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Abstract

Introduction: Maintenance of chemotherapy dose intensity is a cornerstone of management in testicular germ cell tumors. We describe

chemotherapy delivery and outcomes of patients in routine practice.

Methods: The Ontario Cancer Registry was linked to electronic records of treatment to identify patients diagnosed with testicular cancer

treated with orchiectomy and chemotherapy from 2005 to 2010. We describe chemotherapy delivery and dose intensity. Overall survival

was measured from the start of chemotherapy.

Results: During the study period, 552 new cases of testicular cancer were treated with orchiectomy and chemotherapy; drug/regimen

details were available for 475 (86%) cases. The study population included 324 patients with nonseminoma and 151 with seminoma. The

majority of patients were treated with bleomycin, etoposide, and cisplatin (BEP) (83%, 394/475) or etoposide and cisplatin (EP) (6%, 30/

475); 89% (379/424) received 3 to 4 cycles of treatment. Thirty two percent of all BEP patients (125/394) had at least 1 dose omission of

bleomycin; this rate increased to 51% of patients treated with BEP£ 4. Eight percent (33/397) of evaluable BEP/EP patients had a dose

reduction/omission of cisplatin and 21% (82/397) had a dose delay of >6 days. Among the BEP/EP cases, 44% (174/397) had reduced che-

motherapy dose intensity. Five-year overall survival for all cases was 95%.

Conclusions: Almost half of patients treated with BEP/EP chemotherapy in routine practice have some form of reduced chemotherapy

delivery. Despite this, long-term survival in the general population is very high. Further studies are required to understand the extent to

which dose delivery might influence outcomes. � 2018 Elsevier Inc. All rights reserved.
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1. Introduction
Metastatic testicular germ cell tumors (GCTs) have a

high cure rate with cisplatin-based chemotherapy. The

standard treatment for stage II and good risk stage III
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disease is 3 cycles of bleomycin, etoposide, and cis-

platin (BEP) [1−3]; among patients who have a contra-

indication to bleomycin, 4 cycles of etoposide and

cisplatin (EP) is an alternative [4]. Standard therapy for

patients with intermediate or poor risk disease is 4

cycles of BEP. Efforts to reduce toxicity by replacing

cisplatin with carboplatin have shown inferior survival

[5,6]. Reduced doses of etoposide and bleomycin may

also be associated with inferior survival [7] although

mailto:booth@queensu.ca
https://doi.org/10.1016/j.urolonc.2018.10.025
http://crossmark.crossref.org/dialog/?doi=10.1016/j.urolonc.2018.10.025&domain=pdf
https://doi.org/10.1016/j.urolonc.2018.10.025


183.e18 S. Karim et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 183.e17−183.e24
other studies suggest this may not be the case [8−10].

Despite this limited evidence, practice guidelines

strongly recommend avoiding dose reduction and delays

in GCTs [2,11].

There is limited literature describing chemotherapy

delivery for testicular GCTs in routine practice. To address

this gap, we performed a population-based study of all

patients in Ontario, Canada treated with orchiectomy and

chemotherapy for seminoma and nonseminoma germ cell

tumors (NSGCT). The primary objective of this study is to

describe delivery of chemotherapy in routine practice

including rates of dose reduction/delay and to quantify sur-

vival in routine practice.
2. Methods

2.1. Study design and population

This is a population-based, retrospective cohort study

to describe chemotherapy delivery for testicular cancer in

the Canadian province of Ontario. Ontario has a popula-

tion of approximately 13.5 million people and a single-

payer universal health insurance program. All incident

cases (16+ years of age) of seminoma and NSGCT who

underwent orchiectomy from 2005 to 2010 were included

in this population-level cohort. Twenty-three cases with

chemotherapy, radiation, or retroperitoneal lymph node

dissection before orchiectomy were excluded. A primary

report describing long-term survival and the adoption of

surveillance strategies among all GCT cases 2000to 2010

has recently been published [12]. The study was approved

by the Research Ethics Board of Queen’s University,

Kingston, Canada. This study was designed, analyzed,

and reported in accordance with the Strengthening the

Reporting of Observational Studies in Epidemiology

statement [13].
2.2. Data sources

The Ontario Cancer Registry (OCR) is a passive,

population-based cancer registry that captures diagnostic

and demographic information on at least 98% of all

incident cases of cancer in the province of Ontario [14].

