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Abstract
Introduction—The risk of developing side effects after radiotherapy is not only dependent on
radiation dose, but may also be affected by patient-related risk factors. Here we perform a
literature-based meta-analysis to estimate the effect of various clinical risk factors on the incidence
of symptomatic radiation pneumonitis (RP).

Material and methods—A systematic review of English language articles in the Pubmed,
Embase and Cochrane controlled trials registers. Studies with the mesh term “ radiation
pneumonitis ” or the search term “ radiation pneumonitis ” were included. Additional studies were
identified by manual searching of the references. Studies reporting crude incidence or odds ratios
(OR) for radiation pneumonitis vs. age, disease location, smoking status, chemotherapy schedule
or comorbidity were included. A systematic overview (meta-analysis) was conducted to synthesize
data across multiple studies.

Results—Significant risk factors for RP were: older age (OR = 1.7, p < 0.0001); disease located
in mid-lower lung (OR = 1.9, p = 0.002); presence of comorbidity (OR = 2.3, p = 0.007). Ongoing
smoking was found to protect against RP (OR = 0.6, p = 0.008). History of smoking tended to
protect against RP (OR = 0.7, p = 0.06). Sequential (rather than concomitant) chemotherapy
scheduling (OR = 1.6, p = 0.01) increased RP risk, but treatment intensity and patients selection
are likely confounders.

Conclusion—This systematic overview revealed several clinical risk factors for RP that have
not been unambiguously identified in the literature. These risk factors should be considered when
defining dose-volume constraints for radiation treatment plan optimization.

Comorbidity, lifestyle factors and other patientrelated factors may affect the risk of
developing side effects after radiotherapy [1-3]. However, the literature is plagued by
inconsistent findings across studies and even for relatively frequently reported risk factors
there may not be general consensus on their significance. One problem is that studies may
not have sufficient statistical power to detect a clinically relevant effect size. Here we
propose a meta-analysis approach to synthesize effect estimates of the influence of patient-
related risk factors on symptomatic radiation pneumonitis. This approach increases
statistical power and gives appropriate weight to studies irrespective of their findings.
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RP is a relatively common side effect of radiation therapy for thoracic malignancies. In
severe cases, it may become life threatening. Multiple studies have established an
association between the risk of RP and dose-volume distribution in the lung [4]. However,
the clinical utility of these models is limited by a relatively low predictive power and the
generalizability of models from a training data set to a validation data set appears to be poor
[5]. Clinical data sets generally have low power to discriminate between alternative dose-
volume response models for RP [6].

Most predictive models for RP published to date do not systematically consider clinical and
treatment-related risk factors beyond dose and volume. Some risk factors may confound
analyses linking risk of RP to radiation dose distribution. We therefore conducted a
systematic literature-based overview of clinical factors possibly influencing RP incidence in
adults after radiotherapy.

Material and methods
We included studies reporting more than five cases of RP after incidental lung irradiation
irrespective of primary cancer histology. This presumes the absence of direct interaction
between tumor type and the relative effect of RP risk factors. For each candidate risk factor,
the odds ratio (OR) for RP in patients with and without the risk factor is estimated within
each study and these estimates are subjected to a meta-analysis across studies. This method
is insensitive to differences in absolute RP incidence between studies. No limits were
imposed on study design. Meta-analysis of radiation dose as predictor of RP was not
performed as this is covered in the recent Quantitative Analysis of Normal Tissue Effects in
the Clinic (QUANTEC) review [4].

Search strategy and selection criteria
Studies published between 1990 and January 2010 were identified from Pubmed, Embase
and the Cochrane controlled trials register using the mesh term “ radiation pneumonitis ” or
the search term “ radiation pneumonitis ” . The search was restricted to English language
articles. Additional studies were sought by manual searching of the references in included
studies. Studies allowing extraction of RP ORs with confidence interval (any grade and
scale for the definition of RP is accepted) for one or more of the following factors were
included: age (younger vs. older), disease location (upper vs. middle or lower location of
lung cancer), smoking status (current or former smokers vs. non-smokers), chemotherapy
schedule (sequential vs. concomitant), comorbidity (present or not present), involved lung
(left vs. right), surgery performed and gender.

