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INTRODUCTION

Is exercise a medicine? This inquiry, while contemporary in 
its phrasing, builds upon the longstanding recognition that 
exercise and physical activity have historically been vital com-
ponents in the treatment paradigm for various diseases.1  When 
evaluating novel therapeutic interventions, a comprehensive 
analysis of the associated benefits and risks is imperative, en-
suring that the former significantly outweighs the latter. In this 

context, the systematic implementation of exercise-based car-
diac rehabilitation, structured according to the phases of cardi-
ac rehabilitation, has a long and well-established history sup-
ported by robust evidence. This approach is delineated into 
four phases: Phase I: Inpatient rehabilitation; Phase II: Outpa-
tient rehabilitation; Phase III: Maintenance and community-
based programs; and Phase IV: Long-term exercise and life-
style management.2  Each phase is strategically designed to cater 
to the dynamic needs of cardiac patients throughout their re-
covery trajectory. This structured, phase-based methodology 
empowers clinicians to customize exercise-based cardiac re-
habilitation protocols, aligning with the distinctive risk-benefit 
profile inherent to each stage of patient convalescence and re-
covery. Although the primary objectives of exercise regimens 
and the multifaceted treatment modalities for cancer patients 
diverge substantially from those for cardiac patients, the poten-
tial applicability of a systematic, phase-based approach in on-
cological care may find parallels in cardiac rehabilitation.

As exercise specialists, we routinely encounter inquiries con-
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cerning the safety and efficacy of exercise interventions for can-
cer patients. In response, we assess the patient’s precise position 
within their cancer treatment continuum. This inquiry entails 
ascertaining whether the patient is in the preoperative or post-
operative phase, undergoing neoadjuvant or adjuvant therapy, 
receiving maintenance therapy, or receiving palliative care. 
These questions are of paramount significance within the scope 
of our practice, as they underscore the critical point that the 
safety and potential benefits of exercise regimens are inherently 
dependent on the specific phase of a patient’s oncological jour-
ney. Exercise prescription is intrinsically linked to the targeted 
objectives or anticipated outcomes of the exercise regimen. 
Within this framework, reference can be made to the organiza-
tional model devised by Courneya and Friedenreich3 entitled 
“Physical Exercise Across the Cancer Experience (PEACE).” 
This model segments the cancer journey into six distinct tem-
poral points: two pre-diagnosis and four post-diagnosis stages. 
This structured approach offers a comprehensive perspective 
to discern the appropriate exercise interventions tailored to 
each specific phase of the patient's cancer trajectory,3 somewhat 
comparable to phases of cardiac rehabilitation. It has also laid 
a critical foundation for comprehending the potential benefits 
and underlying mechanisms of exercise interventions, guided 
by expected outcomes, within the realm of cancer care. 

Another temporal framework, which holds significant rele-
vance to cancer survivorship, is the “Seasons of Survival” frame-
work. Propounded by Fitzhugh Mullan, drawing from his per-
sonal confrontation with a cancer diagnosis and treatment, this 
framework demarcates the cancer survivorship continuum into 
three distinct phases: acute survivorship, extended survivor-
ship, and permanent survivorship. Such delineation offers pro-
found insights into the evolving challenges and needs of pa-
tients as they navigate their unique cancer journeys, emphasiz-
ing the multifaceted nature of survivorship and the diverse 
interventions required at each juncture.4 While the “Seasons of 
Survival” framework does not explicitly address the domain of 
physical activity and exercise, it offers valuable insights into 
the evolving phases of survivorship. 

In the acute survivorship phase, patients undergo a spectrum 
of therapeutic modalities, including surgery, as well as neoad-
juvant and adjuvant treatments. Although supportive care 
measures can ameliorate some of the side effects arising from 
these therapies, the majority of cancer survivors continue to 
grapple with varying degrees of treatment-related adverse ef-
fects. Miller, et al.,5 in their work, extended the “Seasons of Sur-
vivorship” framework, introducing the concept of “transitional 
survivorship” and further refining the definitions of “extended 
survivorship” and “permanent survivorship”. This expansion 
and diversification of the framework provided a more nuanced 
understanding of the survivorship experience. It caters to the 
multifaceted and evolving needs of cancer survivors as they 
progress through their unique journeys, thereby enriching the 
conceptual landscape of survivorship within the context of can-

