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Is Pulmonary Function Test Insensitive to Possible
Pulmonary Complications after Tangential Radiotherapy
of Breast Cancer?

Khoshbin Khoshnazar A', Banikarimi A’, Hatami A°, Badeleh MT*

Abstract

Background: Pulmonary complications of radiation to breast are inevitable, while its
incidence and severity are not clear. One of the methods to assess pulmonary
complications is spirometry. The influence of radiotherapy on pulmonary function test
and the factors affecting it have been assessed in this study.
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Methods: Breast cancer patients with stage Il and lll (based on TNM staging),
underwent six courses of chemotherapy, and the total mastectomy was included in
this study. Smokers, chronic pulmonary patients, cardiac patients, and those who
suffered from anatomic chest malformations were excluded. Sample size was 75 and
data collection was conducted by the spirometer device.

The total tumor dose varied between 4800 to 5040 cGy with fraction of 180 or 200
cGy. Spirometry was performed before and 3 months after radiotherapy; the
patients were examined at the same time by a specialist for respiratory
complications. The measured parameters were FEV 1(Forced Expiratory Volume in 1

second) and FVC (Forced Vital capacity) which were normalized by age and sex.
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Results: The average age of the patients was 45.617.92 .Average length and
widths of tangential fields were determined 18.2+1.8 and 6.711.37 respectively.
Average central lung distance was measured 2 £1.07 ¢cm. The mean of FEV1% prior
to and following radiotherapy was measured 74.9 +15.59 and 78.86+12.55
respectively (p=0.09).The mean of FVC% before and after radiation treatment was
measured 72.17114.26 and 74.6%£11.36 (p=0.07). No abnormal signs were
observed in the patients after radiotherapy.

Conclusion: It seems that three months is a short period for appearance of
pulmonary changes after radiotherapy with cobalt machine. Moreover, minimizing

CLD through planning might lower the probability of pneumonitis due to radiation. Received: 23 Oct. 2009
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Lung clearance is one of the earliest functions that
changes after radiation, which has been studied by
Soga et al. and others [7, 8].

Furthermore, Groth et al. and Lin et al. have
surveyed these changes by DTPA-99m Tc [8, 9]. One
of the methods to assess pulmonary complications is
spirometry. Radiation pneumonitis usually appears 2

Introduction

Radiotherapy of breast cancer can enhance the
local control rate and survival of patients.

Pulmonary complication of radiotherapy s
inevitable while its severity and incidence remains
unclear [1, 2].Lung damage due to radiotherapy is
one of the complications which may develop to

pneumonitis and fibrosis [3, 4].

Pulmonary changes due to radiation have been
surveyed by different imaging techniques such as
HCRT and nuclear medicine. Shratter-sehn et al. and
Bell et al. have observed some changes in CT images
of breast cancer patients who were treated by
radiotherapy [5, 6].
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to 6 months after radiotherapy [1, 2].

Lund et al., Lind et al. and Tukatli et al. have
reported the reduction of respiratory volumes
following radiotherapy [10, 11, 12] .Based on Lind’s
report [10], FEV1 mean before and three months
after radiotherapy was obtained 1.85 and 1.75 Lits
respectively. Kwa and his colleagues, based on a
large clinical data set, observed a dose-effect
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Figurel. A two dimensional planned image of right breast, showing doses received by breast and lung
(Tumor dose was 50 Gy). Moreover CLD (=2 c¢m) has been delineated on the planned image.

relation between the mean lung dose and the
incidence of radiation pneumonitis. They worked on
540 patients with lung cancer, esophagus and 59
breast cancer patients. Observed pneumonitis
incidence in the breast group was obtained 1.4 %
[13].

The influence of radiotherapy on pulmonary
function tests and the factors affecting it have been
examined in this study. Moreover, the influence of
irradiated lung volume on PFTs has been assessed.

Materials and Methods

Female patients with Il and lll breast cancer stages
(based on TNM staging) underwent both six courses
of chemotherapy, and the total mastectomy was
examined in this study. Smokers, chronic pulmonary
patients, cardiac patients, and those who suffered
from anatomic chest malformations were excluded.
Sample size was 75 and data collection was
conducted by spirometer (SPIROLAB Il made in ltaly)
device of endoscopy section of the 5th Azar hospital
of Gorgan, Iran.

