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ABSTRACT

Background Bleomycin is commonly used to treat advanced testicular cancer and can be associated with severe
pulmonary toxicity. The primary objective of the present study was to describe the use of pulmonary function tests
(prTs) and chest imaging before, during, and after treatment with bleomycin.

Methods To identify all incident cases of testicular cancer treated with bleomycin-based chemotherapy in the
Canadian province of Ontario during 2005-2010, the Ontario Cancer Registry was linked with chemotherapy treat-
mentrecords. Health administrative databases were used to describe use of PETs, chestimaging, and physician visits
for respiratory complaints.

Results Of 394 patients treated with orchiectomy and chemotherapy who received at least 1 dose of bleomycin,
93% had complete chemotherapy records available. In the 4 weeks before, during, and within 2 years after finishing
bleomycin-based chemotherapy, PFTs were performed in 17%, 17%, and 29% of patients respectively. Chest imaging
was performed in 68%, 62%, and 98% of patients in the same time periods. In the 2 years after bleomycin-based
chemotherapy, 23% of treated patients had a physician visit for respiratory symptoms. That rate was substantially
higher for men with greater exposure to bleomycin: 40% (24 of 60) for 10-12 doses bleomycin compared with 21% (53

ure to bleomycin.
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of 250) for 7-9 doses and with 14% (8 of 58) for 1-6 doses (p = 0.002).
Conclusions Quality improvement initiatives are needed to increase baseline rates of chestimaging within 4 weeks

of starting chemotherapy for testicular cancer; to understand why such a high proportion of men have chestimaging
during bleomycin-based chemotherapy; and to mitigate the excess pulmonary toxicity seen with increasing expos-
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INTRODUCTION

Testicular cancer is a highly treatable malignancy, with a
cure rate exceeding 95%'-3. Standard first-line treatment
for advanced disease is 4 cycles of bleomycin—etoposide—
cisplatin (BEP) for patients with intermediate- or poor-risk
disease and 3 cycles of BEp or 4 cycles of etoposide—cisplatin
for good-risk disease*~5. Patients with stage 1 disease can re-
ceive 1-2 cycles of adjuvant Bep after orchiectomy. Although
BEP produces a high curerate, bleomycinis associated with
potentiallylife-threatening lunginjury, including pneumo-
nitis and pulmonary fibrosis’1°.

Bleomycin-induced lung injury presents in a nonspe-
cificsubacute manner, with nonproductive cough, dyspnea,
and chestdiscomfort. There are no uniformly agreed-upon
diagnostic criteria, nor any definitive diagnostic tests'!. As
aresult, definitions of bleomycin-induced lunginjuryvary,
making it difficult to estimate the true incidence. Given
that limitation, Necchi er al.'?> performed a meta-analysis
of randomized trials evaluating patients with metastatic
germ-cell tumours who received first-line chemotherapy.
For patients treated with bleomycin regimens, the pooled
probability of any-grade pulmonary toxicity was 12%. How-
ever, information about the burden of pulmonary toxicity
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for men treated with bleomycin-based regimens in routine
clinical practice, outside of the clinical trial setting, is lim-
ited. Furthermore, information about the use of either or
both of chestradiography or pulmonary function tests (PFTs)
before, during, and after bleomycin-based chemotherapy
is limited. All consensus guidelines recommend chest im-
aging at baseline for staging and in the post-treatment per-
iod for response assessment and recurrence detection*-°.
However, the guidelines offer no recommendations about
whether imaging should be done during treatment for
either response assessment or for pulmonary surveillance
to identify early signs of bleomycin-induced lung injury.
Similarly, they offer no advice about if, when, or how often
pETs should be done during bleomycin-based chemotherapy.
To address those gaps in the literature, we undertook
a population-based study of men with advanced testicular
cancer undergoing orchiectomy and bleomycin-based
chemotherapy. The primary objective of the study was to
describe the use of PFTs and chestimagingin routine clinical
practice before, during, and after treatment with bleomycin
foradvanced testicular cancer. The secondary objective was
to compare the incidence of visits to physicians for respira-
tory complaints before and after bleomycin exposure, as
an estimate of the incurred burden of pulmonary toxicity.

METHODS

This study was designed, analyzed, and reported in ac-
cordance with the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) statement!3. In
accordance with the policies of ICEs, small cell counts are
suppressed and reported as “less than 6” so as to limit the
risk of patient re-identification,. Our study was approved
by the Queens University Health Research Ethics Board.

