlled trial (RCT) to test the hypothesis 
that intraoperative Dexmed reduced recurrence-free survival (RFS) and overall survival (OS) in patients after breast 
cancer surgery.

Methods Interviews with patients were performed during the anesthetic preoperative visit for informed consent. 
Adult females scheduled for a mastectomy due to primary breast cancer were 1:1 randomised to saline (Group 
Control) or Dexmed (Group Dexmed) treatment groups. The primary outcomes were descriptions of study feasibility 
(recruitment and dropout rates). We also performed a preliminary analysis of RFS (time from surgery to the earliest 
date of recurrence/metastasis) and OS (time from surgery to the date of all-cause death) and collected data on per-
centages/numbers of circulating immune cells at pre- and 24 h post-operation.

Results A total of 964 patients were screened; 40% (385/964) met the inclusion criteria, among which 39% (150/385) 
were enrolled and randomly assigned to either Group Control (n = 75) or Group Dexmed (n = 75). The median 
follow-up duration was 49 months (interquartile range (IQR): 34–58 months) for Group Control and 48 months (IQR: 
33–60 months) for Group Dexmed. Five percent (5%, 8/150) patients were lost to follow-up and 1% (2/150) died. 
There was no significant difference in RFS and OS. The percentage/number of natural killer (NK), B and T-cell subsets 
and the  CD4+/CD8+ ratio were similar between groups at 24 h post-operation.

Conclusion The pilot study was feasible to deliver. In a future definitive trial, the lower recruitment rate may be 
improved by increasing the number of anesthesiologists involved in the study. The study about the effects of Dexmed 
on long-term prognoses of breast cancer patients that is planned to follow this pilot study is a large-scaled 
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randomized control study with the aim of providing evidence-based guidelines for rational use of Dexmed in patients 
undergoing breast cancer surgery.

Trial registration Registered at ClinicalTrials.gov on October 20, 2016 (ID: NCT03109990).

Keywords Dexmedetomidine, Breast cancer, Recurrence-free survival, Overall survival

Graphical Abstract

1 Introduction
Breast cancer has become the most common malignancy 
in women [1]. According to the latest data from the data-
base GLOBOCAN 2020, more than 2,250,000 new breast 
cancer cases were diagnosed annually. It also consid-
ered the second leading cause of cancer-related death in 
women, accounting for 15.5% of cancer-related deaths 
worldwide [2]. Surgery to remove the breast cancer is a 
usual treatment, and possibly combined with systemic 
therapy for some individuals [3].

While surgery remains the most effective treatment for 
breast cancer, surgical manipulation and perioperative 
events may exert negative impacts on long-term onco-
logical outcomes in patients with breast cancer [4–6]. For 
example, it was reported back in the early 20th century 
that stress response and immunosuppression induced by 
surgery drove residual breast cancer cell proliferation, 
invasion and migration [7]. As an important component 
of perioperative events, anaesthesia may also profoundly 
affect cancer outcomes. Specifically, it was proposed that 
inhalational volatiles and opioids could stimulate cancer 
progression and impair survival [8, 9], whereas propo-
fol and local anaesthetics may have potential anticancer 

properties [9–11]. In line with these observations, Buggy 
et  al. reported that the neutrophil-lymphocyte ratio, an 
inflammatory marker for poor prognosis in solid tumors 
and reduced time to disease recurrence [12, 13], was sig-
nificantly lower in patients receiving propofol-paraverte-
bral when compared with the inhalational agent-opioid 
anaesthesia in primary breast cancer surgery [14]. A 
recent prospective, randomised trial showed that neu-
trophil extracellular trapping, which is an immunological 
mechanism strongly linked to increased metastatic risk, 
was significantly decreased by perioperative intravenous 
lidocaine in women undergoing breast cancer resection 
[15].

Dexmedetomidine (Dexmed) is a highly selective 
alpha 2 adrenergic receptor (α2-AR) agonist and is fre-
quently used as an adjunct to anaesthesia during can-
cer surgery due to its excellent sedative and analgesic 
effects. Although Dexmed attenuates perioperative 
stress and inflammation [16–18], it may enhance mam-
mary tumor growth by activating α2-AR [19]. By acti-
vating α2-AR/ERK signaling pathway, Xia et al. showed 
that Dexmed upregulated proliferation, migration and 
invasion abilities of human breast cancer cells and 
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increased the weight of xenotransplant breast tumors 
[20]. Our previous study indicated that in patients 
undergoing surgery for primary breast cancer, periop-
erative Dexmed administration influenced the serum 
milieu which favoured MCF-7 cell malignancy [21]. 
However, whether perioperative Dexmed affected long-
term breast cancer surgery patient prognoses remains 
unknown.

