
Introduction: The aim of this study 
is to evaluate the effects of physio-
therapy in patients who underwent 
oncological treatment including spiro-
metric indicators: FEV1, VC, FVC, PEF, 
FEV1/FVC, FEF25, FEF50, FEF75. More-
over, the possible influence of dura-
tion of physiotherapy on ventilation 
activity of lungs was assessed.
Material and methods: The study 
considered 91 women after breast 
cancer therapy qualified for outpa-
tient physiotherapy. All patients un-
derwent radiation therapy, and more 
than half of the women received con-
current chemotherapy. To assess rates 
of respiratory disorders, the patients 
were subjected to spirometric tests. 
The clinical status of examined sub-
jects was also taken into account. 
Results: Statistical analysis showed 
that the duration of physiotherapy 
contributed to increased ventilation 
index FEV1% – with each treatment 
day corresponding to an average of 
1.8 units. In contrast, the involvement 
of lymph nodes radically reduced the 
level of PEF by as much as 64 units. 
The results of linear modelling provid-
ed evidence of statistically significant 
effects of chemotherapy on spiromet-
ric indicators. What is more, a statis-
tically significant impact of time of 
rehabilitation on FEV1 increase was 
estimated. 
Conclusions: Physiotherapy leads to 
improvement of lung functions in 
patients with breast cancer after on-
cological treatment; progress is more 
evident in patients with advanced 
cancer after radical treatment.
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Introduction

Advances in early detection and improved treatment of breast cancer 
have resulted in increased chances of survival after diagnosis, resulting in 
a lot of women living with the consequences of cancer treatment [1]. The ad-
verse side effects of chemotherapy treatment include, among others, pain, 
fatigue, cachexia (wasting syndrome), diminished strength and lung capaci-
ty, and reduced range of movement [2–5]. 

There is evidence that women successfully treated for breast cancer have 
ongoing morbidity with symptoms of dyspnoea, exercise intolerance (re-
duced exercise tolerance as measured by peak oxygen consumption), and 
reduced physical capacity [6–10]. Effort dyspnoea and exercise intolerance 
in breast cancer survivors are associated not only with increased ventilatory 
demand secondary to deconditioning, but also with reduced inspiratory ca-
pacity (IC) and inspiratory muscle weakness [11].

Currently, physiotherapy forms the main intervention technique applied 
in preventing these complications. Respiratory physiotherapy forms a core 
specialty within physiotherapy and plays a key role in treatment of patients 
with respiratory diseases [12, 13]. A variety of interventions, including pul-
monary rehabilitation, early mobilisation, and airway clearance techniques 
have demonstrated beneficial effects on symptoms associated with respira-
tory diseases. These include enhanced pain management, sputum clearance 
and cough efficacy, reduced dyspnoea, and improved physical fitness [12]. 
The aim of this study involved the evaluation of the effects of physiother-
apy in patients following oncological treatment, in particular including de-
termination of whether rehabilitation in patients resulted in improvement 
of spirometric indicators and decreased occurrence of respiratory disorders. 
The assessment of the effect of the duration of the intervention program on 
ventilation activity of lungs was also performed. 

Material and methods

The research involved patients after breast cancer treatment qualified for 
outpatient physiotherapy at the Rehabilitation Unit at the Cancer Centre and 
Institute of Oncology in Gliwice in 2012–2013. In total 91 patients underwent 
rehabilitation. The characteristics of this group are summarised in Table 1. 

It can be seen in Table 1 that following the classification of malignant 
tumours, the prevailing tumour types were T = 2 and N = 1. A vast majority 
of patients had an expression of oestrogen receptors (3) and reached meno-
pause. All women were subjected to radiation therapy, and more than half 
underwent concurrent chemotherapy. Patients participated in rehabilitation 
were on average two and a half years after the completion of radiothera-
py. On average, physiotherapy took approximately three weeks and it was 
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performed following the physiotherapy treatment. The 
respiratory disorders in patients were assessed based on 
the spirometric tests including the following air flow in-
dicators: forced expiratory volume in one second (FEV1), 
vital capacity (VC), forced vital capacity (FVC), peak ex-
piratory flow (PEF), ratio of forced expiratory volume in 
one second to forced vital capacity (FEV1/FVC), and forced 
expiratory flow (FEF). The resulting material was used for 
statistical analysis. 