Study Design and Population
This population-based retrospective cohort study was
undertaken in the province of Ontario. Ontario has a pop-
ulation of approximately 13.5 million people, representing
38% of the Canadian population. Canada has a single-payer
universal health insurance program with associated com-
prehensive and mandatory administrative database collec-
tion. In the province of Ontario, 14 local health integration
networks (LHINs) are responsible for the regional planning,
funding, and administration of local health care.
Patients were eligible for inclusion in the study if they
were 16 years of age or older, had a diagnosis of seminoma
or non-seminoma germ-cell tumour, underwent orchi-
ectomy, and received at least 1 dose of bleomycin-based
chemotherapy in the Canadian province of Ontario be-
tween 2005-2010. That period was selected because we had
direct access to the orchiectomy pathology reports for all
incident cases of testicular cancer during it. Patients were
excluded from the study if complete chemotherapy details
(for example, number of bleomycin doses) were not avail-
able or if the patient received chemotherapy, radiation, or
retroperitoneal lymph node dissection before orchiectomy.

Data Sources

The Ontario Cancer Registry is a passive population-based
cancer registry that provides diagnostic and demographic

information for at least 98% of all incident cases of cancer
in the province of Ontario'*. Using the Ontario Cancer
Registry to identify cases, we obtained surgical pathology
reports for all orchiectomy procedures performed in On-
tario during 2005-2010. The data were manually abstracted
into a pre-piloted electronic database and linked with
several administrative health datasets through unique
encoded identifiers. Electronic records from the provin-
cial chemotherapy ordering system were used to identify
treatment with bleomycin. The onip (Ontario Health In-
surance Program) database of provincial physician billing
records was used to identify prTs, chestimaging, and visits
to physicians for which the diagnostic code was a respira-
tory complaint. Physicians in Ontario are remunerated
based on their submissions to oHIpP, and so that database
is believed to be comprehensive. The National Ambulato-
ry Care Reporting System and the Canadian Institute for
Health Information Discharge Abstract Database were
used to identify, respectively, visits to the emergency de-
partment and hospitalizations for respiratory diagnoses.
Codes from the International Statistical Classification of
Diseases and Related Health Problems, 9th and 10th re-
visions, were used to identify any respiratory diagnoses in
the Discharge Abstract Database, the National Ambulatory
Care Reporting System, or the oHIP billing database (see
supplemental Table 1).

Measures and Outcomes

Use of prTs, chest radiography, or computed tomography
chestin the 2 years before the first dose of bleomycin che-
motherapy, during bleomycin treatment, and in the 2 years
after the last dose of bleomycin was counted if an oHip bill-
ing code for the respective diagnostic test was identified.
The indication for testing is not recorded in the available
databases, and we therefore could not differentiate testing
for pulmonary toxicity screening from testing in response
to new respiratory symptoms or from testing for staging.

We attempted to explore regional variability in the use
of PFTs or chest imaging in the peri-bleomycin treatment
period. When attempting to separately explore prTs and
chestimagingby each of the 14 LHINregions, we encountered
numerous small-value cells (thatis, <6), which, according to
ICES policy, cannot be presented. We therefore evaluated the
use of either PFTs or chest imaging by LHIN region.

To estimate the incurred burden of pulmonary toxicity,
we started by identifying any health system visit for a res-
piratory symptom in the 2-year periods before and after
exposure to at least 1 dose of bleomycin. No algorithm to
identify chemotherapy-related lung toxicity in adminis-
trative databases has been formally validated. Therefore,
a priori, two authors (MJR, CMB) reviewed and selected
the diagnostic codes to be used for the case definitions (see
supplemental Table 1). Because we were concerned that
many physician visits for respiratory symptoms related to
chemotherapy would have been coded as another diag-
nostic entity, we included a very broad list of respiratory
diagnoses. Given the lack of a formally validated means to
identify chemotherapy-related lung toxicity, we used two
forms of controls to explore the extent to which our broad
list of symptoms related to treatment for testicular cancer.
First, we used cases as their own controls by measuring
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the proportion of patients with health system visits for
pulmonary symptoms in the 2 years before bleomycin ex-
posure compared with the 2 years after. Second, because we
hypothesized that any effect would be related to cumulative
bleomycin dose, we repeated the analysis, stratifying for the
number of bleomycin doses received. Although the lack of
specificityin the diagnostic codes might limit the reliability
of the point estimate, the absolute difference between the
incidences before and after bleomycin exposure should
generate a reasonable estimate of the incurred burden of
pulmonary toxicity associated with bleomycin exposure.

Statistical Analysis

Descriptive statistics are presented as proportions, means,
and medians, as appropriate. Comparisons of proportions
were made using the chi-square test. A McNemar test was
used to test for changes in proportions before and after
bleomycin exposure. Results were considered statistically
significant at a p value less than 0.05. All analyses were
performed in the SAS software application (version 9.4:
SAS Institute, Cary, N.C., U.S.A.).