In this study, we conducted a prospective, randomised, 
controlled pilot trial to derive preliminary information 
on whether intravenous Dexmed administration during 
breast cancer surgery was associated with an enhanced 
local or metastatic recurrence and reduced overall sur-
vival (OS) in patients with breast cancer. As the immune 
system is critical for antitumor efficacy, we monitored 
key immune cells (natural killer (NK), B,  CD3+,  CD4+ 
and  CD8+ T cells) and the  CD4+/CD8+ ratio (marker 
reflecting immune competence and associated with the 
prognosis of patients with tumors) [22] at pre- and 24 h 
post-operation in a subset of patients. Pilot trial data will 
be used to determine study feasibility (recruitment and 
dropout rates) and sample size calculations for future 
definitive studies.

2  Methods
2.1  Trial format and ethical considerations
This is a single-centre, prospective, randomised, double-
blinded, placebo-controlled pilot clinical trial that was 
approved by the Clinical Research Ethics Committee of 
Renji Hospital (2016–037) and registered in the interna-
tional database ClinicalTrial.gov (reg no: NCT03109990). 
Patients were recruited at Renji Hospital, which was 
affiliated with Shanghai Jiao Tong University School of 
Medicine, Shanghai, China, following the Good Clinical 
Practice guidelines and the Declaration of Helsinki. Writ-
ten and informed consent was obtained from patients or 
authorised surrogates before inclusion.

2.2  Subject selection
Inclusion criteria were as follows: (1) female patients 
aged 18–75 y, (2) diagnosed with primary breast can-
cer, (3) American Society of Anesthesiologists scores 
I–III and (4) scheduled for mastectomy. Patients were 
excluded if they had the following: (1) previous breast 
surgery; (2) diagnosed with inflammatory breast cancer; 
(3) addiction to opioids (impaired control over opioids 
use, compulsive use, or continued use despite harm, and 
craving [23]); (4) serious major mental or physical ill-
nesses (heart, pulmonary, hepatic or renal diseases); (5) 
malignant tumors in other organs or (6) contradictions or 
an allergy to Dexmed.

2.3  Randomisation and blinding
Interviews with patients were performed during the 
anesthetic preoperative visit for informed consent. Sam-
ple randomisation sequences were generated in a 1:1 
ratio using the PROC programme in SAS (version 9.2, 
SAS Institute Inc.) and sealed in identical opaque enve-
lopes. Randomisation was stratified by menopausal sta-
tus, which has been reported to influence the recurrence 
rates of breast cancer [24]. Envelopes were opened by 
nurses not involved in caring for study patients before the 
start of the intervention. Nurses prepared study medica-
tions according to group allocation. Therefore, patients 
and study personnel involved in patient care were blinded 
to treatments. The investigators following up the patients 
were also masked to their group allocation. Patients were 
randomly allocated in a 1:1 ratio to receive either intrave-
nous Dexmed (Group Dexmed) or the same 0.9% saline 
volume (Group Control) during surgery.

2.4  Procedures
Patients in both groups had breast cancer surgery under 
general anaesthesia. A routine intravenous anaesthesia 
induction was performed as follows: 0.05 mg/kg midazolam, 
1.0 mg/kg lidocaine, 1.0–2.0 mg/kg propofol, 0.15–0.2 mg/
kg cisatracurium and 3–6 μg/kg fentanyl or 0.2–0.5 μg/kg 
sufentanil. Endotracheal intubation was performed 3  min 
after induction, and the mechanical ventilation parameters 
were as follows: fresh air flow (fraction of inspired oxygen 
0.5) 2.0 L/min, tidal volume 6–8  mL/kg, respiratory rate 
10–12 times/min to maintain the end-tidal carbon diox-
ide  (EtCO2) partial pressure 35–40 mmHg. Anaesthesia was 
maintained with total intravenous anaesthesia using 0.1–
0.2  μg/(kg/min) remifentanil, 4–8  mg/(kg/h) propofol and 
cisatracurium when needed to maintain the bispectral index 
value ranging between 40–60.

