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Introduction

Several retrospective studies have postulated that overall and
recurrence-free  survival decreases with use of volatile
anaesthetics compared with intravenous agents for general
anaesthesia in prostate!, oesophageal?, gastric’, and colorectal
cancer”* resections. However, the level of evidence is low because
well designed and properly performed RCTs are lacking. Moreover,
the potential bias of retrospective data sets is impossible to
eliminate by statistical methods.

Pancreatic adenocarcinoma is the fourth leading cause of
cancer-related death in the USA® and has a very high recurrence
rates among the gastrointestinal cancers. In a curative setting,
resectable  pancreatic adenocarcinoma is removed by
pancreatoduodenectomy (Whipple or Whipple-Kausch procedure)
or distal pancreatectomy, both of which are complex surgical
procedures requiring general anaesthesia.

Circulating tumour cells are released from the primary tumour,
break into blood vessels, and colonize specific organs after
systemic distribution, where they may set colonies and grow out
as a distant metastasis®. A high circulating tumour cell count
correlates well with advanced disease stage in pancreatic
cancer’, and the presence of circulating tumour cells has been
identified as a negative predictor of survival of patients with
pancreatic adenocarcinoma® as well as with shorter
recurrence-free survival®.

As RCTs with an endpoint such as clinical outcome require a
large number of subjects, a pilot was designed aiming at a
biomarker such as circulating tumour cells.

Methods

The trial was designed as a multicentre, parallel-group
double-blinded RCT. Patients were assigned randomly to either
desflurane or a propofol anaesthesia. Inclusion criteria were: age
18-85 years, ASA physical classification grade I-1II, resectable
pancreatic adenocarcinoma, primary surgery with the intent of
complete tumour resection without neoadjuvant therapy, and
signed informed consent. The study took place in three tertiary
care hospitals in Eastern Switzerland (Cantonal Hospital St
Gallen, Cantonal Hospital Winterthur, and Triemli Hospital
Zurich). The full study protocol can be found in the
supplementary material.

Outcomes

Circulating tumour cells were measured in full blood (7.5 ml)
before resection under general anaesthesia (T0), 3 days after the
resection (T1), at 7 days (T2), and 1-3 months (T3), 6 months
(T4), and 12 months (TS) after resection. The measurement at
T3 had to be done before the initiation of chemotherapy. The
primary outcome was the peak level of circulating tumour cells
on day 3 or 7 after surgery (T1 or T2). To obtain the most precise
counts of circulating tumour cells, the measurements were
performed using the CellSearch® (Menarini Silocon Biosystems,
Huntington Valley, PA) system, which remains the standard
system for measuring circulating tumour cells to date®®.
Secondary outcomes were: the kinetics of circulating tumour
cells up to 1 year after surgery, time to tumour recurrence, and
overall survival. The time outcomes were obtained from patient
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charts. This study was not powered for analysis of tumour
recurrence and overall survival.

Statistical analysis

The peak circulating tumour cell value was first compared
between the two groups using the Mann-Whitney U test, and
afterwards using a negative binomial regression model that
accounted for overdispersion. It was adjusted for baseline
circulating tumour cells and the presence of microvascular
invasion, lymph node (N) status, and residual tumour after
resection (R1/R2). Mixed negative binomial models with a
random intercept for each individual were used to analyse the
course of the circulating tumour cell counts over time, adjusting
for the same variables as before. The log rank test and Cox
regression models were used to compare the time to recurrence
and overall survival between the two groups. They were
adjusted for the presence of microvascular invasion, N status,
and residual tumour after resection.

The impact of missing data was assessed using multiple
imputation using chained equations with 50 imputed data sets.
For all results, 95 per cent confidence intervals were calculated
and a two-sided level of significance of 5 per cent was used.

Results
Patient flow and baseline characteristics

The study flow chart is shown in Fig. S1. Demographic and clinical
characteristics at baseline were similar in the two groups
(Table S1). Tumour characteristics are described in Table S1, and
intraoperative and postoperative data in Table S2.

Primary outcome

The circulating tumour cell counts of all patients over the entire
study interval are shown in Fig. S2.

a Peak CTC level

There was no significant difference in the peak levels of
circulating tumour cells on postoperative day 3 or 7 between the
desflurane and the propofol groups (P=0.18, Mann-Whitney U
test) (Fig. 1a). The median value was 5 (i.q.r. 2-10) in 7.5 ml blood
in the desflurane group and 2 (1-10) in 7.5ml blood in the
propofol group. The treatment was found to have no effect on
peak circulating tumour cell counts after adjusting for baseline
circulating tumour cell levels, the presence of microvascular
invasion, lymph node status, and residual tumour after
resection (R1/R2) (Fig. 1b). Multiple imputation did not show any
relevant differences in comparison with these results.