The patients were examined by radiotherapists,
and radiation fields were drawn on their skin, and
after putting some markers on radiation fields’

borders, the patients were referred to CT dept to
take planning slices. Patients lied on the special
wedge with an adjustable height to make sternum
surface parallel to the table top of radiotherapy
machine and also CT scanner (for simulation).

CT films were digitized and images were
transferred to two dimensional treatment planning
software called ALFARD. Dose Volume Histogram
was not produced as the software was two
dimensional.

In addition to treatment planning, central lung
distance (CLD) was measured on the images.CLD is
defined as vertical distance between leading edge
of tangential field and posterior edge of the chest
wall (fig 1). Before the initiation of radiotherapy
treatment, patients were referred to spirometry
department. All the patients received loco regional
radiotherapy fields including two tangential, one
supraclavicular and one post axillar fields. Right arm
was placed behind the patients' head, the same
position taken during CT imaging.

The total tumor dose varied between 4800 to
5040 <Gy with fraction of 180 or 200 cGy. Patients
were treated by SSD method using Phoenix cobalt
machine.  Spirometry was performed before
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Table 1. Principle Statistical indices of studied population

Khoshbin Khoshnazar et al.

Index mean Standard deviation
Age 45.6 7.92
Length of tangential field 18.2 1.18
Width of tangential field 6.7 1.37
Central lung distance 2 1.07

Table 2. Values of FEV1% and FVC% before and 3 months after radiotherapy

Parameter Before radiotherapy 3 months after radiotherapy
Mean SD Mean sD t P- Value
FEV1% 74.9 15.59 77.86 12.55 2.454 0.09
FVC% 7217 14.26 74.6 11.36 -0.817 0.07

radiotherapy and 3 months thereafter, while patients
were examined by a specialist on respiratory
complications at the same day. Measured
parameters were forced expiratory volume in 1
second (FEV1 %) and forced vital capacity (FVC %)
was defined as the percentage of measured value to
the predicted value (regarded to age and sex) and
was  automatically  calculated by  spirometer
software.

Data analysis was performed using statistical
indices including standard deviation, standard error,
prevalence percentage and chi square. Considering
kolmogornov —smirnov results, student t-test was used
to compare the means.

Results

Average age was 45.6% 7.92. Average length
and width of tangential field were 18.2+1.8 and
6.711.37 respectively. Average central lung
distance was measured 2 *1.07 corresponding to
22% of the total lung volume at max (Table 1). This
value has been obtained based on DAS et al. results
in which the ratio of irradiated lung volume to CLD
was 0.6%/mm and 0.5%/mm for the left and right
lungs [14].The mean of FEV1% before and after
radiotherapy were measured 74.9 +15.59 and
78.86+12.55 respectively showing no significant
difference (p=0.09). The mean of FVC% before and
after radiotherapy were measured 72.17 +14.26
and 74.60111.36 respectively showing no significant
difference (p=0.07) (Table 2).No abnormal signs
were observed in patients after radiotherapy.

Discussion

Among the adjuvant therapies for the breast,
radiotherapy after mastectomy can reduce the risk
of local recurrence .Adjuvant radiotherapy can
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reduce local recurrence in patients without nodal
involvement and can lower far metastasis risk and
increase the survival of patients with nodal
involvement.

Radiation pneumonitis may emerge 2 to 6 months
after radiotherapy and can appear randomly in
chest radiographs. In case of respiratory signs,
shortness of breathing after exercise, coughing and
fever are usual. Based on Moiseenko results, dose-
response curves for complications that included
radiographic changes were less steep than for
symptomatic complications. The volume dependence
for symptomatic fibrosis was more pronounced
compared to all fibrosis. A strong correlation was
observed between developing pneumonitis and
developing  fibrosis [15]. Moreover, Alena
Novakova-Jiresova et al. on an experimental survey
concluded that the severity of respiratory dysfunction
after partial thoracic irradiation is likely to be
governed by an interaction between pulmonary and
cardiac functional deficits [16].