Ephedrine or phenylephrine was used if the systolic 
blood pressure (SBP) was < 90  mmHg or dropped ≥ 30% 
from baseline for > 5  min. Atropine was used to correct 
bradycardia when the heart rate was slower than 50 beats 
per min. Intraoperative hypertension was managed by 
increasing the anaesthetic depth or administering urapi-
dil or nicardipine.

Before surgery ended, all patients were given 1  μg/kg 
fentanyl or 0.1 μg/kg sufentanil to alleviate postoperative 
pain. No patient-controlled analgesia was postoperatively 
used. Supplemental analgesics were provided with non-
steroidal anti-inflammatory drugs when the visual ana-
logue scale (VAS) pain score was ≥ 4 in wards.

2.5  Intervention
Before anaesthesia, patients in Group Dexmed received 
intravenous Dexmed at 1  μg/kg, as an initial loading 
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dose within 15  min, followed by infusion maintenance 
of 0.5 μg/kg/h for 2 h during surgery. Thus, each patient 
received 2  μg/kg Dexmed in total (if the operation 
was < 2 h, the infusion was performed until the operation 
ended and the total Dexmed was recorded). Patients in 
Group Control received the same 0.9% saline volume.

2.6  Records and measurements
Baseline data included demographics, menopausal sta-
tus, comorbidities, tumor characteristics, tumor-node-
metastasis stages, pre-operative laboratory examinations 
(routine blood, blood coagulation functions and liver 
and renal function tests) and pre-operative neoadjuvant 
chemotherapy. The following intraoperative data were 
recorded: anaesthesia duration, surgery method, anaes-
thetic and other medication types and doses, bleeding 
volume, blood transfusion, fluid balance and urinary 
output. The daily pain intensity (by VAS scores at rest) 
within 3 days after surgery was also recorded.

To investigate the possible effects of Dexmed on the 
immune system, blood samples were collected and sent 
for lymphocyte analysis when staff in the Clinical Labo-
ratory Department were available. Blood was collected 
before anaesthesia induction and at 24 h postoperatively 
to measure the numbers/percentages of NK, B,  CD3+, 
 CD4+ and  CD8+ T cells, and also the  CD4+/CD8+ ratio.

The first follow-up was scheduled postoperatively at 
2  weeks. Subsequently, patients were evaluated every 
3 months during the first year, every 6 months during the 
second year and once a year thereafter. Investigators con-
tacted patients by phone, and upon their return, doctors 
recorded whether postoperative anticancer treatments 
were administered and also the interval examination 
results. Local recurrence was defined as one or more 
tumors in the ipsilateral chest wall and lymphatic drain-
age areas of the operated side after primary tumor exci-
sion. Metastatic recurrence was defined as one or more 
tumors in distant tissues or organs, such as the con-
tralateral breast, lung, bone, liver and supraclavicular 
lymph nodes. Systemic treatments after surgery included 
chemotherapy, hormonal therapy, targeted therapy and 
radiotherapy. Specific treatment plans for patients were 
decided by surgeons following the Chinese Society of 
Clinical Oncology Guidelines for the Diagnosis and 
Treatment of Breast Cancer.

The primary outcome was study feasibility (recruitment 
and dropout rates). We also performed a preliminary 
analysis of recurrence-free survival (time from surgery to 
the earliest date of recurrence/metastasis) and OS (time 
from surgery to the date of all-cause death) and collected 
data on the enumeration (percentages/numbers) of NK, 
B,  CD3+,  CD4+ and  CD8+ T cells, and the  CD4+/CD8+ 
ratio at pre- and 24 h post-operation, to reflect changes 

in the immune system after surgery. Patients lost to fol-
low-up were censored.

2.7  Statistical analysis
No power calculations were performed. The sample size 
of 150 patients was hypothesised as achievable in the 3–4 
y follow-up to allow for a meaningful evaluation of inter-
vention effects.

Normal distributions of numerical variables were 
tested using Kolmogorov-Smirnov tests or histograms 
to display data distributions. If P > 0.05 or histograms 
showed a classic bell curve, variables were consid-
ered normally distributed and were represented by the 
mean ± standard deviation. Otherwise, data were repre-
sented as the median (IQR). Variance homogeneity tests 
were also performed. Normally distributed variables with 
homogenous variance were compared with independent-
sample t-tests. Mann-Whitney U tests were used to com-
pare continuous variables not meeting these principles.