cer care.5 “Transitional survivorship” encompasses a phase that 
includes periods of “watchful waiting” or the continuation of 
some form of maintenance therapy. During this phase, the level 
of involvement from the medical team tends to decrease, and 
it becomes increasingly important for patients to actively man-
age their health and well-being. Exercise and physical activity 
can play a crucial role during this time, offering not only phys-
iological benefits but also significant psychological advantag-
es. Engaging in regular physical activity can help cancer survi-
vors regain a sense of control over their bodies, reduce anxiety, 
and improve their overall quality of life (QoL) during this tran-
sitional period. 

In the context of cancer survivorship, the combination of the 
“Seasons of Survivorship” and PEACE framework allows for a 
more detailed categorization of the “acute survivorship” phase, 
encompassing not only the post-treatment aspect but also the 
pre-treatment phase, which can be referred to as “prehabilita-
tion.” The “Seasons of Survivorship” framework, specifically 
“acute survivorship”, primarily focuses on the post-treatment 
phase. Meanwhile, the PEACE framework emphasizes the en-
tire cancer journey, including the pre-treatment period. To pro-
vide a more comprehensive understanding of this combined 
approach, the current narrative review divides cancer survi-
vorship into four distinct periods: 1) after cancer diagnosis 
and before surgery: prehabilitation; 2) after surgery and be-
fore adjuvant treatment; 3) during nonsurgical treatments 
(adjuvant and neoadjuvant); and 4) during extended survival 
including transitional survivorship, which may include transi-
tional survivorship or resumption, emphasizing the evolving 
needs of survivors who are post-treatment (Fig. 1). This narra-
tive review summarized the benefits of exercise that cancer 
survivors may experience along their treatment journey. 

BENEFICIAL EFFECTS OF EXERCISE FOR 
CANCER SURVIVORS 

After cancer diagnosis and before surgery: 
Prehabilitation
After the diagnosis of cancer, patients usually have an average 
waiting period of more than 1 month before surgery6,7 and ex-
perience high anxiety, depression, and feelings of loss.8 In ad-
dition, lower physical and psychological conditions preceding 
surgery not only induce delayed postoperative recovery (i.e., 
extended hospital stay and increased likelihood of post-surgi-
cal complications) but also elevate the risk of overall mortality 
in cancer survivors.9-11 Thus, the period between cancer diag-
nosis and the initiation of treatment has recently emerged as 
more than a mere waiting time; it is now recognized as a criti-
cal window of opportunity to prepare patients for challenging 
cancer treatments.

Cancer prehabilitation is defined as a targeted intervention 
between the time of cancer diagnosis and the initiation of acute 
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treatment, and is implemented to alleviate physical and psy-
chological vulnerabilities caused by cancer treatment.12,13 Exer-
cise serves as a crucial interventional method in cancer preha-
bilitation, exerting a positive influence on the patient’s treatment 
prognosis and subsequent post-surgical recovery. A review pa-
per reported that cancer patients with higher levels of physical 
activity before surgery had shorter length of hospital stay [odds 
ratio (OR)=3.66; 95% confidence interval (CI)=1.38 to 9.6] and 
higher QoL after surgery (OR=1.29; 95%CI=1.11 to 1.49) com-
pared to their counterparts.14 Moreover, preoperative exercise 
benefits weight and fat loss in obese cancer patients and low-
ers the risk of surgery-related adverse effects, including surgi-
cal complications, blood loss, and prolonged surgical dura-
tions.15-17 It also helps preserve muscle mass in individuals with 
esophageal cancer18 and enhances cardiopulmonary function 
and muscle strength in those with lung cancer.19 

The phase after cancer diagnosis and before surgery provides 
a valuable opportunity for behavioral change.16,20 Preoperative 
exercise has been reported to be an important factor in com-
pleting the patient’s planned treatment, promoting recovery af-
ter treatment, and having a positive effect on cancer prognosis. 
Therefore, increasing literacy among patients about the impor-
tance of exercise and intensively modifying their behavior to 
make it a habit might play a leading role in completing the can-
cer treatment journey during this period. The American Society 
for Clinical Oncology21 now recommends exercise for lung can-
cer patients prior to surgery. Additional research will likely ex-
pand this recommendation to other cancer patients prior to 
surgery and prior to other first-line treatments.