At first, Groover reported pneumonitis and fibrosis
as the radiation complications [17]. Muosas et al.
reported radiation pneumonitis in 34% of the
patients with chest radiation; fibrosis, 6 10 12 months
after radiation has also been reported [18].

The releases of cytokines and direct damage to
pneumocyte type Il are the first events reported in
radiation pneumonitis  which will be replaced
gradually by fibrotic and leucocytes infiltration
around capillary of alveolus and bronchioles [19].

Despite the irradiation to 22% of lung volume,
there was no change of pulmonary function test
results which is in contrast with the results of Lund et
al. [10]; Toukatli et al. [12], Ameri et al. [20], and
Linder et al. [T1].
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However, some authors showed that pulmonary
changes up to 50 Gy after tangential radiation to
the chest wall are relatively small and reversible [21,
22].Moreover, Butherman et al. suggest insignificant
alteration in pulmonary function when less than one
third of the total lung volume is irradiated; and this is
in conformity with our results [23]. Liges et al. have
shown one percent probability for pneumonitis if
CLD is less than three cm , the same condition in our
study in which CLD was 2 * 1.07.

Study of Coeffman et al. showed reversible
and/or irreversible reduction of pulmonary function
test by 3-22% within 3-4 months after radiotherapy
[24].

Comesi et al. reported early but transient
reduction off pulmonary function tests within 1-4
months after radiation being resolved after 2 years
[25].

Concerning the obtained results, it seems that three
months is not enough for pulmonary changes to
appear after cobalt 60 gamma radiation, while the
role of treatment planning to minimize CLD might be
critical to lower the risk of pneumonitis resulting from
radiation; this is in accordance with the result of
Butherman and Linges [23, 25].

Moreover, the absence of any abnormal signs in
the examination of lung by specialists is in
accordance with the results of pulmonary function
test. It seems obeying primary treatment planning
principle to lower the irradiated volume of lung was
effective .additional time to detect pulmonary
complications and more sensitive  diagnostic
procedure could lead to more credible conclusions.

Acknowledgment

The authors wish to thank the Research and
Technology Affair of Golestan University of Medical
Sciences for financial assistance .We are also
grateful to Dr Mohammad Ali Sadr Bazzaz , Dr
Attaollah Jahangir Raad ,the staff of radiotherapy
dept of 5th Azar Hospital. We also extend our
appreciations to Attaollah Goldasteh, a medical
physicist, for his valuable assistance and to Mr
Manoochehri for performing Pulmonary Function
Tests.

Conflicts of Interest
The authors declare that they have no conflicts of
interest.

Avuthor's Contribution

KKA was the main executer of the study,
programmer of the study, radiation therapy planner

and the study supervisor; in addition, he summarized
the study for publication.

BA examined the patients for their respiratory
status,  interpreted  spirometry  reports and
summarized the study.

HA selected the breast cancer patients, examined
and referred them for the study. He also prescribed
tumor dose and supervised radiation therapy.

BMT was consulted for interpretation of spirometry
results and performing statistical analysis.

Reference

1. Perez CA, Brady LW, Halperin EC: Principles and
Practice of Radiation Oncology.5th edition .Lippicott-Raven;
2004.

2. Devita VT, Hellman s, Rosenberg S. Practice of
Oncology. 7th edition. Lippincott Williams and Wilkins;
2005.

3. Gross NJ. Pulmonary effects of radiation therapy. Ann
Intern Med 1977; 86:81-92.

4. Shratter sehn AU, Shurawitski H, Zach M. High
resolution computed tomography of lungs in irradiated
breast cancer patients .Radiother Oncol 1993;27:198-202.

5. Bell J, Mc Given D, Bullimore J. Diagnosis imaging of
post irradiation changes in the chest. Clin radiol 1988; 39:
109-19.

6. Suga k, Alderson PO, Mita A. Early retardation 99m
Tc-DTPA radioaerosol transalveolar clearance in irradiated
canine lung. J Nucl Med 2001, 42:292-9.

7. Suskind H,Weber DA,Lau YH.Impaired permeability in
radiation-induced lung injury defected by technetium-DTPA
lung clearance. J Nucl Med 1994; 35:207-9.