For categorical variables, showing with n (%), we used 
chi-square, continuity correction chi-square or Fisher 
exact tests for statistical analyses. If the P-value of base-
line variables in groups were > 0.05, then the baseline var-
iables were considered balanced.

Recurrence-free survival  (RFS) and OS were com-
pared between groups using Kaplan-Meier analyses and 
log-rank tests. Effect size was expressed as hazard ratios 
(HRs) and 95% confidence interval (CI). The number/
percentage of lymphocytes and the  CD4+/CD8+ ratio, 
were compared using a two-way analysis of variance fol-
lowed by Bonferroni’s multiple comparisons tests.

Statistical tests were two-sided, and P < 0.05 was con-
sidered statistically significant.

3  Results
Between May 2016 and August 2019, 964 patients were 
screened; 40% (385/964) met the inclusion criteria, 
among which 39% (150/385) were enrolled and randomly 
assigned to either Group Control (n = 75) or Group 
Dexmed (n = 75), as shown in Fig. 1. All patients strictly 
followed protocols and were included in intention-to-
treat or per-protocol analyses. Five percent (5%, 8/150) 
patients were lost to follow-up and 1% (2/150) died dur-
ing the follow-up. The median follow-up duration was 
49  months (IQR: 34–58  months) in Group Control and 
48 months (IQR: 33–60 months) in Group Dexmed. Fol-
low-up ended on September 30th, 2021.

Baseline demographics and tumor information were 
generally comparable between groups (Table  1), except 
for patients with diabetes, which were slightly higher in 
Group Control; however, fasting plasma glucose levels 
were similar between groups.
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Intraoperative and follow-up data were summa-
rised (Table 2). As expected, patients in Group Dexmed 
received considerably more Dexmed than Group Control 
(Table 2). Interestingly, more patients in Group Dexmed 
were given antihypertensive drugs (including urapidil and 
nicardipine), whereas fewer were intraoperatively admin-
istered ephedrine to maintain SBP. Propofol consump-
tion was also higher in Group Dexmed than in Group 
Control, although levels were not statistically significant. 
Most antihypertensive drugs were injected before or dur-
ing anaesthesia induction, when patients were receiving 
the initial Dexmed loading dose, indicating the predomi-
nance of peripheral vasoconstriction effects of Dexmed 
when the plasma concentrations increased rapidly. Con-
sistent with the bradycardia-inducing effects of Dexmed, 
more patients in Group Dexmed received atropine dur-
ing anaesthesia maintenance. Intraoperative urine out-
put was also significantly higher in Group Dexmed when 
compared with Group Control patients (Table 2), which 
is not surprising given the diuretic effects of Dexmed. 
Postoperative pain intensity was similar between groups.

When follow-up ended, neither RFS nor OS dif-
fered between the two groups, with seven events (9.3%) 
in Group Dexmed versus three (4.0%) in Group Con-
trol (HR, 2.399; 95% CI: 0.695–8.289; P = 0.1901) in 
RFS analysis and 0 events in Group Dexmed versus two 

(2.67%) in Group Control (HR, 0.1403; 95% CI: 0.009–
2.246; P = 0.1651) for OS analysis (Fig. 2). Two deaths in 
Group Control were caused by multiple distant metas-
tases. Interestingly, although the overall RFS did not dif-
fer between groups, RFS rate was consistently lower in 
Group Dexmed than Group Control in the follow-up four 
postoperative years (Table 3).

The enumeration of circulating immune cells, includ-
ing percentage/number of NK, B,  CD3+T,  CD4+T and 
 CD8+T cells, and also the  CD4+/CD8+ ratio, were not 
significantly different between groups at 24  h after sur-
gery (Fig. 3 and Supplementary Table 1), indicating that 
Dexmed per se did not affect immune systems. Notably, 
 CD3+ and  CD4+ T-cell percentages/numbers were signif-
icantly lower postoperatively when compared with corre-
sponding pre-surgical baseline levels, indicating that the 
surgery acutely suppressed the immune system (Fig. 1C, 
D and Supplementary Table 1).

