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Abstract

OBJECTIVES: Response to chemotherapy in malignant pleural mesothelioma (MPM) is usually evaluated by radiological criteria, but no
common agreement exists on their validity, yet. The cytoreductive effect of chemotherapy on pleural thickening may make the lung
more expansible, reducing the restrictive ventilatory impairment. The aim of this study was to evaluate the changes in pulmonary func-
tion following chemotherapy in patients with MPM and to correlate these findings with radiological changes.

METHODS: Between 2004 and 2011, 62 consecutive patients (74% males, median age 63 years) were prospectively investigated.
Modified RECIST criteria were used for radiological evaluation of response to chemotherapy. All patients underwent pulmonary func-
tion tests before and after three cycles of platinum-based chemotherapy. Changes between baseline and post-chemotherapy pulmon-
ary function values (Δ) and their differences were assessed by means of Student’s paired and unpaired t-test, respectively. Receiver
operating characteristic (ROC) curve analysis was performed on spirometric parameters significantly associated with response.

RESULTS: Thirty (48.4%) patients had a radiological stable disease (S), 23 (37.1%) a partial response (R) and 9 (14.5%) a progressive
disease (P). ΔFEV1%pred (R: 18.1 ± 18.5%; S: 0.5 ± 9.3%; P: −11 ± 13.5%; P < 0.0001), ΔFVC%pred (R: 16.1 ± 11.8%; S: 0.4 ± 11.2%; P:
−9.2 ± 14.6%; P < 0.0001) and ΔVC%pred (R: 12.9 ± 15.7%; S: 1.5 ± 12.1%; P: −6.1 ± 13.2%; P = 0.001) were significantly associated with
radiological response. A significant correlation was observed between ΔFEV1%pred (r = 0.46, P = 0.01), ΔFVC%pred (r = 0.43, P = 0.02)
and % change in linear tumour measurement. ROC curve analysis using dichotomized radiological response (P/S vs R) as classification
variables showed AUC = 0.88 (95%CI: 0.77–0.95) for ΔFEV1%pred (optimal cut-off value: +7%, sensitivity: 83%, specificity: 82%, PPV:
73%, NPV: 89%) and AUC = 0.86 (95%CI: 0.75–0.94) for ΔFVC%pred (optimal cut-off value: +6%, sensitivity: 82%, specificity: 74%, PPV:
64%, NPV: 88%).

CONCLUSIONS: Dynamic lung volumes and radiological changes after chemotherapy seem directly related. Lung function changes
could be an additional tool to better evaluate the response to chemotherapy in MPM.
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INTRODUCTION

Malignant pleural mesothelioma (MPM) is an aggressive tumour
associated with poor prognosis. The incidence of MPM is in-
creasing throughout most of the world, and is expected to rise
in the next 10–20 years as a result of widespread exposure to as-
bestos in the past decades [1]. There is no definite standard of
care for MPM. Owing to advanced disease at presentation, sys-
temic chemotherapy is the only treatment option for the major-
ity of these patients [2]; in a minority of cases who are eligible
for surgery, chemotherapy may be adopted both as adjuvant
option [3] or induction therapy [4, 5]. The introduction, in the last

years, of new active drugs [6] in the treatment of MPM under-
lined the need for accurate techniques for evaluating response
in this disease. The radiological assessment of change in tumour
size is actually the standard way to evaluate the efficacy of che-
motherapeutic agents in solid tumours such as MPM [7, 8].
Imaging of MPM however, is still challenging for imaging specia-
lists and clinicians due to the anatomical location and unique
circumferential and axial growth pattern of this tumour [9].
Multiple thoracic levels may be involved; while there are ana-
tomical landmarks in the upper and mid-thorax, in the lower
thorax there are few landmarks where levels of measurement
can be reproducibly identified [10]. The presence of simultan-
eous pleural effusion, atelectasis and chest wall invasion often
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creates difficulties in distinguishing the tumour from uninvolved
adjacent tissue. Furthermore, in early-stage disease, the tumour
rind may be difficult to visualize, thus complicating tumour
measurements.

MPM usually grows around and within the pleural cavity, with
concentric thickening and contraction of the pleura, involvement
of the interlobar fissures and infiltration of the mediastinum,
chest wall and diaphragm.