The OCR does not compile information about extent of

disease. For this reason, we obtained surgical pathology

reports for all orchiectomy procedures. A variety of

electronic administrative health databases were linked to

the OCR. Records of hospitalization from the Canadian

Institute for Health Information (CIHI) provided infor-

mation about orchiectomy. Provincial physician billing

records and treatment records from regional cancer cen-

ters were used to identify chemotherapy utilization;

these records are created in the act of prescribing treat-

ment. Detailed chemotherapy records were not available

prior to 2005, therefore the study population was limited

to patients treated from 2005 to 2010.
2.3. Measures and outcomes

Comorbidity was calculated classified using the

Charlson Index modified for administrative data [15].

Chemotherapy treatment records were available up to

December 31, 2013. Electronic treatment records were

reviewed to identify the first chemotherapy regimen

delivered after orchiectomy. Dose intensity analyses via

manual review of all treatment records were performed

for patients treated with BEP and EP. Dose omission

was defined as any case with a chemotherapy drug dose

of zero subsequent to the first cycle. Dose reduction

was defined as the delivery of any dose of chemotherapy

that was less than 80% of the initial dose. Dose delay

was defined as any chemotherapy cycle that was deliv-

ered more than 6 days later than the standard 3-week

dosing interval. Hospitalization records were used to

identify hospital admissions for toxicity. Vital status

was available up to December 31, 2015.
2.4. Statistical analysis

Comparisons of proportions between study groups were

made using the chi-squared test. Factors associated with a

dose omission/reduction or delay were evaluated using

modified Poisson regression. Overall survival (OS) was

determined from start date of chemotherapy using the

Kaplan-Meier method and comparisons between groups

were made using the log-rank test. Results were considered

statistically significant at P value <0.05. All analyses

were performed using SAS version 9.4 (SAS Institute,

Cary, NC).
3. Results

3.1. Study population

From 2005 to 2010, 475 patients were treated with

orchiectomy and chemotherapy (Supplemental eFig 1).

Thirty-two percent had seminoma (151/475) and 68% had

nonseminoma (324/475) GCTs (Table 1). The median age

of patients with seminoma and nonseminoma was 37 and

28 years, respectively.
3.2. Delivery of chemotherapy

3.2.1. Chemotherapy regimen and number of cycles

The vast majority of patients received BEP (83%, 394/

475) with a minority of patients treated with EP (6%, 30/

475) and single-agent carboplatin (8%, 36/475) chemother-

apy (Table 2). Three percent of patients (15/475) received

other regimens. In patients who received BEP or EP, the

majority received 3 (61%, 258/424) or 4 cycles (29%,

121/424) of therapy.



Table 1

Characteristics of the patients with seminoma and nonseminoma testicular cancer treated with orchiectomy and chemotherapy in Ontario from 2005 to 2010

(N = 475)

Characteristic All patients Nonseminoma Seminoma

N = 475 N = 324 N = 151

Patient-related

Age (y)b

Mean/median 33/31 30/28 38/37

16−20 45 (9%) 43 (13%) <=5 (1%)

20−29 162 (34%) 134 (41%) 28 (19%)

30−39 157 (33%) 97 (30%) 60 (40%)

40−49 81 (17%) 39 (12%) 42 (28%)

50+ 30 (6%) 11 (3%) 19 (13%)

Charlson comorbidity scoreb

0 465 (98%) 317 (98%) >145 (>95%)

1+ 10 (2%) 7 (2%) <=5 (<5%)

Disease-related

Primary histologyb,a

Seminoma 190 (40%) 39 (12%) 151 (100%)

Embryonal carcinoma 221 (47%) 221 (68%) 0 (0%)

