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Abstract

Background

Bleomycin, Etoposide and Cisplatin (BEP) chemotherapy is the conventional treatment
regimen for patients with germ cell tumours. The regimen is highly emetogenic and
immunosuppressive. High dose steroids are often prescribed with this regimen as antiemetic

prophylaxis but may have adverse effects in the context of immunosuppression.

Objective

To investigate whether the use of a steroid-sparing antiemetic protocol (substituting
dexamethasone with olanzapine) affects the incidence of neutropenia and associated hospital

admissions in patients receiving BEP chemotherapy.

Design, setting, participants and statistical analysis

Records from 108 patients who received BEP in St Bartholomew’s Hospital, London were
divided into two groups by antiemetic regimen. Group 1 (treated 2008-2013) were treated
with a steroid-containing antiemetic protocol and Group 2 (treated 2014-2017) were given a

steroid-sparing protocol, i.e. using olanzapine.

Outcomes include incidence of neutropenia at nadir blood count, severity of neutropenia,
hospital admissions due to febrile neutropenia (FN) and baseline risk factors associated with

FN. Statistical analyses were performed using two-sided Chi-squared tests.

Results and limitations



Baseline characteristics were balanced in age, gender, histology, and proportion of IGCCCG
poor-risk patients. The incidence of neutropenia of any grade (Group 1, 96.2%, Group 2,
98.1%) was comparable although Group 2 had more patients with severe neutropenia (77.7%,
G1 vs 88.8%, G2). There was a significant difference in FN Incidence (22%, G1 vs 7.5%, in G2,
p=0.030). Most cases of FN occurred in Cycle 1. Two baseline characteristics were over-

represented in patients who developed FN — females and patients > 50 years old.

Conclusion

By comparing two cohorts who received prophylactic antibiotics, our audit suggests that rates
of febrile neutropenia related admissions have decreased in the cohort of patients that we

employed a steroid-sparing antiemetic protocol.



Introduction:

Germ cell tumours are rare, only accounting for 1% of new cancer diagnoses in males in the
United Kingdom, however they are the most common solid tumour affecting young men in
their second or third decade of life (1). The use of cisplatin based combination chemotherapy
regimens has revolutionised the treatment of metastatic germ cell tumours, with cure rates
in the majority of patients with metastatic disease exceeding 90% (2). However, the
conventional treatment combination, BEP (Bleomycin, Etoposide and Cisplatin), is highly
emetogenic and immunosuppressive (3, 4). Given that germ cell tumours are curable
neoplasms, the focus of clinical research in recent years in this subgroup of patients is on long
term survivorship, as well as in efforts to minimise acute chemotherapy-related toxicities for

patients.

Reported rates of febrile neutropenia (FN) in patients receiving BEP chemotherapy are
approximately 10-20% (5). Febrile neutropenia can result in life-threatening infections and is
associated with lengthy hospitalisations, early mortality and high medical costs (6). Risk
factors for FN in patients with germ cell tumours include older age, poorer performance
status, seminomatous histology, poor International Germ Cell Cancer Collaborative Group

(IGCCCG) risk class and prior radiotherapy (7).

Chemotherapy induced nausea and vomiting (CINV) can be debilitating and has a huge impact
on a patient’s quality of life (8). The BEP chemotherapy regimen is highly emetogenic, and
effective prevention and prophylaxis is therefore recommended (9). The pathophysiology of

CINV is complex, with multiple different pathways and neurotransmitters involved. These



include serotonin, dopamine, histamine and substance P (8, 10). Current chemotherapy
protocols recommend the use of prophylactic anti-emetic combination therapies that include
phenothiazines, dopamine receptor antagonists, serotonin 5-HT3 receptor antagonists, NK;

receptor antagonists and corticosteroids.

