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We read with great interest the article by Vikmoen et /. (1)
The article is of great relevance, well controlled and
elegantly written. Here, we would like to bring some
points about the intervention and the results for better
comprehension and help in linking research to practice.

Vikmoen et al. (1), compared strength training to usual
care and found slight increases in muscle strength but no
changes in body composition, muscle fiber size, number of
satellite cells, and myonuclei. We believe that these results
might be related to training characteristics that were not
covered in the article, as explained below.

Training volume reached 12 weekly sets for the
quadriceps muscles (where the muscle fiber, satellite cell,
and myonuclei analyses were performed). Similar numbers
of weekly sets are associated with muscle damage and
exacerbated edema in beginners (2), conditions that should
be avoided since chemotherapy can have negative effects on
the satellite cell system and thus on the ability to regenerate
muscle tissue (3,4).

Interestingly, Mijwel et /. (5) investigated the effects
of strength training involving 4-6 sets weekly for the
quadriceps in a similar population and reported increases
in muscle size and satellite cell count. Vikmoen et al. (1)

attribute these results to the possible antioxidant effect of
the aerobic training conducted alongside strength training,
which could mitigate the effects of anthracycline on muscle
tissue. However, this hypothesis might be challenged by
the fact that inflammation is essential for the activation of
satellite cells (6,7).

We believe that a relatively high volume might explain
some of negative results in the study and smaller volumes
might be more beneficial for this population. In agreement
with this, a systematic review and meta-regression of
exercise dosage by Lopez et a/. (8) found that the prescribed
weekly volume of resistance training was inversely
associated with increases in muscle strength in both the
upper and lower body (r2=98.1-100%; P=0.009). In fact,
the increases reported by Vikmoen ez /. (1) were lower
(11%+8%, P<0.001) and upper (10%+8%, P<0.001) when
compared to other studies like that of Ceseiko er a/. (9) who
reported 20%+8% increases using a lower weekly volume.

Another point that should be addressed is the use of a
daily undulating system of 6 or 10 repetition maximum
(RM), since the high external load used for 6 RM is often
associated with significant mechanical stress and muscle
damage (10), factors that might not be beneficial for
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Figure 1 Recommendations to prescription strength training.

individuals undergoing chemotherapy due to the potential
negative effects on satellite cells activation (11). We think
that the combination of a high volume and high external
load might have lead to overtraining/overreaching and
could explain the observed trend for a reduction in satellite
cells myonuclei per muscle fiber in type I fibers in the
strength training group.

Additionally, another aspect that may have interfered
with the magnitude of the results was the use of fixed
repetitions and load (6 or 10 RM) with 1 RM test conducted
in week 5 to determine the weight used in exercises until
the end of the study (week 16). This prescription model
presents some inherent weaknesses, in controlling intensity
and load progression, since muscle performance constantly
fluctuates over sessions and within a session. In fact, it has
been previously shown that protocols using fixed loads and
repetitions results in lower muscle strength and hypertrophy
when compared to protocols with constant load adjustment
based on repetitions range (12).

It is important to note that the divergence of results
in muscle morphology and strength are not unexpected,
since the initial increases in muscle strength in response
to training are mainly neural, dissociated from muscle
hypertrophy. However, we should not disregard the
importance of muscle hypertrophy in cancer patients, since
lean mass loss and recovery are closely associated with
mortality risk (13,14).

In addition to the contributions presented by Vikmoen
et al. (1), based on previous research, as well as our clinical
experience, we would like to bring some insights and
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Periodization f

Exercise training should be periodized, with
different intensities and durations, depending

on the therapy cycles and side effects

Training volume

The use of minimal doses is recommended
to increase strength muscle and adaptations

muscle tissue

Intensity <)

Intensity control, with load adjustments from
set to set; instead of using fixed repetitions

and loads

Supervision 1

Recommend a high supervision rate (e.g.,
1 professional for 1 patient), with verbal

encouragement during and training adjustments

suggestions for those working with similar populations
(Figure I).