Statistical analysis

Student’s t-test for dependent observations for time 
intervals (preceding and following rehabilitation) was ap-
plied in the study. The assessment of the examined clinical 
factors on ventilation indicators relied on a linear model, 
which determines the relation between the dependent 

variable Y and the set of predicting factors X in the follow-
ing form: Y = b
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In this equation b
0
 is an intercept, and b

i
 represents the 

regression coefficients (slopes) for explanatory variables 
(from 1 to k). In the statistical analysis, only univariate and 
bivariate regressions were considered. 

Results

The study involved the use of Student’s t-test to com-
pare the results before and after rehabilitation with regard 
to patients subjected to breast-conserving treatment and 
those after mastectomy.

Based on the results reported in Table 2, statistically signifi-
cant differences in means of spirometric indicators before and 
after rehabilitation were estimated, especially in patients who 
underwent mastectomy. Linear univariate models of statisti-

Table 1. Selected characteristics of qualified rehabilitated patients

Risk factor Mean ±SD (range) Median

Age 57.1 ±10.5 (26–74) 59

Tumour size (cm3) 2.5 ±1.6 (0.1–9) 2.0

BMI (kg/m2) 27.3 ±4.9 (14.5–43.3) 26.7

Time RT (days) 36.4 ±5.7

Risk factor Fraction

Degree (T) (0) = 0% (1) = 40% (2) = 43.5% (3) = 10.6% (4) = 5.9%

Degree (N) (0) = 21.4% (1) = 78.6%

Oestrogen recept. stat. (0) = 15.8% (1) = 7.9% (2) = 19.7% (3) = 56.6%

Progestogen recept. stat. (0) = 31.6% (1) = 14.5% (2) = 17.1% (3) = 36.8%

HER recept. stat. (0) = 51.4% (1) = 21.6% (2) = 14.9% (3) = 12.2%

Menopause status Perimenopause = 12.2% Menopause = 87.8%

Type of surgery Mastectomy = 82% Breast conserving therapy = 18%

RT (dose) 50 Gy = 75% 60 Gy and ≥ 25%

Table 2. Results of Student’s t-test for subgroups of patients

Type of surgery Breast conserving therapy Mastectomy

Rehabilitation 
status

Before After Before After

Mean ±SD Mean ±SD t statistic p-value Mean ±SD Mean ±SD t statistic p-value

FEV1 (l) 2.32 ±0.66 2.51 ±0.51 –4.17 0.0024 2.24 ±0.42 2.57 ±0.48 –7.10 < 0.0001

FEV1 (%) 96.63 ±23.10 105.60 ±23.58 –4.01 0.0031 97.74 ±21.48 112.19 ±24.29 –5.91 < 0.0001

FVC (l) 3.05 ±0.90 3.03 ±0.51 –1.21 0.2584 2.99 ±0.52 3.09 ±0.51 –2.62 0.0107

FVC (%) 106.75 ±28.13 107.50 ±22.67 –1.31 0.2223 108.74 ±20.92 112.16 ±22.82 –1.53 0.1309

PEF (l/min) 341.81 ±101.96 336.10 ±87.23 –0.49 0.6381 321.60 ±69.17 348.96 ±62.06 –3.57 0.0007

PEF (%) 90.56 ±23.87 90.20 ±22.68 –0.44 0.6695 87.88 ±20.86 95.48 ±18.44 –3.44 0.0010

FEV1/FVC (%) 77.63 ±11.24 82.30 ±8.96 –1.16 0.2745 75.12 ±8.67 81.65 ±12.93 –3.43 0.0010

FEF25 (l/s) 4.65 ±1.98 4.81 ±1.25 –0.79 0.4479 4.44 ±1.18 4.75 ±1.05 –2.26 0.0269