The progressive thickening of the parietal and visceral pleura
and the frequent association of pleural effusion determine the
incarceration and rigidity of the lung with atelectasis and difficult
expansion. Dyspnoea is the most common symptom of the re-
strictive lung function associated with MPM. Pulmonary function
tests (PFTs) are the most commonly used indicators of changes
in lung function.

To date, few studies have assessed the modifications of re-
spiratory function after chemotherapy in MPM and in particular,
the relationship between radiological and functional variations.
The aim of this study was to evaluate the effect of chemotherapy
on lung function and correlate it with radiological response in
patients with MPM.

MATERIALS AND METHODS

Between 2004 and 2011, 62 consecutive patients affected by
MPM were enrolled in this prospective study at the Department
of Cardio-Thoracic and Vascular Sciences, University of Padua,
Italy. Table 1 shows the general characteristics of the study

population. Inclusion criteria were International Mesothelioma
Interest Group (IMIG) [11] clinical stage I–III, patients fit to
receive chemotherapy (neoadjuvant in the majority of patients

Figure 1: Relative variation (in percentage of the basal value) of respiratory function parameters on the basis of radiological response. DLCO: single-breath carbon
monoxide diffusion capacity; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; PD: progressive disease; PR: partial response; TLCP: total lung cap-
acity; SD: stable disease; VC: vital capacity.

Table 1: General characteristics of study population

Gender
Male 46 (74.2%)
Female 16 (25.8%)

Age (years)
Median (range) 63 (40–76)

Asbestos exposure
Yes 55 (88.7%)
Occupational 45 (81.8%)
Environmental 10 (18.2%)

No 7 (11.3%)
Smoke

Yes 31(50.0%)
No 31 (50.0%)

Histotype
Epithelioid 56 (90.4%)
Sarcomatoid 2 (3.2%)
Biphasic 2 (3.2%)
Desmoplastic 2 (3.2%)

Clinical IMIG stage
I 3 (4.8%)
II 17 (27.5%)
III 42 (67.7%)

Performance status (ECOG)
0 40 (64.5%)
1 22 (35.5%)
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scheduled for further surgery or definitive for some patients
without a planning for surgery) with an Eastern Cooperative
Oncology Group (ECOG) performance status before chemother-
apy of 0–1, the absence of significant pleural effusion before and
after chemotherapy potentially interfering with radiological
evaluation and respiratory function, no significant adverse events
during chemotherapy potentially affecting the performance at
PFTs, no continuous administration of corticosteroids. All
patients were initially characterized by history, clinical evaluation
and imaging (chest X-ray, computed tomography (CT) scan).
Pleural biopsies, and eventually talc pleurodesis, were performed
during video-assisted thoracoscopic surgery (VATS). PFTs were
performed in all patients after at least 2 weeks from VATS (in
absence of pleural effusion verified by chest CT scan).
Chemotherapy regimens consisted of a combination of peme-
trexed 500 mg/m2 plus cysplatinum 75 mg/m2 or carboplatinum
AUC5 on Day 1 q3 weeks for three cycles: 4 weeks after the last
chemotherapy administration, a new CT scan and PFTs were
performed at no >2 weeks from each other. Measurements of
slow and forced vital capacity (FVC), forced expiratory volume in
1 s (FEV1), total lung capacity (TLC) and single-breath carbon
monoxide diffusion capacity (DLCO) were collected using a spir-
ometer (Biomedin, Padova, Italy) with a standardized method
[12–14]. Interpretation of the spirometric data was performed
following the ERS/ATS Guidelines [15]. The radiological response
to treatment was evaluated using the modified RECIST criteria
[16] as follows: tumour thickness perpendicular to the chest wall
or mediastinum was measured in two positions at three separate
levels on transverse cuts of CT scan. The sum of the six measure-
ments defined a pleural unidimensional measure. Transverse
cuts at least 1 cm apart and related to anatomical landmarks in
the thorax were chosen to allow reproducible assessment at later
time points. If measurable tumour was present, transverse cuts in
the upper thorax, above the level of division of the main
bronchi were preferred. At reassessment, pleural thickness was
measured at the same position, at the same level and by the
same observer. This was not necessarily the greatest tumour
thickness at that level. Nodal, subcutaneous and other bidimen-
sionally measurable lesions were measured unidimensionally as
per the RECIST criteria. Unidimensional measurements were
added to obtain the total tumour measurement. Complete re-
sponse was defined as the disappearance of all target lesions
with no evidence of tumour elsewhere, and partial response was
defined as at least a 30% reduction in the total tumour measure-
ment. Progressive disease was defined as an increase of at least
20% in the total tumour measurement over the nadir measure-
ment, or the appearance of one or more new lesions. Patients
with stable disease were those who fulfilled the criteria for
neither partial response nor progressive disease. All tumour re-
sponse evaluations were conducted in one single institution
(University of Padova) by using a Siemens Volume Zoom multi-
detector Spiral CT scan with 5-mm slices. The dimensions of the
target lesions were obtained by means of computer-generated
measurements by a single observer. Informed consent was
obtained, and the study was approved by our Institutional Ethics
Committee on Human Research.