RESULTS

Study Population

Between 2005 and 2010, 552 patients were treated with
orchiectomy and chemotherapy for testicular cancer in
Ontario. A specific chemotherapy regimen was identified
for 475 patients (supplemental Figure 1). Of the 394 men
treated with BEP, full chemotherapy dose records were
available for 368 of 394 (93%); those 368 men formed
the study cohort. In that cohort, 76% (245 of 368) had
non-seminoma germ-cell tumours, and 33% (123 of 368)
had seminoma (Table 1). The median age of patients with
non-seminoma tumours was 29 years; it was 37 years for
those with seminoma. In the cohort, 16% (n = 58) received
1-6 doses of bleomycin, 68% (n = 250) received 7-9 doses,
and 16% (n = 60) received 10-12 doses.

PFTs

In the 4 weeks before bleomycin-based chemotherapy,
during treatment, and within 2 years of finishing treat-
ment, PFTs were performed in, respectively, 17% (63 0of 368),
17% (61 of 368), and 29% (106 of 368) of the patients. Of
patients who underwent baseline prTs, 60% (38 of 63) and
65% (41 of 63) received further PrTs during treatment and
within 2 years of finishing bleomycin-based chemotherapy
respectively. The prTs used before, during, and after che-
motherapy were more common in patients with greater
bleomycin exposure (Table 11).

When the patients were stratified by histology, we ob-
served no difference in the proportion of prTs performed
before (21% vs. 18%, p = 0.63), during (18% vs. 13%, p =
0.34), or after (31% vs. 23%, p = 0.19) bleomycin-based
chemotherapy for non-seminoma tumours and seminoma
respectively. When stratified by age, patients 40 years of age
and older were more likely to undergo PrTs before (32% vs.
18%, p = 0.007), but not during (23% vs. 15%, p = 0.09) or
after treatment (28% vs. 29%, p = 0.83).

TABLE | Characteristics of 368 patients with seminoma and non-
seminoma testicular cancer treated with orchiectomy and bleomycin
in Ontario during 2005-2010

Characteristic Patient group
Overall Non- Seminoma
seminoma
Patient-related

Patients (n) 368 278 90
Age (years)

Mean 32 30 37

Median 30 29 37
Age group [n (%)]

16 to 39 Years 171 (47) 149 (53) 22 (24)

30 to 39 Years 118 (32) 86 (31) 32 (36)

40 to >50 Years 79 22) 43 (16) 36 (40)

Disease-related
Primary histology? [n (%)]

Seminoma 123 (33) 33 (12) 90 (100)

Embryonal carcinoma 185 (50) 185 (67) NA

Teratoma 36 (10) 36 (13) NA

Other? 24 (7) 24 (9) NA
Tumour size® (cm)

Mean 4.5 4.3 5.3

Median 4 4 5
Tumour size group [n (%)]

<4 cm 200 (54) 165 (59) 35(39)

>4 cm 159 (43) 107 (38) 52 (58)
Rete testis invasion [n (%)]

Yes 134 (36) 106 (38) 28 (31)

No 94 (26) 71 (26) 23 (26)

Unstated 140 (38) 101 (36) 39 (43)
Lymphovascular invasion

[n (%)

Yes 184 (50) 160 (58) 24 (27)

No 150 (41) 95 (34) 55 (61)

Unstated 34 (9) 23 (8) 11 (12)

2 Non-seminoma cases were defined as having any non-seminoma
histology listed on the pathology reports.

Yolk sac tumour and choriocarcinoma.

¢ Tumour size is unstated for 9 patients.

Pulmonary Imaging

Chest imaging (either chest radiography or computed to-
mography chest) was performed in 68% (251 of 368), 62%
(227 0f 368), and 98% (359 of 368) of patientsin, respectively,
the 4 weeks before, during, and within 2 years of finishing
bleomycin-based chemotherapy. In the 8 weeks before
chemotherapy, 90% of patients (331 of 368) underwent chest
imaging. Ofthe 227 patients who underwentimaging during
chemotherapy, radiography was used in 57% (129 of 227);
computed tomography chestin 15% (34 0f227); and both, in
28% (64 of 227). Chest imaging during treatment increased
substantially with anincreasing number of bleomycin doses
(Table1). Of patients who received pFTs during chemothera-
pY, 84% (51 of 61) also underwent chest imaging.
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TABLE Il Use of pulmonary function tests and chest imaging in 368 patients with testicular cancer treated with bleomycin—etoposide—cisplatin