Study eligibility was checked by title and abstract, excluding studies of interventions against
RP, studies on animals and studies without original data. The full text of included studies
was searched for data allowing the extraction of ORs as described above. Finally, possible
overlap between patient cohorts in the included studies was checked, using only the most
recent data in case of multiple reports from the same study. No attempt was made to contact
authors or obtain unpublished data. The study selection procedure was performed by IRV.

The following data were extracted: RP definition, RP incidences vs. risk groups, disease site
and number of patients included. For each risk factor, all eligible studies were included.

The analysis was performed using the Review Manager software version 5.0.23 [7]. ORs
with confidence intervals were either extracted directly from the original reports or
calculated from reported events divided by subjects’ data for most risk factors. Logarithms
of ORs were then analyzed with inverse variance weighting. For surgery, gender and
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chemotherapy schedule, all articles presented events divided by subjects’ data and the
pooled estimate of the OR was estimated by the Mantel-Haenszel method.

The odds are defined as the probability of a complication divided by the probability of no
complication. The logarithm of the OR is often used in analysis since it offers symmetrical
confidence intervals.

A heterogeneity test examines whether the variation in OR among studies can be explained
by chance alone. Here, Cochran’ s Q was applied along with the I2 [7,8]. A significant p-
value for Q or a high value of I2 indicates heterogeneity among studies, e.g. due to
differences in the patient populations or treatments. Random effects modeling can be used to
account for such variation. We use fixed effects modeling below unless otherwise noted.

For each risk factor, ORs were plotted as a function of inverse variance and publication year
as a graphical test for publication bias. In addition, funnel plots were inspected qualitatively.

The risk of bias was assessed individually for each potential risk factor and is presented in
the discussion. No systematic table or scoring was applied to assess risk of bias.

Results
We identified 1021 studies, with 766 studies remaining after removing duplicates. Of these,
566 were excluded after browsing the abstract using the criteria described above. Seven
studies were not retrievable, leaving 193 studies for full text screening. ORs could be
estimated from 31 studies for at least one candidate risk factor (Table I).

Five studies (1042 patients) compared RP in patients with left vs. right lung tumors [9-13];
five studies (419 patients) reported on comorbidity [14-18], two looked at general
preexisting lung disease [14,15] and three looked at chronic obstructive pulmonary disorder
[16-18]. None of these studies attempted to quantify the severity of comorbidity. Six studies
(994 patients) reported on RP of tumors located in upper vs. middle and lower lung
[5,12,13,16,19,20] while studies using other tumor site comparisons (e.g. upper and middle
vs. lower lung) were excluded. Surgery was considered in six studies (800 patients), all
reporting on RP according to treatment received, not intention to treat [14,15,17,21-23].
Gender was investigated in 13 studies (1724 patients) [9,12,14,17,21,22,24-31].

Smoking status was analyzed separately for current and former smokers. Seven studies
specified incidences of RP in current smokers [10,11,18,21,25,30,32] (1996 patients) and
four specified the incidence in patients with a history of smoking [15,18,27,30] in 946
patients. Age group data were found in 13 studies (2186 patients) [11,12,14,
15,17,18,21,27,29,33-36]. Different cut-off points were used to define young/old patients,
ranging from 57 to 70 years at the time of diagnosis. Since the range is limited and no
influence of the actual cut-off point is suspected, we pooled all studies in comparing
younger vs. older.

Eight studies (1607 patients) compared conco itant and sequential chemotherapy schedules
[12,19,26,27,29,31,37,38]. Unfortunately, drugs varied both between and within studies
[26], precluding comparison of chemotherapy agents. Only two studies reported RP
according to intention to treat [37,38].

Figure 1 displays forest plots for each analysis with the studies ordered according to
increasing statistical power (top to bottom), i.e. by the width of the confidence intervals.
Publication bias will be suspected when OR estimates approach unity with decreasing width
of the confidence interval. Alternatively, risk of publication bias may be assessed from the
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funnel plots (Supplementary Figure 1 to be found online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2012.718093). The risk estimate resulting from the pooled
analysis is shown by a diamond-shaped mark where the left and right corners represent the
lower and upper 95% confidence limits.

Older age, the presence of comorbidity and tumor location in the middle or inferior part of
the lung increase RP risk significantly. In contrast, ongoing smoking is a protective factor
and a history of smoking shows a tendency towards protecting against RP. Furthermore,
sequential chemotherapy shows a trend towards being associated with higher RP risk than
concomitant chemotherapy.