Steroids, particularly dexamethasone, have been used within chemotherapy regimens for
years as part of preventive therapy of CINV in highly emetogenic regimens. Despite its
effective antiemetic properties, prolonged use of dexamethasone can be toxic. Potential side
effects include insomnia, indigestion, mood changes, agitation, increased risk of infection,
diabetes, osteoporosis, and long-term risk of avascular necrosis. In addition, the use of
steroids is associated with immunosuppression and may increase risk of febrile neutropenia
(11, 12), but it is unclear whether its use with cytotoxic chemotherapy impacts severity or

day of onset of neutropenia.

Olanzapine is an atypical antipsychotic drug that works by blocking multiple neuroreceptors
including dopaminergic, serotonergic, adrenergic, muscarinic and histamine receptors,
making it an effective antiemetic (13). Olanzapine has recently been added to European
Society of Medical Oncology (ESMO) and American Society of Clinical Oncology (ASCO)
guidelines as an option in highly emetogenic regimens, in addition to conventional 5HT3
antagonists, NK1 receptor antagonists and dexamethasone (14, 15). The efficacy and
tolerability of olanzapine as an antiemetic has been evaluated in a few randomised studies
which demonstrated its superior properties as an effective anti-emetic in the control of

delayed CINV (16).



Aim and Methods

The aim of this audit was to determine whether the introduction of olanzapine as an
antiemetic to the BEP chemotherapy regimen, in lieu of high doses of dexamethasone,
reduced the rates of febrile neutropenia related admissions to hospital, thereby improving

quality of life and reducing costs to the National Health Service (NHS).

St Bartholomew’s Hospital, London, is a tertiary referral centre for germ cell tumours. Prior
to 2014, standard doses of dexamethasone were used in combination with ondansetron and
domperidone/metoclopramide as anti-emetic prophylaxis. The detailed anti-emesis regimens
are detailed in Figures 1A (3-day regimen) and 1B (5-day regimen). Following randomised data
showing that olanzapine may possess favourable anti-emetic properties the germ cell team

in our institution introduced this routinely for patients treated with BEP chemotherapy.

A protocol change was instated in 2014, introducing olanzapine as an antiemetic largely
substituting dexamethasone in the protocol, with the exception of Day 1 where

dexamethasone is administered as a single dose intravenously.

All patients received 5HT3 antagonists and either metoclopramide or domperidone. An
additional antiemetic, usually aprepitant, was added to this antiemetic regimen in patients
who experienced prolonged nausea and vomiting in spite of the initial anti-emetic

prophylaxis.



We retrospectively collected data from patients treated with BEP chemotherapy over 10
years (2008-2017). We specifically looked at rates of neutropenia, number of admissions to
hospital, number of patients on olanzapine and reduced dexamethasone (post 2014) versus
dexamethasone without olanzapine (pre 2014), patients’ requirement for GCSF (prophylactic

or treatment) and prophylactic use of antibiotics. Patients on clinical trials were excluded.

Between 2008-2013, we selected fifty four (n=54) consecutive patients treated with BEP.
Patients in this group received conventional antiemetics, namely Ondansetron 8mg
intravenously, domperidone or metoclopramide 10mg three times a day for 5 days, together

with dexamethasone IV and PO as described in Fig 1.

We selected an equivalent number of patients treated consecutively after the protocol
change in January 2014 ie, fifty four (n=54) patients treated between 2014-2017 with BEP to
facilitate comparison. In Group 2, patients received a loading dose of olanzapine (10mg)
orally, dexamethasone and ondansetron intravenously followed by olanzapine 5mg orally

twice daily for five days (days 2-6) and domperidone 10mg three times daily for 5 days.

A schematic of the 3-day and 5-day BEP treatment regimen, alongside differences in

dexamethasone dosages in Groups 1 and 2, are shown in Figure 1A and 1B.