(BEP) chemotherapy in Ontario during 2005-2010.
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Variable Bleomycin doses [n (%)]
1-6 7-9 10-12 e
(n=58) (n=250) (n=60)
Pulmonary function tests
Within 4 weeks before BEP 15 (26) 35 (14) 13 (22) 0.057
During BEP 9 (16) 33 (13) 19 (33) 0.002
Within 2 years after BEP 10 (17) 64 (26) 32 (53) <0.001
Chest imaging?
Within 4 weeks before BEP 37 (64) 168 (67) 46 (77) 0.270
During BEP 32 (55) 149 (60) 46 (77) 0.027
Within 2 years after BEPP >51 (>88) 243 (97) >53 (>88) 0.400

Chest radiography, chest computed tomography, or both.
b

When the patients were stratified by histology
(non-seminoma and seminomarespectively), we observed
no difference between those with pulmonaryimaging be-
fore (69% vs. 64%, p=0.38) or during (60% vs. 66%, p=0.38)
bleomycin-based chemotherapy, but we observed that the
rate was higher after bleomycin-based chemotherapy (99%
vs.94%, p=0.03). When patients were stratified by age (=40
years and <40 years respectively), we observed no differ-
ence between those with pulmonary imaging before (73%
vs. 67%, p = 0.26), during (67% vs. 60%, p = 0.26), or after
(97% vs. 100%, p = 0.11) bleomycin-based chemotherapy.

Regional Variation in Practice

During 2005-2010, the lowest-volume LHIN region treated
11 patients, and the highest-volume LHIN region treated 60
patients. The median number of treated patients was 24.

The percentage of patients within each LHIN who under-
went chest imaging ranged from 42% to 88% in the 4 weeks
before, 41% to 91% during, and 92% to 100% within 2 years
of finishing bleomycin-based chemotherapy. The cor-
responding percentages of patients who underwent pPFTs
ranged from less than 10% to 86% before, less than 10%
to 50% during, and less than 10% to 64% after finishing
bleomycin-based chemotherapy.

Of patients treated with 1-6 doses of bleomycin, the
percentage undergoing prTs or chest imaging ranged from
43% to 100%, from 0% to 100%, and from 67% to 100% in
the 4 weeks before, during, and within 2 years of finishing
bleomycin-based chemotherapy. For patients treated with
7-9 doses of bleomycin, the percentages were 44% to 100%,
42% to0 100%, and 89% to 100%, and for those treated with
10-12 doses of bleomycin, the percentages were 50% to
100%, 67% to 100%, and 100%.

Pulmonary Toxicity

In the 2-year period before starting chemotherapy, 19%
of the patients (71 of 368) made a health system visit for a
respiratory symptom. The most common diagnoses (not
mutually exclusive) were chronic obstructive pulmonary
disease or asthma (42%, 30 of 71), acute bronchitis (42%,
30 of 71), and lower respiratory tract infection (24%, 17 of
71). Of those patients, 39% (28 of 71) saw a physician for a

Per ICES policy, cells were suppressed to ensure that precise small cell values cannot be determined.

respiratory complaint in the 2-year period after chemo-
therapy. Of the 81% of men who had not seen a physician
for a respiratory complaint before starting chemotherapy
(294 of 368), 19% (57 of 294) saw a physician for a respira-
tory complaint in the 2-year period after chemotherapy.
Overall, after chemotherapy, 23% of all men (85 of 368)
made a health care visit for respiratory symptoms within
the subsequent 2 years. Pulmonary fibrosis codes were
specifically used in 2% of men (8 of 368).

Increasing cumulative bleomycin exposure was as-
sociated with increasing likelihood of respiratory toxicity
(Table 11). The proportion of patients seeking health care
before compared with after Bep for respiratory symptoms
was 19% compared with 14% for men who received 1-6
doses of bleomycin (p = 0.549), 20% compared with 21%
for men who received 7-9 doses of bleomycin (p = 0.902),
and 15% compared with 40% for men who received 10-12
doses of bleomycin (p=0.003). Using PFTs as another mark-
er of potential bleomycin lung toxicity, the proportion of
men undergoing PETs before compared with after BEp was
26% compared with 17% for men who received 1-6 doses
of bleomycin (p = 0.302), 14% compared with 26% for men
who received 7-9 doses of bleomycin (p = 0.002), and 22%
compared with 53% for men who received 10-12 doses of
bleomycin (p < 0.001). Figure 1 shows the temporal distri-
bution of pFTs and chest imaging use.

DISCUSSION

To our knowledge, the present population-based study
is the first to report patterns of pulmonary monitoring
and associated pulmonary outcomes in men treated with
bleomycin-based chemotherapy for advanced testicular
cancer. Several important findings emerged.

