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Abstract 
Introduction: Pulmonary function tests (PFT) are sometimes monitored during treatment with known pulmonary toxic drugs to 
detect asymptomatic drug induced interstitial lung disease (DILD). We conducted a systematic review to assess the accuracy of 
PFTs, including the diffusing capacity for carbon monoxide (DLCO), for early detection of DILD in a range of drugs. 
 
Methods: Using a pre-specified, registered review protocol, OvidMEDLINE and EMBASE were searched from 1946 to February 
2018. Two reviewers independently screened abstracts and reviewed full text articles for inclusion. Included studies were assessed 
for risk of bias using adapted QUADAS-2 domains and primary outcome data was extracted and entered into RevMan5 to 
estimate sensitivity and specificity with 95% confidence intervals (95% CIs).   
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Results: The search identified 4065 citations and included 42 studies. The most commonly studied drugs were Bleomycin and 
Amiodarone. Due to clinical heterogeneity between studies, a pooled analysis was not performed. Sensitivity of monitoring with 
DLCO varied between 0% and 100%, with the majority of studies finding a sensitivity of <80%. Confidence intervals were wide 
for the majority of studies. Specificity was less than 90% in all studies. Risk of bias was high for the majority of studies for the 
quality domain of reference standard.    
 
Conclusion: The findings of this review do not support routine PFTs for early detection of DILD. Due to methodological 
limitations, the relatively small number of participants and the low prevalence of DILD in the included studies, there remains 
significant uncertainty about the sensitivity of PFTs to screen for DILD. 
 
 
Introduction  
 

Drug induced interstitial lung disease (DILD) is a common manifestation of drug induced respiratory 

disease. Epidemiological data on the incidence and mortality of DILD is sparse. One European registry 

study of interstitial lung disease suggests that 2.5 % to 5% of cases are drug or radiation induced (1). 

Amongst those hospitalised with drug induced lung disease, the mortality appears to be high, with one study 

reporting a 17% mortality rate (2).   While hundreds of drugs have been associated with respiratory toxicity, 

common aetiological agents include chemotherapeutic agents (such as Bleomycin), and Amiodarone (3, 4). 

There is evidence that the diagnosis of interstitial lung disease in the community is often delayed due to both 

physician and patient factors, with the majority of patients attributing symptoms to other causes and 

delaying presentation for several months, however it is not clear whether these findings apply to DILD (5). 

Presenting features of DILD are often non-specific and one recent study found that cough, but not shortness 

of breath, was associated with the development of pulmonary toxicity with Bleomycin as assessed by CT 

(6). Monitoring with periodic pulmonary function tests (PFTs) such as spirometry and the diffusing capacity 

for carbon monoxide (DLCO) has been used for many decades in order to detect pre-symptomatic toxicity 

and modify treatment appropriately, particularly in the setting of Bleomycin and Amiodarone therapy. 

However observational studies report conflicting findings about the utility of this approach (7-11).  

To our knowledge, few evidence-based clinical practice guidelines have addressed the role of monitoring 

with PFTs during treatment with drugs associated with DILD. Literature reviews have been limited to a 

narrative approach. One European-based guideline on the use of Methotrexate in Rheumatoid Arthritis does 

not recommend routine PFT monitoring (12). The U.S Food and Drug Administration currently recommends 

that DLCO be monitored monthly during Bleomycin treatment. (13). As a result of rare fatalities associated 

with the prolonged use of Nitrofurantoin, the British National Formulary has published recommendations 

that PFTs should be done on patients receiving Nitrofurantoin for longer than 6 months (14). In the absence 

of a consensus approach to monitoring, current practice appears to be variable (15). Furthermore, monitoring 
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may be associated with false positive results and overdiagnosis, with particular concern with implications of 

Bleomycin dosing in the management of a germ cell tumours. (16). 

The aim of this review was to assess the accuracy of periodic testing with PFTs including total lung 

capacity, spirometry and DLCO, for the early detection of DILD in people receiving treatment with drugs 

known to cause pulmonary toxicity.    

 
 
 
 
 
 
 
 
Methods  
Study Protocol and Registration 

This systematic review protocol was developed and prospectively registered on PROSPERO (PROSPERO 

ID: CRD42018090149). The protocol included search strategy, inclusion and exclusion criteria, primary and 

secondary outcome measures, risk of bias assessment and methods of analysis.    