Statistical methods

Descriptive analyses were performed on quantitative and quali-
tative variables for the total sample. Quantitative variables were

reported as mean values ± standard deviations for baseline and
follow-up assessments, while for binary or categorical responses,
the proportion of events was expressed as percentage. The nor-
mality of quantitative variables distribution was verified by
means of the Shapiro–Wilk test. The difference of variables
before and after chemotherapy was expressed as absolute value
(follow-up value – basal value) and relative ratio (with reference
to basal value). Mean values of differences with 95% confidence
intervals (95% CI) were also performed, on the total sample and
by response group. Changes between basal and follow-up values
were assessed by means of Student’s paired t-test. Difference in
change of respiratory function based on radiological response
(partial response, stable disease and progressive disease) was
tested by means of analysis of variance (ANOVA) for unbalanced
data. Linear logistic regression analysis was adopted to verify the
association between radiological response and functional varia-
tions. For respiratory variables with changes significantly asso-
ciated with response, the receiver operating characteristic (ROC)
curve analysis was performed using dichotomized response
(stable disease and progressive disease = 0, partial response = 1).
The area under the curve (AUC) was estimated with 95% CI, the
best predictive value was estimated for each variable and sensi-
tivity, and specificity positive and negative predictive values were
computed for each cut-off. Statistical significance of difference
between AUCs was also estimated. For each test, a two-tailed
P-value lower than 0.05 was considered statistically significant.
Statistical analyses were performed using the SAS rel. 9.13 (SAS
Institute, Cary, NC, USA).

RESULTS

Thirty-two (51.6%) patients received three cycles of carboplatin
and pemetrexed, and 30 (48.4%) patients received three cycles
of cysplatinum and pemetrexed. Twenty-three (37.1%) patients
had an partial response to chemotherapy, 30 (48.4%) had an
stable disease and 9 (14.5%) had a progressive disease. No dif-
ference was found when comparing the two treatment protocols
in terms of radiological response to treatment. Before chemo-
therapy, 43 (69.4%) patients had a restrictive ventilatory deficit, 5
(8%) patients had a mixed restrictive and obstructive ventilatory
deficit and 14 (22.6%) had a normal spirometry. In Table 2, the

Table 2: Lung function parameters evaluated on overall
patients before and after chemotherapy

Parameters Pre-chemotherapy Post-chemotherapy P

VC (l) 2.73 ± 0.66 2.83 ± 0.67 0.04
VC (% pred) 75.44 ± 14.01 77.17 ± 18.95 0.04
FVC (l) 2.59 ± 0.65 2.69 ± 0.66 0.05
FVC (% pred) 73.84 ± 13.85 76.86 ± 16.05 0.03
FEV1 (l) 2.09 ± 0.51 2.17 ± 0.52 0.04
FEV1 (% pred) 74.61 ± 14.37 77.91 ± 16.41 0.02
TLC (l) 4.70 ± 0.95 4.90 ± 0.93 0.05
TLC (% pred) 77.22 ± 12.66 80.69 ± 12.92 0.04
DLCO (ml/min/mmHg) 17.98 ± 4.59 18.02 ± 5.45 0.58
DLCO (% pred) 61.65 ± 15.14 61.68 ± 21.28 0.95

