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Abstract

Background It is known that S-pindolol attenuates muscle loss in animal models of cancer cachexia and sarcopenia. In
cancer cachexia, it also significantly reduced mortality and improved cardiac function, which is strongly compromised
in cachectic animals.
Methods Here, we tested 3 mg/kg/day of S-pindolol in two murine cancer cachexia models: pancreatic cancer ca-
chexia (KPC) and Lewis lung carcinoma (LLC).
Results Treatment of mice with 3 mg/kg/day of S-pindolol in KPC or LLC cancer cachexia models significantly atten-
uated the loss of body weight, including lean mass and muscle weights, leading to improved grip strength compared
with placebo-treated mice. In the KPC model, treated mice lost less than half of the total weight lost by placebo
(�0.9 ± 1.0 vs. �2.2 ± 1.4 g for S-pindolol and placebo, respectively, P < 0.05) and around a third of the lean mass
lost by tumour-bearing controls (�0.4 ± 1.0 vs. �1.5 ± 1.5 g for S-pindolol and placebo, respectively, P < 0.05),
whereas loss of fat mass was similar. In the LLC model, the gastrocnemius weight was higher in sham
(108 ± 16 mg) and S-pindolol tumour-bearing (94 ± 15 mg) mice than that in placebo (83 ± 12 mg), whereas the so-
leus weight was only significantly higher in the S-pindolol-treated group (7.9 ± 1.7 mg) than that in placebo
(6.5 ± 0.9). Grip strength was significantly improved by S-pindolol treatment (110.8 ± 16.2 vs. 93.9 ± 17.1 g for
S-pindolol and placebo, respectively). A higher grip strength was observed in all groups; whereas S-pindolol-treated
mice improved by 32.7 ± 18.5 g, tumour-bearing mice only show minimal improvements (7.3 ± 19.4 g, P < 0.01).
Conclusions S-pindolol is an important candidate for clinical development in the treatment of cancer cachexia that
strongly attenuates loss of body weight and lean body mass. This was also seen in the weight of individual muscles
and resulted in higher grip strength.
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Introduction

S-pindolol is the S-enantiomer of the racemic, non-specific
beta-blocker pindolol. It blocks the beta-1 adenoreceptor, is
a partial agonist on the anabolic beta-2 adenoreceptor and
has central effects on the 5-HT1α receptor, which likely

contributes to higher food intake.1 In previous experiments,
S-pindolol showed great efficacy in protecting muscle mass
in the Yoshida AH-130 hepatoma cancer cachexia model1

and it increased muscle mass in aging rats.2 It attenuated
the overall loss of body weight and improved survival signifi-
cantly in the Yoshida model. The 3 mg/kg/day dose was
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found to be the most effective in these experiments1 and was
therefore be used in the experiments described here.
Moreover, S-pindolol was used in a phase IIa clinical study
with patients suffering from cachexia due to stage III and IV
non-small-cell lung cancer or colorectal cancer. Patients
treated with 10 mg of S-pindolol twice daily significantly re-
versed weight loss, improved fat free mass and maintained
fat mass. This was associated with a significant improvement
in hand grip strength.3,4

The aim of the study was the confirmation that 3 mg/kg/
day of S-pindolol also shows efficacy in a second species
(mouse) and additional cancer cachexia models (pancreatic
cancer cachexia [KPC] and Lewis lung carcinoma [LLC]).

Methods

Male C57BL/6J mice were 7–12 weeks of age and 23.9 ± 0.6 g
in weight for KPC and 17.5 ± 0.4 g in weight for LLC at the
start of experimental procedures. Thirty-one mice were ran-
domized to sham (n = 8) or orthotropic tumour inoculation
(n = 23) of 3 million KPC cells in a volume of 40 μL into the
tail of the pancreas, as described before.5 Tumour-bearing
mice were further randomized to treatment with placebo
(n = 11) or 3 mg/kg/day of S-pindolol (n = 12) once daily for
13 days. Body composition, that is, lean and fat mass, was
assessed by nuclear magnetic resonance (NMR) spectroscopy
(Echo-MRI 700 TM, Echo Medical Systems, Houston, TX, USA)
1 day before tumour cell inoculation and on the day of
euthanasia.

