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Current oncology and oncohematology treatment methods allow more patients to successfully survive the disease. However, afterwards, most survivors have to
deal with a wide range of symptoms and side effects and need rehabilitation. Personalized rehabilitation programs for such patients employ various methods of
physical medicine. Physical activity is an important component of the cancer patients' treatment and rehabilitation. It improves their functional health, specifically —
physical performance, cognitive function, psychological health, and makes the quality of their lives better. Physical activity increases muscle strength, alleviates the
radiation and chemotherapy side effects and relieves fatigue. Personalized exercise programs are employed to monitor patient's condition and exercise tolerance.
Physical and cognitive rehabilitative interventions are performed simultaneously as part of interdisciplinary rehabilitative care, so this approach can have a synergistic
effect. It is necessary to factor in contraindications when prescribing regular physical activity, exercise and other methods of rehabilitation, otherwise they can lead
to clinical complications.
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CoBpeMeHHOE Ne4eHNEe OHKONOMUHECKIX 1 OHKOremMaTonorm4ecknx 3abonesanmnii MPMBOANT K MOBbILLEHNIO BbDKMBAEMOCTYN NauneHToB. OfHako OoMbLUMHCTBO
BbDKUBLLIVIX MALMEHTOB CTANKVBAOTCS C LUMPOKMM CMIEKTPOM CUMMITOMOB 1 MOBOUHbIX 3hhEKTOB 1 HyKaaloTes B peabunutaummn. VHovsmayansHble nporpammbl
peabunuTaLmmn Takvx 605bHbIX BKIOHAIOT B Ce65 pasdnnyHble METOAbI (PU3NHECKOM MeAULIMHBL. Pr3nyeckas akTUBHOCTb SBSIETCS BaXKHBIM KOMMOHEHTOM B fIeHeHIIN
N peabuanTaummn 60MbHbIX OHKOMOMMHECKMIN 3aB0NEBAHNAMI 1 YAyYLLIAET 1X (DYHKLMOHANBbHOE 3[0PO0BbE B OTHOLLEHWN (PU3NHECKON paboTOCMOCOOHOCTH,
KOTHUTUBHBIX (DYHKLWA, MCUXONOMMHECKOro 3[0POBbS M KadecTBa U3HU. Puandeckas akTVBHOCTb YBENMHYMBAET MbILLEYHYIO CUJlY, YMEHbLUAET NoBOYHbIE
apheKTbI Nly4EeBO 1 XUMUOTEPANUM U CHXKAET YTOMASEMOCTb. [119 KOHTPONS COCTOSHIUSA NaLMeHTa 1 ToNepaHTHOCTU K (DU3NHECKMM Harpy3kam 1CMoMb3yoT
VNHAMBUOYaNbHO afanTUpOBaHHble MPOrpaMMbl (USNHECKNX YIPaXKHEHUI. PeabuanTaLpmoHHble BMeLLATENBCTBA (OU3NHECKOM 1 KOTHUTVBHOW HanpaBieHHOCTU
BbIMOMHSAKOTCS OAHOBPEMEHHO B paMKax MEXAUCLMNINHAPHOM peabunMTaLyOHHON NOMOLLM, MOSTOMY TakoW NMOAXOL, MOXET UMETb CUHEPreTUHECKA ahdeKT.
PerynsapHble hranyeckime Harpyaku, ynpakHeHs 1 Apyrvie MeToabl peabunmntaumm HeobxoaMMOo NMPYMEHSTL C yHETOM MPOTVBONOKA3aHWIA, B MPOTUBHOM ClyYae
OHW MOTYT MPUBECTU K KIMHNYECKM OCIIOXKHEHWSAM.
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The term "cancer survivor" dates back to the 1980s, but today
the numbers of cancer survivors are growing aimost exponentially.
Many people who have had cancer experience difficulties in their
daily life, as about 50% of them suffer one or more concomitant
chronic diseases caused by cancer or its treatment. Some late
symptoms may be caused by surgery, radiation therapy, or
chemotherapy. In this connection, the number of studies dedicated
to rehabilitation of cancer patients is growing, with some of them
covering pre-surgery rehabilitation aimed at raising the chances of
survival [1, 2]. Regular physical activity is an important component
of rehabilitation of such patients: it improves their functional
state, physical performance, mental health and quality of life. It is
imperative to minimize the functional impairments and disabilities
that such people have to deal with during and after the treatment,

and to promote their reintegration into society. This goal requires
a coordinated team of physiotherapists, physical therapists and
occupational therapists who are familiar with the unique needs of
this patient group.