First, in contradiction to clinical practice guidelines,
one third of the patients received no baseline chest imag-
ing within 4 weeks of starting chemotherapy for advanced
testicular cancer. Second, despite a lack of evidence to
support the practice, most men underwent prTs and chest
imaging during the delivery of Ber chemotherapy. High
rates of PFT and chestimaging use were observed regardless
of the number of bleomycin doses delivered. The use of PFTs
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TABLE Il Health services utilization for respiratory symptoms by 368 patients with testicular cancer treated with bleomycin-etoposide—cisplatin

(BEP) chemotherapy in Ontario during 20052010

Bleomycin Pts Health services utilization with respect to BEP administration
LT ® Respiratory visits Pulmonary function tests
2 Years before 2 Years after p Value 2 Years before 2 Years after p Value
1-6 Doses 58 11 (19) 8 (14) 0.549 15 (26) 10 (17) 0.302
7-9 Doses 250 51 (20) 53 (21) 0.902 35 (14) 64 (26) 0.002
10-12 Doses 60 9 (15) 24 (40) 0.003 13 (22) 32 (53) <0.001

Proportion of patients

2 years prior to chemo start

During chemo

2 years after chemo end

Time from chemotherapy to PFT or Resp visit (months)

H7-9Bleo W10-12 Bleo

FIGURE 1 Use of pulmonary function tests (PFTs) or chest imaging in patients treated with bleomycin (Bleo)-etoposide-cisplatin chemotherapy
(with 7-12 doses of bleomycin) for testicular cancer in Ontario during 2005-2010 (n = 368). Patients who received 1-6 bleomycin doses (n = 58)
were excluded from the analysis to avoid the risk of re-identification. *Proportions are 8% or less. Per ICES policy, these bars are suppressed to ensure
that precise small cell values cannot be determined. Resp visit = visit made to a health care professional about a respiratory complaint.

and chest imaging at baseline and during chemotherapy
appeared to vary considerably by geographicregion. Those
first two findings highlight the need for clear consensus
guidelines to improve the consistency of practice in Ontario
for men with advanced testicular cancer.

Third, we observed ahigh rate of health care utilization
for respiratory symptoms after treatment with Bep, which
was strongly associated with a cumulative bleomycin dose
0f 300 IU or more.

Finally, 2% of the men had visit codes for pulmonary
fibrosis in the 2 years after exposure to bleomycin, con-
firming the incidence of that life-threatening bleomycin
complication identified in older, smaller series.

The present study offers novel insights into use of pPFTs
and chestimaging during BEp delivery in routine practice.
Overall, 17% of men in our cohortreceived PFTs at baseline
and 17% received pFTs during treatment. Although the
retrospective nature of our datalimits our ability to under-
stand whether the prTs received during treatment were for
pulmonary surveillance or in response to symptoms, we
suspect that the former reason accounts for most of the
PETs, given that 60% of men receiving PFTs during treatment
also received PFTs at baseline. That almost 1 in 5 men with
advanced testicular cancer receive pFTs during treatment
is notable for several reasons. First, no level 1 evidence is
available to guide pulmonary surveillance during BEp che-
motherapy, and major consensus guidelines remain silent

ontheissue*-%. Clinicians cannotlook to clinical trial proto-
cols for guidance either, because some'>-'7, but not all'é,
required PFT monitoring during treatment; other trials did
not specify when, if, or how often PrTs were required® 921,
Moreover, there is no guidance for clinicians about how to
interpret the results of PFTs during chemotherapy.

Non-consensus expert guidance variablyrecommends
discontinuing bleomycin when a patient’s CO-diffusing
capacity drops by 60%22, 65%-70%23, 25%2*, or 15%-25%2°.
Other groups have challenged the accuracy of CO-diffusing
capacity as a predictor of clinically significant bleomycin-
induced lung injury?S. Thus, in a disease in which the
success of treatment has been attributed to consistency of
guideline-concordant care?, clinicians who perform pulmo-
nary surveillance with prts are left without any clear guid-
ance abouthowto interpretresults. Roncolato et al.?® recently
reported on the impact of pFTs on treatment decisions in a
cohort of patients with advanced testicular cancer (good-,
intermediate-, and poor-risk groups) enrolled in asingle-arm
phaseiitrial. Asymptomatic reductions in CO-diffusing cap-
acity were responsible for 20% of bleomycin doses omitted
and for 30% of patients receivingless than two thirds of their
planned dose. Those findings are highly concerning, because
multiple studies have shown that bleomycin is an integral
component in the management of advanced testicular can-
cer; bleomycin omission or dose reduction is associated with
decreases in the efficacy of treatment®16-19,
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Our study adds to a growing body of literature de-
scribing pulmonary toxicity outcomes in men treated for
advanced testicular cancer. To date, most of the evidence
comes from secondary analyses ofrandomized controlled
trials or reports from high-volume academic treatment
centres. Determining the extent to which the data reflect
outcomes in routine clinical practice is therefore difficult.
Furthermore, bleomycin-induced lung injury has been
variably defined in the literature as the presence of crack-
les on physical examination?’, respiratory symptoms!?,
or asymptomatic changes in PFTs®2?4 and radiography®1°.
Reflecting those disparate definitions, theliterature reports
rates of bleomycin-induced lunginjury ranging from 0% to
34%910.16,18,19,28-30 A recent meta-analysis of randomized
studies reported a pooled probability of any-grade pul-
monary toxicity of 12%'2. In the present study, we chose
to use visits to physicians for respiratory symptoms as a
surrogate general marker for adverse pulmonary outcomes
related to bleomycin chemotherapy. Our finding that,
overall, 23% of men receive a respiratory diagnosis in the
2-year period after BEp chemotherapy is generally consist-
entwith the priorliterature. Although our studyis not able
to comment on the severity of pulmonary toxicity of any
cause, its persistence, or its impact on quality of life, the
observed 2% incidence of pulmonary fibrosis is the finding
of major importance, and it accords with previous reports
of smaller series®10:20:31,

