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ABSTRACT: Pulmonary complications are frequent in patients treated with high-
dose chemotherapy and autologous bone marrow transplantation for breast cancer or
other solid tumours.

This study analyses the development of lung toxicity, changes in respiratory func-
tion and occurrence of clinical symptoms in a group of 24 patients (mean age 46�7 yrs)
who underwent high-dose sequential chemotherapy (HDS) with autologous peripheral
blood stem cell (PBSC) support for high risk breast cancer. Clinical examination,
chest radiography and lung function tests were performed before the HDS and 1 and 3
months following transplantation.

Only one patient developed acute interstitial pulmonary disease which resolved
after prednisone therapy. No patients developed infectious complications after trans-
plantation. Baseline respiratory function was normal for most of the parameters. Only
lung diffusing capacity of the lung for carbon monoxide (TL,CO) and maximal in-
spiratory pressure were below the normal range. Following PBSC transplantation
only one patient had an altered vital capacity while 72.3% of patients had reduced
TL,CO values at 1 month and 54.5% at 3 months after transplantation. Maximal
expiratory flow at 25% forced vital capacity, TL,CO and maximal expiratory pres-sure
were significantly reduced after 1 month but recovered slightly by 3 months. Arterial
oxygen tension between baseline and both follow-up evaluations declined significantly
in patients seropositive for human cytomegalovirus.

It is concluded that this high-dose sequential chemotherapy regimen is acceptably
safe since no pulmonary related mortality or respiratory infectious complications
were observed. The only lung function alteration induced was an isolated diffusing
capacity of the lung for carbon monoxide impairment, clinically negligible and
partially recovered within 3 months.
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High-dose, myeloablative, chemotherapy with autolog-
ous haematopoietic stem cell support is increasingly being
used for the treatment of breast cancer (BC) in females at
high risk of persistent or recurrent disease [1±6]. The use
of megadoses of cytotoxic agents is associated with a
variety of treatment-related side effects including severe
bone marrow aplasia, mucositis and organ toxicity.

Pulmonary complications are frequent in patients receiv-
ing myeloablative treatment and autologous bone marrow
transplantation (ABMT) [7]. These complications include
chemotherapy-related lung toxicity, infectious or radia-
tion pneumonitis, acute alveolar haemorrhage and dev-
elopment of lung functional abnormalities. Idiopathic
pneumonia syndrome, i.e. diffuse lung injury without evi-
dence of infection, is the most common serious pul-
monary complication, occurring in 10±20% of all bone
marrow (BM) transplant recipients. The changes in lung
volumes or diffusing capacity of the lung for carbon
monoxide (TL,CO) appear to be strongly related to mor-
tality [8]. Most of the data reported so far on pulmonary
toxicity are, however, in the setting of BM transplanta-
tion. The autologous transfusion of progenitor cells, col-
lected by leukaphereses from peripheral blood, is now

rapidly replacing autologous BM transplantation for hae-
matopoietic support after high-dose chemotherapy (HDC)
for malignancies [9, 10]. The main reason for the success
of the progenitor cell strategy is the capacity of peripheral
blood stem cells (PBSC) to produce a much faster
haematopoietic recovery than BM [11±13]. This means a
reduced risk of haemorrhage and infection and less trans-
plant-related mortality.

No prospective studies on pulmonary toxicity and res-
piratory function in patients with BC treated with HDC and
PBSC support have been published in the literature. In the
present study the authors report on the findings of a
prospective analysis of respiratory function, pulmonary
symptoms and complications in 24 patients undergoing
high-dose sequential chemotherapy (HDS) and PBSC sup-
port for BC.

Patients and methods

Patients

Twenty-four consecutive BC patients (meanage 46�7
yrs; body mass index (BMI) 24.9�4.3 kg.m-2) were given
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HDS and a circulating progenitor cell transplantation be-
tween September 1995 and September 1997 in the Divi-
sion of Oncology, Medical Centre of Pavia, Italy. Chest
clinical examination, chest radiography and lung function
tests were performed before initiating the cytotoxic regi-
mens and 1 and 3 months after transplantation. Respiratory
symptoms occurring in the interval between the scheduled
investigations were recorded and coded. Sixteen of the
24 patients (66.6%) had positive serological evidence of
human cytomegalovirus (HCMV) infection; 16 patients
(66.6%) were past-smokers. They had stopped smoking at
least 1 month before the study and they did not change
their smoking habit during the study.