<Please Insert Figure 1 Here — Figure Legend After References>



All patients had their full blood count (FBC) checked weekly on days 1, 8 and 15 and received
prophylactic antibiotics with Ciprofloxacin 500 mg twice daily for ten days (days 8-18). No
Granulocyte Colonising Stimulating Factor (GCSF) was administered as primary prophylaxis.
Use of GCSF as secondary prophylaxis was documented and included in our results. Secondary
GCSF was routinely administered on Day 1 of the subsequent cycle of treatment, if the patient
had a documented episode of FN in the prior cycle. Due to the curative nature of this

treatment regimen, no dose reductions were instated as a result of FN.

All patients receiving active chemotherapy are advised to contact the Chemotherapy Hotline
for any treatment-related concerns, and particularly if their measured body temperature
exceeds >38 °C. Whenever possible, the patient is subsequently directed to a local Accident
and Emergency Department within Barts Health NHS Trust network — which encompass four
large hospitals in East London. Any occurrence of FN and associated admissions were
rigorously reviewed prior to commencement of each cycle of chemotherapy and clearly

documented in the hospital electronic records.

STATISTICAL METHODS
Data in the form of categorical variables was analysed using a Chi-square test to assess the
relationship between the use of antiemetic regimen and the occurrence of neutropenia or

neutropenic sepsis admissions.

RESULTS
The baseline characteristics of our two patient groups are shown in Table 1. The two groups

were comparable in age, gender, histology, and proportion of IGCCCG poor-risk patients.



There was a numerically higher proportion of patients receiving 4 cycles of BEP and 5-day BEP
in Cohort 1. However, these differences were not statistically significant (p=0.41 for 3 vs 4
cycles of BEP, p=0.27 for 3- vs 5-day BEP). Notably, the proportion of patients with pure
seminoma was lower than the general population (approximately 16% of total). This was
because of competing studies recruiting patients with good-risk metastatic seminoma into
clinical trials of alternative regimens which accounts for the under-representation of patients

with pure seminoma in our cohort.

Group 1 (2008-2013), n=54 Group 2 (2014-2018), n=54

Age (years)
Median (IQR) 30 (26.25-42.25) 35 (27-41)
>50 8 (14.8%) 8 (14.8%)
30-49 24 (44.4%) 30 (55.6%)
<30 22 (40.7%) 16 (29.6%)
Gender
Male 49 (90.7%) 52 (96.3%)
Female 5(9.3%) 2 (3.7%)
Histology (n, %)
Pure Seminoma 10 (18.5%) 8 (14.8%)
Non-Seminomatous/Mixed 44 (81.5%) 46 (85.2%)
GCT
IGCCCG *
Good 33 (67%) 43 (83%)
Intermediate 13 (27%) 8 (15%)
Poor 3 (6%) 1(2%)
Number of cycles (n, %)
1-cycle 0 3 (5.6%)
2-cycle 0 0
3-cycles 39 (72.2%) 41 (75.9%)
4- cycles 15 (27.8%) 10 (18.5%)
Duration of BEP (n, %)
3-day BEP 30 (55.6%) 36 (66.7%)
5-day BEP 24 (44.4%) 18 (33.3%)
Neutropenic patients (n, %)
3-day BEP 29 (96.6%) 35 (97.2%)



5-day BEP 23 (95.8%) 18 (100%)
Neutropenia

Severe (<0.5x10°%/L) 42(77.7%) 48(88.8%)

0.5-1.0 x10°/L 10(18.5%) 5(9.25%)

No neutropenia 2(3.7%) 1(1.85%)
Primary GCSF 0 0
Secondary GCSF 11 6

Additional Antiemetics
Aprepitant 5
Cyclizine

Levopromazine

Total 7(12.9%) 3(6.5%)

Table 1: Baseline demographics of patients in Group 1 and Group 2.

IQR= Interquartile range. BEP = Bleomycin, Etoposide, Cisplatin, GCT = Germ Cell Tumour
IGCCCG = International Germ Cell Cancer Collaborative Group. *Female patients were
excluded from risk classification as there is no formally defined classification for ovarian germ

cell tumours.

