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Pulmonary function abnormalities are common in patients
with multiple myeloma and are independently associated
with worse outcome
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Abstract

Pre-existing pulmonary disease may affect treatment choices, toxicity, and survival of patients with multiple myeloma (MM).
However, data on the prognostic value of pulmonary function tests (PFTs) in myeloma patients’ outcome, at the time of initial
assessment of newly diagnosed patients, are scarce. Here, we prospectively performed PFTs in 121 newly diagnosed MM
patients, before initiation of treatment, and we evaluated possible associations of lung function with their outcomes. Fifty-four
patients (44.63%) had either obstructive or restrictive pulmonary function defects, even among those not reporting a history of
lung disease. The survival was significantly worse in those with obstructive pulmonary defect (median OS 32.8 months) vs. those
with restrictive (median OS 52.5 months) or normal lung function (median not reached, 3-year survival 76%) (p =0.013),
independently of other myeloma-related factors. Forced vital capacity (FVC) (It) (p =0.012), forced expiratory volume in 1 s
(FEV1) (It) (p =0.018), peak expiratory flow (PEF) (It/min) (p =0.008), carbon monoxide diffusion capacity (DLCO) (p =

0.012), and expiratory/inspiratory pressures (Pe) (kPa) (p = 0.032)/(Pi) (kPa) (p = 0.023) were significantly associated with OS.
Myeloma-related factors associated with survival included ISS stage (p =0.008), hypercalcemia (p =0.064), and high-risk
cytogenetics (p = 0.004). In the multivariate analysis, only the presence of high-risk cytogenetics and presence of either or both
PEF and DLCO < 65% of predicted were independent prognostic factors. We conclude that PEF and DLCO could be useful in the
initial assessment of newly diagnosed MM patients as significant predictors of survival. Further research is needed to evaluate if
respiratory screening should be included in the routine initial evaluation of myeloma patients, despite the presence or absence of
respiratory symptoms or abnormal clinical respiratory examination.
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Introduction

Multiple myeloma (MM) is a plasma cell malignancy charac-
terized by the presence of anemia, lytic bone disease, renal
insufficiency, hypercalcemia, and immunodeficiency [1, 2].
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The use of novel therapeutic approaches, like immunomodu-
latory drugs (IMiDs), proteasome inhibitors (PIs), and autol-
ogous hematopoietic stem cell transplantation in eligible pa-
tients, has significantly improved the life expectancy of mye-
loma patients during the last decades; however, MM remains
an incurable disease [3, 4]. The prognosis of MM patients is
affected by the significant heterogeneity of the disease as
reflected not only by various surrogate markers such as ISS
stage, elevated serum lactate dehydrogenase (LDH), and high
risk cytogenetics, evaluated by FISH [5-8], but also by the
characteristics of the patients such as age and the presence of
comorbidities. Pre-existing comorbidities and organ dysfunc-
tion such as renal impairment may be important for treatment
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choice and are implicated in myeloma outcome and are asso-
ciated with increased risk of treatment-related and myeloma-
related complications leading to higher early mortality rates in
these patients’ subsets. However, particularly regarding the
importance of pre-existing lung disease, its importance in the
outcome of patients with MM has not been thoroughly and
prospectively evaluated.

Lung function is a criterion for eligibility for high-dose
therapy and hematopoietic stem cell transplantation, and pa-
tients with a pre-transplant carbon monoxide diffusion capac-
ity (DLco) <60% have a significant 1.5-fold higher risk for
mortality after transplant [9]. However, evaluation of lung
function is not considered among major initial assessments
before starting therapy for myeloma. While in retrospective
studies, the presence of lung disease was associated with
worse outcome and was also included in the Freiburg comor-
bidity index [10, 11], there are no prospective data with de-
tailed evaluation of pulmonary function tests (PFTs).

Therefore, we conducted a prospective and detailed evalu-
ation PFTs in newly diagnosed patients with symptomatic
multiple myeloma in order to identify the incidence and pat-
terns of lung disease and evaluate indices of PFTs as potential
prognostic factors, especially focusing on applicability in ev-
eryday clinical practice.