Secondary outcomes

The dynamics of circulating tumour cells from before
chemotherapy until year 1 after surgery remained unaffected by
the treatment with desflurane in a basic negative binomial
model. Neither desflurane (incidence risk ratio (IRR) 0.900, 95
per cent ci. 0.56 to 1.47; P=0.684), nor baseline circulating
tumour cells (IRR 1.02, 1.00 to 1.04; P=0.135), nor time
measured in days (IRR 1.00, 1.00 to 1.00; P=0.397) had any
impact on the circulating tumour cell count.

The time to recurrence was similar in both groups (P =0.589)
(Fig. 2a), resulting in a disease-free survival rate 1 year after
surgery of 57 per cent in the desflurane and 40 per cent in the
propofol group. A Cox proportional hazards model showed a
significant association between the presence of microvascular
invasion and time of recurrence (HR 3.01, 95 per cent c.i. 1.11 to
8.14; P=0.030), whereas there was no evidence of an effect of
the type of anaesthesia (HR 0.77, 0.35 to 1.67; P=0.505), N1
status (HR 2.20, 0.49 to 9.86; P=0.302), and completeness of
resection (R1/R2) (HR 2.08, 0.91 to 4.78; P = 0.084) (Fig. 2b).

There was no difference in overall survival between the two
anaesthesia groups (Fig. 2c), with rates of 66 per cent in the
desflurane and 68 per cent in the propofol group at 1 year
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Fig. 1 Analysis of maximum circulating tumour cell levels

a Distribution of maximum circulating tumour cell (CTC) levels in the two treatment groups; bold lines represent median values. b Results of negative binomial
regression models considering the confounders group allocation, baseline CTC more than 1 per 7.5 ml blood, microvascular invasion, lymph node (N) status, and
resection (R1/R2). Incidence risk ratios are shown with 95 per cent confidence intervals.
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Fig. 2 Analysis of recurrence and survival
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a Kaplan-Meier plot showing probability of non-recurrence in desflurance and propofol groups (P = 0.589, log rank test). b Cox regression model for time to
recurrence, including the confounders group allocation, microvascular invasion, lymph node (N) status, and resection (R1/R2). ¢ Kaplan-Meier plot showing
probability of survival in desflurance and propofol groups (P = 0.806, log rank test). d Cox regression model for time to death, considering the confounding
factors treatment, microvascular invasion, and resection (R1/R2). HRs are shown with 95 per cent confidence intervals.

(P=0.806). An adjusted Cox proportional hazards model did not
show an association between type of anaesthesia and overall
survival (HR 0.94, 0.40 to 2.22; P=0.888) (Fig. 2d).

Discussion

To the authors’ knowledge, this is the first randomized trial to
compare a volatile anaesthetic with a totally intravenous
anaesthetic in patients undergoing resection of pancreatic
adenocarcinoma. The study design, namely the assessment of
both biological markers (circulating tumour cells) and clinical
events (recurrence and overall survival over 12 months of
follow-up), allows a less biased investigation of the effect of two
different general anaesthesia regimens on the postoperative
course of patients with pancreatic adenocarcinoma.

This study has several limitations. Neither recurrence nor
overall survival was assessed as a primary endpoint. A second

limitation is that the power calculation was not accurate owing
to the limited availability of data at the time of designing the
trial. Finally, an imbalance in patients with non-curative
resection—4 per cent in the desflurane and 21 per cent in the
propofol group—has to be highlighted (Table S1). Although a
randomized approach was chosen, this imbalance could have
been due to the small number of patients included.

In summary, this RCT found no evidence that desflurane or
propofol anaesthesia had an impact on postoperative circulating
tumour cell levels.

Funding

This work was supported by a grant from the Swiss National Science
Foundation, Berne, Switzerland (32-160283) (B.B.S.), Swiss Society for
Anaesthesiology and Resuscitation, Berne, Switzerland (B.B.S.),
Baxter Healthcare Corporation, Deerfield, IL, USA (B.B.S.), a private

20z Alenuer || uo Josn younz yayiolqigenusz / younz Areiqr Ausieaun Aq 60€0Zy2/LGEPBUZ/L/L | L/aIoNe/siq/woo dno-oiwepese//:sdny Wwoly papeojumoq


http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znad357#supplementary-data

4 | BJS, 2024, Vol. 111, No. 1

foundation located in Switzerland (B.B.S), the Uniscientia
Foundation, Vaduz, Liechtenstein (B.B.S.), and the Vontobel
Foundation, Zurich, Switzerland. The funding organizations had
no role in the design and conduct of the study; nor in the
collection, management, analysis, and interpretation of the data;
nor in the preparation, review or approval of the manuscript; nor
in the decision to submit the manuscript for publication.