When using patients as their own controls (evaluation
before and after BEp chemotherapy), we observed that the
excess pulmonary toxicity appears to belimited to patients
treated with 10 or more doses of bleomycin. In that subset of
men, 40% saw a physician for arespiratory visitin the 2-year
period after chemotherapy, representing a 25% absolute
increase from baseline. That observation is consistent with
the findings of O’Sullivan et al.'’, who retrospectively eval-
uated a prospectively maintained database of 835 men with
testicular cancer treated at the Royal Marsden NHS Trust
with bleomycin-containing regimens between 1982 and
1999.In the 57 patients who developed bleomycin-induced
lung injury, multivariate analysis identified a cumulative
bleomycin dose greater than 300 IU as the strongest risk
factor (HR: 3.5).

Our study should be interpreted in the context of
certain methodologic limitations. Existing patient records
do not include stage data or serum tumour markers. As a
result, we cannot assess the appropriateness of the number
of cycles of chemotherapy or the timing of their delivery. A
detailed analysis of treatment and outcomes by stage and
by dose intensity is similarly limited. Because we lacked dir-
ect access to the PFT results, we were not able to assess any
correlation between specific prT findings and the decision
to omit bleomycin or reduce the dose. Similarly, we lacked
direct access to imaging reports and information about
post-chemotherapy thoracic surgery; we therefore do not
know whether the presence of lung metastases or thoracic
surgery influenced the rates of pFT use, chest imaging, or
respiratory complaints after Bep. We lack information re-
lated to symptom burden in patients while on chemother-
apy. Only 3% of patients (12 of 368) were diagnosed with
a respiratory illness during chemotherapy; however, that
observation is areflection of the nature of physician billing

PULMONARY MONITORING BLEOMYCIN, Raphael et al.

patterns in Ontario. While under the care of an oncologist,
the most likely primary physician billing diagnosis would
be testicular cancer rather than any specific respiratory
illness. Finally, the definition of pulmonary toxicity used
in this study has not previously been validated and relies
on the accuracy of the diagnostic coding in the adminis-
trative databases. In consideration of the multiple forms
of pulmonary toxicity associated with bleomycin, and to
maximize sensitivity, we made use of a broad definition to
identify a general marker of adverse pulmonary outcomes,
and patients were used as their own controls to explore the
burden of respiratory symptoms before compared with after
exposure to BEP. The consistency of our results with previ-
ously published prospective trials, and the consistency of
the rates of specific diagnoses such as pulmonary fibrosis,
suggests that the signal of pulmonary toxicity seen in the
present study is valid.

CONCLUSIONS

This population-based study has revealed that, in contra-
diction to clinical practice guidelines, a substantial propor-
tion of men treated for testicular cancer in routine practice
do not undergo baseline chest imaging within 4 weeks of
starting chemotherapy. Quality improvement efforts are
needed to understand and rectify this situation. In contrast,
in the absence of any evidence or recommendation for the
practice, a high proportion of men undergo chestimaging
and receive PETs during bleomycin-based chemotherapy.
Given the lack of clear guidance about when to perform
chestimaging or PFTs during chemotherapy and howresults
should guide management, the practice of routine testing
during chemotherapy should be reconsidered and subject-
ed to prospective study. Finally, a substantial proportion of
men treated with BEP seek medical attention after chemo-
therapy for respiratory symptoms, a circumstance that is
strongly associated with the cumulative dose of bleomycin.
Further research is needed to better understand the late
treatment effects of BEP in survivors of testicular cancer.

ACKNOWLEDGMENTS

Parts of this material are based on data and information provided
by Ontario Health (Cancer Care Ontario) [0H(cco)] and the Cana-
dian Institute for Health Information (cia1). However, the analysis,
conclusions, opinions, and statements expressed herein are those
of the authors and not necessarily those of OH(CCO) or CIHI.