Another potential risk factor, which was not a part of our original analysis or search strategy,
is performance status (PS). In the clinical practice, PS is widely used to assess patient’s
physical health and potential for severe complications of the treatment. Eleven of the
included studies [9,12,14,15,17, 18,21,26-29] allowed extraction of events/subjects data
stratified by good or bad performance status. We found an OR of 0.74 (95% CI 0.51–1.07, p
= 0.11) favoring patients with good performance status (data not shown) when synthesizing
these data. The included studies used different scales and cut-points between good and poor
PS and there is some heterogeneity in the data (I2 = 48%). Another caveat is that in some
series patients with poor PS were more likely to be treated with palliative dose schedules.
More studies are warranted on the possible link between PS and radiation pneumonitis.

Discussion
Meta-analysis provides a systematic framework for quantitative synthesis of information
from multiple independent studies. Pooling the results of several studies increases statistical
power. This is evident in the age comparison, e.g. where only four of 11 studies report a
significant or borderline significant risk associated with old age, whereas the pooled analysis
demonstrates an effect at the 99.99% confidence level. Older patients may be more likely
than younger patients to present with comorbidities, and this may in part explain the excess
RP risk. The OR estimate is modest in comparison with many of the OR reported in
individual studies that cannot, on their own, demonstrate a significant effect of a risk factor.
However, the p-value is highly significant. This again reflects the high power of the
analysis. One caveat deserves mention: the lack of a generally accepted a priori cut point for
defining young vs. old patients could possibly bias the effect estimate as a result of the
individual study authors selecting “ optimal ” cutpoints [39]. In fact, the practice of
dichotomizing continuous covariates has been the subject of considerable criticism in recent
years [39,40] and is unnecessary for statistical analysis. Biostatisticians’ advice not to
dichotomize continuous data, such as age, should therefore be followed in future studies.

One limitation of meta-analysis is that a systematic risk of bias in the included studies may
exaggerate or underestimate the effect size and significance of a potential risk factor.
Clearly, randomization is impossible for most of the endpoints studied here, and the non-
randomized nature and retrospective nature of many of the studies cause a risk of bias due to
selective reporting and detection bias as discussed below for the individual risk factors.

Another limitation is the search strategy and selection criteria. As risk factors of RP are
often not the primary focus of the original reports it is very difficult to devise an effective
search strategy. Here we chose a broad strategy, but limiting studies to more than five events
as studies with fewer events in total are unlikely to influence the result. However, assessing
the risk of publication bias in this setting is important.

The analysis shows no evidence of involved lung influencing RP incidence. Furthermore,
the upper limit of the 95% CI of the OR is very modest at 1.19. Hence, a higher risk of RP in
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left-sided tumors due to the physiologic link between the lung and the cardiovascular system
is not supported by the current literature. Note, however, that Fay et al. is the only
multivariate study including a dose descriptor (the volume of lung receiving more than 30
Gy). As this study finds a relatively high OR consistent with a higher risk of RP for left-
sided tumors, dose could be a confounder in these analyses. In other words, the non-
significant effect of lesion side could be caused by a lower dose to the residual lung in these
patients – perhaps due to the physicians actively trying to spare the heart.

Comorbidity increased the risk of RP significantly with no indication of publication bias.
Variation in the definition of comorbidity among studies does not cause statistical
heterogeneity, probably because COPD was frequent in the two studies considering any
preexisting lung disease. Most physicians already use caution when treating patients with
preexisting lung conditions. The large point estimate of the OR for RP, however, suggests
that more caution is required. Dose constraints derived from unselected patient cohorts may
not be safe for patients with preexisting lung conditions.

While lung comorbidity is associated with increased RP risk, no data correlate RP with
cardiac comorbidity. Future studies are encouraged to analyze and report RP in cases
stratified for cardiac comorbidities, even if the effect is not significant in the individual
study.

Several studies have tested the risk of RP vs. location of the lesion, and our analysis shows
clear evidence that mid or inferior lung tumors are associated with increased risk of RP
compared with upper lung locations (p = 0.002). The definition of position is either based on
the lobe or a purely geographical limit. The exact location of the boundary is not expected to
influence the OR. The significant heterogeneity is mainly due to the lack of an effect in the
large study by Das et al. We did not find an obvious explanation for this discrepancy.
Including the study by Das et al. makes the heterogeneity p-value more significant (0.14–
0.03) while making the p-value of the overall effect less significant. The overall effect
remains significant at the same level in a random effects analysis. OR estimates show a
tendency to decrease with increasing study power, which may suggest a publication bias.