Cancer patients should be informed about rehabilitation,
especially about physical therapy (exercise therapy), from the
moment of diagnosis. Understanding the vital importance of
ability to work, cancer survivors are highly motivated to return
to their jobs, since many of them are able and willing to work [3].

Rehabilitation in pain management. Exercise therapy

Debilitating pain is one of the most common and persistent
problems faced by cancer patients and cancer survivors,
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with 55% of them experiencing it during treatment and
40% thereafter. Currently, pharmacotherapy is the standard
approach to cancer pain management. Both patients and
many healthcare providers are unaware of the potential
benefits of rehabilitation in managing pain during and after
cancer treatment. Rehabilitation of cancer patients relies on
interdisciplinary cooperation aimed at functional optimization
and pain relief. Accurate diagnosis of pain is a critical step in
clinical decision making [4]. Sensitization of the central nervous
system is added to the primary causes of pain. In this case,
the pain is associated not with tissue damage but with altered
pain modulation that generates nocyplastic pain (pain arising
from altered nociception), which can alter the response to both
specific and general exercise therapy. Adaptation of rehabilitation
methods to the prevailing mechanism of pain can increase their
effect. The rehabilitation methods, including manual therapy,
specific and general exercise therapy, must be applied as part of
an interdisciplinary approach to pain management, taking into
account the nature of the pain and proper assessment of the
results. Individual exercise therapy programs differ in content
(exercises for mobilization, stretching, muscle strengthening)
and duration (time, frequency and intensity). Manual therapy
research in oncology addresses passive joint mobilization and
massage therapy. Passive manual mobilization is primarily
aimed at restoring the range of motion of the joint. The pain
can be relieved through activation of mechanoreceptors and
stimulation of fast-conducting nerve fibers. One of the studies
has shown the beneficial effect passive mobilization has on the
long-term prevalence of locoregional pain when done during
the first week after surgery [5].

Physical activity diminishes the side effects of treatment,
reduces the risk of recurrence of cancer and concomitant
cardio-metabolic diseases. Based on the results of three
summits that discussed the role of physical therapy, the
involvement of physical therapists in solving the problems
of noncommunicable diseases, including cancer, has been
declared an urgent professional priority [6]. A summary of
53 systematic reviews covering exercise therapy prescribed
to populations of cancer patients showed that exercising is
beneficial before, during and after treatment of all types of
cancer, and it is safe to exercise at any stage of the disease
[7]. Personalized exercise programs are employed to control
patient's condition and capability to exercise [8]. Fatigability is
often associated with pain (and vice versa) and can interfere
with regular general exercising. Some cancer treatments
have toxic effects on the cardiovascular system, resulting in
decreased exercise tolerance. This must be taken into account
when compiling an exercise program; ideally, the patient should
receive treatment from an interdisciplinary team addressing
stress, anxiety and sleep disturbances [9].