Literary databases and search strategy  

We searched Ovid MEDLINE* (1946 to February 2018) and EMBASE (1974 to February 2018) 

using the search strategy outlined in Appendix A. The search strategy was designed after an extensive 

preliminary literature search and in consultation with a librarian.   Search results were limited to human 

studies involving adult participants (age>18), published in the English language and excluded case reports. 

Reference lists of included studies, relevant book chapters and review articles for additional studies were 

also searched for relevant papers. Google Scholar was used to search for grey literature (research that is 

unpublished or published in a non-commercial form) and conference abstracts.  

A list of drugs known to be associated with pulmonary toxicity included in the search is available in 

Appendix B. The search was divided in to two components. In the first search, we targeted observational 

studies reporting pulmonary function tests in participants treated with any of the drugs listed in Appendix B. 

In a second smaller search, we targeted randomised control trials where Bleomycin was used in the 

treatment of germ cell tumours as pulmonary toxicity is commonly monitored during administration).   

Study selection and eligibility 

 We included prospective or retrospective cohort studies or single or both arms of randomised control 

trials where lung function monitoring was undertaken during treatment with any of the drugs listed in 
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Appendix B. Only studies reporting the incidence of pulmonary toxicity and performing at least one PFT 

during drug treatment were included. 

The primary outcome was sensitivity and specificity of PFTs for the early detection of DILD. PFTs 

included forced expiratory volume in one second (FEV1), forced vital capacity (FVC), diffusing capacity for 

carbon monoxide (DLCO) or transfer capacity of the lung for carbon monoxide (TLco) and total lung 

capacity (TLC) via plethysmography or nitrogen washout. The secondary outcome was change in lung 

function over time during drug treatment.  

We excluded studies with participants aged <18 or with a sample size of less than 10 and those in 

which data for patients receiving concurrent radiotherapy (chest or mediastinal) or lung surgery had not been 

analysed separately to patients receiving chemotherapy alone. 

 Two independent reviewers (AB, SJH) screened titles and abstracts and reviewed full text articles 

against a pre-defined set of inclusion and exclusion criteria as shown in Appendix B. Disagreements were 

resolved with discussion and consensus with a referral to a third author where necessary (RM).  

 

 

 

Risk of bias analysis and data extraction 

 Two independent reviewers reviewed the eligible full text articles for quality assessment and data 

extraction. Disagreements were resolved by discussion or referral to a third reviewer when necessary. A 

critical appraisal checklist using the pre-defined adapted tool for the Quality Assessment of Diagnostic 

Accuracy Studies (QUADAS-2) domains (patient selection, index test, reference standard and flow and 

timing) was developed in advance and used to assess risk of bias of the included studies (17) (Appendix C).    

For reference standard, there is currently no gold standard for the diagnosis of DILD however the following 

diagnostic criteria have been suggested: 

1. A history of drug exposure with correct identification of the drug, its dose, and its duration of 
administration.   

2. Clinical, imaging and histopathological patterns which are consistent with earlier observations with 
the same drug. 

3. Exclusion of other lung disease. 
4. Improvement following discontinuation of the suspected drug 
5. Recurrence of symptoms on re-challenge (although not routinely recommended). (18)  

 For included studies the reference standard domain was rated as a low risk of bias if each of the first 3 
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criteria were satisfied.  

Data extraction forms (Appendix D) were completed independently by each author for each eligible 

study. Where data was missing, we attempted to contact the authors of the studies for further information. 

 For studies where sensitivity and specificity were provided only, this data was entered into RevMan5 

(19) and forest plots were generated based on the number of participants provided in the study.  

Data synthesis 

  Where possible, we calculated sensitivity and specificity with corresponding 95% CIs for individual 

studies using a threshold of ≥15% decline from baseline lung function as reported in the studies.  The results 

of individual studies were entered into RevMan5 (19) and displayed in a paired forest plot.  Pooled analysis 

within each drug sub-group was planned if there was sufficient data and the data was considered sufficiently 

clinically and statistically homogeneous.   The findings of studies which did not provide sufficient data to 

calculate sensitivity and specificity were summarised in table format. Changes in lung function during 

treatment were summarised in table format for studies which reported this outcome.     