DLCO: single-breath carbon monoxide diffusion capacity; FEV1:
forced expiratory volume in 1 second; FVC: forced vital capacity; TLC:
total lung capacity; VC: vital capacity.
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comparison between the pulmonary function parameters before
and after chemotherapy is reported: a significant increase in the
percentage of predicted FEV1, VC, FVC and TLC was observed in
the overall study population. The stratified analysis by radiologic-
al response to chemotherapy in all variables showed a significant
improvement in FEV1, FVC and VC (both absolute and percent-
age of predicted values) only in subjects with an partial re-
sponse, while the respiratory function remained unchanged in
patients with stable disease and worsened in patients with pro-
gressive disease. These results were found when we analysed
both the absolute difference in mean values (Table 3) and the
relative difference (in percentage) compared with the basal value
(Fig. 1). The linear logistic regression analysis showed a direct
correlation between the ΔFEV1% and the Δ% in total tumour
measurement (r = 0.46, P = 0.01) and between the ΔFVC% and
the Δ% in total tumour measurement (r = 0.43, P = 0.02). Results
from ROC curve analysis are reported in Fig. 2: by dichotomiza-
tion of radiological response (partial response vs stable disease
and progressive disease), a cut-off of +7% ΔFEV1 for responders
best predicted the higher area under the curve (AUC: 0.88, 95%
CI: 0.77–0.95; sensitivity: 0.83, specificity: 0.82), the optimal
cut-off for ΔFVC was +6% (AUC: 0.86, 95% CI: 0.75–0.94; sensitiv-
ity: 0.82, specificity: 0.74) and for ΔVC it was +3% (AUC: 0.76,
95% CI: 0.64–0.86; sensitivity: 0.73, specificity: 0.74).

DISCUSSION

MPM is an aggressive and fatal tumour of the pleural layers for
which few therapeutic options are available. Chemotherapy is
considered the main treatment for the majority of patients who
are diagnosed with advanced disease, or in case of early disease,
it may be adopted as inductive or adjuvant modality in associ-
ation with surgery.

The development in the last years of more effective chemo-
therapy regimens [6] that improve symptoms and prolong sur-
vival has renewed interest in the methods for the assessment of
the response to chemotherapy in MPM. Contrast-enhanced CT
is the primary imaging technique for the evaluation of MPM and
plays a critical role in diagnosis, prognostication, prediction and
measurement of response to therapy and monitoring of disease
recurrence after aggressive surgical management [17]. The assess-
ment of response to chemotherapy treatment with criteria
based on CT measurements is challenging in MPM, due to its
pattern of growth, and several radiological response systems
have been proposed over the years [10, 17]. In 1981, the World
Health Organization (WHO) established a first proposal of
tumour response assessment based on measurement of bidi-
mensional lesions by CT scans before and after chemotherapy
[18]. These criteria were poorly suited to the specific pattern of
growth of MPM. Later, the Response Evaluation Criteria in Solid
Tumours (RECIST) [19] guidelines adopted a unidimensional
tumour measurement technique of the longest diameter of the
lesions. The corresponding response criteria defined the partial
response as a ≥30% decrease in the sum of the unidimensional
measurements of lesions on serial CT scans and defined progres-
sion of disease as a ≥20% increase in the summed unidimension-
al measurements. Recently, Byrne and Nowak [16], validated an
alternative unidimensional measurement technique on 73
patients affected by MPM and treated with chemotherapy. This
‘modified RECIST’ technique provided tumour thickness meas-
urement perpendicular to the chest wall or mediastinum (i.e.

