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Pulmonary complications and survival
after autologous stem cell transplantation:
predictive role of pulmonary function and
pneumotoxic medications

To the Editor:

Autologous stem cell transplantation (ASCT) is the standard of care for multiple myeloma patients eligible
for high-dose therapy, lymphoma patients undergoing second-line treatments and for acute myelogenous
leukaemia (AML) [1]. Immune system impairment and chemotherapies significantly increase the risk of
infections, particularly pneumonia [2]. Overall, pulmonary complications, both infectious and
non-infectious, occur in 40-60% of patients after stem cell transplantation [3], and are usually classified as
early or late onset, depending on whether they occur within 100 days of the transplant [4]. The underlying
disease and baseline pulmonary function, along with conditioning regimens consisting of carmustine,
etoposide, aracytin and melphalan for lymphoma, melphalan alone for multiple myeloma or busulpan and
cyclophosphamide for acute myeloid leukaemia, all concur to cause pulmonary complications [3, 4].

Many reports focus on allogenic transplantation alone [5], but the only report dealing with ASCT
displayed a 25% prevalence of pulmonary complications within the first year post-ASCT and a severe
associated risk of death [6].

The aim of our study was to assess whether baseline pulmonary function tests help to define the risk of
pulmonary complications/adverse events or death after ASCT, and determine whether pneumotoxic
induction treatment affects this risk.

No ethics committee approval was required as this was an observational study. Nonetheless, all patients
signed an informed consent form. Between March 2008 and August 2015, we prospectively analysed 81
consecutive patients eligible for ASCT for haematological diseases. First-line treatment with
immunomodulatory drugs, proteasome inhibitors and dexamethasone for multiple myeloma, and
anthracycline-based protocols for lymphomas, followed by mobilisation therapy (favouring stem cell release
into peripheral blood) with a high dose of cyclophosphamide was carried out. All patients underwent
complete laboratory assessments, total-body computed tomography (CT) scans, and cardiac and pulmonary
function tests. Baseline comorbidity was scored by the ASCT tailored Sorror score [7]. Exposure to
pneumotoxic medications during the induction treatment was recorded, and lung abnormalities were
identified by CT imaging. Any infective complications or pulmonary events were also recorded [8].

We reported early and late respiratory infections and causes of death, generating different survival curves.
The study outcomes were overall survival, the time between the start of treatment and death from any
cause; event-free survival, the time between the start of treatment and recurrence or death for any cause;
infection-free interval, the time between the start of treatment and the first infective event.

Treatment response was categorised as partial or complete, stable disease or disease progression [8].

Spirometry and flow-volume curves were obtained according to current guidelines [9]. Residual volume
and total lung capacity (TLC) were measured using the helium dilution technique.

Diffusing capacity of the lung for carbon monoxide (DLCO), expressed in mL-min~"-mmHg ', was obtained
by a single-breath method using a dedicated gas chromatography system (Biomedin, Padua, Italy).
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Anti-infective prophylactic therapy conformed to the proposed guidelines [10]. No invasive fungal
infections occurred before ASCT. Weekly surveillance of cytomegalovirus reactivation and serum
galactomannan assay were also performed [11]. In case of clinically suspected infection, after specimen
collection for microbiology studies (blood, sputum, urine and swabs of the orifices), first-line empiric
antibiotic treatment was initiated [12]. A chest CT scan was performed on all patients with fever and
neutropenia. Bronchoscopy and bronchoalveolar lavage were performed only when there was no clinical
response or conditions worsened despite the antibiotic therapy [13].

Bacterial, viral, fungal and Pneumocystis jirovecii pneumonias were determined according to available
guidelines [10].

Groups were compared using the x-square test for categorical variables, and one-way ANOVA tests
followed by the Bonferroni multiple comparison post-hoc adjustment for continuous variables. Values
were expressed as mean, median, 95% confidence interval for standard error of means (sem) and standard
deviation (sp). Kaplan-Meier curves and proportional hazards models were used to assess the relationships
between lung function, pneumotoxic agent exposure and post-transplant survival, as well as IFL. All
statistical analyses were performed using SPSS software (version 19.0; SPSS Inc., Chicago, IL, USA).

The mean age of patients was 53.7 years, with a sem of 10.3 years; 67.9% of these had multiple myeloma.
Remarkably, 39 out of 81 patients (48.1%) were treated with potentially pneumotoxic agents (bleomycin,
bortezomib, thalidomide or lenalidomide) and 19 out of 81 (23.5%) presented lung abnormalities on a chest
CT scan. The response to induction treatments was partial in 64.2%, complete in 28% and absent in 7.8%.