FEF25 (%) 82.63 ±32.55 87.40 ±21.30 –0.79 0.4487 81.82 ±23.02 87.67 ±19.97 –2.10 0.0395

FEF50 (l/s) 2.67 ±0.93 2.95 ±0.93 –2.35 0.0434 2.35 ±0.93 3.07 ±0.98 –5.92 < 0.0001

FEF50 (%) 71.38 ±21.98 79.70 ±24.81 –2.30 0.0467 63.52 ±27.24 82.65 ±24.82 –5.57 < 0.0001

FEF75 (l/s) 0.90 ±0.46 1.26 ±0.68 –1.75 0.1138 1.76 ±8.58 1.38 ±0.78 0.42 0.6736

FEF75 (%) 66.63 ±30.90 93.90 ±50.44 –1.75 0.1147 58.81 ±35.73 105.52 ±61.83 –5.97 < 0.0001

FEV1 – forced expiratory volume in one second, FVC – forced vital capacity, PEF – peak expiratory flow, FEV1/FVC – ratio of forced expiratory volume in one second 
to forced vital capacity, FEF – forced expiratory flow
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cally significant effects of spirometric indicators and selected 
clinical factors on ventilation of lungs are reported in Table 3.

The data in Table 3 show that the time of physiothera-
py significantly contributed to an increase in FEV1% – ap-
proximately 1.8 units per day of rehabilitation. In contrast, 
lymph node status radically reduced the level of PEF by as 
much as 64 units. The statistically significant linear mod-
els of a possible effect of chemotherapy on lung ventila-
tion indicators are given in Table 4.

The results in Table 4 demonstrate the positive influ-
ence of chemotherapy on the analysed spirometric indi-
cators before and after rehabilitation. The effect of reha-
bilitation on FEV1 was also estimated in a linear bivariate 
regression approach (Table 5).

The results reported in Table 5 provide evidence of 
a statistically significant increase in FEV1 in patients since 
the end of oncological treatment (approximately 0.04 l per 
year of the interval). What is more, a week of rehabilitation 

Table 3. Linear model of changes in lung ventilation indicators in patients without combined chemotherapy

Response variable Risk factor Regression coefficient Mean Standard error p-value

FEV1 (%) – after rehabilitation Time of rehabilitation (days) Intercept
Slope

–23.22
1.80

10.78
0.50

0.0345
0.0006

FVC (l) – after rehabilitation Number of births Intercept
Slope

0.26
–0.08

0.08
0.04

0.0009
0.0340

PEF (l/min) – after rehabilitation Status of lymph nodes Intercept
Slope

83.14
–63.78

23.31
24.41

0.0006
0.0108

PEF (l/min) – after rehabilitation Tumour size (cm³) Intercept
Slope

57.05
–12.48

13.53
4.68

0.0001
0.0094

PEF (%) – after rehabilitation Status of lymph nodes Intercept
Slope

19.14
–13.71

6.55
6.86

0.0046
0.0492

PEF (%) – after rehabilitation Tumour size (cm³) Intercept
Slope

15.88
–3.59

3.73
1.29

0.0001
0.006

FEV1/FVC (%) – after rehabilitation Time of rehabilitation (days) Intercept
Slope

–21.90
1.48

8.86
0.41

0.0158
0.0006

FEF25 (l/s) – after rehabilitation T degree Intercept
Slope

0.96
–0.36

0.32
0.16

0.0036
0.0295

FEF25 (I/s) – after rehabilitation Tumour size (cm³) Intercept
Slope

0.91
–0.23

0.25
0.09

0.0004
0.0078

FEV1 – forced expiratory volume in one second, FVC – forced vital capacity, PEF – peak expiratory flow, FEV1/FVC – ratio of forced expiratory volume in one second 
to forced vital capacity, FEF – forced expiratory flow

Table 4. Linear univariate models of spirometric indicators in patients with concurrent chemotherapy 

