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ABSTRACT

Introduction: Chemotherapy used in osteosarcoma have the potential to cause lung damage. The objectives were to analyze lung volumes
and capacities, and respiratory muscle strength of patients treated with chemotherapy and surgery for osteosarcoma. The study was
designed as a prospective case-series of patients, through the analysis of spirometry, impulse, oscillometry, and manovacuometry tests.
Case report: In twenty-one patients, the median age at diagnosis was 15 years, and at inclusion, 30 years. The median disease-free survival
time was 10 years. Eight different chemotherapeutic agents were used: cisplatin, doxorubicin, methotrexate, carboplatin, ifophosphamide,
epidoxorubicin, cyclophosphamide and etoposide. There were test abnormalities in 14 patients (66.6%), with mild obstructive disorders
on spirometry in three patients (14.3%), and obstructive patterns on oscillometry in seven patients (33.3%). On spirometry, the mean
+ standard deviation (SD) values of forced vital capacity (FVC) were 91.9%+12.2; for forced expiratory volume in one second (FEV)
were 87.4%212.2 and FEV1/FVC ratios, 95.4%27.9. On oscillometry, mean + SD values for resistance at 5 Hz were 126.2%236.2; for
resistance at 20 Hz, 128.4%+32.4; reactance at 5 Hz, -0.75+0.68 kPa/L/s; for resonant frequency, 15.6+4.2 Hz. Nine patients (42.8%)
had reduced maximum pressures on the manovacuometry: Maximum Expiratory Pressure (MEP) were reduced in eight patients, and
inspiratory (MIP) in three. The mean + SD MIP was 89.4+29.5; MEP, 88+37.7. Conclusion: Mild abnormalities in pulmonary function

tests in this series of patients were observed years after treatment for osteosarcoma.
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RESUMO

Introdugao: A quimioterapia usada no osteossarcoma tem potencial para
causar danos aos pulmées. Os objetivos deste trabalho foram analisar
os volumes e capacidades pulmonares e a forca respiratéria de pacientes
tratados com quimioterapia e cirurgia para osteossarcoma, em uma série
prospectiva de casos, em um hospital pedidtrico oncoldgico, por meio
da andlise de espirometria, oscilometria de impulso ¢ manovacuometria.
Relato de caso: Em 21 pacientes, a mediana de idade ao diagnéstico foi
de 15 anos e na inclusio de 30 anos. O tempo médio de sobrevida livre
de doenga foi de dez anos. Houve alteragdes nos exames em 14 pacientes
(66,6%), com disttrbios obstrutivos leves na espirometria em trés pacientes
(14,3%) e padrées obstrutivos na oscilometria em sete pacientes (33,3%).
Na espirometria, os valores de média + desvio padrio (DP) da capacidade
vital forgada (CVF) foram 91,9%z12,2; para o volume expiratério forcado
no primeiro segundo (VEF1) foram 87,4%212,2 ¢ as relagoes VEF1/CVE,
95,4%+7,9. Na oscilometria, os valores médios + DP para resisténcia em 5
Hz foram 126,2%+306,2; para resisténcia a 20 Hz, 128,4% + 32,4; reatncia
a5 Hz,-0,75 £ 0,68 kPa/L/s; para frequéncia de ressonéncia, 15,6+4,2 Hz.
Na manovacuometria, nove pacientes (42,8%) apresentaram redugio nas
pressoes: as pressoes expiratérias maximas (PEméx) foram reduzidas em oito
pacientes e as inspiratdrias (PImdx) em trés. A média + DP da PIméx foi
89,4+29,5; PEmdx, 88+37,7. Conclusio: Observaram-se alteragoes leves
nos testes de funcdo pulmonar anos apds o tratamento do osteossarcoma.
Palavras-chave: Osteossarcoma; Medidas de Volume Pulmonar;
Espirometria; Oscilometria; Antineopldsicos.