After surgery and before adjuvant treatment
Surgery is one of the primary therapeutic modalities for achiev-
ing cure or complete or partial tumor resection.22 Despite ad-
vancements in surgical techniques, approximately one-third of 
cancer patients undergoing surgery encounter various compli-
cations and postoperative issues, such as pain, decreased phys-

ical function, and reduced QoL.23,24 In particular, muscle mass 
loss after surgery in cancer patients has a significant impact on 
survival rates.25,26 In many clinical settings, cancer patients may 
have 4–6 weeks of recovery after surgery prior to initiating ad-
juvant therapy. Furthermore, delayed initiation of chemother-
apy due to prolonged postoperative recovery has an adverse ef-
fect on survival.27-29

Postoperative exercise, or rehabilitation, is a major interven-
tion that facilitates patient recovery and positively affects prog-
nosis. Early mobilization, and a representative postoperative 
exercise intervention, effectively reduces postoperative cardio-
pulmonary complications, prevents thromboembolism, alle-
viates pain, mitigates bowel obstruction, and enhances gastro-
intestinal activity.30,31 Ahn, et al.32 suggested that preserving 
lower body strength is more critical for recovery of post-surgery 
colorectal cancer patients. A follow-up study that examined 
the efficacy of postoperative exercise in a clinical pathway set-
ting also found that a resistance and balance exercise program 
for postoperative colorectal cancer patients shortened hospital 
stay, improved readiness for discharge, and enhanced body 
composition and fitness.33 In particular, post-surgery exercise 
could contribute to alleviating surgery-related complications 
and side effects.34 For example, postoperative exercise in breast 
cancer patients improved shoulder function, pain, and QoL, 
facilitating recovery after surgery.35 A recent meta-analysis in 
colorectal and lung cancer patients found that post-surgery ex-
ercise improves physical health-related QoL and enhances 
physical function and fatigue management.36 

In summary, postoperative exercise contributes to alleviat-
ing surgery-related physical function decline and muscle loss, 
as well as providing relief from treatment-induced pain. Ad-
ditionally, it has the potential to reduce psychological anxiety 
and depression, facilitating patient recovery and enhancing 
their physical and psychological readiness for subsequent ad-
juvant treatments. While postoperative exercise may impact 
cancer prognosis, the scientific foundation for timing and evi-
dence-based exercise programs remains limited. Long-term 
benefits and implications for future treatment and prognosis 
require further large-scale studies across different cancer types 
and populations.

During nonsurgical treatments (adjuvant and 
neoadjuvant)
The positive effects of exercise during nonsurgical treatments 
(e.g., chemotherapy, radiation therapy, hormone therapy, tar-
geted therapy, immunotherapy) have been reported in many 
systematic reviews and meta-analyses. Most of these studies 
have focused on breast and colorectal cancers, although there 
are several that have investigated mixed cancer patients. The 
main benefits of exercise during nonsurgical cancer treatment 
include reducing side effects and improving treatment-related 
outcomes based on incorporating evidence.

The most common side effect examined in previous studies 

PEACE

Seasons of survival Current reviewPrescreening

Screening

Pretreatment

Acute survivorship

After cancer diagnosis and before 
initiating active treatment

After surgery before initiating 
adjuvant treatmentTreatment

During nonsurgical treatment

Posttreatment
Extended survivorship Extended survival including 

transitional survivorship
Resumption

Permanent survivorship

Fig. 1. Comparison of the phases of cancer trajectory in the current review. 
PEACE, Physical Exercise Across the Cancer Experience.