  

Results  
We identified 4,065 citations (after the removal of duplicates) and selected 195 articles for full text 

review after screening abstracts. We included 42 studies in the review which comprised of 3,489 participants 

(Figure 1). Only 19 studies provided sufficient quantitative data that could be extracted for our primary 

outcome. A further 10 studies provided quantitative data suitable for extraction for our secondary outcome 

and there were 13 studies which did not provide sufficient quantitative data for extraction for either 

outcome. Amiodarone and Bleomycin were the two most commonly studied drugs. Characteristics of 

included studies for which quantitative primary outcome data could be extracted are summarised in Table 1. 

Characteristics of studies which were included in our review but for which we could not extract sufficient 

primary outcome data are summarised in Appendix E.  
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Figure 1: PRISMA Flow Diagram 
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Author, date, geographical 
region and study 
methodology1 

Drug being 
evaluated 

Condition(s) being 
treated 
 

Number of participants, age and 
gender2 

Types of PFT3 

• Frequency of PFT 
 

Threshold 
applied for 
DLCO 

Duration of follow up 
• Loss to 

follow up4  

Chemotherapeutic agents 
Castro (20) 
1996 
USA 
Prospective 
 

Mitomycin, 
Vinblastine, 
Cisplatin 

Squamous cell lung 
carcinoma 
 

133 patients 
Mean age of 63 (range 37-85) 
106 males and 27 females 

DLCO, FEV1, FVC and TLC  
• Baseline and 16 weeks after 

 

20%  12 months 
• 40 patients 

had both 
measurements 
of DLCO 

Comis (7) 
1979 
USA 
Prospective 

Bleomycin, 
Vinblastine,  
cis-
diamminedichloro
platinum 

Testicular carcinoma and 
primary mediastinal germ 
cell tumours 
 

11 patients   
Mean age was 25 years (range 19-47)  
11 Male 

DLCO, FEV1 and FVC  
• Baseline and 1-3 week intervals 

thereafter 

60%  7 months 
• 1 patient 

Duprat (21) 
1987 
Canada 
Prospective 

Bleomycin, 
Cisplatinum, 
Vincristine 

Esophageal carcinoma 16 patients  
 

DLCO  
• After 1st and 2nd cycle of 

chemotherapy 

25%  Not described 

Friedberg 2003 (22) 
USA 
Prospective 

Bleomycin, 
Doxorubicin, 
Vinblastine, 
Gemcitabine 

Hodgkin’s disease 12 patients 
Median age of 34 years (range, 24-60 
years) 
7 females and 5 males 

DLCO  
• Baseline, after cycle 3 and at 

the end of therapy 

15% 12 months 
 

Houghton 2010 (16) 
 

Bleomycin, 
Etoposide, 
Cisplatin 

Advanced germ cell 
tumours 

30 patients  
Median age of 28 (range 19-39) 
 

DLCO, FVC  
• Fortnightly 

25% Not described 

Lewis (23) 
1980 
USA 
Prospective 
Consecutive sampling 

Bleomycin, 
Cisplatin, 
Vinblastine 

Squamous cell carcinoma 
of the tonsil, 
adenocarcinoma of the 
kidney 

23 patients  
 

DLCO, FEV1 and FVC 
• Not described 

20% Not described 
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Luuresma (24) 
1983 
Prospective 

Bleomycin, 
Vinblastine,  
cis-Diammine-
dichloroplatinum 

Disseminated testicular 
non-seminomatous 
tumours 

18 patients 
Mean age of 32.6 years 
 

DLCO, VC 
• Before chemotherapy, fixed 

intervals of 3 weeks until end of 
treatment then 2 and 4 months 
after treatment 

20% 4 months 

1 Place of study, study methodology and sampling method stated unless not available 
2Age, gender stated unless not available 
3DLCO corrected for Haemoglobin unless stated otherwise 
4Loss to follow up described unless not available 
Abbreviations: Diffusing capacity of the lungs for carbon monoxide (DLCO), FEV1 (Forced expiratory volume in 1 second), FVC (Forced vital capacity), VC (vital capacity), TLC (Total lung capacity) 
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Author, date, geographical 
region and study 
methodology1 