Acknowledgements

M.S. and E.S. contributed equally as first authors. The authors
thank S. Kern (study nurse, Institute of Anaesthesiology,
University Hospital of Zurich, Zurich, Switzerland) for
coordinating this study, A. Zabel (laboratory technician, Institute
of Anaesthesiology, University Hospital of Zurich, Zurich,
Switzerland) for help in conducting the laboratory experiments,
J. Bonvini (University Hospital Zurich, Zurich, Switzerland) for
support in the study design, and N. J. McConnell for editing the
manuscript. The authors would like to dedicate this study to the
memory of their dear friend Andreas Zollinger, former Head of
the Institute of Anaesthesiology and Intensive Care Medicine,
Triemli Hospital (Zurich, Switzerland). His unwavering support
for clinical science, excellence in anaesthetic practice and
training of young anaesthetists remains an inspiration to all who
knew him. Dr Zollinger passed away on 8 September 2021.

Author contributions

Martin Schlépfer: Conceptualization, Methodology, Validation,
Investigation, Data Curation, Writing - Original text, Writing -
Review and editing, Visualization, Supervision. Erik Schadde:
Conceptualization, Methodology, Validation, Investigation, Data
curation, Writing - original text, Writing - Review and Editing,
Visualization. Julia Braun: Conceptualization, Methodology,
Formal analysis, Writing - Original text, Writing - Review and
editing, Visualization. Christopher Soll: Conceptualization,
Methodology, Validation, Investigation, Writing - Original text,

Writing - Review and editing. Stefan Breitenstein:
Conceptualization, Methodology, Validation, Investigation,
Writing - Original text, Writing - Review and editing. Markus
Weber: Conceptualization, Methodology, Validation,

Investigation, Writing - Original text, Writing - Review and
editing. Stefan Gutknecht: Conceptualization, Methodology,
Validation, Investigation, Writing - Original text, Writing -
Review and editing. Michael T. Ganter: Conceptualization,
Methodology, Validation, Investigation, Writing - Original text,
Writing - Review and editing. Miodrag Filipovic:
Conceptualization, Methodology, Validation, Investigation,
Writing - Original text, Writing - Review and editing. Beatrice
Beck-Schimmer: Conceptualization, Methodology, Investigation,
Resources, Writing - Original text, Writing - Review and editing,
Supervision, Project administration, Funding acquisition. Sabine
Kern, study nurse and study coordinator: Resources.

Conflict of interest

B.B.S. has a patent (04/10/14-20140100278): Injectable
formulation for treatment and protection of patients having an

inflammatory reaction or an ischemia-reperfusion event;
M. Urner, L. K. Limbach, I. K. Herrmann, W. J. Stark,
B. Beck-Schimmer, applied as Patent Cooperation Treaty
(internationally), July 2009, as well as a patent application on
bioconjugates of antibodies and functionalized magnetic
nanoparticles. B.B.S. and M.S. received grant money from
Sedana Medical (Danderyd, Sweden) as collaborators in a large
multicentre study not related to this topic. M.S. and B.B.S.
received grant money from Roche Diagnostics International
(Rotkreuz, Switzerland) for a clinical trial not related to this
topic. The authors declare no other conflict of interest.

Supplementary material

Supplementary material is available at BJS online.

Data availability

Data are available upon request to the corresponding or first
authors.

References

1. Lai HC, Lee MS, Lin KT, Huang YH, Chen JY, Lin YT et al
Propofol-based total intravenous anesthesia is associated with
better survival than desflurane anesthesia in robot-assisted
radical prostatectomy. PLoS One 2020;15:€0230290

2. Jun ], JoJY, Kim JI, Chin JH, Kim WJ, Kim HR et al. Impact of
anesthetic agents on overall and recurrence-free survival in
patients undergoing esophageal cancer surgery: a retrospective
observational study. Sci Rep 2017;7:14020

3. ZhengX,WangY,DonglL, Zhao S, WangL, Chen H et al. Effects of
propofol-based total intravenous anesthesia on gastric cancer: a
retrospective study. Onco Targets Ther 2018;11:1141-1148