Before entering the HDS programme, patients were
categorized into two levels of risk for pulmonary toxicity
(arbitrary scale) based on previous cytotoxic therapy: risk 0
(13 patients), no chemotherapy before entering the study;
risk 1 (11 patients), neoadjuvant chemotherapy including
three epirubicin doses (120 mg.m-2). All patients had bre-
ast surgery <1 month before beginning the HDS. Eighteen
had a mastectomy (Halsted's in two, Madden's in four,
Patey's in 11) and six (25%) had a quadrantectomy. No pa-
tients developed lung metastases during the study period.

Patients underwent HDS consisting of: cyclophospha-
mide (CY; 7 g.m-2 plus granulocyte colony-stimulating
factor (G-CSF) support), high-dose methotrexate (MTX; 8
g.m-2) with leucovorin rescue plus vincristine (1.5 mg.

m-2), two epirubicin doses (120 mg.m-2) and, as the final
myeloablative regimen requiring stem cell support, thio-
tepa (600 mg.m-2) and L-phenylalanine mustard (L-PAM)
(160 mg.m-2) [6]. This treatment entailed the administra-
tion of high doses of five different drugs within the
shortest period possible compatible with avoiding hae-
matological or nonhaematological toxicity.

Twenty-four hours after the completion of HDC more
than 56106 CD34+ cells, previously collected and stored
in liquid nitrogen, were reinfused into each patient [14]. G-
CSF (5 mg.kg.day-1) was given to all patients from the
day of PBSC infusion until complete neutrophil recovery.
Patients were transfused with irradiated, leukocyte-free
packed red cells and single donor platelets to maintain
haemoglobin levels >8 g.dL-1 and platelet counts >20
6109.L-1. Side-effects were recorded according to World
Health Organisation (WHO) criteria [15]. Three patients,
all of whom had undergone quadrantectomy, received
irradiation of the whole breast and tumour bed (50+10
Gy) following completion of the HDS programme.

Respiratory symptoms and complications

At each scheduled appointment the presence of cough
and/or phlegm, dyspnoea at rest or during daily activities,
wheezing and fever, not sufficiently indicative of a specific
pathology, were recorded and coded. If acute bronchitis or
pneumonia was diagnosed, respiratory function tests were
delayed until at least 10 days after recovery. Acute bron-
chitis was defined as a clinically apparent acute episode
of airway inflammation with cough and mucopurulent
phlegm requiring treatment; pneumonia was defined as the
occurrence of an acute pulmonary infection, with physical
and radiographical signs of parenchymal thickening [16].
In these cases, cultures for bacterial, mycotic and viral
agents from secretions obtained by deep coughing were
performed.

Pulmonary function tests

Lung volumes were determined using a body-plethys-
mograph (Jaeger, Hochberg, Germany). Measurements
were performed according to recommendations in Eur-
opean Respiratory Society statements [17]. The best of
two slow vital capacity (VC) and best of three forced vital
capacity (FVC) measurements were recorded. VC, FVC,
forced expiratory volume in one second (FEV1), FEV1/
VC ratio, maximal expiratory flow at 50% (MEF50) and
25% (MEF25) of FVC were calculated.

TL,CO was determined using the single-breath method
(Biomedin, Padova, Italy) and corrected for haemoglobin
concentration [18]. For TL,CO determination, patients
were required to inspire until total lung capacity (TLC)
and then, after holding their breath for 10 s, perform a
relatively slow expiration till residual volume (RV) was
achieved. The same skilled operators were involved in
performing functional tests throughout the study. Since
the correction of TL,CO for alveolar volume did not in-
fluence the results of the analysis, only uncorrected TL,CO

values are reported. Measurements were performed ac-
cording to the American Thoracic Society recommenda-
tions [19]. As reference equations the authors used those
proposed by the European Community for Steel and Coal
[17]. According to the European Respiratory Society
statements [17], the authors expressed the respiratory
function data as SD score standardized residuals (actual
result-predicted result/residual standard deviation) and
defined them as pathological when <-1.64, corresponding
to <5th percentile.

Respiratory muscle strength was assessed by measuring
maximal inspiratory and expiratory pressures (MIP and
MEP, respectively) at the mouth, using a previously re-
ported method; pressures were registered, respectively, at
RV and TLC. The best value of three reproducible man-
oeuvres was considered [20].

Arterial blood-gases were analysed by an automated,
computerized gas analyser (ABL 500, Radiometer, Copen-
hagen, Denmark) and compared to recent reference values
for the middle aged [21].

Data analysis and presentation

Data were stored and analysed with the STATISTICA/w
(StatSoft Inc., Tulsa, OK, USA) and SAS/STAT version
6.08 (SAS Institute Inc., Cary, NC, USA) software pack-
ages. All the variables entered in the analyses were ex-
pressed as mean�SD.