Increased RP risk with mid or inferior tumor locations possibly reflect physiological
differences, but could also be explained by increased tumor motion during radiotherapy
causing more normal lung to be irradiated. Finally, as this analysis is univariate, we cannot
rule out that mid or inferior lung lesions can be associated with radiation plans giving larger
doses to the normal tissue. This hypothesis could be tested by multivariate analysis
including lesion location and more comprehensive dose-volume metrics.

Ongoing smoking protects against RP (p = 0.008) and a history of smoking shows
borderline significant protection (p = 0.06). Significant heterogeneity is present in the
current-smoker data. Most of the included studies use very low grade RP as endpoint, with
only Wang and Tucker using grades higher than one. This could cause added heterogeneity
among studies. Note that both studies reporting higher grade RP tend toward smoking being
a protective factor and that the dataset by Tucker et al. on its own demon strates a significant
association.

Conceivably, RP symptoms could be masked due to frequent cough or poor general lung
function in smokers. However, direct measurement of inflammatory markers in
bronchoalveolar lavage fluids demonstrated lower inflammatory radiation response in
smokers than in non-smokers [41]. Furthermore, smoking status remained a significant
predictive factor in multivariate analysis by Jin et al. [42].
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No association of surgery or gender with RP risk was seen. However, the test for study
heterogeneity in the surgery vs. RP analysis is significant. This is to be expected since both
selection of patients suitable for surgery and the type and outcome of surgery may depend
on the hospital as well as the individual surgeon. Random effects analysis does not change
the result significantly but widens the OR confidence interval.

Type of surgery was shown to influence the results in a recent study by Albain et al. [43]
where the overall survival (OS) was improved in the cohort receiving tri-modality therapy
with a radiotherapy dose of 45 Gy followed by lobectomy as compared to
chemoradiotherapy alone, whereas the OS was not improved for patients undergoing
pneumonectomy. Albain et al. reported general pulmonary toxicity and this study was
excluded from the meta-analysis. We note, however, that pneumonitis or other grade 3 or 4
respiratory complications were seen in 9% of the patients in the surgery arm compared to
14% in the chemoradiation alone arm when analyzed by intention to treat. This suggests that
if radical operation with lobectomy is possible, it is less likely to cause RP than a course of
radical radiotherapy with comparable tumor control. Inclusion of Albain’s study in the meta-
analysis does not make surgery a protective factor (OR = 0.75, 95% CI 0.53–1.05, p = 0.1.
Data not shown).

It may be considered surprising that sequential chemotherapy appears more toxic than
concomitant chemotherapy. Protraction of overall treatment time, even of different
modalities, would normally be expected to decrease both normal tissue and tumor response.
The biological effects of radiation continue for several weeks after the last exposure, so it is
indeed likely that chemotherapy/radiotherapy interactions do not disappear by separating the
modalities in time. However, the published data may be biased, as concomitant schedules
are likely to involve lower intensity chemotherapy than the sequential. Furthermore, the
patient cohort receiving sequential chemotherapy likely includes a relatively large
proportion of elderly patients, patients with comorbidities etc. in the non-randomized
studies. The data are thus to be considered inconclusive, but there is an urgent need to
quantify the influence of timing and interactions between chemotherapy and radiotherapy
with respect to RP. Our results do, however, indirectly support the current use of
concomitant chemotherapy for lung cancer as the documented increase in survival does not
appear to be associated with increased pulmonary toxicity. It was not possible to extract the
required data from several randomized studies focusing on treatment efficacy, but in an
individual patient data meta-analysis of randomized studies concomitant chemotherapy did
not increase RP risk (RR = 0.69, p = 0.13 favoring concomitant chemo) [44]. Unfortunately,
dose was not included as covariate in this analysis.

Admittedly, publication bias is a concern with any literature-based meta-analysis, but
especially in the context of a risk factor analysis. Not all studies include effect estimates for
a given risk factor. Therefore, statistically significant factors are more likely to be included
in a report than non-significant factors that may be considered unimportant by the study
authors. On the other hand, the results extracted for the current analysis are most often not
the primary topic of the article and may therefore, potentially, be less susceptible to
publication bias. For example, 13 studies report the data on gender vs. RP incidence, but not
a single study showed a significant effect of gender on RP risk.