short-axis dimension instead of long-axis diameter) in two posi-
tions at three separate levels on transverse CT slices. The same
response criteria as RECIST were used and the response accord-
ing to these modified RECIST criteria predicted longer patient
survival and improved respiratory function, with an increase of
forced vital capacity during treatment. Although modified
RECIST criteria are being used in most current trials, several criti-
cisms have been raised on their clinical applicability based on
the high grade of inter-observer variability [20, 21]. In our study,
a single observer evaluated all the CT scans pre- and post-
chemotherapy, undertaking all measures and thus avoiding this
possible bias. While radiological tumour response and progres-
sion directly reflect changes in tumour bulk, they are most clinic-
ally useful when they relate closely to other measures of a
patient’s condition. Patient benefit in MPM may include an im-
provement in survival or lung function, and improvement in
symptom control or quality of life. Thus, it is important that any
valid measurement of response should reflect changes in these
parameters. MPM is a highly symptomatic malignancy, and dys-
pnoea is one of the most common symptoms. The pleural mass
and thickening in MPM usually determine compression and atel-
ectasis of the lung, making the lung stiffer. Moreover, pleural
tumour mass can reduce the expansion of the chest cage and
diaphragm impairing the strength of the respiratory muscles. All
these alterations can impair the respiratory mechanics, reducing
the efficacy of the ventilatory pump and determining a restrict-
ive or mixed respiratory impairment. PFTs are the most reliable
indicators of changes in lung function and may indirectly add in-
formation about the effectiveness of treatments. We hypothe-
sized that, in MPM patients, the reduction of pleural mass and
thickening by chemotherapy may improve the efficiency of the
ventilatory pump, thus leading to improvement of lung function
performance. Some studies have demonstrated that patients
with lung cancer receiving platinum-based chemotherapy have
favourable effects in spirometric performance with an increase
in FEV1 and FVC, probably by ameliorating bronchial obstruction
caused by tumour extension [22]. Few studies have evaluated the
variation of respiratory function after chemotherapy in patients
with MPM. In a previous preliminary study on patients submitted
to induction chemotherapy for MPM, we observed an overall
improvement in lung function parameters and exercise capacity
[23]. We suggested that the improvement in lung volumes is dir-
ectly related to a cytoreductive effect of chemotherapy on the
tumour mass, giving the lung more expansibility and reducing
the restrictive ventilatory impairment. When we considered the
relationship between the radiological response to chemotherapy
and the variation in lung volumes, the stratified analysis showed
a significant improvement in FEV1, FVC and VC only in subjects
with a partial response, supporting our hypothesis. A similar
result has been described by Byrne and Novak [24], who
observed a significant and progressive (at each cycle of chemo-
therapy) increase in FVC in those patients with partial response
to chemotherapy. Paoletti et al. [24] reported on changes in
several functional parameters (VC, FVC and FEV1) in patients
treated in the phase III study of pemetrexed/cisplatin vs cisplatin.
Responders in both treatment groups had a significant improve-
ment in PFTs in comparison with patients with stable disease; in
addition, patients with stable disease had better PFTs than those
with progressive disease. This result may be clinically relevant
because patients with no objective tumour response can have
symptomatic improvement. A similar finding was observed in
our study where the changes in FEV1, FVC and VC were
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dependent on radiological response with significant difference
observed between groups. Interestingly, in our study, the linear
regression analysis often demonstrated a direct correlation
between the variation in percentage of FEV1 and FVC and the

change in total tumour measurements, a result similar to that
described in the work of Byrne and Novak [16].
In our study, the ROC curve analysis further demonstrated that

the PFTs improvement predicts radiological response. This study

Table 3: Difference (absolute value) of respiratory function parameters before and after chemotherapy on the basis of
radiological response

Parameters partial response stable disease progressive disease P

VC (l) 0.34 ± 0.38 0.01 ± 0.34 −0.16 ± 0.35 0.0006
VC (% pred) 9.11 ± 11.02 0.71 ± 9.41 −4.38 ± 8.27 0.001
FVC (l) 0.35 ± 0.22 −0.006 ± 0.31 −0.23 ± 0.35 <0.0001
FVC (% pred) 11.17 ± 8.21 −0.007 ± 8.59 −6.77 ± 9.07 <0.0001
FEV1 (l) 0.31 ± 0.24 −0.001 ± 0.22 −0.23 ± 0.29 <0.0001
FEV1 (% pred) 12.04 ± 10.01 −0.006 ± 7.43 −8.03 ± 9.03 <0.0001
TLC (l) 0.42 ± 0.74 0.09 ± 0.72 −0.06 ± 1.01 0.22
TLC (% pred) 6.70 ± 11.96 1.75 ± 11.18 −0.71 ± 16.08 0.23
DLCO (ml/min/mmHg) 1.19 ± 3.82 0.31 ± 5.04 −1.77 ± 4.72 0.30
DLCO (% pred) 5.04 ± 16.03 0.88 ± 18.77 −6.30 ± 19.70 0.32

DLCO: single-breath carbon monoxide diffusion capacity; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; TLC: total lung capacity;
VC: Vital capacity.

Figure 2: Results from ROC curve analysis using dichotomised response (partial response vs stable disease and progressive disease) of respiratory performance as
a classification variable. *P < 0.05.
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has some limitations related to potential biases: (i) most patients
had chest pain associated with dyspnoea that was sometimes
well controlled and sometimes not; thus, the PFTs results could
be impaired in case of inadequate pain control. (ii) Most patients
received pleurodesis during VATS for diagnosis: we were unable
to evaluate the influence of this procedure on PFTs and on
radiological assessment. (iii) Although the presence of pleural ef-
fusion before or after chemotherapy was considered an exclu-
sion criterion, a small amount of residual pleural effusion was
accepted and potentially could be a confounding factor. (iv)
PFTs results are strongly dependent also on the compliance and
motivation of the patient: it is possible that, particularly for
patients with progressive disease or poor symptoms control, the
collaboration could be different before and after treatment.