After a median (range) follow up of 17.3 months (1-85 months), 30 out of 81 patients (37%) died because
of disease progression (13/30); infective complications (7/30); lung cancer (1/30); cerebral haemorrhage
(1/30); other causes (8/30). Major infective episodes, including 12 early and eight late onset respiratory
infections, affected 43 out of 81 patients (53.1%).

At baseline, lower values of the forced expiratory volume in 1 s (FEV1) (92.7£16.8% versus 101.6+16.2%;
p=0.018), forced vital capacity (FVC) (95.5+15.4% versus 104.9£16.2%; p=0.009) and TLC (89.4+13.5%
versus 96.3£14.0%; p=0.05) were observed in patients exposed to pneumotoxic agents, and greater values of
FEV1 (92.4+18.6% versus 101.2+15.4%; p=0.03), FVC (95.6£15.9% versus 104.2+16.0%; p=0.03) and carbon
monoxide transfer coefficient (Kco) (2.52+0.8 versus 3.22+1.1; p=0.03) were recorded in survivors. Though
statistically significant, these differences were clinically negligible, given that only 14 out of the 81 patients
had a mildly abnormal spirometric pattern. The lung function values expressed as mean#+sp explained the
overlap in the 95% confidence intervals (+2 sp) between the two groups tested despite the given p-values
being significant at the 0.05 level as the statistical tests referred to would have used sem to test for differences
in the mean between the two groups. This finding, though not uncommon, still needs to be highlighted.

Overall survival, event-free survival and infection-free interval curves are shown in figure 1. The exposed
group had a median overall survival of 40.0 versus >60 months for the non-exposed population (p=0.01)
(figure 1a), with a median event-free survival of 2 versus 52.6 months (p=0.004) (figure 1b), and a median
infection-free interval of 1.2 versus 58.5 months (p=0.028) (figure 1c).

Pre-ASCT mean FEV1, FVC and Kco were significantly lower in patients who died, but no difference in
the infection rate was observed. Overall survival curves by FEViand FVC did not differ among exposed
and non-exposed patients. Instead, a longer overall survival by DrLco (p=0.05) and Kco (p=0.04)
characterised the unexposed cohort.

Pulmonary function testing did not distinguish ASCT recipients who had an infective event, an early or a
late onset respiratory infection from those who remained free from infections.

This is the first longitudinal design study to show that pre-transplant pulmonary function tests and exposure
to pneumotoxic agents during the induction therapy help to predict mortality and infection-free interval
following ASCT. In fact, patients exposed to pneumotoxic agents before ASCT experienced significantly
worse overall survival, event-free survival and infection-free interval. Specifically, infections (mainly
non-respiratory) and early non-infectious adverse events had a heavy prognostic impact, the median
infection-free interval being 1.2 months in the exposed group and 58.5 months in the non-exposed group.

Another main finding of our study was that some baseline respiratory mean values (FEV1, FVC and TLC)
were statistically lower in patients previously exposed to potentially pneumotoxic agents, and such
reduction predicts worse outcomes. BRUCE et al. [14] found an increased likelihood of developing bronchial
obstruction and a restrictive spirometric pattern in multiple myeloma subjects exposed to bortezomib
following thalidomide, but survival data were not provided. Previous reports on the relationship between
stem cell transplantation and pre-transplant abnormal pulmonary function tests refer to mixed
populations of allogenic and autologous recipients [15], making the results difficult to interpret.
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FIGURE 1 a) Overall survival, b] event-free survival and c) infection-free interval curves observed in the two groups exposed or not to pneumotoxic drugs.

Interestingly, in our population, a lower respiratory volume and lung diffusion index predicted worse
overall survival and shorter infection-free interval more accurately than other recognised prognostic
indexes, such as the Sorror comorbidity score.

If confirmed, it may be relevant that baseline respiratory conditions complement other well-recognised
indicators to identify the risk of complications in ASCT candidates. Because of the single centre design
and the small sample size make our data are preliminary data. Finally, we failed to test the association
between pneumotoxic medication exposure and lung function decline following the ASCT.

In conclusion, exposure to pneumotoxic agents before ASCT increases the risk of pulmonary function
abnormalities and to affect infection-free interval and event-free survival, as well as overall survival. If
confirmed by a larger, multicentre study, these findings could influence pre-transplant assessment and
management.
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