Most publications present univariate analyses only. Our analysis is therefore not capable of
taking a potential correlation between clinical risk factors and dose into account. This is
unfortunate, as some predictors of RP are likely correlated. For example, tumor location
may correlate with radiation dose-volume parameters or the prevalence of comorbidity may
correlate with age and smoking status and a surgeon is almost certainly less likely to operate
on a patient with COPD thereby causing a selection bias in the analysis. Similarly,
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compliance to therapy may differ among risk groups. The study of Fay et al., on the other
hand, demonstrated multivariate analysis of risk factors and reported their data in a way
making it amenable for further analysis in reviews [10]. This level of reporting and the data
presentation increases the utility of a published study and is strongly encouraged. Also, risk
factors, that do not reach statistical significance in the individual study, should be reported
with an associated effect estimate with confidence limits.

The possible consequence of lung DVH as a confounder has been discussed above in
relation to the involved lung, location of the lesion and timing of chemotherapy. It is
difficult to imagine that old patients, or patients with comorbidity would systematically
receive a higher dose to the lung than their healthy/young counterparts. As a result, we
expect that, if anything, the significance of these factors should increase when taking the
dose distribution into account. Smoking status has been shown to be significant in a
multivariate model including dose to the remaining lung [42] suggesting that the result here
is not a result of confounding. Finally, we find it unlikely that gender should correlate with
dose to the healthy lung.

An individual patient level meta-analysis with detailed three-dimensional (3D) dosimetry
would be ideal. However, extraction and processing of the full dose matrix in individual
patients remains a major undertaking. The current data can, however, be combined with
published dose response data, thus splitting a single dose response curve into two separate
curves for patients with/without a given risk factor if the prevalence of that risk factor is
known [45]. Improved data banking and more efficient tools for data analysis should now
facilitate much more detailed studies of RP and it is reasonable to expect that at least dose is
included as a covariate in future studies of potential risk factors. The current method will
then be applicable to synthesize data from such multivariate models.

One further barrier for systematic overviews of RP studies is the lack of a consensus on the
definition of RP. To compound the misery, the various scales are not directly translatable
from one to the other. Finally, some studies restrict the definition of RP to events occurring
early, and some studies used a definition of RP including late events [18,28,33]. At least the
problem with dichotomizing the five-point toxicity scales can be avoided by the use of poly-
chotomous logistic regression when dose is included as a covariate. With such a method, the
response curve for each toxicity grade can be generated from the fit, which includes dose as
covariate and is therefore recommended in future studies.

The clinical relevance of the relatively low grade pneumonitis used as endpoint in most
studies may be questioned as this is reversible and of limited importance in clinical decision
making. In the clinical setting, grade 4–5 pneumonitis is the real issue. It is conceivable that
a given risk factor will affect both low and high-grade toxicity [46], but although this
assumption is often made in the analysis of treatment effects, it is difficult to validate the
assumption from the published data analyzed here.

In almost all clinical cohorts reported, some patients treated with curative intend, will die
within the first half year without evidence of disease. That is clinically relevant, because
those patients should not have been offered curatively intended treatment and it is of high
relevance to study the etiology of these early deaths. However, we believe that at the current
stage, a detailed analysis of time to event in a large clinical series is better suited for this
kind of study than a literature based meta-analysis.

In conclusion, we have demonstrated a method of pooled analysis of reported toxicity data
that makes it possible to synthesize published data across studies to an overall current best
estimate of ORs. The analysis shows that several clinical factors influence the risk of RP:
Comorbidity (OR = 2.27, p = 0.007); older age (OR = 1.66, p = 0.0001), middle or inferior
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location of the lesion (OR = 1.87, p = 0.002). Ongoing smoking, on the other hand, is a
protective factor (OR = 0.62, p = 0.008) and a history of smoking is borderline significant
protective factor (OR = 0.69, p = 0.06). Future studies of RP should include these clinical
risk factors together with radiation dose in a multivariate model in order to best improve our
understanding of the development of RP.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Pooled analysis of potential risk factors for development of radiation induced pneumonitis.
The forest plot represents the ORs from a study by a rectangle with size proportional to the
study weight and fiducial bars marking the 95% confidence interval. Fixed, fixed effects
model; IV, inverse variance weighted; M-H, Mantel-Haenszel method; OR, odds ratio.
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Table I