Repeated measures analysis of variance (ANOVA) was
used to analyse changes in pulmonary function tests over
time. Tukey honest statistical difference (HSD) test for
unequal sample sizes (Spjotvoll & Stoline test) and the
Scheffe' test were used to compare differences between
groups and within groups, respectively. ANOVA analyses
were performed to evaluate the role of age, previous
chemotherapeutic treatment, seropositivity to HCMV, ba-
seline respiratory function and smoking habit on the trend
of respiratory function after HDC and PBSC support. A p-
value <0.05 was considered statistically significant.

57RESPIRATORY FUNCTION IN BREAST CANCER



Results

High-dose sequential chemotherapy and peripheral blood
stem cell transplantation

All patients completed the treatment and respiratory
function evaluations as planned. Following transplantation,
the median numbers of days needed to reach an absolute
neutrophil count of 0.56109.L-1 and a platelet count of
506109.L-1 were 9 (range 9±12) and 11 (range 10±15)
days, respectively. No graft failure was observed.

Neutropenia and thrombocytopenia grade 4 were ob-
served in all patients as was stomatitis and/or oesophagitis
>grade 3 [15]. Fever >388C was seen in all patients: i.v.
antibiotics were given routinely. The treatment overall
was well tolerated, with the exception of post-transplant
mucositis, which precluded food intake for ~10 days in
the majority of patients. Intravenous morphine analgesia
was used during this period.

Respiratory symptoms and complications

At baseline, no patients had respiratory symptoms. In
particular, smokers did not show a clinical pattern of
chronic bronchitis. No patients complained of dyspnoea
during exercise. In the early phase following transplanta-
tion, two-thirds of patients developed cough and phlegm;
no dyspnoea was recorded. In none of these patients was
any culture or chest radiograph evidence of airway in-
fection found. This complication is probably related to the
severe mucositis (grade 3±4 according to WHO criteria)
which occurs in most patients when high doses of alky-
lating agents are administered.

Soon after recovery from aplasia one patient developed
acute interstitial pulmonary disease which rapidly resolved
after empirical prednisone therapy [22]. One month after
HDC and PBSC reinfusion, no patient had clinical or ra-
diological signs of acute respiratory infections. No cases
of acute or chronic respiratory disease were documented
at 3 months after the transplantation.

Baseline respiratory function

Table 1 shows lung function results and haemoglobin
concentrations. All the variables except TL,CO and MIP
were within the normal ranges. Only two patients (one
smoker) had abnormal FEV1 and FEV1/VC values asso-
ciated with reduced maximal expiratory flow (MEF50 and
MEF25) indicating mild obstructive disease. TL,CO values
were reduced in 36% of patients. No patients showed
increased values of carboxyhaemoglobin that could ex-
plain the TL,CO reduction. However, past-smokers had
lower values of TL,CO than nonsmokers (past-smokers -
1.65�0.66 versus nonsmokers -0.35�1.56) and MEF50

(past-smokers -0.75�0.84 versus nonsmokers 0.14�1.06)
(ANOVA p=0.03 and p=0.05, respectively). Furthermore,
the oxygen tension in arterial blood peripheral blood stem
cell support (Pa,O2) was significantly lower in past-smo-
kers (-1.81�0.95) than in nonsmoking patients (-0.66�
1.19) (ANOVA p=0.03), and its mean value was outside
the normal range.

Patients with risk 1 had lower values of VC (0.41�1.1
versus 1.25�0.82, p<0.05), and MIP (64.6�33.9 versus
46.7�10.5, p<0.05) and higher values of FEV1/VC (0.5�
1.14 versus -0.44�1.11, p<0.05) indicating the develop-
ment of a mild restrictive defect. TL,CO values were lower
in patients with higher risk although the difference was not
statistically significant (-1.17�1.3 versus -0.54�1.54, p=NS).

Trend of respiratory function after peripheral blood
stem cell support

Table 1 shows the trend of the respiratory function data
from baseline to 1 and 3 months after HDC and PBSC
support. Only one patient (the one who developed acute
interstitial pneumonia syndrome) had abnormal VC, 1
and 3 months after transplantation. However, 72% of
patients had reduced TL,CO values at 1 month and 54% at
3 months. No statistically significant changes in VC,
FEV1/VC or FRC were observed between baseline and
1±3 months after PBSC transplant. In contrast, MEF25,
TL,CO and MEP declined in a statistically significant way
followed by a slight recovery 3 months following trans-
plantation. The extent of this respiratory function decline
was more evident for TL,CO (fig. 1).