8. Groth S, Johanson H, Sorensen PG. The effect of
thoracic irradiation for cancer of the breast on ventilation.
Perfusion and pulmonary permeability: A one year follow
up. Acta oncol 1989; 28:671-8.

9.Llin W Y, Weng YC, Wang SJ, Shen YY. Sequential
pulmonary effects of radiotherapy detected by 99mTc DTPA
aerosol inhalation lung scintigraphy. Neoplasmal996;
43:231-4.

10. Lund MB,Myhre KL,Mdsom H .The effect on
pulmonary function of tangential field technique in
radiotherapy for carcinoma of the breast. B J R 1991;
64:520-3.

11.Lind ARM, Rosfors S, Wenhberg B. Pulmonary
function following adjuvant chemotherapy for breast cancer
and the issue of three-dimensional treatment planning.
Radiotherapy and oncology 1998; 49:245-59.

12. Tokatli F, Kaya M, Kocak Z, Ture M, Mert S.
Sequential pulmonary effects of radiotherapy detected by
functional and radiological end points in women with breast
cancer.Clincal oncology 2005 ;17 :39-46.

13. Kwa SL, Lebesque JV, Teuws JC, Marks LB, Munley
MT. Radiation pneumonitis as a function of mean lung dose:
an analysis of pooled data of 540 patient. Int J Radiat
Oncol Biol Phys 1998; 42(1):1-9.

14. Das 1J, Cheng EC, Freedman G, Fowble B. Lung and
heart dose volume analyses with CT simulator in radiation

Iranian Journal of Cancer Prevention

51



treatment of breast cancer. Int J Radiat Oncol Bio Phys
1998; 42: 11-19.

15. Moiseenko V, Craig T, Bezjak A, Van Dyk J. Dose-
volume analysis of lung complications in the radiation
treatment of malignant thymoma: a retrospective review.
Radiother Oncol 2003 Jun; 67(3):265-7 4.

16. Jiresova AN, Luijk PV, Goor HV, Harm H, Kampinga,
Coppes RP. Pulmonary Radiation Injury: Identification of
Risk Factors Associated with Regional Hypersensitivity.
Cancer Research 2005 May; 65: 3568-76.

17. Groover TA,Christie AC, Merritt EA. Observation on
the use of the copper filter in the treatment of deep-seated
malignancies. South Med J 1992, 15:440-4.

18. Mousas B, Raffin TA, Epstein AH, Link CJ Jr.
Pulmonary radiation injury.Chest1997; 111:1061-76.

19. Roach M Ill, Gandara DR, You HS, Swift PS, Kroll S,
Shrieve DC et al. Radiation pneumonitis following combined
modality therapy for lung cancer. Analysis of prognostic
factors. J Clinic Oncol 1995; 13:2606-12.

20. Ameri  A,Ansari  J,Mokhtari  M,Chehrei A.A
comparative study on effects of breast radiotherapy on
pulmonary volumes and peripheral oxygen saturation

Vol 3, No 1, Winter 2010

Khoshbin Khoshnazar et al.

between 2 tangent fields and 2 tangent plus supraclavicular
techniques.Arak J Med Sc 2006, 9:1-10.

21. Lingos TL, Recht A, Vicini F. Radiatin pneunonitis in
breast cancer patients treated with conservative surgery and
radiation  therapy.Int  J Radiat Oncol Biol Phys
1991,21:355-60.

22. Groth S, Johanson H, Sorensen PG .The effects of
thoracic irradiation for breast cancer on ventilation,
perfusion and pulmonary permeability,A one year follow
up.Acta Oncol 1989;28:671-78.

23. Botterman J, Tomson J, Schelstraete K.Scintigraphic
effects of radiotherapy on roentgenologic effect of
radiotherapy on normal lung tissue; short term observations
in 14 consecutive patients with breast cancer. Chest 1990;
97:97-102.

24. Kaufman J, Gunn W, Hartz AJ. The pathophysiologic
and roentgenologic effects of chest irradiatfion in breast
carcinoma.Int J Radiat Oncol Biol Phys 1986; 12:887-93.

25. Kimsey FC, Mendenhall NP, Ewald LM.ls radiation
treatment volume a predictor on late effect on pulmonary
function? Cancer 1994; 73:2549-55.

52