Drug being 
evaluated 

Condition(s) being 
treated 
 

Number of participants, age and 
gender2 

Types of PFT3 

• Frequency of PFT 
 

Threshold 
applied for 
DLCO 

Duration of follow up 
• Loss to follow up4  

McKeage 1990 (10) 
New Zealand 
Retrospective 
Consecutive 
sampling 

Bleomycin, 
various agents 
used but not 
stated 

Testicular carcinoma and 
malignant lymphoma 

81 patients  
Mean age 39.4 (range 17-69) 
59 Male 22 Female 
 

 DLCO 
• Not described 

35% Not described 

Roncolato 2016 (25) 
Australia and New Zealand 
Prospective 

Bleomycin, 
Etoposide, 
Cisplatin 

Metastatic germ cell 
tumours arising in the 
testis, retroperitoneum, 
mediastinum or ovary 

43 patients  
Median age of 28 years (range 18-39) 
 

DLCO, FVC 
• Baseline, fortnightly 

thereafter 

25% 24 months 

Wolkowicz 1992 (26) 
Canada 
Retrospective 
Consecutive sampling 

Bleomycin, 
Vinblastine,  
cis-
diamminedichloro
platinum 

Non-seminomatous 
testicular carcinoma 

59 patients  
Mean age of 27.7 years (range 16-44) 
59 Male 

DLCO, VC, TLC and FEV1 
• Baseline and 2 months 

after treatment began 

15% Follow up not described 

Adams (27) 
1988 
USA  
Prospective 
Consecutive sampling 

Amiodarone 
(400-600mg/day) 

Refractory arrhythmia  
 

33 patients 
Mean age of 60.3 years 
27 Male and 6 Female 
 

DLCO, FEV1, FVC and TLC 
• 3-6 monthly 

15%  22 months 
• 18 patients  

  
 
 

Gleadhill (28) 
1989 
USA 
Prospective 
Consecutive sampling 

Amiodarone 
(136-512mg/day)  

Recurrent arrhythmia  91 patients  
Mean age of 61.7 years 
69 Male and 22 Female  
 

DLCO, FVC and FEV1 
• Baseline, 3,6,12,18 and 

24 months 
• DLCO was not corrected 

for Hb 
 

20% 24 months  
• 2 patients  
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Kudenchuk 1984 (29) 
USA 
Prospective  
Consecutive sampling 

Amiodarone  
(100-
1200mg/day) 

Refractory arrhythmia 100 patients  
Mean age of 59 years 
79 Male and 21 Female  
 

DLCO, FEV1, FVC and TLC 
• Every 8 months 

15% 262 days 
• 31 patients  

1 Place of study, study methodology and sampling method stated unless not available 
2Age, gender stated unless not available 
3DLCO corrected for Haemoglobin unless stated otherwise 
4Loss to follow up described unless not available 
Abbreviations: Diffusing capacity of the lungs for carbon monoxide (DLCO), FEV1 (Forced expiratory volume in 1 second), FVC (Forced vital capacity), VC (vital capacity), TLC (Total lung capacity) 
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Author, date, geographical 
region and study 
methodology1 

Drug being 
evaluated 

Condition(s) being treated 
 

Number of participants, age and 
gender2 

Types of PFT3 

• Frequency of PFT 
 

Threshold 
applied for 
DLCO 

Duration of follow up 
• Loss to follow up4  

Magro (9) 
1988 
USA 
Prospective  
Consecutive sampling 

Amiodarone 
(200-
600mg/day)  

Arrhythmias 89 patients  
Age ranged from 48 to 70 years 
 

DLCO, FEV1, FVC, FEV1/FVC 
and TLC 

• Every 3 months for first 
year, 6 months thereafter 

• DLCO not corrected for 
Hb 

15% 54 months 
• 12 patients  

 

Ohar (11) 
1989 
USA 
Prospective 

Amiodarone  
(400-
800mg/day) 

Ventricular arrhythmias 
unresponsive to conventional 
therapy  

189 patients  
127 Male and 62 Female   

DLCO, FEV1, FVC, FEV1/FVC 
and TLC 

• Every 6 months 
• DLCO not corrected for 

Hb 

15% 43 months 
• 4 patients 

Suppli Ulrik 1992 (30) 
Denmark 
Prospective  
Consecutive sampling 

Amiodarone 
(400mg/day) 

Refractory tachyarrhythmia  24 patients  
Mean age of 53.8 years  
10 Male and 14 Female 
 