318

Exercise Across Cancer Survivorship

https://doi.org/10.3349/ymj.2023.0638

was fatigue. Several systematic reviews and meta-analyses37-40 
consistently reported that exercise significantly reduced fa-
tigue during adjuvant treatment (e.g., chemotherapy and/or 
radiation therapy) in breast cancer. Moreover, the positive ef-
fects were even larger when pooling the results of the super-
vised interventions only.38,40 In the case of colorectal cancer pa-
tients, there were not as many systematic reviews or meta-
analyses available as there were for breast cancer studies. 
However, the findings showed results consistent with those of 
breast cancer studies.41,42 Physical fitness was the second most 
common outcome examined. The findings showed that exer-
cise intervention during adjuvant therapy significantly im-
proved cardiorespiratory fitness,39 muscular strength,39,43 and 
lean mass43 in breast cancer patients. One study39 reported ad-
ditional benefits on breast cancer-specific outcomes, such as 
shoulder mobility, upper body function, arm mobility, and 
lymphedema, during treatment, demonstrating the efficacy of 
exercise as a rehabilitation therapy after surgery. For colorectal 
cancer patients, one meta-analysis found no significant effects 
of exercise during chemotherapy on aerobic fitness, muscular 
strength, and body composition.41 Regarding psychological 
outcomes, the results were controversial, possibly due to dif-
ferences in assessment instruments among studies. One meta-
analysis37 showed significant effects of exercise on depression 
and borderline significant effects on anxiety, while another 
meta-analysis39 reported results from individual studies dem-
onstrating non-significant effects on anxiety, distress, and self-
esteem during breast cancer treatment. For colorectal cancer, 
one meta-analysis41 reported no significant difference in depres-
sion between the exercise and the control groups. The evidence 
on QoL was also controversial for both breast and colorectal 
cancer patients. Carayol’s meta-analysis37 reported significant 
beneficial effects, while Lipsett’s meta-analysis40 reported non-
significant effect in breast cancer patients. For colorectal can-
cer, Lund’s meta-analysis41 found that exercise significantly 
improved QoL; however, Dun’s meta-analysis42 reported in-
consistent results depending on the subscale of QoL, with sig-
nificant beneficial effects on the QoL-social factor but non-sig-
nificant effects on the QoL-cognitive and physiological factors. 
Furmaniak, et al.39 reported additional beneficial effects of ex-
ercise on physical activity behavior in breast cancer patients 
from a meta-analysis of seven studies.

Another crucial aspect of exercise during nonsurgical cancer 
treatments involves improving treatment-related outcomes, 
such as treatment tolerance, cancer-related biomarkers, and 
potential cancer recurrence. This aspect is significantly impor-
tant to demonstrate the potential of exercise as a cancer treat-
ment, as noted by Courneya and Booth44 in the Exercise as 
Cancer Treatment (EXACT) Framework. However, as there is 
still insufficient evidence from systematic reviews and meta-
analyses on these outcomes, we will introduce several individ-
ual studies. Bland, et al.’s45 systematic review examined the 
impact of exercise on chemotherapy completion rate based on 

eight randomized controlled trials. Out of the eight trials in-
cluded, only two trials46,47 that were conducted in breast cancer 
patients reported significant beneficial effects of exercise on 
chemotherapy completion. Specifically, the START trial by Cour-
neya, et al.46 compared tree arms (aerobic exercise, resistance 
exercise, and usual care group) and showed that resistance ex-
ercise significantly improved chemotherapy completion com-
pared to the usual care groups. Additionally, both the aerobic 
and resistance exercise groups exhibited trends toward im-
proving disease-free and overall survival, although these results 
did not reach statistical significance. Another randomized con-
trolled trial, PACES by van Waart, et al.,47 compared a home-
based low-intensity exercise, a supervised moderate- to-high-
intensity combined aerobic and resistance program, and a usu-
al care group. The results demonstrated that the supervised 
moderate to high-intensity exercise group required approxi-
mately four times fewer dose adjustments in the prescribed 
chemotherapy regimen compared to the usual care and low-in-
tensity exercise group (p=0.002). Additionally, the average dose 
reduction in the two exercise groups was significantly lower 
(10%) than the usual care group (25%) (p=0.014). More recently, 
Courneya and his team pooled data from the START and an-
other RCT, the CARE trial, to explore the predictors of chemo-
therapy completion in 543 breast cancer patients.48 The find-
ings showed that cardiovascular fitness and muscular strength 
before chemotherapy were the strongest predictors of chemo-
therapy completion, which underscored that exercise to im-
prove physical fitness before treatment may improve treatment 
tolerance. 