For the LLC model, 30 C57BL/6 mice (mean body weight of
17.5 ± 0.4 g) were randomized to treatment: no tumour
injection, sham (n = 5), placebo (sterilized water, n = 15) or
3 mg/kg/day of S-pindolol (n = 10) for 13 days. Mice received
an intramuscular (hind leg) inoculum of 5 × 105 LLC cells ob-
tained from exponential tumours, as described before.6,7 Grip
strength test was performed by a pull bar connected to an
isometric force transducer (dynamometer, Panlab-Harvard
Apparatus, Spain). The animals were allowed to grasp the
bar and were then pulled backwards in the horizontal plane.8

In both models, S-pindolol was given once daily by gavage.
All procedures were approved by the local animal ethics com-
mittee in Portland (OHSU IACUC Approval TR03_IP00000038)
and Barcelona (Generalitat de Catalunya, Nos 10055 and
229.18, University of Barcelona).

Results, represented as mean ± SD, were analysed using
GraphPad Prism 8.0 (GraphPad Software, Inc., La Jolla, CA,
USA). All data were tested for normal distribution using
the Kolmogorov–Smirnov test. Group comparisons were
performed by one-way analysis of variance (ANOVA) with
adjustment for multiple testing of sham-treated controls
and S-pindolol-treated tumour-bearing animals against

tumour-bearing vehicle controls. A P-value of <0.05 was
considered significant.

Results

Pancreatic cancer cachexia model

Sham-treated controls maintained their body weight and
proportion of lean and fat mass over the study as would be
expected. Tumour size/weight was not different between pla-
cebo (1.1 ± 0.6 g) and S-pindolol-treated animals (1.3 ± 0.8 g).
In contrast to sham, tumour-bearing vehicle controls lost
around 10% of their initial body weight over the study and
showed falls in mean lean and fat mass of 1.5 and 1 g, respec-
tively. Mice treated with 3 mg/kg/day of S-pindolol lost less
than half of the total weight lost by tumour-bearing controls
(�0.9 ± 1.0 vs. �2.2 ± 1.4 g for S-pindolol and placebo, re-
spectively, P < 0.05) and around a third of the lean mass lost
by tumour-bearing controls (�0.4 ± 1.0 vs. �1.5 ± 1.5 g,
P < 0.05). Fat loss in S-pindolol-treated mice was comparable
with that in tumour-bearing controls (Figure 1 and Table 1).

The protection of body weight in S-pindolol-treated ani-
mals relative to tumour-bearing controls was accompanied
by improved food intake, which was higher than in
tumour-bearing controls (P < 0.05) and similar to that of
sham-treated controls (Table 1).

The mean heart weight of tumour-bearing controls was
around 10% lower than that of sham controls (P < 0.05),
whereas their spleen weight was 53% higher (P < 0.05).
S-pindolol-treated animals and sham controls showed near
identical differences to tumour-bearing placebo mice for
these organs. In contrast, whereas the weights of gastrocne-
mius and soleus muscles in tumour-bearing controls were
notably lower than in sham controls (P < 0.05 and
P < 0.01, respectively), these muscles in S-pindolol-treated
animals were of near identical weight to those of
sham-treated controls and so higher than in tumour-bearing
controls (140.3 ± 13.6 vs. 122.1 ± 12.1 mg, P < 0.01, for gas-
trocnemius; 7.4 ± 0.7 vs. 6.6 ± 1.0 mg, P < 0.05, for soleus
muscle). These results show good conservation of skeletal
muscle mass by S-pindolol (Table 1).