Response variables Regression coefficient Mean Standard error p-value

FEV1 (l) before rehabilitation Intercept
Slope

2.134
0.234

0.073
0.097

< 0.0001
0.0184

FVC (l) before rehabilitation Intercept
Slope

2.856
0.263

0.092
0.123

< 0.0001
0.0353

PEF (l/min) before rehabilitation Intercept
Slope

306
37.31

11.66
15.58

< 0.0001
0.0187

FEF25 (l/s) before rehabilitation Intercept
Slope

4.137
0.647

0.207
0.277

< 0.0001
0.0217

FEV1 (l) after rehabilitation Intercept
Slope

2.402
0.282

0.082
0.107

< 0.0001
0.0099

FVC (l) after rehabilitation Intercept
Slope

2.905
0.333

0.087
0.114

< 0.0001
0.0044

Age of lungs after rehabilitation Intercept
Slope

55.29
–8.461

2.941
3.789

< 0.0001
0.0285

FEV1 – forced expiratory volume in one second, FVC – forced vital capacity, PEF – peak expiratory flow, FEF – forced expiratory flow

Table 5. Linear bivariate regression of forced expiratory volume in one second (FEV1) on interval since oncological treatment and time of 
rehabilitation

Response variable Risk factor Regression coefficient Mean 95% CI p-value

FEV1 (l) before – after rehabilitation Intercept –0.198 (–0.497, 0.091) 0.0831

Start rehabilitation – end RT (months) Slope 0.003 (0.001, 0.005) 0.0044

Time of rehabilitation (days) Slope 0.021 (0.008, 0.036) 0.0038
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is equivalent to half a year of the non-intervention reco- 
very of lungs in women. These results demonstrate a sig-
nificant impact of the rehabilitation on FEV1. The described 
model is presented graphically in Figure 1 and 2. 

Discussion

Based on the obtained results, a possible impact of the 
physiotherapeutic program on the progress in spiromet-
ric functions in breast cancer patients can be established. 
However, overall health development was considerably 
stronger in radically treated women than in women who 
underwent breast-conserving therapy. It seems that the 
better rehabilitation effect is observed in radical treatment 
leading to a more intensive regeneration of lungs. 

The estimated correlations between differences in spi-
rometric indicators before and after rehabilitation were 
mainly attributable to clinical factors, i.e. tumour size and 
lymph node status (Table 1). This could be explained by 
the intensity of the conducted radiotherapy, which in turn 
is related to radiation injury of lungs and their stronger 
recovery. Similar conclusions were reached in a study [14] 
on FVC, FEV1, carbon monoxide in patients suffering from 
irradiation after breast cancer therapy. In the cited study, 
the spirometric tests deteriorated relatively over the peri-
od of six months following radiotherapy and returned to 
a level similar to the one recorded before irradiation one 
year after the end of observation [14].

Contrasting observations to the present study of the ef-
fect of chemotherapy with concurrent radiotherapy on the 
spirometric measures were found in [15]; however, they are 
in accordance with [16]. The latter can be explained by stron-
ger cell regeneration and reconstruction of lung functions in 
patients with the more intensive medical intervention [17]. 

Statistical correlations were also estimated as regards 
spirometric efficiency with an interval since the end of on-
cological treatment and time of rehabilitation. These find-
ings can be interpreted by the natural regeneration of lungs 
since the end of oncological treatment. However, notewor-
thy is the fact that a week of rehabilitation is an equivalent 
to half a year of the non-intervention recovery of lungs in 
women. This result shows significant power of the rehabil-
itation on lung functions after breast cancer radiotherapy.

Based on the collected material, applied methodology, 
and obtained statistical results, positive physiotherapeu-
tic effects on breast cancer patients can be established. 
The presented findings are not alone. Similar results were 
previously reported in the scientific literature worldwide 
[18–24]. They confirm the statement regarding the posi-
tive impact of rehabilitation on the condition of oncologi-
cally treated patients.

Conclusions

Physiotherapy leads to the improvement of lung func-
tion in patients with breast cancer following oncological 
treatment; progress is particularly evident in patients in 
more advanced cancer stages.

Clinical factors such as age of patients, body mass in-
dex, tumour size, nodal status, or menopause had no sta-
tistical effect on spirometry of lungs.

Time of physiotherapy played an important role in basic 
lung functions in breast cancer patients.

The author declares no conflict of interest.
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