Teratoma 37 (8%) 37 (11%) 0 (0%)

Otherc 27 (6%) 27 (8%) 0 (0%)

Tumor size (cm)b

Mean/median (interquartile range) 4.6/4 (3−6) 4.3/4 (3−6) 5.3/5 (3−7)
≤4 cm 255 (54%) 193 (60%) 60-65 (40%−43%)

>4 cm 210 (44%) 125 (39%) 85 (56%)

Unstated 10 (2%) 6 (2%) <=5 (<5%)

Rete testis invasion

Yes 174 (37%) 123 (38%) 51 (34%)

No 121 (25%) 86 (27%) 35 (23%)

Not reported 180 (38%) 115 (35%) 65 (43%)

Lymphovascular invasion

Yes 220 (46%) 182 (56%) 38 (25%)

No 201 (42%) 114 (35%) 87 (58%)

Not reported 54 (11%) 28 (9%) 26 (17%)

aNonseminoma cases were defined as having any nonseminoma histologies listed on the pathology reports. One hundred and forty-eight nonseminoma

classified cases had a primary histology of seminoma.
b As per Institute of Clinical Evaluative Sciences policy, cells were suppressed to ensure that precise small cell values cannot be determined.
c Other = yolk sac tumour and choriocarcinoma.

Table 2

Chemotherapy regimen and number of cycles delivered to patients with

nonseminoma and seminoma testicular cancer in Ontario from 2005 to

2013 (N = 475)

Nonseminoma

N = 324

Seminoma

N = 151

Chemotherapy regimen

BEP 298 (92%) 96 (64%)

EP 17 (5%) 13 (9%)

Carboplatin 0 (0%) 36 (24%)

Othera 9 (3%) 6 (4%)

Number of cycles among BEP/EP cases (n = 424)

1−2 45 (11%)

3 258 (61%)

4 121 (29%)

BEP = bleomycin, etoposide, and cisplatin; EP = etoposide and cisplatin.
a Other regimen includes VIP (etoposide, ifosfomide, cisplatin), TIP (pac-

litaxel, ifosfomide, cisplatin), cisplatin, etoposide-carboplatin, gemcita-

bine-carboplatin, paclitaxel-carboplatin, topotecan-cyclophosphamide.
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3.2.2. Dose delivery

Of the 394patientswho receivedBEPchemotherapy, 32%

(125/394)hadat least 1doseomissionofbleomycin (Table3).

As thenumberofcyclesof chemotherapy increased, therewas

a higher probability of bleomycin omission (32% with 2

cycles to51%with4cycles,P<0.001).

Detailed chemotherapy records were reviewed for all

patients treated with BEP and EP to identify dose reduction/

omissionofcisplatinanddosedelays.Eightpercentofpatients

(33/397) had at least 1 dose reduction or omission of cisplatin

during the course of treatment. Dose reduction/omission

increasedwithnumberof cycles received (3%with2cycles to

14%with4cycles,P=0.040).Twenty-onepercent of patients

(82/397) who received BEP or EP experienced dose delay of

more than 6 days. In patients who received 4 cycles, 28%per-

cent (31/111)hadadosedelay.

Among all patients treated with BEP or EP, 44%

(174/397) had at least 1 form of reduced chemotherapy



Table 3

Dose reduction/omission among 397 patients with testicular cancer treated with orchiectomy and BEP or EP chemotherapy in Ontario from 2005 to 2010

Cycle number

1 2 3 4 Total

Bleomycin omissiona 27% 32% 24% 51% 32%a

Cisplatin dose reduction/omission 0% 3% 7% 14% 8%

Dose delay > 6 d 8% 10% 19% 28% 21%

Any reduced chemotherapy delivery (omission, delay, or dose reduction) 31% 34% 39% 59% 44%

BEP = bleomycin, etoposide, and cisplatin; EP = etoposide and cisplatin.
a For theBEPcases only.