This study was supported by ICES, which is funded by an annual
grant from the Ontario Ministry of Health (MoH). The opinions,
results, and conclusions reported in this paper are those of the
authors and are independent from the funding sources. No en-
dorsement by ICES or the MOH is intended or should be inferred.

MJR is supported by the Canadian Association of Medical
Oncologists. CMB is supported as a Canada Research Chair in
Population Cancer Care.

CONFLICT OF INTEREST DISCLOSURES
We have read and understood Current Oncology’s policy on dis-
closing conflicts of interest, and we declare that we have none.

AUTHOR AFFILIATIONS

*Division of Medical Oncology, Odette Cancer Centre, Sunnybrook
Health Sciences Centre, Department of Medicine, University of
Toronto, Toronto, ON; fDepartment of Oncology, *Department of

Current Oncology, Vol. 27, No. 6, December 2020 © 2020 Multimed Inc.

297



PULMONARY MONITORING BLEOMYCIN, Raphael et al.

Public Health Sciences, and SDivision of Respirology, Department 16. LeviJA, Raghavan D, Harvey V, et al. The importance of
of Medicine, Queen’s University, Kingston, ON; lices, Toronto, ON; bleomycin in combination chemotherapy for good-prognosis
#Department of Oncology, Tom Baker Cancer Centre, University germ cell carcinoma. Australasian Germ Cell Trial Group.
of Calgary, Calgary, AB; **Division of Medical Oncology and He- J Clin Oncol 1993;11:1300-5.

matology, Department of Medicine, Princess Margaret Cancer 17. Toner G, Stockler M, Boyer M, et al. Comparison of two stan-

Centre, University of Toronto, Toronto, ON. dard chemotherapy regimens for good-prognosis germ-cell

tumours: a randomised trial. Lancet 2001;357:739-45.

REFERENCES 18. Loehrer PJ Sr,Johnson D, Elson P, Einhorn LH, Trump D. Im-

1. de Wit R. Management of germ cell cancer: lessons learned portance of bleomycin in favorable-prognosis disseminated
from a national database. J Clin Oncol 2015;33:3078-9. germ cell tumors: an Eastern Cooperative Oncology Group

2. Tandstad T, Kollmannsberger CK, Roth BJ, et al. Practice trial. J Clin Oncol 1995;13:470-6.
makes perfect: the rest of the story in testicular cancer as a 19. Culine S, Kramar A, Theodore C, et al. Randomized trial
model curable neoplasm. J Clin Oncol 2017;35:3525-8. comparing bleomycin/etoposide/cisplatin with alternating

3. TramaA, FoschiR, LarranagaN, etal. Survival of male genital cisplatin/cyclophosphamide/doxorubicin and vinblastine/
cancers (prostate, testis and penis) in Europe 1999-2007: re- bleomycin regimens of chemotherapy for patients with inter-
sults from the EUROCARE-5 study. EurJ Cancer2015;51:2206-16. mediate- and poor-risk metastatic nonseminomatous germ

4. Honecker F, Aparicio ], Berney D, ef al. ESMO consensus con- cell tumors: Genito-Urinary Group of the French Federation
ference on testicular germ cell cancer: diagnosis, treatment of Cancer Centers Trial T93MP. J Clin Oncol 2008;26:421-7.
and follow-up. Ann Oncol 2018;29:1658-86. 20. Williams SD, Birch R, Einhorn LH, Irwin L, Greco FA, Loehrer

5. Wood L, Kollmannsberger C, Jewett M, et al. Canadian con- PJ. Treatment of disseminated germ-cell tumors with cispla-
sensus guidelines for the management of testicular germ cell tin, bleomycin, and either vinblastine or etoposide. N Engl J
cancer. Can Urol Assoc ] 2010;4:e19-38. Med 1987;316:1435-40.

6. National Comprehensive Cancer Network (NCCN). NCCN 21. Culine S, Kerbrat P, Kramar A, et al. Refining the optimal
Clinical Practice Guidelines in Oncology: Testicular Cancer. chemotherapy regimen for good-risk metastatic nonsem-
Ver. 2.2018. Fort Washington, PA: NCCN; 2018. [Current version inomatous germ-cell tumors: a randomized trial of the
available online at: https://www.nccn.org/professionals/ Genito-Urinary Group of the French Federation of Cancer
physician_gls/pdf/testicular.pdf (free registration required); Centers (GETUG T93BP). Ann Oncol 2007;18:917-24.
cited 11 November 2020] 22. Comis RL, Kuppinger MS, Ginsberg SJ, et al. Role of single-