Lewis lung carcinoma model

Sham-treated controls increased their body weight by
1.2 ± 0.8 g. Tumour size/weight was not different between
placebo (4.4 ± 0.9 g) and S-pindolol-treated animals
(4.6 ± 0.8 g). Tumour-bearing vehicle controls lost around
3% of their initial body weight (�0.5 ± 1.1 g), whereas mice
treated with 3 mg/kg/day of S-pindolol gained 3%
(0.6 ± 0.6 g, P < 0.05) and showed increased grip strength
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(Figure 1 and Table 2). Cumulative food intake was
non-significantly higher in tumour-bearing mice regardless
of treatment allocation. Heart weight was similar in sham
and tumour-bearing controls and increased in S-pindolol-
treated animals. The mean spleen weight was increased in
tumour-bearing animals, and the gastrocnemius weight was

significantly higher in sham (108 ± 16 mg, P < 0.01) and S-
pindolol tumour-bearing (94 ± 15 mm, P < 0.05) mice than
that in placebo (83 ± 12 mg), whereas the soleus weight
was only significantly higher in the S-pindolol-treated group
(7.9 ± 1.7 mg, P < 0.05) than that in placebo (6.5 ± 0.9 mg;
Table 2).

Figure 1 Shown are the change in body weight, lean and fat mass from baseline to the end of the study in the pancreatic cancer cachexia (KPC) model
and the change in body weight and grip strength in the Lewis lung carcinoma (LLC) model. *P < 0.05, **P < 0.01 and ***P < 0.001 versus placebo.

Table 1 Mean values with statistical analysis for body weight, fat and lean mass with change (delta from baseline to the end of the study), and food
intake and tissue weights in the pancreatic cancer cachexia model

Sham
Vehicle

Tumour-bearing

Vehicle 3 mg/kg/day of S-pindolol

n 8 11 12
Tumour (g) 0 1.1 ± 0.6 1.3 ± 0.8
Body weight, Day 0 (g) 24.3 ± 1.3 24.4 ± 0.8 24.5 ± 1.0
Final body weight (g) 24.4 ± 1.7* 22.2 ± 1.6 23.6 ± 1.5
Delta body weight (g) 0.04 ± 0.83*** �2.2 ± 1.4 �0.9 ± 1.0*
Lean, Day 0 (g) 21.4 ± 1.2 21.3 ± 1.1 21.5 ± 1.0
Final lean (g) 21.4 ± 1.4* 19.8 ± 1.3 21.0 ± 1.4*
Delta lean (g) �0.1 ± 1.0* �1.5 ± 1.5 �0.4 ± 1.0*
Fat, Day 0 (g) 1.8 ± 0.3 1.9 ± 0.4 1.8 ± 0.2
Final fat (g) 1.8 ± 0.4*** 0.9 ± 0.5 1.0 ± 0.5
Delta fat (g) �0.02 ± 0.30** �1.0 ± 0.7 �0.9 ± 0.5
Cumulative food intake, Days 7–13 (g) 17.87 ± 1.25* 14.57 ± 3.45 17.37 ± 1.65*
Heart (mg) 109.7 ± 18.9* 96.1 ± 6.3 96.8 ± 7.9
Spleen (mg) 79.9 ± 9.1* 121.7 ± 22.8 121.4 ± 21.2
Gastrocnemius (mg) 140.9 ± 10.4** 122.1 ± 12.6 140.3 ± 13.6**
Soleus (mg) 7.5 ± 0.5* 6.6 ± 1.0 7.4 ± 0.7*
*P < 0.05 versus tumour-bearing vehicle controls.
**P < 0.01 versus tumour-bearing vehicle controls.
***P < 0.001 versus tumour-bearing vehicle controls.
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Discussion

Treatment of mice with 3 mg/kg/day of S-pindolol in KPC or
LLC cancer cachexia models significantly attenuated the loss
of body weight and, in particular, protected lean mass and
muscle weights, leading to an improved grip strength com-
pared with placebo-treated mice. Better muscle function,
that is, hand grip strength, is an indicator not only for im-
proved quality of life but also for survival.9,10