Twenty-sevenpatients (27/424, 6%) treatedwith a combinationof 3-day and5-day

BEP/EP regimenwerenot included in this analysis.
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delivery (i.e., omission of bleomycin or cisplatin, dose

reduction or cisplatin, or dose delay >6 days). Reduced

delivery was significantly higher in patients who received 4

cycles compared to those who received 1 to 3 cycles (59%

vs. 38%, P = 0.003). Number of cycles of chemotherapy

was significantly associated with reduced dose delivery in

univariate and multivariate analyses (P < 0.001; Table 4).

There was also a trend toward reduced dose delivery in

older patients [age 40+, relative risk (RR) = 1.20 (95% CI

0.90-1.60), P = 0.224] and those with higher comorbidity

scores [Charlson 1+, RR = 1.58 (95% CI, 0.96-2.60) P =

0.183].
3.3. Outcomes

We evaluated hospital admission as a proxy for treat-

ment related toxicity. Nineteen percent of patients (91/475)

were hospitalized within 30 days from any dose of chemo-

therapy. Hospital admission rates within 60 and 90 days
Table 4

Factors associated with reduced chemotherapy dose intensitya among patients w

Ontario from 2005 to 2010 (n = 394).

Univariate analysis

Characteristic Proportion with reduced dose intensity

Age

<30 43%

30−39 50%

40+ 51%

Charlson

0 47%

1+ 71%

Histology

NSGCT 46%

Seminoma 51%

Cycles

1 36%

2 39%

3 40%

4 69%

95% CI = 95% confidence interval; NSGCT = nonseminoma germ cell tumors.
a Reduced dose intensity is defined as any dose omission of bleomycin or cispla
from chemotherapy were 12% (59/475) and 19% (90/475),

respectively. Less than 6 deaths (<1.5%) occurred during

chemotherapy.

Median follow-up time was 7.3 years.OS at 3 and 5 years

for all patients was 95% (Fig. 1A). Five-year OS was lower

for patients who received 4 cycles of BEP (i.e., with interme-

diate/poor-risk disease) compared to those who received 3

cycles of BEP (i.e., good risk disease) (87% vs. 98%, P <
0.01; Fig. 1B). There was a trend toward inferior survival in

patientswhohad dose delay/reduction in patients treatedwith

BEP£ 3 andBEP£ 4 (Fig. 1C and D).
4. Discussion

In this population-based study, we describe delivery of

chemotherapy in routine clinical practice among all patients

with testicularGCTsdiagnosed inOntario from2005 to2010.

There are several important findings. First, 44%of all patients

in routine practice have chemotherapy dose omissions,
ith testicular cancer treated with orchiectomy and BEP chemotherapy in

Multivariate analysis

P value RR (95% CI) P value

0.280 0.224

Ref.

1.21 (0.96−1.52)
1.20 (0.90−1.60)

0.191 0.183

Ref.

1.58 (0.96−2.60)
0.356 0.289

Ref.

1.14 (0.90−1.44)
<0.001 <0.001

0.49 (0.22−1.07)
0.56 (0.35−0.90)
0.55 (0.45−0.67)

Ref.

tin, dose reduction cisplatin or dose delay >6 days.



Fig. 1. Overall survival (OS) of patients with testicular cancer in Ontario

treated with orchiectomy (2005−2010) and chemotherapy. (A) All patients

N = 475; (B) Patients treated with BEP£ 3/ EP£ 4 vs. BEP£ 4 (N = 375);

(C) Patients treated with BEP£ 3 by dose intensity (n = 240); (D) Patients

treated with BEP£ 4 by dose intensity (N = 89). BEP = bleomycin, etopo-

side, and cisplatin; EP = etoposide and cisplatin.

S. Karim et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 183.e17−183.e24 183.e21
reductions, and/or delay; this rate increases to 59% among

patients treated with 4 cycles of chemotherapy. Second,

despite frequent dose reductions/delay, survival in routine
practice is excellent (5-year OS 95%). Third, while 19% of

patients are admitted to hospitalwithin 30 days of chemother-

apy,deathsduringchemotherapyare infrequent (<1.5%).