A meta-analysis of randomized clinical trials (RCTs)
conducted using the European Organization for Research and
Treatment of Cancer Questionnaire C30 (EORTC-QLQ-C30)
[10] showed that cancer patients and cancer survivors who
performed aerobic and/or resistance exercises had the pain
significantly less intense. A Cochrane Review summarizes
the beneficial effects of general physical activity, including
aerobic exercise therapy, resistance training and occupational
therapy [11]. The mentioned reviews failed to identify the
type of exercise therapy and the specific methods that are
most effective for pain relief. The response to exercise varies
among patients suffering chronic musculoskeletal pain; it may
even lead to hyperalgesia [12]. For arthralgia associated with
hormone therapy, which affects up to 50% of breast cancer
(BC) survivors, a combination of aerobic training and muscle
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strengthening exercises is recommended [13]. A high-quality
RCT has shown that 150 weekly minutes of aerobic exercising
and strength training can lead to clinically significant pain relief
in these patients [14]. Aerobic exercise can neutralize many
of the side effects of anticancer therapy and reduce mortality
from all types of cancer by increasing the maximum oxygen
consumption (VO, max) [8]. Pilates has been included in many
rehabilitation practices: it is statistically more effective than other
interventions for reducing pain in BC patients [15]. Yoga is also
gaining popularity as part of the cancer patients rehabilitation
programs, as reflected in a review of 29 RCTs [16]. The authors
of this review report exercising improves overall quality of life
and reduces fatigue and stress.

The biological mechanism behind the capacity of
exercising to reduce mortality and improve overall health is an
area of research that is still in its infancy. Changing levels of
blood and urine biomarkers associated with cancer can be a
manifestation of the beneficial effects of exercise therapy. Such
biomarkers enable investigations of the specific physiology
and mechanisms through which exercising affects relapse
occurrence and cancer progression. According to the results
of the analysis of 15 studies (including 12 RCTs) dedicated
to blood and urine physical activity biomarkers sampled from
cancer survivors [17], moderate intensity exercise therapy
(70-85% of the maximum heart rate and/or 11-13 points on
the Borg Scale Rating of Perceived Exertion) has a significant
effect on some biomarkers: fasting insulin concentration either
decreased or remained relatively stable, but increased in
untrained patients; insulin resistance decreased post-exercise
with no change in control; the levels of IGFI (insulin like growth
factor 1), IGFIl and IGFBPS (insulin like growth factor binding
protein 3) decreased after 6 months of training and increased in
the control group, which translated into a significant difference
between the groups. Control group showed growing leptin
levels, which went down after exercising. Serum osteocalcin
levels remained stable after post-exercise but increased in the
control group.

Restrictions in daily activities are associated with increased
toxicity of chemotherapy, decreased ability to complete
treatment, and decreased overall survival. An RCT studied
the effect of outpatient occupational/physical therapy (OT/PT)
program developed for elderly functionally impaired cancer
patients (65-92 years old) on their functional state [18]; the
report states that the OT/PT group participants' social acting,
physical functioning and aspiration to activity has increased
significantly. Occupational therapy reduces stress in cancer
patients, which allows better coping with psychosocial problems
and improves functioning.

Thus, exercise therapy is safe and well tolerated by cancer
patients both during and after treatment. However, the available
data indicate that its analgesic effect is weak.

Breast cancer

The five-year survival rate for non-metastatic BC exceeds 84%
[19]. However, most BC survivors suffer the consequences of the
disease or its treatment: pain, decreased arm muscle strength,
lymphedema, chronic fatigue and depression, cachexia,
decreased lung capacity and range of motion, decreased
health-related quality of life (HRQOL), as well as psychosocial
consequences, such as stress and reduced social interactions,
functional activity and life roles [20]. The loss of muscle mass
and decreased performance capability typical of BC patients
translate into passivity and deterioration in health. Therefore,
post-surgery rehabilitation gets more attention nowadays.
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Patients who exercise before, during, and after BC treatment
are more likely to return to work. Low-intensity aerobic training
twice a week is well tolerated even by patients undergoing
concurrent radiation or chemotherapy [21, 22].

Breast cancer survivors usually avoid using the affected
arm, which worsens the physical condition and should be
compensated for by strength exercises, since the loss of
muscle mass increases the risk of metabolic and cardiovascular
diseases [23]. A workout program helped increase muscle
strength by 20% and reduce perceived fatigue, as well as
improve physical, role-related, emotional and social functioning.
At the same time, the program while reducing side effects
experienced during and after cancer treatments. Results
from RCTs support the benefits of starting exercise as early
as possible. Training loads induces beneficial responses in
other tissues, such as bone. This is especially important for
BC patients, who have bone density below normal. Strength
training helps prevent further bone loss. Authors of the study
recommend including high-intensity strength training sessions
in the BC patient rehabilitation programs, such rehabilitation
subject to careful examination and monitoring of patients [19].