This study shows that S-pindolol’s positive effects are not
limited to a rat model of liver cancer-associated cachexia.1

The effects in the pancreatic cancer (KPC) model are particu-
larly encouraging, as there are extremely limited options for
patients with pancreatic cancer, with survival having in-
creased only marginally over the last decades. The 5-year
relative survival rates in the United States have improved
only modestly from 2.0% (95% confidence interval [CI],
1.7–2.4%) for patients with pancreatic cancer between
1975 and 1979 to 9.2% (95% CI, 8.7–9.8%) between 2007
and 2011.11 A second study puts the changes in
age-standardized mortality rates for all cancer and individual
cancer sites at 10.7 in 1971 and at 11.0 in 2019, leading to a
ratio of 1.03 (1.01–1.05).12 We propose that S-pindolol may
be an important future co-treatment to stabilize the meta-
bolic homeostasis allowing for improved tolerance of cancer
treatments, while attenuating loss of quality of life in this
strongly suffering patient population.

In conclusion, S-pindolol has shown encouraging
pre-clinical and early clinical data, not only in the Yoshida,
KPC and LLC in rodent models but also in an early human
phase IIa study that included patients with colorectal and
non-small-cell lung cancer,3 making further clinical develop-
ment imperative.

Acknowledgements

Open Access funding enabled and organized by Projekt DEAL.

Conflict of interest statement

JS is a shareholder of Actimed Therapeutics and a paid con-
sultant for Actimed Therapeutics, Pephexia Therapeutics
and Drexel Pharma Technologies and received grant support
from Boehringer Ingelheim. JMA declares having received
honoraria and/or lecture fees from Amgen, Novartis,
Smartfish, Rottapharm/Madaus, Numico, Danone,
Grunenthal, Fresenius, Merck KGaA, Merk Sharp & Dohme,
Serono, Procter and Gamble, Santhera Pharmaceuticals, Bris-
tol Myers Squibb and Nutricia. DLM is a shareholder and
Chief Medical Officer for Endevica Bio, Inc., and a consultant
for Pfizer, Inc. All other authors have no conflict of interests.

References

1. Pötsch MS, Ishida J, Palus S, Tschirner A,
Haehling S, Doehner W, et al. MT-102 pre-
vents tissue wasting and improves survival
in a rat model of severe cancer cachexia.

J Cachexia Sarcopenia Muscle 2020;11:
594–605.

2. Pötsch MS, Tschirner A, Palus S, von
Haehling S, Doehner W, Beadle J, et al.

The anabolic catabolic transforming agent
(ACTA) espindolol increases muscle mass
and decreases fat mass in old rats. J Ca-
chexia Sarcopenia Muscle 2014;5:149–158.

Table 2 Mean values with statistical analysis for body weight and grip strength with change (delta from baseline to the end of the study), and food
intake and tissue weights in the Lewis lung carcinoma model

Sham
Vehicle

Tumour-bearing

Vehicle 3 mg/kg/day of S-pindolol

n 5 15 10
Tumour (g) 0 4.4 ± 0.9 4.6 ± 0.6
Body weight, Day 0 (g) 18.3 ± 2.3 17.3 ± 2.3 17.4 ± 1.9
Final body weight (g) 19.5 ± 1.7* 16.8 ± 1.9 18.0 ± 1.9
Delta body weight (g) 1.2 ± 0.8** �0.5 ± 1.1 0.6 ± 0.6*
Grip strength, Day 0 (g) 92.1 ± 6.2 86.6 ± 16.6 78.1 ± 9.4
Grip strength, Day 14 (g) 119.3 ± 16.6* 93.9 ± 17.1 110.8 ± 16.1*
Delta grip strength (g) 27.2 ± 17.5 7.3 ± 19.4 32.7 ± 18.5**
Cumulative food intake, Days 0–14 (g) 44.4 ± 5.1 54.7 ± 9.5 52.2 ± 10.9
Heart (mg) 111 ± 11 110 ± 17 125 ± 13*
Spleen (mg) 92 ± 64*** 217 ± 39 224 ± 25
Gastrocnemius (mg) 108 ± 16** 83 ± 12 94 ± 15*
Soleus (mg) 7.4 ± 0.9 6.5 ± 0.9 7.9 ± 1.7*
*P < 0.05 versus tumour-bearing vehicle controls.
**P < 0.01 versus tumour-bearing vehicle controls.
***P < 0.001 versus tumour-bearing vehicle controls.