4  Discussion
In this pilot study, we preliminarily investigated if Dexmed 
administration during surgery affected breast cancer prog-
noses. We screened 964 patients and finally included 150 
for analysis. The total recurrence was 6.67%, which is con-
sistent with a documented 5–10% recurrence survival [25]. 
We hypothesised that Dexmed usage during breast cancer 

Fig. 1 Study flow diagram
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Table 1 Baseline data

Group Control (n = 75) Group Dexmed (n = 75) P value

Age (yr), mean (SD) 56.27 (10.72) 56.05 (11.17) 0.91

Body-mass index (kg/m2), mean (SD) 23.55 (3.18) 23.37 (3.26) 0.73

Menopause status, n/total N (%) 0.52

 Premenopausal 22/75 (29%) [1] 26/75 (35%)

 Postmenopausal 52/75 (69%) 49/75 (65%)

Comorbidity, n/total N (%)

 Hypertension 25/75 (33%) 21/75 (28%) 0.48

 Diabetes 9/75 (12%) 2/75 (3%) 0.03
 Stroke 2/75 (3%) 1/75 (1%) 1

 Heart  diseasea 6/75 (8%) 2/75 (3%) 0.28

 Lung  diseaseb 2/75 (3%) 1/75 (1%) 1

  Othersc 1/75 (1%) 2/75 (3%) 1

ASA score, n/total N (%) 0.48

 I 26/75 (35%) 22/75 (29%)

 II 49/75 (65%) 53/75 (71%)

 III 0/75 0/75

Neoadjuvant chemotherapy, n/total N (%) 15/75 (20%) 20/75 (27%) 0.33

Laboratory tests

 WBC count (1 ×  109/L), mean (SD) 6.88 (8.26) [3] 6.74 (2.69) [5] 0.88

 Hemoglobin (g/L), mean (SD) 117.71 (25.28) [3] 121.79 (15.99) [5] 0.23

 Platelets (1 ×  109/L), mean (SD) 221.01 (57.79) [3] 223.04 (58.97) [5] 0.84

 Albumin (g/L), mean (SD) 42.77 (3.26) [1] 42.22 (4.22) [2] 0.38

 ALT (U/L), mean (SD) 19.18 (17.76) [1] 19.05 (10.88) [2] 0.95

 AST (U/L), mean (SD) 19.64 (10.98) [1] 19.70 (7.59) [2] 0.97

 BUN (mmol/L), mean (SD) 4.89 (1.59) [1] 4.65 (1.19) [3] 0.29

  Cr (μmol/L), mean (SD) 61.68 (20.81) [1] 59.57 (10.13) [2] 0.44

 FPG (mmol/L), mean (SD) 5.59 (1.36) [2] 5.39 (1.29) [3] 0.38

 PT (s), mean (SD) 10.96 (1.45) [2] 11.12 (0.84) [2] 0.40

 INR, mean (SD) 0.97 (0.02) [2] 1.10 (0.12) [2] 0.30

 Maximum tumor diameter (cm), mean (SD) 2.18 (1.04) [9] 2.42 (0.96) [3] 0.15

Pathological type of breast cancer, n/total N (%) 0.22

 Carcinoma in situ 6/75 (8%) 4/75 (5%)

 Invasion ductal carcinoma 65/75 (87%) 62/75 (83%)

 Invasion lobular carcinoma 0/75 (0) 4/75 (5%)

 Others 4/75 (5%) 5/75 (7%)

IHC subtype, n/total N (%)d 0.82

 Luminal A 12/75 (16%) 14/75 (19%)

 Luminal B 53/75 (71%) 47/75 (64%)

 Her-2 enriched 5/75 (7%) 6/75 (8%)

 Basal-like 5/75 (7%) 7/75 (9%)
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surgery could promote tumor recurrence and metastasis, 
which was suggested by our previous in vitro study [21]. In 
the current study, our data suggested that Dexmed admin-
istration during breast cancer surgery neither affected RFS 
and OS in patients nor patient immunity levels. However, 
during the initial 4  years following surgery, which coin-
cides with the peak period for breast cancer recurrence 
[26], intraoperative Dexmed treatment seemed to associ-
ate with a reduced RFS. Ours is the first prospective ran-
domised trial to report survival outcomes in this field and 
has a potential clinical impact. However, as our sample size 
was small, further large sample size, multicenter, double-
blinded randomised control trials (RCTs) are warranted.