Methods

This was a non-interventional prospective study that included
121 consecutive patients with symptomatic MM. These pa-
tients were non-invasively evaluated for their lung function by
performing PFTs. No selection criteria were applied for
performing PFTs. All patients were diagnosed and treated in
the Department of Clinical Therapeutics, National and
Kapodistrian University of Athens School of Medicine, at
Alexandra Hospital, in Greece from September 2014 to
March 2016. The Ethics Committee/Scientific Council of
“Alexandra” hospital approved the study protocol; all patients
have provided written informed consent for data collection,
analysis, and publication.

Pulmonary function assessment

At the time of diagnosis and before institution of any anti-
myeloma therapy, patients underwent PFTs in a Master screen
Body (Jaeger, Germany), according to manufacturer’s instruc-
tions and standard European Respiratory Society (ERS)/
American Thoracic Society (ATS) guidelines [12, 13].
Calibration and leak tests were performed daily. The same
technician tested all subjects. Patients were seated, and nose
clips were worn. We performed spirometry, lung volumes
measurement, single-breath determination of carbon monox-
ide uptake in the lung corrected for hemoglobin (carbon
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monoxide diffusion capacity, DLco), and maximal expiratory
(Pe) and inspiratory (Pi) pressure measurements, in a sitting
position [14-18]. The patient’s age, height, and weight were
recorded for use in the calculation of reference values.
Because carbon monoxide—Hb binding is an important factor
in carbon monoxide transfer and anemia is a hallmark of MM,
we adjusted DL for Hb prior to the interpretation of the
maneuver, in the predicted values, according to the following
equation: DLco (predicted for Hb) =DLco (predicted) -
(1.7Hb/(0.7Hb,.¢ + Hb)) [13, 19]. Body mass index (BMI)
was calculated as kilograms per square meters. Smoking
habits were also recorded (smoker or no, pack/years, years
of smoking cessation).

Statistical analysis

Descriptive statistics and non-parametric tests of significance
(Spearman’s rank correlation coefficient and Mann—Whitney
U test) were used. Survival curves were estimated using the
Kaplan—Meier method. Cox regression likelihood ratio uni-
variate and multivariate analyses were used to determine pos-
sible independent predictive factors of survival for the whole
MM group. Cutoffs for PFTs were identified by means of
ROC analysis for survival at 1 year and selection of the point
of the maximum product of sensitivity and specificity. A p
value lower than 0.05, was considered as significant. All anal-
yses were performed by using software SPSS 20 (IBM SPSS
Statistics for Windows, Version 20.0. Armonk, NY).

Results

The median age of our MM patient cohort was 67 years (range
37-90), of which 59% were > 65 years of age and 52% were
males. The median follow-up for all patients was 32 months,
the 3-year PFS was 47%, the median estimated PFS was
29 months, while the 3 years OS was 64% and the projected
OS was 53 months.

The median hemoglobin of the patients was 10.4 g/dl and
42% had hemoglobin <10 g/dl, 16% had hypercalcemia
(corrected serum Calcium > 11 mg/dl), and 79% had lytic
bone disease. ISS disposition was 30%, 30%, and 40% for
stages — 1, —2, and — 3 respectively. High-risk cytogenetics
were present in 20%, and LDH was elevated above upper limit
of normal in 12%. Median BMI was 26 kg/m? and 5% had
BMI < 20 kg/m?” (cachexia), while 15% had BMI > 30 kg/m?
(morbid obesity). Regarding smoking status, 29% were active
smokers with a median of 35 pack/years, 25% were ex-
smokers, and 46% were never smokers; 12% of the patients
reported a history of known pulmonary disease (mostly
COPD). Primary treatment was bortezomib-based in 69%
and lenalidomide based in 31%; 35% of the patients received
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HDM with ASCT at first remission. The characteristics of the
patients are summarized in Table 1.