Breast cancer survivors suffer from shortness of breath and
low exercise tolerance. The involvement of lymph nodes drastically
reduces the peak expiratory flow rate. Respiratory physical
therapy is the main method for preventing these complications.
Pulmonary rehabilitation, early mobilization and sputum clearance
from the airways have a positive effect on symptoms associated
with respiratory complications and improve lung function in BC
patients. The effectiveness of physical therapy in restoring lung
function after BC treatment is especially apparent in patients with
cancer at advanced stages [24].

Lung cancer

In oncology, pulmonary rehabilitation (PR) is an interdisciplinary
complex treatment aimed at improving postoperative results
and alleviating complications in patients that received radiation
or chemotherapy [25].

Patients with inoperable lung cancer often have low physical
status, low exercise tolerance and are physically passive. A
clinical trial of an eight-week at-home PR program designed for
lung cancer patients treated non-surgically that implies gradual
increase of physical activity has shown that rehabilitation can
mitigate the afore conditions and increase the likelihood of
successful completion of active lung cancer therapy [26]. A
Cochrane review dedicated to rehabilitation/exercise therapy
for patients with advanced, inoperable lung cancer supports
these findings [27].

The European Society of Thoracic Surgeons' Guidelines
for Recovery from Lung Surgery recommend prehabilitation
for patients with borderline lung function or reduced exercise
tolerance [28].

Patients undergoing chemotherapy for lung cancer or
malignant pleural mesothelioma completed an eight-week at-
home PR program that combined exercise with therapeutic
education and psychosocial management. These patients
were educated to recognize the dyspnea threshold and
advised to do the daily 30-45 minute exercise program at
least 5 days a week. The program included endurance training
on a bicycle ergometer, muscle strengthening exercises with
weights (dumbbells) and elastic resistance bands, walking
and stairs climbing. There were no PR side effects observed.
The physical activity and anxiety scores improved significantly.
Post-PR reevaluation showed a correlation of these results with
the somatic status of the patients [29].

A meta-analysis that included 15 RCTs (870 participants in
total) studying the effect of breathing exercises on dyspnea, six-
minute walking distance, anxiety and depression in lung cancer
patients shows a positive effect of such exercises on dyspnea
and the six-minute test results, especially post-surgery. The
authors propose to introduce breathing exercises into routine
clinical practice [30]. The increased long-term survival of
lung cancer patients and other benefits of PR prompted the
Australian Society of Clinical Oncology to issue the official
position that all lung cancer patients should be prescribed
exercise as part of standard therapy [31].

Hematologic malignancies

The conditions peculiar to hematologic malignancy (HM)
patients are cytopenia, nausea, vomiting, anorexia, loss
of energy, anxiety and depression associated with muscle
dysfunction, loss of muscle mass and decreased muscle
strength. These symptoms can lead to decreased physical
activity and development of the disuse syndrome [32]. A cross-
sectional, observational study aimed to identify the factors
influencing muscle function in HM inpatients; the results of
this study show that a rehabilitation intervention designed to
increase physical activity and improve the nutritional status
(diet therapy) should be considered necessary in the context of
improvement of muscle function in HM patients [33].

Lymphoma survivors usually complain of long-term and late
side effects of treatment, such as chronic fatigue, pain, muscle
weakness, neuropathy, anxiety, depression and deteriorating
functionality and quality of life [34-36]. Programs that include
exercise and relaxation have a positive effect on and relieve
these symptoms. In the context of the Relaxation and Exercise
In Lymphoma study, patients practiced a 12-week at-home
rehabilitation program [37]. For the majority of lymphoma
patients (86%), at-home rehabilitation after chemotherapy
was a positive experience that facilitated recovery. Thus, post-
treatment rehabilitation programs designed for HM patients
should include observation, motivation building, exercise
therapy and healthy lifestyle recommendations.