For colorectal cancer patients, Van Vulpen’s study49 reported 
that the relative dose intensity was higher (82%) in the exercise 
intervention group compared to the usual care group (76%), al-
though the result was not statistically significant (p=0.8). A Phase 
II RCT, EXERT,50 found that the number of participants who 
achieved a pathologic complete response/near pathologic com-
plete response was significantly higher in the exercise group 
(56%) compared to the usual care group (18%) (p=0.020) in rec-
tal cancer patients undergoing neoadjuvant chemoradiation 
therapy. As additional benefits, one systematic review51 reported 
that exercise improved biomarkers, such as insulin-like growth 
factor (IGF)-1, IGF-II, CD-4 cells, immune function, and de-
creased inflammatory markers in mixed cancer patients dur-
ing and after treatment. Based on existing evidence, the Amer-
ican Society of Clinical Oncology21 now recommends exercise 
during treatment with curative intent to improve fitness, symp-
tom management, and QoL for all cancer patients. Evidence 
for exercise as a cancer treatment was deemed insufficient.

During extended survival (including transitional 
survivorship)
Exercise is gaining growing recognition as a crucial approach 
for aiding the recovery and rehabilitation of individuals who 
have survived cancer. Numerous studies have shown that en-
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gaging in exercise helps alleviate various physical and psycho-
logical issues after cancer treatment. Cancer survivorship after 
cancer treatment can be separated into an acute rehabilita-
tion period and a longer-term disease prevention/health pro-
motion period (long-term survivorship).52 

During the rehabilitation period, the objective is to manage 
the immediate treatment-related side effects and support a re-
turn to the level of health experienced prior to treatment. When 
examined in clinical trials, the impact of exercise on cancer pa-
tients who completed their treatment approximately within 1–2 
years revealed compelling evidence.53 These trials, including 
mixed but primarily breast cancer, revealed that exercise inter-
ventions comprising aerobic and/or resistance training pro-
grams led to notable enhancements in various aspects of health, 
including physical functioning, strength, levels of physical ac-
tivity, QoL, fatigue, immune function, hemoglobin concentra-
tions, potential markers of recurrence, as well as body compo-
sition.

Exercise was shown to be beneficial for cancer patients not 
only in the immediate rehabilitation periods but also after sever-
al years of cancer treatment (long-term survivorship). For post-
treatment breast cancer patients, there is strong evidence that 
exercise interventions, such as aerobic, resistance and stretch-
ing exercises, can significantly improve pain, fatigue, upper 
limb dysfunction, lymphoedema, and QoL.54,55 Moreover, ex-
ercise appears safe and feasible overall, particularly for alleviat-
ing shoulder pain and improving mobility. Similarly, for post-
treatment colorectal cancer patients, exercise was feasible and 
effective for improving physical function (e.g., cardiopulmo-
nary fitness), metabolic growth factors (e.g., insulin and insulin 
resistance), and tumor related biomarkers, while less consis-
tent results were shown for body composition and psychologi-
cal outcomes.56 Insufficient intervention studies have been 
conducted to provide concrete evidence of positive effects of 
exercise after cancer treatment for other types of cancer pa-
tients. It is worth noting that the majority of previous studies fo-
cused on breast cancer patients and had relatively small num-
bers of participants, ranging from 10 to 100. Some of the trials 
also used non-randomized group allocation. Despite some 
methodological limitations, available evidence suggests that 
incorporating exercise is both viable and potentially advanta-
geous for the physical and psychological well-being of cancer 
survivors throughout the rehabilitation phase.

Although randomized controlled trials have rigorous study 
design for causal inference, it is less feasible to conduct clinical 
trials to investigate the effects of exercise on long-term survival. 
For this reason, a number of observational prospective cohort 
studies have been conducted to examine the long-term prog-
nosis of cancer patients, and they showed that higher levels of 
physical activity after diagnosis (usually well after treatments) 
was associated with decreased risk of all-cause, breast cancer-
specific, and colon cancer-specific mortality.57 In 2018, the 
American College of Sports Medicine convened an Interna-

tional Multidisciplinary Roundtable to evaluate the epidemio-
logical evidence on physical activity and cancer survival. They 
reported consistent and compelling conclusion that post-diag-
nosis physical activity is associated with improved long-term 
prognosis.58 Compared to those in the lowest postdiagnosis 
physical activity group, cancer patients in the highest post-diag-
nosis physical activity group had approximately 26%–69% lower 
cancer-specific mortality and 21%–45% lower all-cause mor-
tality. These findings were predominantly from breast, colorec-
tal, and prostate cancer patients with limited evidence for other 
cancer sites.59,60 Based on this evidence, the American Cancer 
Society61 recommends exercise for long-term cancer survivors 
to reduce their risk of recurrence and improve survival.