In our study, we found that the majority of cases who

receive chemotherapy are treated with either 3 or 4 cycles

of BEP. This is similar to findings in other population-based

studies of testicular cancer [16,17]. For example, Osswald

et al. analyzed the National Cancer Institute’s SEER data-

base on 702 men diagnosed with testicular cancer in 1999.

They found that more than 75% of men who received che-

motherapy for seminoma, regardless of stage, were given

BEP while another 11% received EP. Similarly, in patients

with nonseminoma, 88% received cisplatin and etoposide

with or without bleomycin [17].

Bleomycin dose omissions occurred in almost one third

of patients who received BEP in our study. This rate

increased with the number of cycles, with more than half of

patients who received 4 cycles having a dose omission.

Although we were unable to determine the number of

patients who switched over to a regimen of 4 cycles of EP

to compensate for an omission in bleomycin, rates of bleo-

mycin omission of 30% to 50% are potentially concerning.

In a meta-analysis of first-line randomized clinical trials,

the rates of all-grade pulmonary toxicity from bleomycin

were approximately 12% [18]. Similarly, analysis of a sin-

gle institution in Denmark reported that only 9% of patients

discontinued bleomycin because of a ≥25% decline in the

hemoglobin-corrected diffusing capacity of the lungs for

carbon monoxide [19]. The rate of Bleomycin omission in

our study is much higher than what would be anticipated

based on these data. This may reflect higher rates of toxicity

in routine practice and/or omission of Bleomycin in some

centers due to low blood counts. Up to 10% of patients in

our study also had a dose omission/reduction in cisplatin.

This rate is similar to that found in a Japan single center

series of 41 patients [20].

The proportion of patients who had a dose delay of more

than 6 days in our study (21%) is noteworthy. The Euro-

pean Cancer Consensus group recommends that postponing

treatment, at a maximum of 3 days for each decision,

should only be considered in cases of existing fever or sig-

nificant cytopenia [11]. Similarly, the Canadian consensus

guidelines note that only in exceptional circumstances

should chemotherapy be delayed [2]. In the study by Kawai

et al., only 17% (7/41) of patients had a delay of more than

3 days and this was primarily due to patient incompliance

or bone marrow suppression [20]. Further work is required

to determine the reasons for these delays in our study popu-

lation and the extent to which is might be associated with

outcomes. Data from other studies have suggested that

GCT case volumes are associated with patient outcomes

[21]. While it has been hypothesized that the volume effect

may be mediated by chemotherapy dose intensity, data

from our study do not suggest a strong association between

dose delivery and survival. Information available in our

study data-set does not provide insight into the institution
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where chemotherapy was delivered. However, surgical

records demonstrate that among all 2,650 orchiectomy pro-

cedure performed in Ontario from 2000 to 2010, surgery

was performed at a teaching hospital in 28% of cases (754

of 2650) and at a community hospital in 72% of cases

(1,896 of 2,650).

Although practice guidelines emphasize the impor-

tance of chemotherapy dose intensity in GCTs [2,11],

the literature to support this assertion is not strong. The

highest level of evidence comes from a randomized con-

trolled trial of 2 different chemotherapy regimens [7].

The 2 regimens differed in several respects including

number of cycles (3 vs. 4), total dose of Etoposide/Cis-

platin/Bleomycin, and delivery schedule. Survival was

improved among those patients treated with 3 cycles of

chemotherapy. It is not clear whether this was due to

inadequate dosing of bleomycin in the 4 cycle arm, dif-

ferent delivery schedule of etoposide/cisplatin, or differ-

ent doses of etoposide/cisplatin (etoposide dose higher

in 3 cycle arm, cisplatin dose higher in 4 cycle arm).