Summary of data for the 31 included studies including number of patients, tumor site and definition of RP
endpoint

Study Primary
cancer site

Number of
events/patients Risk factors analyzed Definition of RP

Anscher 1998 Lung 15/73 Gender NCI-CTC≥grade 1

Bradley 2007 Lung 72/324 Tumor location Administration of steroids

Byhardt 1998 Lung 27/461 Chemotherapy schedule RTOG≥grade 3

Claude 2004 Lung 40/90 Surgery, gender, smoking status,

age (60 y, range: 27–77 y)
§

LENT-SOMA≥grade 1

Clenton 2005 Lung + other
thoracic

24/160 Lung involved, gender RTOG≥grade 2

Das 2007 Lung 43/234 Tumor location, chemotherapy schedule Administration of steroids

Fay 2005 Lung 23/156 Lung involved, smoking status Cough and/or fever combined with
radiology

Fournel 2005 Lung 16/205 Chemotherapy schedule WHO grade 3–4

Gagliardi 2000 Breast 20/68
Age (57 y, range n/a)

§ Cough, dyspnea or fever combined
with radiology

Hernando 2001 Lung 39/201 Gender, smoking status NCI-CTC≥grade 1

Hope 2006 Lung 52/219 Chemotherapy schedule and gender* Administration of steroids or
supportive care needed

Inoue 2001 Lung 25/191
Gender, age (70 y, range n/a)

§
 and

chemotherapy schedule

RTOG≥grade 3 and radiological
evidence or severe cough
unresponsive to narcotics

Johansson 1998 Breast,
esophagus

14/405 Smoking status Cough, dyspnea combined with
radiology

Kahán 2007 Breast 44/119
Age (59 y, range 28–80 y)

§ NCI-CTC≥grade 1

Kim 2005 Lung 12/76
Comorbidity

†
, surgery, gender,

age (60 y, range 35–79 y)
§

RTOG≥grade 3

Kocak 2005 Lung 33/177 Surgery, gender NCI-CTC≥grade 2

Koga 1988 Lung 54/62 Age Marked roentgenograhic changes
(‘Grade 2’)

Kubo 2009 Breast 84/413 Lung involved, smoking status and age

(50 y, range 24–84 y)
§

NCI-CTC≥grade 1

Monson 1998 Lung 17/83
Age

§
, Smoking status, comorbidity

†
,

surgery

Administration of steroids

Moreno 2007 Lung 8/80
Comorbidity

‡
, tumor location

RTOG≥grade 2

Muller 1994 Lung 68/216 Surgery Cough, dyspnea combined with
radiology

Nakamura 2008 Lung 5/102 Tumor location Death

Novakova-Jiresova
2004

Lung 11/46 Gender NCI-CTC≥grade 1

Quon 1999 Lung 12/608
Age (70 y, range n/a)

§ ECOG≥grade 3

Rancati 2003 Lung 14/84
Surgery, gender, age (66 y, range 33–82 y)

§
,

comorbidity
‡

SWOG≥grade 2

Robnett 2000 Lung 12/144
Age (63 y, range 30–85 y)

§
, involved

lung, tumor location, gender,

‘Severe RP’
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Study Primary
cancer site

Number of
events/patients Risk factors analyzed Definition of RP

chemotherapy schedule

Segawa 1997 Lung 52/89
Age (70 y, range 41–90 y)

§
,

chemotherapy schedule, gender

Mild symptoms or dry cough or
dyspnea on exertion and
radiographic appearances

Seppenwoolde 2004 Lung 17/106 Involved lung SWOG≥grade 2

Tucker 2008 Lung 117/576 Smoking status NCI-CTC≥grade 3

Wang 2008 Esophagus 21/96
Comorbidity

‡
, gender, smoking status,

age (67 y, range n/a)
§

NCI-CTC≥grade 2

Yamada 1998 Lung 17/60 Chemotherapy schedule EORTC≥grade 2

*
Data on tumor location omitted as patient cohort overlaps Bradley 2007.

†
General preexisting lung disease.

‡
Chronic obstructive pulmonary disorder.

§
For studies of age as a risk factor the cut-point for defining the young/old groups is indicated in parentheses along with the age range of patients in

the original study if available.
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