PROPOSED MECHANISMS FOR 
BENEFICIAL EFFECTS OF EXERCISE FOR 
CANCER SURVIVORS 

The roles of exercise as an effective therapeutic strategy for can-
cer have been widely studied through preclinical and clinical 
investigations. Beyond its roles in enhancing physical fitness/
function and psychological health, exercise exerts intricate bio- 
and physiological effects that can modulate various cancer-re-
lated outcomes. Here, we will elucidate the biological and treat-
ment-related mechanisms of exercise before and after surgery 
and during survivorship.

Before surgery
Exercise can be offered during the prehabilitation period (i.e., 
after diagnosis and before surgery), in which exercise may re-
duce or inhibit tumor suppression through various mecha-
nisms. One mechanism is that exercise-induced stress re-
sponses modulate the production of inflammatory cytokines, 
increasing or reducing the chronic and systemic biomarkers 
of inflammation associated with cancer progression,62 such as 
lowering levels of C-reactive protein,63 where anti-inflammatory 
effect may indirectly inhibit tumor growth and micro-metasta-
sis. Moreover, exercise can increase the circulation of immune 
cells, such as natural killer (NK) cells and cytotoxic T cells, which 
are essential for recognizing and eliminating cancer cells.64 For 
example, one study that investigated the effects of a short-term 
exercise (approximately 30 days) before surgery in breast can-
cer patients demonstrated upregulation of genes associated 
with anti-tumor inflammatory and immune response in tumor 
tissues (e.g., elevated NK cell-mediated cell cytotoxicity and T-
cell signaling pathway).65 

Another mechanism is through blood vessels and perfusion 
around tumor cells. One of the hallmarks of cancer is the hy-
poxic status and thereby uncontrolled growth of abnormal cells, 
where exercise can increase the blood flow and deliver oxygen 
to induce apoptosis.66 Additionally, exercise can enhance insu-
lin sensitivity, potentially reducing the risk of insulin-driven 
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tumor growth.67,68 When it comes to neoadjuvant treatment set-
tings to reduce the tumor size prior to surgery, exercise has been 
shown to have further benefits by facilitating the delivery of can-
cer treatments, such as chemotherapy and even radiation, and 
improving the efficacy of the treatments.69 In this regard, signifi-
cantly better pathological complete response (53% vs. 28%) 
among breast cancer patients who were randomly assigned to 
exercise and nutritional intervention during neoadjuvant che-
motherapy is worth noting.70 Lastly, exercise can alter tumor 
metabolism by increasing glucose uptake and oxidative stress 
in cancer cells, which can make cancer cells more vulnerable to 
the cytotoxic effects of neo-adjuvant chemotherapy and radia-
tion therapy.71 

After surgery
Surgery induces a potent inflammatory response that can im-
pair wound healing and increase the risk of complications. 
Regular exercise after surgery can attenuate this post-surgical 
inflammatory response, leading to improved wound healing 
and reduced risk of postoperative complications.72,73 Further-
more, postoperative pain and fatigue are common concerns for 
cancer surgery patients. Exercise has analgesic effects through 
the release of endorphins and anti-inflammatory biomarkers, 
which in turn could reduce not only the pain and fatigue itself 
but also the need for pharmacological intervention to manage 
pain or fatigue, minimizing the risk of their side effects.74,75 In 
addition, physical conditioning and movement immediately 
after surgery in colorectal cancer patients can potentially help 
early hospital discharge by recovering physical functioning and 
facilitating gut movements.32 