RESUMEN

Introduccién: La quimioterapia utilizada en osteosarcoma puede causar
dafo a los pulmones. Los objetivos de este trabajo fueron analizar los
voltimenes y capacidades pulmonares y la fuerza respiratoria en pacientes
tratados para osteosarcoma, en una serie prospectiva de casos, en un hospital
de oncologfa pedidtrica, mediante el andlisis de espirometria, oscilometria
de impulsos y manuvacuometria. Relato de caso: En 21 pacientes, la
mediana de edad al diagndstico fue de 15 afos y en la inclusién de 30
afios. La supervivéncia media libre de enfermedad fue de diez afios. Hubo
alteraciones en los exdmenes en 14 pacientes (66,6%), con alteraciones
obstructivas leves en la espirometria en tres (14,3%), y obstruccién en la
oscilometria en siete (33,3%). En espirometrfa, las medias + desviacién
estandar (DE) de la capacidad vital forzada (CVF) fueron 91,9%+12,2;
para el volumen espiratorio forzado en el primer segundo (VEF1) fue
87,4%+12,2 y el cociente VEF1/CVF fue 95,4%27,9. En oscilometra, los
valores medios + DE para la resistencia a 5 Hz fueron 126,2%236,2; para
resistencia a 20 Hz, 128,4%#+32,4; reactancia a 5 Hz, -0,75+0,68 kPa/L/s;
para la frecuencia de resonancia, 15,6+4,2 Hz. En manuvacuometria, nueve
pacientes (42,8%) mostraron una reduccién de las presiones: las presiones
espiratorias maximas (PEméx) se redujeron en ocho pacientes y las presiones
inspiratorias (PIméx) en tres. La media + DE del PImdx fue 89,4 + 29,5;
PEmdx, 88+37,7. Conclusién: Se observaron ligeros cambios en las pruebas
de funcién pulmonar afos después del tratamiento del osteosarcoma.
Palabras clave: Osteosarcoma; Mediciones del Volumen Pulmonar;
Espirometrfa; Oscilometrfa; Antineopldsicos.
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INTRODUCTION

Osteosarcoma is the most common primary malignant
bone tumor in children, adolescents, and young adults,
most frequently affecting the metaphysis of long bones'.
At the diagnosis, 10 to 20% of the patients have
pulmonary metastases, and subsequently, in nearly 50%
of the patients, they can occur even during treatment®
leading to segmentectomy or lobectomy. Chemotherapy
treatment usually uses high doses of methotrexate,
associated with cisplatin and doxorubicin, among
other agents®. Methotrexate provokes, in addition to
other side effects, pulmonary toxicity, which can cause
pneumonitis, and in some cases, the reduction of
ventilatory capacity for months after discontinuation®’.
Long-term changes in lung function have been reported
for other chemotherapeutic agents such as cisplatin®.

This study aimed to analyze lung volumes and
capacities, in addition to respiratory muscle strength
in patients who underwent chemotherapy and surgical
treatment for osteosarcoma, associated or not with
thoracotomies for resection of lung metastases.

The study was carried out from January to April 2017
at the Pediatric Oncology Institute - Support Group for
Adolescents and Children with Cancer (IOP-GRAACC),
in partnership with the Clinic of Allergy, Immunology
and Rheumatology of the Department of Pediatrics at the
Federal University of Sao Paulo (UNIFESP), where the
exams were performed by skilled technicians and after daily
calibration of the devices. The Institutional Review Board
approved the protocol (CAAE: 60554716.0.0000.5505).
Patients diagnosed with osteosarcoma with at least 2-years
disease-free survival time without respiratory infection,
and who consented by signing the Informed Consent
Form were included.

METHOD

Impulse Oscillometry was performed with a
MasterScreen™ equipment (CareFusion, USA). The
measurement of the elastic and resistive components
was conducted during normal current breathing, with
manual support of the cheeks and use of a nose clip. At
least three technically acceptable tests were completed,
with a minimum duration of 30 seconds. The average
values of the following parameters were recorded:
resistance at 5 Hertz (R5) representing the total airway
resistance; resistance to 20 Hertz, representing the central
resistance of the airways (R20); reactance at 5 Hertz (X5)
representing the peripheral elastic properties; resonant
frequency (Fres), representing the point where the inertial
and elastic forces reach the same magnitude. Resistance
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values at 5 Hz or 20 Hz > 150% of the predicted values,
reactance at 5 Hz if X5 < (predicted X5 - 0.2 kPa/L/s)
and resonant frequency >12 Hz were considered out of
normal”®,

Spirometry was also performed on a certified
MasterScreen™ equipment (CareFusion - USA). Patients
were instructed to perform a maximum inspiration until
the total lung capacity, followed by forced expiration with
vigorous stimulation, so that the effort was the maximum
at the beginning of the maneuver and prolonged until the
residual volume, in a mouthpiece, with the lips closed
in order to avoid leaks, with a minimum duration of
three seconds and a plateau of at least one second. The
measurements were repeated until three values technically
acceptable were obtained, being two reproducible. The
values of FEV (forced expiratory volume in one second),
FVC (forced vital capacity), FEV /FVC ratio <80% of the
predicted and Forced Mid-Expiratory Flow (FEF,. )
rates <65% (under 18 years old) of the predicted values
were considered out of the normal range. The classification
of the obstructive ventilatory disorder was in accordance
with the criteria of the pulmonary function consensus of
the American Thoracic Society in conjunction with the
European Society of Pulmonology (ATS/ ERS)*'°.