Table 1. ± Baseline, 1 and 3-months respiratory function data

Baseline 1 month 3 months ANOVA p

Hb g.dL-1 11.8�1.52 10.8�1.17# 11.9�1.32# 0.01
VC SD score 0.87�1 0.8�1.1 0.8�1.18 NS

FEV1 SD score 0.5�0.83 0.35�0.9 0.23�0.9 0.05
FEV1/VC SD score -0.01�1.2 -0.07�1.2 -0.17�1.2 NS

FRC SD score 0.15�0.64 0.37�0.67 0.42�0.77 NS

TLC SD score 0.36�0.69 0.46�0.74 0.45�0.87 NS

TL,CO SD score -0.71�1.46+ -2.24�1.07+ -1.76�1.27+ 0.000007
TL,CO % pred. 90.8�18.3 72.6�13.2 78.3�15.8 0.000005
Pa,O2 mmHg -0.1�1.23 -1.0�0.93 -0.95�0.74 NS

MIP cmH2O 56.6�20.1 55�15.5 59.4�19.7 NS

MEP cmH2O 86.7�22.6 78.1�26.3 91.6�33.7 0.01

Data are expressed as SD�score. Post hoc comparison: *: p=0.04; #: 1 month versus 3 months, p<0.05; +: baseline versus 1 month,
p<0.01, baseline versus 3 months p<0.01. ANOVA: analysis of variance; Hb: haemoglobin; VC: vital capacity; SD score: standardized
residuals (actual result - predicted result/residual standard deviation); FEV1: forced expiratory volume in one second; FRC: functional
residual capacity; TLC: total lung capacity; TL,CO: diffusing capacity of the lung; Pa,O2: oxygen tension in arterial blood; MIP: maximal
inspiratory pressure; MEP: maximal expiratory pressure. 1 mmHg=0.133 kPa.
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A statistically significant correlation was found between
TL,CO values and Pa,O2 values (calculated as the difference
between baseline and 1-month values): r=0.51; p=0.02.
When only patients seropositive to HCMV were analysed
the degree of correlation increased (r=0.59; p=0.04) while
the correlation disappeared in the seronegative patients (r=
0.07; p=NS).

The trend of TL,CO from baseline to the 3-month follow-
up was significantly influenced by the baseline respiratory
function (MANOVA p=0.04). Patients with completely
normal baseline respiratory function developed a signifi-
cant decline of TL,CO by the 1-month evaluation but had a
faster, more substantial recovery 3 months after HDS and
PBSC support (baseline -0.1�1.1; 1 month -1.8�0.9; 3
months -1.18�0.88; p<0.05). In patients with abnormal
baseline respiratory function, no recovery was observed 3
months after HDS and PBSC support (baseline -2.36�0.5;
1 month -3.2�0.7; 3 months -3.1�1.1).

HCMV seropositive patients had a statistically signi-
ficant decline of Pa,O2 (expressed as variations of Pa,O2

SD score) between baseline and the 3-month follow-up
(HCMV+ -0.23�1 versus HCMV- 0.72�0.9; ANOVA p<
0.05; fig. 2a) and between the 1-month and 3-month eval-
uations (HCMV+ - 0.25�0.7 versus HCMV- 0.76�1.13;
ANOVA p<0.05) (fig. 2b).

The trends in respiratory function were not significantly
influenced by the other factors considered: age and pre-
vious chemotherapy.

Discussion

The present study demonstrates that acute pulmonary
toxicity occurs in a very low percentage (4%) of high-risk
BC patients undergoing HDC with PBSC support. In con-
trast, the great majority of patients developed a clinically
silent decrease in TL,CO. An initial recovery of lung func-
tion impairment was documented 3 months after trans-
plantation. Among the evaluated risk factors, baseline
respiratory function and seropositivity to HCMV seemed
to be the only determinants influencing the trend of res-
piratory function after this aggressive chemotherapy.

HDC with autologous BM or PBSC transplantation is
being increasingly employed as a component of adjuvant
therapy for high-risk BC. In the setting of ABMT, pul-
monary complications, including infections, idiopathic
pneumonia syndrome and/or changes in pulmonary func-
tion, are significant sources of morbidity.

In a recent report, 4% of patients undergoing ABMT
developed pneumonia; this complication occurred within 1
and 3 months in 50% and 67% of cases, respectively [23].
In another series, SEIDEN et al. [24] reported a high mor-
tality rate in patients who developed pneumonia after
ABMT. In the current study no respiratory infectious
complications were documented either early following
transplant or after discharge from hospital. This may well
be related to the faster neutrophil engraftment occurring
when PBSC instead of BM cells are transfused. The
absence of busulphan from the chemotherapeutic agents
included in the current study may also have played a role
since this drug, especially in combination with CY, is
strongly immunosuppressive [25].