Table 2 depicts the values of PFTs in all patients. Based on
ERS/ATS guidelines, 60 (49.6%) patients had normal PFTs,
whereas 29 (23.9%) demonstrated a restrictive breathing pat-
tern, 22 (18.2%) an obstructive, and 3 (2.5%) mixed findings on
PFT results (Fig. 1). There was no significant difference in the
frequency of abnormal breathing patterns among current or ex-
smokers vs. never smokers (54% vs. 51%). There was a trend
towards higher incidence of obstructive breathing pattern for
those with a history of >30 pack/years (18% vs. 30%) while
a restrictive pattern was more common in those with a <30
pack/years history (30% vs. 18%) (p =0.084). Thus, even
among MM patients without a history of smoking, the presence
of abnormal breathing pattern was common. Except one patient
who reported a history of bronchial asthma, all patients with a
known history of pulmonary disease had abnormal breathing
patterns; 77% of them had obstructive breathing pattern.

Table 1 Characteristics of the patients in the study
N=121

Male/female 52%/48%
Age (median/range)/age > 65 years 67 (37-90)/59%
BMI (median/range) (kg/m?) 26 (17-44)
ECOG PS 0-1/2-3 56%/44%
Osteolytic disease 78.5%
Serum creatinine (median/range) 0.96 (0.43-14.8)
Serum creatinine >2 mg/dl 16%
Serum calcium 9.7 (8.3-20)
Serum calcium > 11 mg/dl 16%
Hemoglobin < 10 g/dL 42%
Platelets < 130 x 107/1 5%
ISS stage 1/2/3 30%/30%/40%
LDH > ULN 12%
Del13q (FISH) 28%
T(4:;14) 8%
Dell7p 10%
T(11;14) 14%
T(14;16) 3.5%
Amp/gainlq21 25%
High-risk cytogenetics 20%
Revised ISS 1/2/3 22%/62%/16%
Primary therapy

Bortezomib-based 69%

Lenalidomide-based 31%

HDM with ASCT in 1st remission 35%

Prior history of pulmonary disease 12%

Current smokers 29%

Quit smoking/ex smokers 25%

Never smokers 46%

The pulmonary function indices (FVC (It), FVC (%),
FEV1 (lt), PEF (lt/min), PEF (%), DLco, Pi, Pi (%), Pe, Pe
(%)) were associated with age, the presence of anemia, hyper-
calcemia (FVC (It), FVC (%), FEV1 (It), PEF (It/min), PEF
(%), DLco), ISS stage (FVC (It), FVC (%), FEV1 (It), PEF (It/
min), PEF (%), DL¢o), and gender, but not with the presence
of lytic bone disease, elevated serum LDH, or high risk cyto-
genetics (except for PEF (It/min) and DLco).

The presence of an abnormal breathing pattern (normal,
restrictive, or obstructive) was associated with prognosis:
overall survival was significantly worse in those with obstruc-
tive pattern (median OS 32.8 months) vs. restrictive (median
OS 52.5 months) vs. normal (median not reached, 76% sur-
vival rate at 3 years) (p = 0.013) (Fig. 2). History of prior lung
disease was also associated with shorter overall survival
(40 months vs. not reached for the rest, p =0.033). In the
univariate analysis, indices of respiratory function that were
assessed with PFTs and were associated with overall survival
included FVC (It) (p = 0.012), FVC (%) (p = 0.006), FEV1 (It)
(p =0.018), FEV1 (%) (p =0.013), PEF (It/min) (p = 0.008),
PEF (%) (p =0.005), DLCO (p =0.012), Pi (p = 0.023), Pi (%)
(p =0.027), Pe (p =0.032), and Pe (%) (p =0.024).

In the univariate analysis, several myeloma-related factors
were associated with survival including ISS stage (p = 0.008),

Table 2  Baseline PFTs in patients with symptomatic MM (N =121)

Median Minimum Maximum

FVC (It 2.6300 0.73 5.93
FVC (%) 86.4500 43.46 127.20
FEV1 (It) 2.1300 0.54 4.94
FEV1 (%) 86.5900 34.86 131.10
FEV1/FVC 80.2700 46.79 97.69
PEF (It/min) 4.7100 1.05 81.27
PEF (%) 72.5200 23.52 136.20
DLCO 78.805 20.5 121.0

R tot 0.300 0.1 22

R tot % 100.200 19.9 298.4

FRC (1t) 4.3200 2.07 9.91
FRC (%) 139.700 85.4 358.6

RV (It) 3.3200 1.39 7.34
RV % 146.300 65.9 259.3

TLC (It 6.1000 2.74 12.31
TLC % 104.100 67.2 241.5

Pi (kPa) 4.4500 0.49 10.95
Pi % 42.1100 4.84 101.22
Pe (kPa) 6.1300 0.05 15.09
Pe % 69.3700 0.38 4755.00