In recent years, the potential for Dexmed to affect 
tumor progression has attracted much attention. For 
example, a propensity score-matched retrospective study 
by Cata et  al. found that in non-small cell lung cancer, 
intraoperative Dexmed was significantly associated with 
a worsened OS [27]. However, controversy still persists. 
A meta-analysis evaluating the impact of Dexmed admin-
istration on the survival of children and adolescents with 
multiple cancers revealed that Dexmed, used intraop-
eratively and/or early postoperatively, was not associ-
ated with survival [28]. Another 3-year follow-up study 
on older patients undergoing major noncardiac surgery, 
primarily for cancer, demonstrated that introperative 
Dexmed did not have an association with OS, but it did 
improve recurrence-free and event-free survival [29]. 
Moreover, a recent publication in Nature revealed that 
various α2-receptor agonists can exert anti-tumor effects 

by triggering tumor immune rejection and tumor regres-
sion in multiple models [30]. In breast cancer, although 
clinical data is lacking, animal studies are extensive, with 
most indicating possible detrimental effects of Dexmed 
on cancer outcomes. Bruzzone et  al. reported that a 
0.05  mg/kg daily Dexmed injection possibly enhanced 
tumor growth in mice with medroxyprogesterone ace-
tate-induced breast cancer [31]. Elsewhere, researchers 
demonstrated that a single injection of clinically relevant 
Dexmed doses (5–20  μg/kg/h for 2  h) enhanced distal 
tumor metastasis in rats receiving intravenous mammary 
adenocarcinoma MADB106 cells [19]. Therefore, pro-
spective clinical studies are urgently required to ascer-
tain if a causal relationship exists between perioperative 
Dexmed use and oncological outcomes in patients with 
breast cancer.

To address this, we conducted a prospective, ran-
domised, double-blinded trial to provide information for 
future studies. Patients strictly followed protocols and 
the most important prognostic factors were well bal-
anced between both trial arms. Both recurrence and sur-
vival rates were generally comparable to previous studies 
[32, 33]. Neither of the primary outcomes, RFS and OS, 
were significantly different between groups, suggest-
ing that Dexmed had no apparent influence on increas-
ing breast cancer recurrence, in contrast with in  vitro 
and animal studies. However, it is noteworthy that 1-, 
2-, 3- and 4-year RFS rates were consistently lower in 
Group Dexmed when compared with Group Control. 
Although overall rates did not differ between groups, 

Table 1 (continued)

Data are presented as the mean (standard deviation, SD) or n (%). Patients with missing data are marked in square brackets. Numeric variables were analysed using 
independent-sample t or Mann–Whitney U tests, and the categorical variables were analysed using chi-square, continuity correction chi-square or Fisher exact tests to 
ascertain a balanced baseline. P > 0.05 was considered balanced between Group Dexmed and Group Control

Dexmed Dexmedetomidine, ASA American Society of Anesthesiologists, WBC White blood cells, ALT Alanine aminotransferase, AST Aspartate aminotransferase, BUN 
Blood urea nitrogen, Cr Creatinine, FPG Fasting plasma glucose, INR International Normalized Ratio, PT Prothrombin time
a Included coronary heart disease, arrhythmia, valvular disease and cardiomyopathy
b Included chronic bronchitis, emphysema, COPD, asthma, bronchiectasis and pulmonary tuberculosis
c Included hypothyroidism, depression and rheumatoid arthritis
d According to 2022 Chinese guidelines for the diagnosis and treatment of breast cancer from the National Health Commission of the People’s Republic of China
e According to the American Joint Committee on Cancer (AJCC) 8th edition on tumor-node-metastasis (TNM) classification
f One case was diagnosed as in situ lobular carcinoma in the Group Control: it was considered a benign entity and was removed from TNM staging according to AJCC 
guidelines. It was assigned to TisN0M0 according to the 7th edition. We were unable to classify stages in 11 cases due to the following: (1) missing data or (2) irregular-
shaped cancer foci

Group Control (n = 75) Group Dexmed (n = 75) P value

Tumor-node-metastasis stage, n/total N (%)e 0.11

  0f 1 (1%) 1 (1%)

 I 35 (47%) 24 (32%)

 II 26 (35%) 40 (53%)

 III 4 (5%) 6 (8%)

 IV 1 (1%) 0 (0)

 X 8 (11%) 4 (5%)
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Table 2 Intraoperative and follow-up data