The incidence of neutropenia in both groups are shown in Figure 2A, alongside the incidence
of total cases of neutropenia (Absolute Neutrophil Count, ANC<1.0x10%/L ), proportion of
severe neutropenia (ANC<0.5 x10°/L), and incidence of febrile neutropenia, FN (pyrexia > 38°C
in the presence of any degree of neutropenia). All patients with febrile neutropenia required

hospital admission.

<Please Insert Figure 2 Here — Figure Legend After References>
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Most patients in Group 1, G1 (n=52, 96.2%) and Group 2, G2 (n=53, 98.1%) developed
neutropenia at some point during treatment. There was no difference in number of
neutropenic patients based on treatment regimen, 3 vs 5 days BEP chemotherapy. The
proportion of severe neutropenia was marginally higher in Group 2 (n=42, 77.7% in G1 vs
n=48, 88.8% in G2) — measured as a reflection of the nadir blood count through full blood
count measurements on Day 8 and Day 15 of treatment. However, there was a significant
difference in the incidence of febrile neutropenia in both groups of patients, with twelve (12,

22%) patients in Group 1 requiring admission for FN vs four (4, 7.5%) in Group 2 (p=0.030).

Having established the significant disparity between the two groups in incidence of FN, we
further investigated the characteristics of this subpopulation to try to investigate similarities
and differences in baseline characteristics and subsequent management. Figure 2B reveals
that most cases of FN occurred with cycle 1 of treatment (8/12, 66.6% in G1 and 3/4, 75% in

G2) with only 1 patient in cycle four of treatment.

The good-risk prognostic group represented 70% of FN admissions in G1 vs 100% in G2. Older

patients, i.e. those greater than 50 years old, were equally represented in both groups.

Group 1 (2008-2013) n=12 Group 2 (2014-2017) n=4
Histology (n %)
Seminoma 3 (25%) 0
NSGCT 9 (75%) 4 (100%)
IGCCCG*
Good 7 (70%) 3 (100%)
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Intermediate

3 (30%)

Poor 0

Age

250 3 (25%) 1(25%)
30-49 3 (25%) 2 (50%)
<30 6 (50%) 1(25%)
Gender

Female 2 (16.7%) 1(25%)
Male 10 (83.3%) 3 (75%)
Number of chemotherapy cycles

received:

1 x cycle 0 1(25%)
2 x cycles 0 0

3 x cycles 8(66.7%) 3(75%)
4 cycles 4(33.3%) 0

5 days BEP 4 (33.3%) 1(25%)
3 days BEP 8 (66.7%) 3 (75%)
Neutropenia

Severe (<0.5x10°/L) 11 (91.7%) 4 (100%)
0.5-1.0x10°/L 1(8.3%) 0
Onset of neutropenia in relation

to cycles

1t 8(66.6%) 3(75%)
2nd 0 1(25%)
3rd 3(25%) 0

qth 1(8.3%) 0

FN admission admissions in

relation regimen and cycle

3 days BEP

15t 5 (62.5%) 2 (66.6%)
2nd 0 1(33.3%)
3rd 3(37.5%) 0

4t 0 0

5 days BEP -

1st 3 (75%) 1 (100%)
2nd 0 0
3rd 0 0
4th 1(25%) 0
GCSF primary 0 0
GCSF secondary 8 (67%) 4 (100%)

Table 2: Baseline Characteristics of Patients with Febrile Neutropenia
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BEP = Bleomycin, Etoposide, Cisplatin, GCT = Germ Cell Tumour, IGCCCG = International Germ
Cell Cancer Collaborative Group, GCSF = Granulocyte Colony Stimulating Factor. *Female
patients were excluded from risk classification as there is no formally defined classification

for ovarian germ cell tumours.