During nonsurgical treatments
Another emerging yet plausible mechanism is that exercise 
may improve treatment outcomes through various biological 
mechanisms. Exercise has been shown to improve the function 
of blood vessels not only at systemic levels but also at peripher-
al and tumoral levels, which can enhance the delivery and per-
fusion of chemotherapy to the target tumor cells.69 This can also 
be applied to radiation treatment, where exercise could reduce 
radiation-induced damages through enhancing antioxidant ac-
tivity and DNA repair,76 and may act as a “radiosensitizer” to in-
crease the efficacy of radiation therapy through inhibiting tu-
mor hypoxia, which is a key limiting factor of radiation therapy.50 
Moreover, it has been reported that exercise can improve can-
cer treatment tolerance and completion rate, which is directly 
associated with disease-free survival. The mechanism through 
which this occurs is by improving physical fitness, lean muscle 
mass, and managing side effects, such as fatigue and pain.45

Survivorship
Cancer survivors often face elevated risks of comorbidities, such 
as cardiovascular and metabolic diseases, as certain cancer 
treatments induce long-term cardiotoxicity (e.g., anthracycline-

based chemotherapy)77 or metabolic dysregulation (e.g., sex 
hormone suppressing treatment for breast and prostate can-
cers).78,79 It is well-established that regular exercise helps reduce 
cardiometabolic risk factors, including hypertension, dyslipid-
emia, and insulin resistance, thereby reducing the risks of de-
veloping comorbidities and improving long-term health.80 Ad-
ditionally, many cancer survivors report cognitive impairments 
commonly referred to as “chemo brain.” Exercise interventions 
have demonstrated potential in improving cognitive function 
through mechanisms that enhance neuroplasticity, neurogen-
esis, and cerebral blood flow.81 Moreover, cancer survivors fre-
quently experience psychological distress, including anxiety 
and depression. Regular exercise has well-documented mood-
regulating effects, attributed to the release of endorphins and 
neurotransmitter modulation, which reduce symptoms of anx-
iety and depression, improving the overall psychological well-
being.82 It is important to note that such comorbidities and 
treatment symptoms can be present in the survivorship period 
but can start to develop during cancer treatment or even before 
treatment (e.g., psychological distress after diagnosis), which 
warrants to consider that exercise can be incorporated as early 
as possible to manage comorbidities and side effects. 

Another potential role of exercise during survivorship could 
be its role in reducing the risks of cancer recurrence, metasta-
sis, and eventually improving disease-free survival.66 Although 
evidence exists from epidemiological and preclinical research 
with a lack of clinical research, the suggested mechanisms in-
clude the following: 1) Increased immuno-surveillance: Exer-
cise can stimulate the infiltration and activation of immune 
cells (e.g., NK cells), which can recognize and kill tumor cells; 
2) Decreased vascular permeability and metastasis: Exercise 
can reduce the leakiness of tumor blood vessels, which may 
prevent cancer cells from escaping into the circulation and 
forming metastatic sites. Exercise may also maintain the integ-
rity of the blood-brain barrier, thus protecting the brain from 
metastatic invasion; and 3) Increased tumor perfusion and oxy-
genation: Exercise can enhance blood flow and oxygen delivery 
to the tumor tissue, thus reducing hypoxia and inducing apop-
tosis. Exercise may also induce vascular remodeling and matu-
ration in the tumor microenvironment, resulting in more uni-
form and stable perfusion.66 

Exercise has emerged as a valuable adjunctive tool in can-
cer care, with its mechanisms surrounding the phases of can-
cer treatment. A comprehensive understanding of the biologi-
cal and treatment-related mechanisms of exercise is critical for 
the development of personalized exercise interventions that can 
improve cancer outcomes, minimize treatment-related compli-
cations, and enhance the overall well-being and QoL for cancer 
patients and survivors. However, further research, especially 
translational and clinical research, is warranted to further ex-
plore such mechanisms in clinical settings in order to refine 
exercise prescriptions, optimize timing, and establish guidelines 
for integrating exercise into routine cancer care protocols.83
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SUMMARY AND IMPLICATIONS 

Exercise plays an important role across the entire cancer con-
tinuum. Exercise prescriptions must be tailored to the phase 
of the cancer trajectory. From a supportive care perspective, 
exercise helps cancer patients prepare for treatments, cope 
with treatments, and recover after treatments. From a cancer 
treatment perspective, exercise may help cancer patients com-
plete treatments, respond to treatments, and lower their risk of 
recurrence and death from cancer. Although additional re-
search is warranted, existing evidence is sufficient to imple-
ment exercise interventions in clinical oncology practice and 
cancer survivorship programs.
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