Manovacuometry was performed with a calibrated
equipment, with variation of + 120 cmH20O, (Comercial
Medica model M120). Tests were performed with the
patients seated, using a nasal clip and a mouthpiece with
an orifice of approximately 2 mm in diameter to avoid
the increase of intraoral pressure during the maneuvers.
To measure the MIP (Maximum Inspiratory Pressure),
patients were instructed to perform three normal
current breaths; on the third current breath, perform
a forced expiration until the residual volume, followed
by a maximum inspiration until the total lung capacity,
sustained for a second. The same procedure was used to
measure MEP (Maximum Expiratory Pressure), with a
maximum forced expiration up to the residual volume,
sustained for one second. The measurements were repeated
until three values technically acceptable and reproducible
were obtained. The highest value was considered for
analysis, provided that the second highest value was not
exceeded by 10%. For the determination of reference
values for each age group, mean values + (1.96 x standard
deviation) were used, as reported by Cosa et al.'' for
patients older than 18 years of age, and by Hulzebos et
al.'? for patients under 18 years.

CASE REPORT

Twenty-one patients were enrolled. None of them
has been submitted to respiratory evaluation before.



The median age at diagnosis was 15 years (interquartile
range - IQR 25-75: 11-20.5 years). The median disease-
free survival time was 10 years (IQR 5.5-17.5), and the
median age at inclusion was 30 years (IQR 17-36). The
primary tumor location was the femur in 10 cases, tibia
in four cases, fibula in one case and humerus in six cases.
All patients underwent orthopedic surgery for local tcumor
control and chemotherapy, and seven patients underwent
lung surgery. Eight different chemotherapeutic agents were
used: cisplatin, doxorubicin, methotrexate, carboplatin,
ifophosphamide, epidoxorubicin, cyclophosphamide
and etoposide. The cases are summarized in Table 1,
which shows the chemotherapy protocols, pulmonary
surgical interventions and abnormalities observed in
the tests of 14 patients (seven patients have had all tests
normal). Mild obstructive disorders were observed on
spirometry in three patients (14.3%), and restrictive
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pattern was observed in two patients (9.5%); on impulse
oscillometry, distal obstruction disorders were present in
seven patients (33.3%), and restriction in two patients
(9.5%).

The mean + SD (standard deviation) values of FVC
were 91.9% + 12.2; for FEV1, were 87.4% + 12.2, and
for FEV1/FVC ratio, 95.4% + 7.9. In oscillometry, mean
+ SD values for resistance at 5 Hz were 126.2% =+ 36.2;
for resistance at 20 Hz, 128.4% + 32.4; reactance at 5 Hz,
-0.75 + 0.68 kPa/L/s; for resonant frequency, 15.6 + 4.2
Hz. These results are presented in Figure 1.

Nine patients (42.8%) had reduced maximum
pressures on the manovacuometry: MEP was reduced in
seven patients and MIP in three. The mean + SD MIP were
89.4 +29.5; MEP, 88 + 37.7. Out of these nine patients,
four were the only ones in the sample with a respiratory
complaint of dyspnea when climbing stairs.

Table 1. Data on patient characteristics and abnormalities observed in the tests
Age P:Ln:o:ary Disease- Abnormalities observed in the
(years), Protocol gery free survival tests, disorder classification by
sex, BMI D time (years) spirometry (S) and oscillometry (O)
! metastasis
1 19, GLATO 2006* None 3 U MEP (40cmH20)
female.
BMI 18.8
2 14, GLATO 2006* None 6 U MEP (48 cmH,0)
female. S: mild obstruction/O: distal
BMI 22 obstruction
3 31, GLATO 2006* 1 (nodule 9 U MEP (45 cmH20)
female. resection) S: mild restriction
BMI 21.8
4 26, male. GLATO 2006 2 (nodule 8 U MEP (60 cmH20)
BMI 27.5 resection) S: mild obstruction/O: distal
obstruction
5 17, male. GLATO 2006* 1 (lobectomy) 2 O: distal obstruction
BMI 22.7
6 23, male. GLATO 2006* 1 (nodule 9 S: restriction/ O: restriction
BMI 21 resection)
7 38, Ifophosphamide, None 18 O: distal obstruction
female. carboplatin,
BMI 41.3  doxorubicin, and
cisplatin
8 36, male.  Epidoxorubicin, None 23 U MIP (90 cmH20)
BMI 36.6  Ifophosphamide, O: distal obstruction
carboplatin
9 37, Epidoxorubicin, None 20 U MEP (45 cmH20)
female Ifophosphamide,
BMI 25 carboplatin,

methotrexate

to be continued
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Table 1. continuation