Periodization: the adverse effects of chemotherapy
with anthracyclines and taxanes on muscle strength,
body composition, functional capacity, and fatigue,
among others, are widely known (15,16), with possible
complications such as nausea, vomiting, diarrhea, and severe
fatigue immediately after and in the days following drug
administration (17). Based on this, it has been suggested
that exercise training should be periodized, with different
intensities and durations, depending on the therapy cycles
and side effects (18). An example is reducing volume
and intensity in the day following chemotherapy and
progressively increase in the days after.

Training volume: the relation between training volume
and muscle strength and hypertrophy seems to have an
inverted U shaped curve (19,20). Considering the effects of
cancer treatment, this curve might be more left-sided than
in other situations. Therefore, the use of minimal doses
may be recommended. Programs with low training volume
performed once a week have shown significant results in
muscle strength in women post-chemotherapy (21).

Intensity: it has been shown that performance decreases
from set to set, resulting in a need to change load or
number of repetitions (21). Therefore, we recommend
using intensity of effort (22) or velocity loss (23) to control
intensity, with load adjustments from set to set; instead of
using fixed repetitions and loads.

Supervision: we strongly recommend a high supervision
rate (e.g., one professional for one patient), to improve
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the results (24). This is useful for many reasons, as verbal
encouragement during and training adjustments.
Additionally, considering the relevance of exercise
interventions for this population across several parameters
not addressed here, we suggest that similar studies also
use scales such as the ORBIT model, which incorporates
affective regulation, contributing to the development of
effective interventions according to the variables to be
evaluated and the characteristics of the population, such as
women undergoing cancer treatment or other diseases (25).

Acknowledgments

None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Gland Surgery. The article has

undergone external peer review.

Peer Review File: Available at https://gs.amegroups.com/
article/view/10.21037/gs-24-436/prf

Funding: None.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://gs.amegroups.
com/article/view/10.21037/gs-24-436/coif). The authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and
the original work is properly cited (including links to both
the formal publication through the relevant DOI and the
license). See: https://creativecommons.org/licenses/by-nc-

nd/4.0/.

© AME Publishing Company.

Alves et al. Strength training for breast cancer

References

1. Vikmoen O, Strandberg E, Svindland KV et al. Effects
of heavy-load strength training during (neo-)adjuvant
chemotherapy on muscle strength, muscle fiber size,
myonuclei, and satellite cells in women with breast cancer.
FASEB ] 2024;38:¢23784.

2. Souza DC, Viana RB, Coswig VS, et al. Comment on:
Volume for Muscle Hypertrophy and Health Outcomes:
The Most Effective Variable in Resistance Training. Sports
Med 2018;48:1281-4.

3. Reidunsdatter RJ, Rannestad T, Frengen J, et al. Early
effects of contemporary breast radiation on health-related
quality of life - predictors of radiotherapy-related fatigue.
Acta Oncol 2011;50:1175-82.

4. Scheede-Bergdahl C, Jagoe RT. After the chemotherapy:
potential mechanisms for chemotherapy-induced
delayed skeletal muscle dysfunction in survivors of acute
lymphoblastic leukaemia in childhood. Front Pharmacol
2013;4:49.

5. Mijwel S, Cardinale DA, Norrbom J, et al. Exercise
training during chemotherapy preserves skeletal muscle
fiber area, capillarization, and mitochondrial content in
patients with breast cancer. FASEB J 2018;32:5495-505.

6. Mikkelsen UR, Langberg H, Helmark IC, et al. Local
NSAID infusion inhibits satellite cell proliferation in
human skeletal muscle after eccentric exercise. ] Appl
Physiol (1985) 2009;107:1600-11.

7.  Mackey AL, Kjaer M, Dandanell S, et al. The influence
of anti-inflammatory medication on exercise-induced
myogenic precursor cell responses in humans. ] Appl
Physiol (1985) 2007;103:425-31.

8. Lopez P, Galvio DA, Taaffe DR, et al. Resistance training
in breast cancer patients undergoing primary treatment: a
systematic review and meta-regression of exercise dosage.
Breast Cancer 2021;28:16-24.

9. Ceseiko R, Thomsen SN, Tomsone S, et al. Heavy
Resistance Training in Breast Cancer Patients Undergoing
Adjuvant Therapy. Med Sci Sports Exerc 2020;52:1239-47.