Data are presented as the mean (standard deviation), median (interquartile range) or n (%). Patients with missing data are listed in square brackets. P < 0.05 (bold) was 
considered unbalanced between groups

VAS Visual Analogue Scale
a Calculated intravenous morphine equivalent, including all opioids used intraoperatively: 10 mg morphine (intravenous [iv]) = 0.1 mg fentanyl (iv) = 10 μg sufentanil 
(iv) = 100 μg remifentanil (iv)
b Antihypertensive drugs used intraoperatively included urapidil and nicardipine

Group Control (n = 75) Group Dexmed (n = 75) P value

Duration of anesthesia (min), mean (SD) 172 (144, 205) 192 (154, 221) 0.08

Duration of surgery (min), mean (SD) 153.12(40.61) 164.76(56.89) 0.15

Type of resection, n/total N (%) 0.56

 Simple mastectomy 40/75 (53%) 33/75 (44%)

 Modified radical operation of mastocarcinoma 35/75 (47%) 42/75 (56%)

Lymph node dissection, n/total N (%) 0.40

 Sentinel only 0/75 (0) 2/75 (3%)

 Axilla 40/75 (53%) 35/75 (47%)

 None/missing 35/75 (47%) 38/75 (51%)

Intraoperative medication

 Dexmedetomidine (ug), mean (SD) 0 118.77 (16.11) < 0.001
 Midazolam (mg), mean (SD) 2.94 (0.42) 2.89 (0.43) 0.48

 Fentanyl (mg), mean (SD) 0.23 (0.05) 0.22 (0.04) 0.36

 Sufentanil (ug), mean (SD) 20.10 (1.01) 20.59 (2.42) 0.35

 Remifentanil (mg), mean (SD) 1.41 (0.58) 1.15 (0.69) 0.21

 Total morphine equivalent (mg), mean (SD)a 163.21 (60.52) 176.35 (69.63) 0.22

 Cisatracurium (mg), mean (SD) 27.07 (6.82) 29.29 (7.26) 0.06

 Propofol (mg), mean (SD) 1145.41 (327.11) 1211.89 (456.25) 0.31

 Lidocaine (mg), mean (SD) 57.41 (10.76) 58.0 (11.13) 0.74

 Use of ephedrine, n/total N (%) 28/75 (37%) 10/75 (13%) 0.001
 Use of norepinephrine, n/total N (%) 2/75 (3%) 1/75 (1%) 1

 Use of atropine, n/total N (%) 10/75 (13%) 14/75 (18%) 0.50

 Use of antihypertensive drugs, n/total N (%)b 10 (13%) 23 (31%) 0.01
Crystalloid fluid (ml), median (IQR) 500 (500, 1000) 500 (500, 800) 0.59

Colloid fluid (ml), median (IQR) 500 (300, 500) 500 (300, 500) 0.46

Estimated bleeding volume (ml), median (IQR) 50 (20, 50) 50 (20, 50) 0.52

Blood transfusion volume (ml), median (IQR) 0 (0) 0 (0) /
Urine output (ml), median (IQR) 300 (200, 462.5) [1] 800 (500, 1000) < 0.001
24 h VAS score at rest, n/total N (%) 1

 < 4 73/75 (97%) 73/75 (97%)

 4 ~ 7 2/75 (3%) 1/75 (1%)

 > 7 0 (0) 1/75 (1%)

48 h VAS score at rest, n/total N (%) 1

 < 4 73/75 (97%) 73/75 (97%)

 4 ~ 7 2/75 (3%) 2/75 (3%)

 > 7 0/75 (0) 0/75 (0)

72 h VAS score at rest, n/total N (%) 1

 < 4 75/75 (100%) 75/75 (100%)

 4 ~ 7 0/75 (0) 0/75 (0)

 > 7 0/75 (0) 0/75 (0)

Postoperative anticancer therapy, n/total N (%) 0.74

 Chemotherapy 52/75 (69%) 52/75 (69%)

 Radiotherapy 11/75 (15%) 15/75 (20%)

 Molecular targeting therapy 16/75 (21%) 15/75 (20%)
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Fig. 2 Kaplan–Meier estimates of recurrence-free survival (A) and overall survival (OS) (B). Kaplan-Meier analyses were performed using log-rank 
tests. Effect size was expressed as the hazard ratio (HR) and 95% confidence interval (CI). M-H: Mantel-Haenszel. The OS effect size was expressed 
as HR using the M-H test as opposed to the log-rank test. Points on lines indicate patients lost to follow-up