Pulmonary

Age surge Disease- Abnormalities observed in the
(years), Protocol gery free survival tests, disorder classification by
sex, BMI G2 time (years) spirometry (S) and oscillometry (O)
! metastasis
10 32, male. [Ifophosphamide, None 16 U MEP (60 cmH20)
BMI 23.8  doxorubicin, U MIP (60 cmH20)
cisplatin
11 42, Ifophosphamide, None 18 U MEP (40 cmH20)
female. doxorubicin, U MIP (20 cmH20)
BMI 22.3  carboplatin, and S: mild obstruction
cisplatin
12 35, Ifophosphamide, None 13 " reactance at 5 Hz (-1.07),
female doxorubicin, 1t resonant frequency (17.5): restriction
BMI 32.4 cisplatin U MEP (40 cmH20)
13 40, male. Ifophosphamide, None 25 O: distal obstruction
BMI 38.3  doxorubicin,
carboplatin,
etoposide
14 36, male Ifophosphamide, 2 (nodule 15 O: distal obstruction
BMI 33.3  doxorubicin, resection)

cyclophosphamide,
and cisplatin

Captions: BMI = Body Mass Index.
(*) GLATO 2006, a protocol of the Latin American Osteosarcoma Treatment Group, with high dose methotrexate, cisplatin, and doxorubicin'.

% FVC - % Resistance at 20 Hz
—l

i o 1 .
e i

T 13234 | E7 8 FI0IE10304151617 18152021

- 50
B0
50 <]
%FEV, % Resistance at 5 Hz
120 i)
100 100
gcl'... -Illtlllllll"ll
&0 12584 I ET 8 9101112131415161718192021 150 H P 10 m:;f[fl;‘]
&0 ]
20 =
o 0
%FEV.,/FVC % Resonant frequency
120 30
1%

oot et I 2
12345678 9101112031215161718192021 1% I l E I l | l I . l I

1253545678 9101112151415161718192021

2 538

@ o
L=]

Figure 1. Values of FVC (forced vital capacity), FEV, (forced expiratory volume in one second), FEV,/FVC ratios, resistance values at 5 and 20
Hz and resonant frequency. The X axes of the graphs cut the Y axis at the defined cutoff values
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DISCUSSION

In this series of cases, mild obstructive disorders
on spirometry in three patients were observed. Only
one has a history of pulmonary metastasectomy. Two
patients presented restrictive patterns, and both suffered
a pulmonary metastasectomy. Spirometric changes after
pulmonary metastasectomy are determined by the volume
of resected parenchyma, and functional loss after three
or more non-anatomical resections is comparable with
that recorded after lobectomy'®. In common, the patients
with mild obstructive disorders received chemotherapy
protocols based on cisplatin. Cisplatin can cause an acute
decline in alveolo-capillary membrane diffusing capacity,
which is usually subclinical”®. Impaired pulmonary
function has been reported after more than 20 years after
survivors of testicular cancer were treated with cisplatin-
based chemotherapy'®. Due to the nature of the present
study, however, it is not possible to establish cause and
effect relationships, or even correlations, between the
drugs used and the abnormalities observed in the exams.

On impulse oscillometry, distal obstructive patterns in
seven patients of the sample were observed, with increases
in resistance, and restrictive patterns in two patients.
Airway resistance from low frequency to high frequency
reflects the airway resistance change from peripheral to
central tissues. Elevated resonant frequency was a frequent
finding but cannot be attributed to a specific mechanical
property of the lungs. In lung diseases, both obstructive and
restrictive, it is increased above normal, because of reactance
becoming more negative at low frequencies in each of
these conditions®. In cancer patients, impulse oscillometry
could be useful to measure the mechanics of the respiratory
system because it is simple, fast, non-invasive, and does not
require forced maneuvers that could influence bronchial
tone. Spirometry requires active patient cooperation and
therefore, may be difficult for some patients to exert,
particularly in postoperative period".

Manovacuometry is a simple way to measure maximum
respiratory pressures, generating a quantitative assessment
of the function and strength of respiratory muscles''.
Abnormalities in maximum respiratory pressures in 9
patients were observed, suggesting impaired respiratory
muscle strength.

This study was carried out in a single referral center
for pediatric cancer treatment in Brazil. The difficulty
in recruiting patients already out of treatment for an
outpatient evaluation precluded the possibility of a greater
sample and statistical analysis of subgroups. However, it
was possible to show the presence of multiple changes in
lung function, although in many cases mild, for most of
the patients evaluated. This fact demonstrates the need
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for systematic assessment of lung function in the short
and long term in cancer patients undergoing aggressive
chemotherapy, particularly osteosarcoma.

CONCLUSION

Even several years after treatment, mild changes
in lung function in patients who received treatment
for osteosarcoma in childhood and adolescence were
encountered.
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