7. Sleijfer S. Bleomycin-induced pneumonitis. Chest 2001; breath carbon monoxide-diffusing capacity in monitoring
120:617-24. the pulmonary effects of bleomycin in germ cell tumor pa-

8. de Wit R, Stoter G, Kaye SB, et al. Importance of bleomycin tients. Cancer Res 1979;39:5076-80.
in combination chemotherapy for good-prognosis testic- 23. Bristol Myers Squibb Canada. Blenoxane (bleomycin for in-
ular nonseminoma: a randomized study of the European Jjection) [product monograph]. Montreal, QC: Bristol Myers
Organization for Research and Treatment of Cancer Genito- Squibb Canada; 2010.
urinary Tract Cancer Cooperative Group. J Clin Oncol 1997; 24. Lauritsen J, Kier MG, Bandak M, et al. Pulmonary function
15:1837-43. in patients with germ cell cancer treated with bleomycin,

9. KwanEM, BeckS, AmirE, etal. Impact of granulocyte-colony etoposide, and cisplatin. J Clin Oncol 2016;34:1492-9.
stimulating factor on bleomycin-induced pneumonitis in 25. Roncolato FT, Chatfield M, Houghton B, et al. The effect of
chemotherapy-treated germ cell tumors. Clin Genitourin pulmonary function testing on bleomycin dosing in germ
Cancer 2017;:[Online ahead of print]. cell tumours. Intern Med ] 2016;46:893-8.

10. O’Sullivan]JM, HuddartRA, Norman AR, NichollsJ, Dearnaley 26. McKeage M]J, Evans BD, Atkinson C, Perez D, Forgeson GV,
DP, Horwich A. Predicting the risk of bleomycin lung toxicity Dady PJ. Carbon monoxide diffusing capacity is a poor pre-
in patients with germ-cell tumours. Ann Oncol2003;14:91-6. dictor of clinically significant bleomycin lung. New Zealand

11. Shippee BM, Bates]JS, Richards KL. Therole of screening and Clinical Oncology Group. J Clin Oncol 1990;8:779-83.
monitoring for bleomycin pulmonary toxicity.  Oncol Pharm 27. Vallejo-Torres L, Melnychuk M, Vindrola-Padros C, et al.
Pract 2016;22:308-12. Discrete-choice experiment to analyse preferences for cen-

12. Necchi A, Miceli R, Oualla K, et al. Effect of bleomycin ad- tralizing specialist cancer surgery services. BrJSurg2018;105:
ministration on the development of pulmonary toxicity in 587-96.
patients with metastatic germ cell tumorsreceiving first-line 28. VanBarneveld PW, Sleijfer DT, van der Mark TW, et al. Natural
chemotherapy: a meta-analysis of randomized studies. Clin course of bleomycin-induced pneumonitis: a follow-up study.
Genitourin Cancer 2017;15:213-20.e5. Am Rev Respir Dis 1987;135:48-51.

13. von Elm E, Altman DG, Egger M, et al. Strengthening the 29. Dearnaley DP, Horwich A, A’'Hern R, et al. Combination
reporting of observational studies in epidemiology (STROBE) chemotherapywith bleomycin, etoposide and cisplatin (BEP)
statement: guidelines for reporting observational studies. for metastatic testicular teratoma: long-term follow-up. Eur
BMJ 2007;335:806-8. J Cancer 1991;27:684-91.

14. Clarke EA, Marret LD, Kreiger N. Appendix 3(c). Cancer 30. deWitR, Roberts]JT, Wilkinson PM, et al. Equivalence of three
registration in Ontario: a computer approach. In: Jenson or four cycles of bleomycin, etoposide, and cisplatin chemo-
OM, Parkin DM, MacLennan R, Muir CS, Skeet RG, eds. therapyand of a 3- or 5-day schedule in good-prognosis germ
Cancer Registration: Principles and Methods. Lyon, France: cell cancer: a randomized study of the European Organiza-
International Agency for Research on Cancer; 1991: 246-57. tion for Research and Treatment of Cancer Genitourinary

15. Bokemeyer C, Kohrmann O, Tischler J, et al. A randomized Tract Cancer Cooperative Group and the Medical Research
trial of cisplatin, etoposide and bleomycin (PEB) versus car- Council. J Clin Oncol 2001;19:1629-40.
boplatin, etoposide and bleomycin (CeB) for patients with 31. SimpsonAB, Paul], GrahamJ, Kaye SB. Fatal bleomycin pul-
“good-risk” metastatic non-seminomatous germ cell tumors. monary toxicity in the west of Scotland 1991-95: a review of
Ann Oncol 1996;7:1015-21. patients with germ cell tumours. BrJ Cancer 1998;78:1061-6.

298 Current Oncology, Vol. 27, No. 6, December 2020 © 2020 Multimed Inc.