4. Wu ZF, Lee MS, Wong CS, Lu CH, Huang YS, Lin KT et al.
Propofol-based total intravenous anesthesia is associated with
better survival than desflurane anesthesia in colon cancer
surgery. Anesthesiology 2018;129:932-941

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer ]
Clin 2018;68:7-30

6. Massagué ], Obenauf AC. Metastatic colonization by circulating
tumour cells. Nature 2016;529:298-306

7. Pimienta M, Edderkaoui M, Wang R, Pandol S. The potential for
circulating tumor cells in pancreatic cancer management. Front
Physiol 2017;8:381-381

8. Court CM, Ankeny JS, Sho S, Winograd P, Hou S, Song M et al.
Circulating tumor cells predict occult metastatic disease and
prognosis in pancreatic cancer. Ann Surg Oncol 2018;25:
1000-1008

9. de Albuquerque A, Kubisch I, Breier G, Stamminger G, Fersis N,
Eichler A et al. Multimarker gene analysis of circulating tumor
cells in pancreatic cancer patients: a feasibility study. Oncology
2012;82:3-10

10. Banké P, Lee SY, Nagygyorgy V, Zrinyi M, Chae CH, Cho DH et al.
Technologies for circulating tumor cell separation from whole
blood. ] Hematol Oncol 2019;12:48

20z Alenuer || uo Josn younz yayiolqigenusz / younz Areiqr Ausieaun Aq 60€0Zy2/LGEPBUZ/L/L | L/aIoNe/siq/woo dno-oiwepese//:sdny Wwoly papeojumoq


http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znad357#supplementary-data

European Colorectal Congress

3 - 6 December 2023, St.Gallen, Switzerland

MASTERCLASS
PROCTOLOGY DAY
ROBOTIC COURSE
DAVOSCOURSE@ECC

Gut microbiome and surgery
Phil Quirke, Leeds, UK

Diet in diverticular disease
Pamela Buchwald, Lund, SE

Decision making in the management of acute
complicated Diverticulitis beyond the guidelines
Seraina Faes, Zurich, CH

Diverticular Abscess -
Always drainage or who benefits from Surgery?
Johannes Schultz, Oslo, NO

Perforated Diverticulitis:

Damage Control, Hartmann’s Procedure,
Primary Anastomosis, Diverting Loop
Reinhold Kafka-Ritsch, Innsbruck, AT

When to avoid protective stoma
in colorectal surgery
Antonino Spinelli, Milano, IT

Endometriosis -
what is the role of the abdominal surgeon
Tuynman Juriaan, Amsterdam, NL

Challenges in Surgery of Endometriosis -
always interdisciplinary?
Peter Oppelt, Linz, AT; Andreas Shamiyeh, Linz, AT

A gaze in the crystal ball: Where is the role of virtual
reality and artificial Intelligence in colorectal surgery
Mller Beat, Basel, CH

Cytoreductive Surgery
and Intraperitoneal Chemotherapy - facts and hopes
Michel Adamina, Winterthur, CH

Metastatic Colorectal Cancer - surgical approaches and limits
Jurgen Weitz, Dresden, DE

Extended lymph node dissection
for rectal cancer, is it still under debate?
Miranda Kusters, Amsterdam, NL

Organ preservation functional outcome in rectal
cancer treatment - in line with patient’s needs?
(Robot - laparoscopic - open surgery?)

Hans de Wilt, Nijmegen, NL

Advances in Robotic Surgery and what we learnt so far
Parvaiz Amjad, Portsmouth, UK

Challenging the market:

Robotic (assistant) Devices and how to choose wisely
(Da Vinci - Hugo Ras - Distalmotion ua)

Khan Jim, London, UK

TAMIS - Robotic Transanal Surgery, does it make it easier?
Knol Joep, Genk, BE

Live Surgery - Contonal Hospital of St.Gallen
Walter Brunner, St.Gallen, CH;

Salvadore Conde Morals, Sevilla, ES;

Friedrich Herbst, Vienna, AUT;

Amijad Parvaiz, Portsmouth, UK

Video Session

Lars Pahlmann Lecture
Markus Buichler, Lisboa, PRT

Honorary Lecture
Bill Heald, Lisboa, PRT

Information & Registration www.colorectalsurgery.eu




	Effect of volatile versus total intravenous anaesthesia on circulating tumour cells after pancreatic adenocarcinoma resection: multicentre randomized clinical trial
	Introduction
	Methods
	Outcomes
	Statistical analysis

	Results
	Patient flow and baseline characteristics
	Primary outcome
	Secondary outcomes

	Discussion
	Funding
	Acknowledgements
	Author contributions
	Conflict of interest
	Supplementary material
	Data availability
	References