FVC forced vital capacity, FEVI forced expiratory volume in 1 sec, PEF'
peak expiratory flow, DLCO carbon monoxide diffusion capacity, FRC
functional residual capacity, R resistance, 7LC total lung capacity, RV
residual volume, Pe/Pi maximal expiratory I inspiratory pressures
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Fig. 1 Pulmonary function defects in MM patients

the presence of high-risk cytogenetics (p =0.004), elevated
serum LDH (p =0.03), and the resulting revised ISS stage
(p =0.004). The presence of hypercalcemia was also of bor-
derline statistical significance (p = 0.064).

Early mortality, within the 1st year from the initiation of
therapy, was 16% (N =19) and abnormal PFTs were associated
with early mortality. Among patients that died within the 1st
year since initiation of therapy, two died of pulmonary infection,
two of sepsis of undefined source, and the rest of other
myeloma-related complications. Among indices of lung func-
tion tested in univariate analysis, reduced PEF was the one with
the strongest association with early death (p <0.001); other in-
dices included FVC (p =0.001), FEV1 (p =0.001), and DLcq
(p =0.005). Abnormal breathing pattern was also associated
with death within the 1st year from start of therapy, especially
obstructive pattern (HR 8, 95%CI 2.1-30, p <0.001); this

0,81

Normal pattern

0,6 Restrictive pattern

Cum Survival

Obstructive pattern

0,21

0,0

T T T T
0 24 48 72

Survival (Months)

Fig. 2 Survival according to breathing pattern—normal, restrictive, and
obstructive
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association was less strong for restrictive pattern (HR 2.2,
95%CI 0.9-9.7, p =0.068), compared to normal pattern of
breathing. Other factors associated with early mortality included
eGFR< 30 ml/min/1.73 m” at the time of diagnosis and age >
65 years; however, in multivariate analysis, reduced PEF was
the strongest risk factor for early death (HR 8.8. 95% CI 3.3-33,
p =0.001), followed by eGFR <30 ml/min/1.73m?> (HR 3.3,
95% CI1 1.13-14.5, p = 0.031).

In order to identify clinically useful cutoffs, we identified
that a cutoff for PEF <65% could discriminate groups with
very different survival (33 months vs. not reached at 3 years,
HR 2.8,95%CI 1.47-5.5, p=0.001). Moreover, a DLco < 65%
was also associated with a median OS of 33 months vs. not
reached (HR 2.54, 95%CI 1.3-5.1, p =0.005). Among the
PFTs, these two binary transformed indices showed the stron-
gest association with survival and were further used in the anal-
ysis, in order to provide a clinically relevant tool (Fig. 3a, b).
There was a strong association of the two indices (p <0.001)
with 21% of patients having both 19% only PEF < 65%, 6%
only DLcg < 65%, and 53% none of the two.

We then evaluated whether the inclusion of PFT indices
could add prognostic information along with known
myeloma-related factors. Revised ISS (R-ISS) is now consid-
ered the standard prognostic tool for patients with myeloma,
as it encompasses ISS stage, increased LDH, and cytogenetics
[6, 7]. Thus, we performed a multivariate analysis that includ-
ed R-ISS and the presence of either or both PEF (%) <50%
and DL < 65% of predicted (Table 3). As shown in Table 2,
either or both PEF (%) < 65% and DLcq < 65% of predicted
was an independent prognostic factor for OS (Table 2; Fig. 4).
Thus, we could formulate a prognostic score that encompasses
both myeloma-related and myeloma-independent factors
which could discriminate three groups with very significant
difference in survival: median survival was not reached (85%
and 59% at 3 years for those with none or either of the risk
factors) and was 7 months (18% 3-year survival) if they had
both (» <0.001). Importantly, the prognostic significance of
this score was independent of the age of the patients, which
was of no prognostic significance when put in a single model.