Table 3 The RFS rates of patients in Group Control and Group Dexmed

RFS Recurrence-free survival, CI Confidence interval

Time Group Control Group Dexmed

RFS rates (95% CI) No. events No. censored No. left RFS rates (95% CI) No. events No. censored No. left

1 75 1 75

1 year 1 0 4 71 0.94(0.89–0.99) 4 4 67

2 years 0.98(0.96–1) 1 8 66 0.92(0.85–0.98) 6 6 63

3 years 0.97(0.93–1) 2 28 45 0.92(0.85–0.98) 6 22 47

4 years 0.95(0.88–1) 3 37 35 0.89(0.82–0.97) 7 32 36

Fig. 3 The percentages of natural killer (NK), B and T-cell subsets at pre-operation and 24 h post-operation in groups. In total lymphocytes, 
the percentage of A NK, B  CD19+ B, C  CD3+ T, D  CD4+ T and E  CD8+ T cells in groups at pre-operation and 24 h post-operation periods. F The 
 CD4+ /CD8+ T cell ratio in groups at indicated time points. n = 14–36 in Group Control. n = 12–33 in Group Dexmed. Dexmed: dexmedetomidine. 
Values were expressed as the mean ± standard deviation. Multiple comparisons were performed using a two-way analysis of variance followed 
by Bonferroni’s multiple comparisons test. *P < 0.05 compared with pre-operative numbers in the same group
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considering the small patient population who met the 
3-year or longer-term follow-up, it is possible that the 
differences in RFS between groups in the later years 
could become statistically significant if patient numbers 
were increased. Therefore, large-scale, multicenter trials 
based on our findings are warranted.

The underlying Dexmed mechanism and its possible 
effect on cancer outcomes have mainly focused on the 
immune system, which has key role in breast cancer pro-
gression and treatment responses [34, 35]. Inada et  al. 
reported that Dexmed inhibited antitumor immunity in 
mice with thymoma, possibly by reducing interleukin-12 
(IL-12) levels produced by antigen-presenting cells, and 
decreasing cytotoxic T-cell activity [36]. Several studies 
also suggested that Dexmed inhibited the migration and 
antigen processing/presentation functions of dendritic 
cells (DCs) from mouse bone marrow [37, 38]. Apart 
from immunity, Dexmed may also affect tumor pro-
gression via other mechanisms: a recent study revealed 
that Dexmed upregulated the expression and secretion 
of transmembrane protease serine 2, a key metastasis 
driver expressed in various cancer cells, by activating 
α2-AR/STAT3 signalling in MCF-7 and MDA-MB-231 
breast cancer cell lines [39]. These data were consistent 
with an earlier study that reported tumor collagen struc-
tures in breast tumor slices from Dexmed-treated mice 
were altered and drove the tumor cell proliferation, 
local invasion and metastasis [40].

Based on the literature, we tested a secondary hypoth-
esis that Dexmed affected different lymphocyte popula-
tions. Using 7–36 patient samples, our negative findings 
provided certain information for the field, but our data 
were caveated by being underpowered. Nonetheless, 
considerable T-cell inhibition caused by surgery was 
detected by this power, indicating that even Dexmed has 
certain influence on lymphocyte numbers, the influence 
is mild. Another possibility was that lymphocytes are 
part of the adaptive immunity, whereas Dexmed may 
have mainly affected the innate immunity, as reported 
by different studies [37, 38, 41]. Since innate immunity 
(i.e., DCs, macrophages and neutrophils) is also critical 
for breast cancer development, future studies investigat-
ing the effects of Dexmed on changes in innate immune 
cell populations in patients with breast cancer are also 
needed.

In conclusion, this pilot study was feasible to deliver. 
We identified no differences in RFS or OS rates 
between patients with breast cancer who did or did not 
receive Dexmed treatment during surgery. However, we 
observed a trend toward a worse RFS rate in patients 
receiving Dexmed in the first 4 y after surgery, which 
may have some clinical significance. Owing to our small 

sample size, a large-scale RCT is required. The find-
ings of this feasibility study support the conduct of our 
planned confirmatory RCT that is designed to pro-
vide a definitive answer to whether Dexmed treatment 
reduces RFS and OS of patients undergoing breast can-
cer surgery.
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