10. Yeom DC, Hwang D], Lee WB, et al. Effects of
Low-Load, High-Repetition Resistance Training on
Maximum Muscle Strength and Muscle Damage in
Elite Weightlifters: A Preliminary Study. Int J] Mol Sci
2023;24:17079.

11. Clarkson PM, Kaufman SA. Should resistance exercise
be recommended during breast cancer treatment? Med

Gland Surg 2025;14(1):108-111 | https://dx.doi.org/10.21037/gs-24-436


https://gs.amegroups.com/article/view/10.21037/gs-24-436/prf
https://gs.amegroups.com/article/view/10.21037/gs-24-436/prf
https://gs.amegroups.com/article/view/10.21037/gs-24-436/coif
https://gs.amegroups.com/article/view/10.21037/gs-24-436/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

Gland Surgery, Vol 14, No 1 January 2025

12.

13.

14.

15.

16.

17.

18.

Hypotheses 2010;75:192-5.

Noébrega SR, Scarpelli MC, Barcelos C, et al. Muscle
Hypertrophy Is Affected by Volume Load Progression
Models. J Strength Cond Res 2023;37:62-7.

Looijaard SMLM, Te Lintel Hekkert ML, Wiist RCI, et
al. Pathophysiological mechanisms explaining poor clinical
outcome of older cancer patients with low skeletal muscle
mass. Acta Physiol (Oxf) 2021;231:e13516.

Wochner R, Clauss D, Nattenmiiller ], et al. Impact of
progressive resistance training on CT quantified muscle
and adipose tissue compartments in pancreatic cancer
patients. PLoS One 2020;15:¢0242785.

Alves RR, Marques VA, da Silva WA, et al. Effects of
chemotherapy treatment on muscle strength indicators,
functional capacity and biopsychosocial aspects of women
with breast cancer. Am ] Cancer Res 2024;14:762-73.
Klassen O, Schmidt ME, Ulrich CM, et al. Muscle
strength in breast cancer patients receiving different
treatment regimes. ] Cachexia Sarcopenia Muscle
2017;8:305-16.

Katta B, Vijayakumar C, Dutta S, et al. The Incidence
and Severity of Patient-Reported Side Effects of
Chemotherapy in Routine Clinical Care: A Prospective
Observational Study. Cureus 2023;15:e38301.

Kirkham AA, Bland KA, Zucker DS, et al.
"Chemotherapy-periodized" Exercise to Accommodate

Cite this article as: Alves RR, Gentil P, Vieira CA. Insights on
strength training, during chemotherapy treatment, for breast
cancer. Gland Surg 2025;14(1):108-111. doi: 10.21037/gs-24-436

© AME Publishing Company.

19.

20.

21.

22.

23.

24.

25.

111

for Cyclical Variation in Fatigue. Med Sci Sports Exerc
2020;52:278-86.

Souza D, Barbalho M, Gentil P. The impact of resistance
training volume on muscle size and lean body mass: to
infinity and beyond? Hum Mov 2020;21:18-29.

Rhea MR, Alvar BA, Burkett LN, et al. A meta-analysis

to determine the dose response for strength development.
Med Sci Sports Exerc 2003;35:456-64.

Santos WDND, Vieira A, de Lira CAB, et al. Once a
Week Resistance Training Improves Muscular Strength in
Breast Cancer Survivors: A Randomized Controlled Trial.
Integr Cancer Ther 2019;18:1534735419879748.

Steele J, Endres A, Fisher J, et al. Ability to predict
repetitions to momentary failure is not perfectly accurate,
though improves with resistance training experience. Peer]J
2017;5:e4105.

Gentil P, Marques VA, Neto JPP, et al. Using velocity loss
for monitoring resistance training effort in a real-world
setting. Appl Physiol Nutr Metab 2018;43:833-7.

Gentil P, Bottaro M. Influence of supervision ratio on
muscle adaptations to resistance training in nontrained
subjects. J Strength Cond Res 2010;24:639-43.
Czajkowski SM, Powell LH, Adler N, et al. From

ideas to efficacy: The ORBIT model for developing
behavioral treatments for chronic diseases. Health Psychol
2015;34:971-82.

Gland Surg 2025;14(1):108-111 | https://dx.doi.org/10.21037/gs-24-436