Abdominal cancer

Surgery combined with radiation and/or chemotherapy is
the standard approach to abdominal cancers. Malnutrition,
decreased physical activity and pain increase the risk of sub-
optimal healing after surgery. In addition, 70% of colorectal
cancer patients, 10-79% of prostate cancer patients, 42-70%
of pelvic cancer patients experience symptoms of dysfunctions
of pelvic floor (bladder, intestine and reproductive organs) after
surgery. To learn the feasibility of interdisciplinary approach to
rehabilitation of patients who underwent surgery for abdomino-
pelvic cancer, there was designed a study investigating
functional disorders, symptoms of pelvic floor muscle
dysfunction, changes in muscle strength and physical activity,
anxiety, depression and HRQOL before the rehabilitation and 8
weeks and 6 months thereafter [38].

After surgery for stage I-lll colorectal, gynecological or
prostate cancer, patients underwent an eight-week training
program under the supervision of a physical therapist,
physiologist, psychologist and nutritionist. Post-rehabilitation,
there were clinically and statistically significant changes
identified. The patients' exercise capacity improved, bowel
symptoms and depression faded, HRQOL increased
immediately after the program was completed and remained
at the achieved level after 6 months. Exercise therapy for the
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pelvic diaphragm muscles increases their contractility and
improves sphincter control. Thus, oncologic rehabilitation
should be considered an integral component of standard care
protocols applied in abdominal and pelvic cancer cases [38].

Cancer cachexia and muscle atrophy

Cancer cachexia causes muscle atrophy and loss of body
weight, which accelerates the progression of cancer, worsens
treatment outcomes, and decreases chances of survival.
Complex treatments, including physical therapy, are used to
counteract muscle atrophy. Different types of exercise have
different effects: for example, endurance training stimulates
oxidative metabolism but does not increase the in muscle
mass significantly, whereas resistance exercises lead to muscle
hypertrophy. Moderate load resistance exercises are used to
prevent muscle atrophy. As the muscle mass decreases, there
occurs a structural shift from slow-twitch muscle fibers to
fast-twitch muscle fibers. To induce muscle hypertrophy, the
magnitude of the load is critical: moderate load training will
stimulate only the slow-twitch fibers and not fast-twitch fibers.
The decrease in the mass of fatigue-resistant slow-twitch
fibers is partly responsible for the exercise intolerance and
fatigue often observed in cancer patients. This means that, if
the patient's physical condition allows, it is beneficial to advise
higher load exercise in order to slow down muscle loss [39].

Rehabilitation of cancer patients: organizational aspects

Most cancer survivors prefer exercising at home with
coordination done by the cancer center's exercise therapy
specialists. Regular monitoring of how the patients follow the
exercise program promotes a lasting change in their behavior
(increases adherence to treatment and recommendations).
Thus, rehabilitation in the cancer center followed by the
prescribed at-home exercising monitored regularly may be a
preferable model of exercise therapy rehabilitation of cancer
patients that is further enhanced by a continued information
exchange between oncologists and exercise therapy
specialists and prompt communication of the treatment results
to the medical team. Based on these principles, Canadian
rehabilitation therapists have developed and implemented
a clinically integrated program " Wellness and Exercise for
Cancer Survivors" for patients of a major cancer center. This
program capitalizes on the upsides of the in-hospital and at-
home rehabilitation models, with “home” refers to a variety
of exercise environments, including fitness centers and
outdoor activities. The program, innovative in its structure,
demonstrated the central role of the cancer center in providing
supportive care to patients in need thereof. The participants
could attend weekly group sessions to practice the exercise
technique. For independent exercise, they received a detailed
program guidance, resistance bands and gymnastic balls.
Follow-ups to reevaluate and adapt the exercise program were
scheduled 6, 12, 24, and 48 weeks after the initial examination
and exercising prescription. Despite a significant dropout rate,
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