Idiopathic pneumonia syndrome is the most serious pul-
monary complication of ABMT occurring early after trans-
plant in 10±20% of patients with a mortality rate of up to
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(TL,CO) values SD score; standardized residuals (actual result - pre-
dicted result/residual standard deviation) from baseline to 1 and 3
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Fig. 2. ± Variations of arterial oxygen tension (Pa,O2) (expressed as
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3-month follow-up and b) the 1-month and 3-month follow-up in human
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and the boxes indicate 1.00 SD.
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65% [26]. CY and carmustine (1, 3-bis-(2-chloroethyl)-L-
nitrosourea; BNCU) are frequently used in combination
at high doses in BC patients; nevertheless, while the
negative effects of BCNU on lung are well documented
[27±29], the role CY plays has not been so clearly de-
monstrated. SEIDEN et al. [24] compared the rate of pul-
monary toxicity in patients with solid tumours who
underwent four different HDC regimens (with ABMT
support) and observed that interstitial pneumonia oc-
curred in patients treated with BCNU/CY but not in
patients receiving CY alone. However, WILCZYNSKI et al.
[30] recently suggested that additional factors including
the association with CY, cisplatin or radiotherapy may
predispose to BCNU-related lung toxicity and reported a
much greater decline in TL,CO than the current authors
found; in particular, 68% of their patients developed
clinically significant restrictive lung defects within the
first 3 months after transplantation which did not com-
pletely recover by the end of follow-up.

The difference between the results from the current
study and those from other reports may be due to several
factors. Firstly, the cytotoxic regimen did not include
BCNU and local radiotherapy was given in a minority of
cases [30]. CY was the only drug used, that has possible
detrimental effects on the lung and this may explain the
low percentage of functional abnormalities observed. It is
unlikely that CY alone has a major role since the widely
used myeloablative regimen developed by ANTMAN et al.
[31] which includes CY, thiotepa and carboplatin, has
been demonstrated to be devoid of significant lung
toxicity.

Pre-existing lung damage has been reported to have a
significant influence on the trend of lung function after BM
transplantation [7], although this observation was not
confirmed by WILCZINSKI et al. [30]. The current data are
not easily comparable with those in previous reports
because in most studies the patient population was het-
erogeneous, different myeloablative regimens were em-
ployed and the evaluation of pulmonary toxicity was
retrospective. The current study was prospective, all pa-
tients enrolled had stage II/III BC and all received the
same HDS regimen in an adjuvant setting.

The only negative effect on respiratory function that was
found was a lower extent of TL,CO recovery within the first
3 months after PBSC in patients with baseline respiratory
function impairment. Similar results were reported by
LUND et al. [32] in patients who underwent BM trans-
plantation following a high-dose busulphan/CY condition-
ing regimen; LUND et al. [32] also observed a reduction in
lung volumes which mainly occurred 3 months after BM
transplantation, and was partially explained by extrapul-
monary factors such as muscular weakness. The current
authors, however, did not find any change in maximal
inspiratory pressure in their patients either at 1 or 3
months after PBSC.

The detrimental effect of HCMV seropositivity on gas
exchange in the patients was quite unexpected. Reac-
tivation of cytomegalovirus (CMV) is a major cause of
morbidity and mortality following allogeneic BM trans-
plantation, and is probably related to development of acute
graft-versus-host disease (GvHD); the risk of developing
HCMV pneumonia is significantly less in an autologous
setting [33]. The negative effect of HCMV might be due
to a clinically silent reactivation of the CMV infection

producing minimal lung damages with respiratory func-
tion impairment [34, 35]. Indeed, STALS et al. [35] showed
that in rats receiving an allogeneic BM transplantation,
CMV induced lung microvascular damage resulting in
interstitial lung disease, independently of GvHD devel-
opment.

In conclusion, the patients who received HDS and
PBSC support did not suffer pulmonary related-mortality
or pulmonary infectious complications but developed a
minimal lung function impairment (isolated TL,CO impair-
ment) without clinical symptoms. It is worth noting that the
chemotherapic regimen used has been demonstrated to
improve disease-free and overall survival in BC and lym-
phoma patients as compared to conventional chemother-
apy [6, 36], results which have yet to be proven for other
more toxic regimens [30].

The relatively small number of patients studied could
have influenced the results and evaluation on a larger num-
ber of patients is underway. Furthermore, longer follow-up
is needed to assess the evolution of pulmonary function.
Nevertheless, these preliminary positive results seem to
confirm the reliability of this therapeutic approach in terms
of lack of respiratory complications.
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