DLCO, FEV1, FVC and 
FEV1/FVC 

• Every 12 months 
• DLCO not corrected for 

Hb 

20% 48 months 
• 10 patients 

Yamada 2007 (31) 
Japan 
Retrospective  
Consecutive sampling 

Amiodarone 
(50-200mg/day) 

Ventricular or 
supraventricular 
tachyarrhythmia with 
structural heart disease or 
heart failure 

500 patients  
Mean age of 53 years 
409 Male and 91 Female 
 

DLCO 
• Ever 3 months for the 

first year and 3-6 months 
thereafter 

• DLCO not corrected for 
Hb 

20% 48 months 
• 84 patients not 

included in analysis 

Cottin (8) 
1996 
France  
Prospective  
Consecutive sampling 

Methotrexate 
(7.5-
15mg/week)  

Rheumatoid Arthritis 
Psoriatic Rheumatism 
Systemic Lupus 
Erythematosus 

124 patients  
Mean age of 56 years 
36 Male and 88 Female  
 

DLCO, FEV1, FVC and TLC 
• Baseline, 3 months and 6 

monthly intervals 
thereafter 

20% 85 months 
• 2 patients 

Franzen (32) 
2016 
Switzerland 
Prospective  
Consecutive sampling 

Rituximab 
(1000mg) 

Rheumatoid Arthritis  33 patients  
Mean age of 58.8 years 
9 Male and 24 Female 
 

DLCO, FEV1 and FVC 
• 2,4,8,26 weeks  
• DLCO not corrected for 

Hb 

15% 26 weeks 
• 6 patients 
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1 Place of study, study methodology and sampling method stated unless not available 
2Age, gender stated unless not available 
3DLCO corrected for Haemoglobin unless stated otherwise 
4Loss to follow up described unless not available 
Abbreviations: Diffusing capacity of the lungs for carbon monoxide (DLCO), FEV1 (Forced expiratory volume in 1 second), FVC (Forced vital capacity), VC (vital capacity), TLC (Total lung capacity) 
 

Table 1: Characteristics of studies included for primary outcome 
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Risk of bias analysis  

  The quality of included studies was relatively poor, particularly for the domains of patient selection 

and reference standard. More than 50% of studies were rated as being at an unclear risk or high risk of bias 

for patient selection and more than 50% of included studies were at high risk of bias for the reference 

standard domain. Many studies provided limited information on the diagnostic criteria used to establish a 

diagnosis of DILD.   Figure 2 displays the risk of bias of the individual studies for the 4 quality domains 

assessed. Appendix F summarises the risk of bias analysis for all studies and for individual studies. 

Primary outcome 
Diagnostic accuracy of DLCO 

Sensitivity and specificity of DLCO during treatment. 
We identified 19 studies (with a total of 1,494 participants) that included monitoring of DLCO 

during drug treatment for which we were able to extract sensitivity and specificity. There were 9 studies of 

monitoring treatment with Bleomycin, 7 monitoring Amiodarone therapy, 1 monitoring Mitomycin C, 1 

monitoring low dose Methotrexate and 1 monitoring Rituximab. 4 of the studies included did not have any 

cases of DILD thus sensitivity was not estimable.   

Figure 3 shows the paired forest plot estimates for sensitivity and specificity of DLCO monitoring 

during Bleomycin treatment. The point estimate for sensitivity varied from 0% (at a threshold of 15% and 

20%) to 100% (at a threshold of 25%). However, the confidence intervals are wide reflecting significant 

uncertainty for the true estimate of sensitivity due to the small number of participants and the low incidence 

of pulmonary toxicity. Furthermore, there is no relationship between sensitivity and increasing threshold for 

decline in DLCO as we would expect sensitivity to increase with increasing threshold. The point estimate 

for specificity varied from 66% (at a threshold of 15%) to 89% (at a threshold of 60%). However, in one 

study, the point estimate for specificity was 0%.    

Figure 3 also shows the paired forest plots for sensitivity and specificity for DLCO monitoring 

during treatment with Amiodarone.  The point estimate for sensitivity varied from 20% to 100% (at a 

threshold of 15%). The point estimate for specificity varied from 54% (at a threshold of 15%) to 83% (at a 

threshold of 20%)  

For studies that utilised Mitomycin C, Methotrexate and Rituximab, the data has been summarised in 

Appendix G. 