The regimen used in the 3-cycle arm has become the

standard dosing schedule for BEP. It is therefore not

known whether dose intensity for this specific regimen

is associated with outcome. Several other small

studies report mixed results on this issue. Single center

series from Japan (n = 25 evaluable patients treated with

bleomycin, vinblastine, and cisplatin) and UK (n = 53

patients treated with cisplatin, vincristine, methotrexate,

bleomycin, actinomycin D, cyclophosphamide, and eto-

poside) suggest that survival may be inferior with

reduced dose intensity [22,23]. A larger study from Aus-

tralia (n = 253 patients treated with vinblastine, bleomy-

cin, and cisplatin) did not find an association between

dose delivery and survival [10]. The evidence in support

of the relationship between dose intensity and outcome

of men with GCTs is therefore limited. Our study con-

tributes to the knowledge base but given important

methodologic limitations we believe the extent to

which dose intensity is associated with survival remains

unclear.

Rates of hospitalization in our cohort were very high. To

our knowledge, there has been no other study that has quan-

tified hospital admission rates in patients with testicular

GCTs. Despite the frequency of hospitalization, treatment-

related mortality in our study (<1.5%) is comparable the

relevant clinical trials (1%−3%) [24,25]. Long-term sur-

vival in Ontario also appears to be excellent. The 5-year OS

of patients in our cohort treated with 3 cycles of BEP or 4

cycles of EP was 98%. This compares favorably to the

reported IGCCC’s 5-year OS of 91% (95% CI 86%−90%)

for patients with good risk disease [26,27]. Patients who

received BEP£ 4 had a 5-year OS of 87% in our study.

These patients likely had intermediate risk seminoma, inter-

mediate risk NSGCT, or poor risk NSGCT; 5-year OS for

these groups has historically been reported as 72%, 79%,

and 48% respectively [26].
Our study should be interpreted in the context of certain

methodological limitations. Existing data records do not

include stage data or serum tumor markers; this limits our

ability to comment on the appropriateness of the number of

cycles or timing of chemotherapy delivery. This also limits

detailed analysis of management and outcomes per stage and

by dose reduction status. Dose reduction was defined as the

delivery of any subsequent dose that was <80% of the start-

ing dose; our data therefore underestimate the frequency of

smaller dose reductions. We were not able to determine the

rate of bleomycin-induced lung toxicity in this cohort, and

therefore the extent to which bleomycin was appropriately

omitted. However, our rates of bleomycin omission far

exceed those that have previously been shown to be caused

by bleomycin lung toxicity. Chemotherapy drug records

come from electronic order entry which might not include all

inpatient chemotherapy which could be written using paper

order sheets. For this reason it is possible that our cohort

underestimates utilization of etoposide, ifosfamide, cisplatin

(VIP) or paclitaxel, ifosfamide, cisplatin (TIP) inpatient regi-

mens. However, because this report focuses on first-line regi-

men it is unlikely that there are a substantial number of

missing VIP/TIP cases in this setting as these are usually

used in the salvage setting after BEP/EP. Our cohort does not

include 23 patients treated with chemotherapy/radiation

before orchiectomy who may have been at high risk of toxic-

ity. This may also include patients with primary mediastinal

germ cell tumors. The treatment records also do not allow us

to identify the intended number of cycles; therefore, any

patients that were planned to receive 4 cycles of chemother-

apy but only completed 3 cycles may have been incorrectly

classified as not having any dose reduction. In addition, hos-

pital admissions may have been due to various reasons

including toxicity or resection of residual disease. Therefore

these rates may be difficult to interpret. Finally, the available

administrative data-sets do not allow us to understand

reasons for dose delay/reduction/omission. Given the limita-

tions of our observational data and the risks of confounding

in evaluating treatment delivery and outcomes [28], our find-

ings should not be used to support the application of

liberal dose reduction policies for chemotherapy delivery in

testicular cancer.

In summary, a significant proportion of patients treated

with chemotherapy for GCTs in routine practice have dose

reductions/delays. Despite this reduced dose intensity, sur-

vival of patients treated in the general population is excel-

lent. However, we do not suggest these data support the

indiscriminate reduction of dose intensity in men with

GCTs. Further work is required to understand the reasons

for reduced chemotherapy delivery, high rates of postche-

motherapy hospitalization and the extent to which reduced

chemotherapy delivery may impact survival.
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