CONCLUSIONS

In conclusion, in patients with MPM treated with chemotherapy,
we observed a direct relationship between dynamic lung volumes
and radiological changes. A significant increase in lung volumes
was evident mainly in patients responding to chemotherapy.
These changes could be related to the variation of tumour mass
(cytoreductive effect and reduction of pleural thickening with
improvement of ventilatory pump efficiency in responders).
A cut-off of +7% of ΔFEV1 and +6% for ΔFVC is related to a radio-
logical partial response. Functional and quality-of-life parameters
are valuable end-points in monitoring response to therapy in
MPM patients and should be evaluated in future clinical trials.
Further clinical applications (decision on type of surgery after
induction chemotherapy, prognostic role in association with
PET-CT results) are new potential research fields.

Conflict of interest: none declared.
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APPENDIX. CONFERENCE DISCUSSION

Dr E. Internullo (Nottingham, UK): When you said ‘no significant pleural effu-
sion’, what did you mean: nothing that would have needed a drain or some-
thing that needed a drain but was below a certain amount?
Dr Marulli: By no significant pleural effusion we mean that all of these

patients had pleural biopsies before starting this study, so usually there was a
residual amount of pleural effusion at maximum; none of these patients had
a significant amount. That means a pleural effusion that cannot compromise
pulmonary function tests or determine atelectasis of the lower lobe, et cetera.
Dr Internullo: You didn’t have any patient developing such a pleural effu-

sion during the chemotherapy time that you had to drop them out?
Dr Marulli: We excluded such patients: if a patient developed pleural effu-

sion during chemotherapy, they were excluded.
Dr Internullo: How many did you have to drop after chemo (because I

might have missed that)? I know they wouldn’t be included to start with if
they had a significant pleural effusion. How many did you have to drop out
during chemo?
Dr Marulli: I think 5%.
Dr M. Hashimoto (Nishinomiya, Japan): I think some patients maybe under-

went EPP or PD. So did you check pathological change after EPP or PD?
Dr Marulli: Pathological change?
Dr Hashimoto: Yes, such as EF.
Dr Marulli: This is a study that we are starting prospectively. I am not

able to provide any reliable data. But in those patients who had a significant
partial response, mainly we did pleurectomy, because the reduction of
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pleural thickening, in our opinion, favoured pleurectomy. But I have no data
available because we are starting with a prospective study in this kind of
evaluation.

Dr D. Rice (Houston, TX, USA): Certainly this corresponds to what we see
clinically after neoadjuvant chemotherapy. The DLCO didn’t change a bit, so
is it your hypothesis that the chemotherapy is causing a reduction in tumour
that is then improving the chest compliance and that is why you are seeing
the change? And secondly, did you do any radionuclide or perfusion studies
on the lung to corroborate this?

Dr Marulli: Unfortunately, not all patients had a perfusion scan, so I cannot
reply to this question. I know that we had pre- and post-chemotherapy per-
fusion scanning in 30% of patients, and there was more of a tendency to an
increase of ventilation than perfusion in these patients.

As for DLCO, yes, I published another similar paper. We observed an in-
crease in performance of cardiopulmonary exercise test in a previous report,
but the DLCO doesn’t increase in an important manner. This is also an

important point in selecting patients that should have one or another type of
surgery, because the problem is that the DLCO can be affected negatively in
the other lung. So you should be careful if you have a small decrease of
DLCO; it can be really a high decrease in the other lung. Therefore the
patient could have some problem, some complication after extrapleural
pneumonectomy, for example.
Dr A. Turna (Istanbul, Turkey): It is somewhat possible to hypothesize that

chemotherapy response can be correlated with FEV1 in early stage patients,
but did you look at the late stage patients (for example, stage III or stage IV
patients), in order to correlate with the chemotherapy response on the FEV1,
because it could be difficult to explain it.
Dr Marulli: We were unable to correlate it, because most of our patients

were in stage III; very few patients had stage I and stage II. In these patients
there is an objective problem in the radiological measurement, and usually
the variation, by using the modified RECIST criteria, is less than when you
have a marked tumour or a bigger tumour.
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