Discussion

To our knowledge, this is the first study that prospectively
focused on the prognostic value of a comprehensive assess-
ment of pulmonary function in MM outcomes and shows that
PFTs can provide prognostic information which is indepen-
dent of any myeloma-related factors and also independent of
the patients’ age. It is also very interesting and of clinical
significance that almost 50% of our patients that were found
with abnormal PFTs did not have an established diagnosis of a
previous pulmonary disease and were not receiving any lung
directed therapy; however, the presence of even undiagnosed
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Fig. 3 Survival according to: a PEF > 65% predicted vs. < 65% predicted and b DLCO > 65% predicted vs. < 65% predicted

lung disease had significant impact on their outcomes. This
finding also underscores the limitations of retrospective as-
sessment of lung comorbidities without a detailed PFT assess-
ment. Although the presence of lung disease is considered as
standard high-risk co-morbidity, it is often unrecognized and
its impact may go undetectable.

Previous studies have demonstrated that pre-existing pul-
monary disease is a negative predictor of OS in MM patients
[10, 11]. Kleber et al. [11] determined moderate or severe
pulmonary disease, renal impairment, decreased Karnofsky
Performance Status (KPS), and age as the most important
variables for inferior OS in MM, in a univariate analysis.
Mohammadi et al. [10] further demonstrated that previous
cardiovascular, cerebrovascular, chronic pulmonary or renal
disease, or dementia was associated with a higher all-cause
as well as myeloma-specific mortality, independently of age.
However, as revealed by our prospective evaluation, there are
many MM patients with abnormal lung function but who do
not report a previous history of lung disease; thus, the impact
of an abnormal pulmonary function may be relatively

Table3  Multivariate analysis including revised ISS and the presence of
either a PEF <65% or DLCO < 65% predicted

pvalue HR 95% CI for HR
Lower  Upper
PEF or DLCO < 65% predicted  0.002 3253  1.551 6.823
Revised—ISS-1 1 1
Revised—ISS-2 0.760 0.856 0.316 2320
Revised—ISS-3 0.006 2789  1.172 8.004

HR hazard ratio, PEF peak expiratory flow, DLCO carbon monoxide
diffusion capacity, ISS International Staging System

underestimated. In our analysis, we also found that those with
a history of pre-existing lung disease had poorer survival;
however, patients without a reported history of lung disease
but abnormal lung function had a poorer outcome also, similar
to that of patients with known lung disease. This is not sur-
prising, since it is well established that a significant proportion
of patients with severe lung disease does not report a history of
pre-existing lung disease and is only found during spirometry
testing [20, 21]. This highlights the importance of a prospec-
tive evaluation of lung function in patients with MM, like in
our study, in order to provide information regarding the clin-
ical implications of under-diagnosed lung disease.

In transplant patients, an assessment of PFTs is a standard
practice, and low pre-transplant DLco <60% could identify
patients at higher risk for poorer stem cell transplant outcomes

No risk factors

0,81

087 1 risk factor

Cum Survival

0,4

0.

2 risk factors

T T T T
0 24 48 72
Survival (Months)

Fig. 4 Survival according to the number of risk factors
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and severe complications [9, 22]. However, in MM patients, at
least not in the peri-transplant period or those who are not
candidates for transplant, a detailed assessment of lung func-
tion is not a standard practice [23]. Our data, however, show
that all patients should have a lung function assessment, as this
is commonly associated with the identification of undiagnosed
lung disease that has significant impact on their survival.

The impact of abnormal PFTs in patients’ outcome should not
be surprising. The lung is a vital internal organ, responsible for
gas exchange via respiration, and simultaneously a most vulner-
able organ, as it is constantly exposed to the external environ-
ment. Respiratory diseases are very common worldwide. On
behalf of the Forum of International Respiratory Societies, lung
diseases cause an immense worldwide health burden and each
year, about 4 million people die prematurely from chronic respi-
ratory disease [24]. However, undiagnosed obstructive lung dis-
ease is still common among American adults and remained un-
changed over two decades and, although undiagnosed subjects
appeared healthier than those with a diagnosis, their risk of death
was increased, compared with subjects without obstruction [25].
Moreover, by screening lung specimens from autopsy cases, the
estimated prevalence of preclinical or undiagnosed interstitial
lung diseases among all deaths was 1.8%, suggesting that these
disorders may also frequently be unrecognized during lifetime
[26, 27]. Respiratory symptoms are usually ignored by the gen-
eral population and overlooked by physicians, and it is not un-
expected that many of our patients had abnormal lung function
although they reported no history of lung disease.