Sensitivity and specificity of spirometry measurements. 
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 We identified 3 studies that used spirometry measurements during the treatment of patients with  

Bleomycin and 2 studies with Amiodarone as displayed in Figure 4.  

 

 
 
 
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 

 

 Bleomycin 

 Amiodarone 

Figure 3: Top -  paired forest plots for sensitivity and specificity of DLCO for monitoring for detection of DILD in 
patients receiving Bleomycin 
Bottom – paired forest plots for sensitivity and specificity of DLCO for monitoring for detection of DILD in patients 
receiving Amiodarone 
 
 

>15% decline 

>20% decline 

>25% decline 

>35% decline 

>60% decline 

>15% decline 

>20% decline 
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Qualitative summary of included studies with insufficient quantitative data 

The findings of 23 studies included in the review for which we were unable to extract sufficient 

quantitative data are outlined in Appendix H. Ten of these studies included data which was extracted for 

our secondary outcome. Of note, several studies reported cases of DILD which were not detected prior to 

clinical presentation by monitoring with DLCO or spirometry (33, 34) 

Secondary outcome 
Change in DLCO during treatment  

Eighteen studies reported change in DLCO and/or spirometry during treatment.  In general, DLCO 

was found to decrease from baseline during the treatment periods. See Appendix I.  

 

Heterogeneity 

We elected not to perform a meta-analysis due to the lack of homogeneity between included studies, 

even within drug and test threshold subgroups. We did not perform tests of statistical heterogeneity; however, 

it should be noted that within some drug and threshold subgroups confidence intervals for some studies did 

not overlap suggesting significant heterogeneity.  

 
Discussion  

To our knowledge, this is the first systematic literature review to examine the diagnostic test 

accuracy of PFTs for the early detection of DILD. The review included 42 studies and synthesised a 

substantial body of literature, however conclusions are limited by the quality and size of the studies 

included. The most frequently studied drugs were Bleomycin and Amiodarone. The largest study included in 

the review was undertaken in patients being treated with Amiodarone, in which monitoring with DLCO 

(threshold change >15%) was found to have a sensitivity of 0.68 (95% CI: 0.51 to 0.81) and specificity of 

0.69 (95% CI: 0.64 to 0.74). Specificity improved only marginally when the threshold was increased to > 

20%; 0.74 (95% CI: 0.69 to 0.78). This level of test accuracy suggests that monitoring with DLCO 

periodically is not an ideal screening test for the early detection of DILD, however it is not clear whether the 
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experience with Amiodarone can be extrapolated to other drugs due to differences in mechanism of action, 

pharmacokinetics and the heterogeneity of DILD (35) 

Due to the relatively low prevalence of pulmonary toxicity, the small sample size of included studies 

and the early stopping rules for Bleomycin based on PFTs employed in some studies, there remains 

considerable uncertainty about the sensitivity of spirometry and DLCO for the early detection of DILD 

during treatment with Bleomycin. Despite a specific search of RCTs which included Bleomycin in any 

treatment arm, we did not identify any studies that had examined the impact of PFT monitoring on mortality 

related to DILD or disease related mortality. We also did not consider anaesthetic-related or potential long-

term pulmonary toxicity from Bleomycin. Of note, at least 3 studies included in the review reported fatal 

cases of pulmonary toxicity with Bleomycin despite prospective monitoring with pulmonary function tests.  

(33, 34, 36)  The U.S Food and Drug Administration (FDA) currently recommends regular chest x-rays and 

that DLCO is monitored monthly during treatment with Bleomycin and discontinuation of treatment should 

occur when DLCO falls below 30- 35% of the pre-treatment value (13). In some institutions, it is common 

practice to cease treatment if DLCO values drop more than 15-25% from pre-treatment values (25).  In our 

review, at all thresholds reported, in the studies for which we were able to extract primary outcome data, the 

specificity of DLCO was less than 90%. This finding supports concerns that monitoring may lead to the 

early cessation of Bleomycin with the potential to reduce the chance of cure (or increase toxicity by 

substituting additional other chemotherapy) in the management of germ cell tumours (37). At present, we do 

not have sufficient understanding of the relationship between mild abnormalities of lung function in 

asymptomatic individuals and the development of severe DILD. We also lack an understanding of the time 

course of these changes; for example, a 35% fall in DLCO after 2 doses of Bleomycin is likely to be more 

significant than the same fall after 10 doses.  Recent studies have reported that more than 60% of patients 

with germ cell tumours being treated with Bleomycin, Etoposide and Cisplatin have evidence of interstitial 

lung abnormalities on computed tomography imaging performed during, or at the end of treatment, and in 

the majority of cases these are asymptomatic and resolved spontaneously (6). Given the poor sensitivity and 

specificity, if monitoring of pulmonary function is undertaken during treatment with Bleomycin, a decline in 