Effects of S-pindolol in murine cancer cachexia models 1247

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1244–1248
DOI: 10.1002/jcsm.13249



3. Stewart Coats AJ, Srinivasan V, Surendran
J, Chiramana H, Vangipuram SR, Bhatt
NN, et al. The ACT-ONE trial, a multicentre,
randomised, double-blind, placebo-
controlled, dose-finding study of the ana-
bolic/catabolic transforming agent, MT-
102 in subjects with cachexia related to
stage III and IV non-small cell lung cancer
and colorectal cancer: study design. J Ca-
chexia Sarcopenia Muscle 2011;2:201–207.

4. Stewart Coats AJ, Ho GF, Prabhash K, von
Haehling S, Tilson J, Brown R, et al.
Espindolol for the treatment and preven-
tion of cachexia in patients with stage III/
IV non-small cell lung cancer or colorectal
cancer: a randomized, double-blind, pla-
cebo-controlled, international multicentre
phase II study (the ACT-ONE trial). J Ca-
chexia Sarcopenia Muscle 2016;7:355–365.

5. Michaelis KA, Zhu X, Burfeind KG, Krasnow
SM, Levasseur PR, Morgan TK, et al.

Establishment and characterization of a
novel murine model of pancreatic cancer
cachexia. J Cachexia Sarcopenia Muscle
2017;8:824–838.

6. Lippman MM, Laster WR, Abbott BJ,
Venditti J, Baratta M. Antitumor activity
of macromomycin B (NSC 170105) against
murine leukemias, melanoma, and lung
carcinoma. Cancer Res 1975;35:939–945.

7. Argilés JM, Figueras M, Ametller E, Fuster
G, Olivan M, de Oliveira CCF, et al. Effects
of CRF2R agonist on tumor growth and ca-
chexia in mice implanted with Lewis lung
carcinoma cells. Muscle Nerve 2008;37:
190–195.

8. Toledo M, Busquets S, Sirisi S, Serpe R, Orpí
M, Coutinho J, et al. Cancer cachexia: phys-
ical activity and muscle force in tumour-
bearing rats. Oncol Rep 2011;25:189–193.

9. Song M, Zhang Q, Tang M, Zhang X, Ruan
G, Zhang X, et al. Associations of low hand

grip strength with 1 year mortality of can-
cer cachexia: a multicentre observational
study. J Cachexia Sarcopenia Muscle 2021;
12:1489–1500.

10. Dai KZ, Laber EB, Chen H, Mentz RJ,
Malhotra C. Hand grip strength predicts
mortality and quality of life in heart
failure: insights from the Singapore
cohort of patients with advanced heart
failure: grip strength predicts mortality
and quality of life in heart failure. J Card
Fail 2022.

11. Khalaf N, El-Serag HB, Abrams HR, Thrift
AP. Burden of pancreatic cancer: from epi-
demiology to practice. Clin Gastroenterol
Hepatol 2021;19:876–884.

12. Kratzer TB, Siegel RL, Miller KD, Sung H,
Islami F, Jemal A. Progress against cancer
mortality 50 years after passage of the
National Cancer Act. JAMA Oncol 2022;8:
156–159.

1248 J. Springer et al.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1244–1248
DOI: 10.1002/jcsm.13249