The mechanisms by which abnormal lung function affects the
prognosis of myeloma may be many either direct or indirect.
Patients with abnormal lung function may be more susceptible
to infections, which may have detrimental effects by delaying
therapy or leading to death: pulmonary complications such as
pneumonia are among the leading causes of death in myeloma
patients [28]. In our patients, some of the early death were direct-
ly associated with lung infection or sepsis of undefined source;
however, it has been well recognized that lung disease is associ-
ated with increased mortality although not through a clear direct
causal relationship [20, 21]. Patients with abnormal lung function
may also be more susceptible to other drug-related toxicities,
such as drug-related pneumonitis [29]. In addition, lung dysfunc-
tion may reflect a poor general condition, since many other pa-
rameters may be involved in the lung disease (for example
smoking) that are also related to other comorbidities (such as
vascular disease).

Spirometry is the most significant PFT to record ventilatory
capacity and lung volumes; it is easy to perform and is highly
reproducible [14]. A significant decrease in major spirometric
parameters, such as FEV1, VC, FEV1/VC, and TLC, is con-
sistent with a pulmonary defect (obstructive, restrictive,
mixed) and is a useful and simple approach in clinical practice.
In our study, we found that PEF and DLCO were the two
indices that were more strongly associated with survival.
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PEF expresses the size of the airways, the strength of the
expiratory muscles, and the compliance of lung tissue [14].
PEF recording is also easy to perform in an office visit with a
peak flow meter, a small, hand-held device used to monitor a
person’s ability to breathe out air [14]. Diffusion capacity
(DLo) reflects alveolar membrane thickness, hematocrit lev-
el, cardiac output, and heterogeneity in the regional distribu-
tion of ventilation vs. perfusion, as it measures the patient’s
ability to absorb alveolar gases into the capillary blood flow
[30]. Any compromise in one or more of these variables can
lead to a reduction of DLCO. Other variables that were eval-
uated during the comprehensive PFT testing were also asso-
ciated with survival in univariate analysis. In several other
studies, FEV1 and FEV1/FVC have also been prognostic of
all-cause or respiratory disease-related mortality, even in non-
smokers [26, 31, 32], and in myeloma patients, impaired lung
function as expressed by the presence of dyspnea or
FEVI/FVC, FEVI1, TLC, and respiratory insufficiency was
associated with a poor prognosis [11, 30]. In the
Framingham study, lung function was a major independent
predictor of cardiovascular morbidity and mortality [33].
However, in our study, PEF and DLco were the stronger
prognostic indices and outperformed the other PFT indices.

Our study included a relatively small number of patients, and
some patients in very poor condition were not able to perform
PFTs. However, this is a prospective study, following a standard-
ized protocol that included consecutive patients treated with con-
temporary regimens. Thus, despite the relatively small number, it
is representative of the general myeloma patients’ population,
supported also by the characteristics of these patients as shown
in Table 1. Whether a specific intervention is needed in myeloma
patients found with abnormal PFTs, outside the standard pulmo-
nary care, we cannot answer in this study: this was a non-
interventional study, treatment for myeloma was not guided by
PFTs, and furthermore, we do not have any data about the clinical
significance of such interventions in patients with myeloma.
Based on recently reported data on the use of antibiotic prophy-
laxis, we can only speculate that, for example, the use of prophy-
laxis could be more beneficial in myeloma patients with abnor-
mal lung function. Our data provide only the proof of principle
for further evaluation of PFTs in larger cohorts, which would
establish routine pulmonary consultation in the standard initial
assessment of all myeloma patients.

In conclusion, lung dysfunction affects the prognosis and
the survival of MM patients independently of other prognostic
factors, including established myeloma-related factors and
age. Importantly, many patients have undiagnosed lung dis-
ease at the time of myeloma diagnosis, which detrimentally
affects their outcomes. Thus, inclusion of PFTs as an addition-
al test to assess a common and important comorbidity and
appropriate pulmonary consultation in selected patients may
further improve life expectancy and reduce treatment related
complications in myeloma.
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