DLCO adjusted for Hb of ≥30% should prompt further clinical evaluation and investigation (such as high-

resolution CT chest) before decisions are made about omitting or reducing the dose of Bleomycin. 

Furthermore, the development of cough or breathlessness or new pulmonary physical signs should be further 

investigated promptly even when lung function remains stable. In addition, patients should be encouraged to 

report symptoms early, regardless of whether PFT monitoring is undertaken.    
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The review was conducted using a published protocol and following appropriate methodology for the 

conduct of systematic reviews (38) (PROSPERO ID: CRD42018090149), however there are limitations. 

Most of the included studies were small and many had a high or unclear risk of bias. The reporting of the 

results of many of the included studies was poor and therefore any quantitative synthesis would have 

excluded a significant proportion of the available literature. Our primary outcomes, sensitivity and 

specificity, are useful measures of test characteristics, but have limitations, particularly given the lack of a 

true gold standard for diagnosis of DILD. Of note, more than half of the studies included in the review used 

an inadequate standard for diagnosis of DILD or did not adequately describe the standard used. It is 

recommended that criteria used to evaluate screening tests should be applied to monitoring for adverse drug 

reactions, however it has yet to be established whether early detection of asymptomatic of DILD will 

improve mortality and morbidity. (39). 

Within and between the different drug subgroups of included studies there were multiple sources of 

clinical heterogeneity including differences in patient populations, types of co-interventions, frequency of 

pulmonary function testing and the thresholds applied to test results.   In addition, in some studies sampling 

methods for patient selection were unclear and length of follow up was variable. Furthermore, in some 

Bleomycin studies, treatment was ceased when lung function declined to a certain threshold (which varied 

between studies).   These factors, may in part, account for the wide variation in point estimates and 

confidence intervals noted between included studies for the sensitivity and specificity for DLCO monitoring 

(Figures 3 and 4). 

Many of the studies included in this review were conducted prior to the era of precision medicine. 

Tyrosine kinase inhibitors (TKIs) and immune-checkpoint inhibitors (ICIs) are relatively common causes of 

DILD in modern oncological practice (40). The risk of pulmonary toxicity with immunotherapy such as ICIs 

is relatively high compared to standard chemotherapy regimens. (41) In a recent prospective trial utilising 

PFT for screening with the use of Ipilimumab in melanoma patients, PFT yielded a poor sensitivity and 

specificity in identifying clinically significant disease. However, changes in DLCO could be a marker of 

subclinical disease and routine PFT measurements during treatment may aid risk stratification in screening 

for pulmonary toxicity.(42) Clinical trials with newer agents provide an opportunity to evaluate alternative 

approaches to early detection such as biomarkers however, preliminary research with currently available 

biomarkers has been relatively disappointing (43). Emerging evidence for new approaches to testing and 

monitoring for the early detection of DILD would ideally be evaluated using the same broadly accepted 
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framework used to evaluate screening interventions (39).  The findings of this review highlight important 

methodological issues that could be improved in future research in this field.  

 
Conclusion  
 

This systematic review did not identify evidence supporting the routine use of PFTs for the early 

detection of DILD in patients being treated with Amiodarone or Bleomycin. Due to the methodological 

limitations, the relatively small number of participants and the low prevalence of DILD in the included 

studies, there remains significant uncertainty about the sensitivity of pulmonary function tests to detect 

DILD early in patients being treated with pulmonary toxic drugs. Further high-quality research is needed to 

inform clinical practice in the early detection of DILD in the future. Clinicians choosing to utilise PFTs must 

be aware of the limitations of this approach, particularly the poor sensitivity and specificity in identifying 

clinically significant DILD.  
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