The baseline characteristics and treatment of patients with FN are shown in Table 2. It was
difficult to establish differences between the two groups due to the low incidence of FN.
However, two baseline factors were over-represented in the FN cohort: Although we had low
number of females in our audit, two (2/5, 40%) in Group 1 and one (1/2, 50%) in Group 2 were

admitted with FN.

Older patients were also marginally over-represented in the cohort that developed FN.
Despite comprising less than 15% of the population of both groups, 25% of patients who

developed FN were above the age of 50.

In the cohort which developed FN, there was no significant difference between the incidence

of FN in the 3- or 5-day regimens.

Discussion
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Our study compared two cohorts of patients with GCTs who received BEP chemotherapy with
different supportive regimens for anti-emesis. The results show that patients in Group 2, who
received olanzapine in the context of a steroid-sparing regimen, had significantly lower rates
of admissions due to febrile neutropenia (p=0.030). This occurred despite the higher overall

rates of severe neutropenia in Group 2.

We postulate that the significant reduction in total steroid dose is the reason behind this
disparity. The use of steroids has traditionally been associated with lymphopenia (17, 18), and
arguably a direct effect on lymphocyte function, leading to an escalated degree of
immunosuppression in any neutropenic patient. Dexamethasone may also interact with the
chemotherapy agents or with the lymphocytes and modulate immune response (19).
Glucocorticoids also downregulate antigen presentation and expression of human-leukocyte
class Il antigen molecules by macrophages (20), and directly inhibit monocytic function (21).
In support of our observation, Kang et al has shown that a low-dose dexamethasone
premedication protocol has comparable efficacy to the conventional dexamethasone
protocol in the prevention of docetaxel hypersensitivity with significantly fewer infection

complications (22).

Several studies have confirmed that olanzapine is a safe and effective antiemetic for CINV.
Evidence from a Phase Il trial that compared the effectiveness of olanzapine for the
prevention of CINV in patients receiving highly emetogenic chemotherapy, showed that this
is effective for both acute and delayed CINV. Specifically, Navari et al compared olanzapine to

aprepitant in combination with palonosetron and dexamethasone in patients receiving highly
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emetogenic chemotherapy (23). More recent studies have shown effective emesis control at

a lower dose of olanzapine 5mg, balancing efficacy with risks of sedation (24).

A novelty of the anti-emetic protocol in St Bartholomew’s Hospital is the use of olanzapine
along with a dopamine antagonist and 5HT3 receptor antagonist in a steroid-sparing fashion.
Prior studies have instead adopted the more conservative approach of adding olanzapine to
a steroid-containing protocol. One could caution that the omission of steroids may result in
poorer control of emesis. The absence of patient-related outcomes about emetic control
constitutes a limitation to our retrospective audit. However, anecdotal evidence (through our
experience) suggests that there was no indication of increased rates of CINV. Furthermore,
our records indicate that Group 1 required more additional antiemetics than Group 2 (12.9%

vs 6.5%), indicating effective anti-emesis with olanzapine in lieu of steroids.

A further limitation is the imbalance in baseline characteristics of both cohorts. There was a
numerically higher proportion of patients receiving 4 cycles of BEP and 5-day BEP, although
this was not statistically significant. Most patients who developed FN experienced them after
the 1%t cycle of treatment, and thus this imbalance is unlikely to have contributed to our main
observation. Furthermore, a large randomised study by de Wit et al in 2001 demonstrated
equivalence in the rates of neutropenic fevers between the regimens, regardless of number
of days of treatment delivery (3- or 5- days) and number of cycles of BEP administered (5).
Another area of imbalance was in the IGCCCG prognostic risk groups, with significantly more

patients in the good-risk group in Group 2 compared to Group 1. However, the proportion of
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poor-risk group patients were equivalent in both cohorts, and Terbuch et al demonstrated

that only poor-risk IGCCCG group patients are predicted to be at higher risk of FN (7).

Conclusion

Although olanzapine use as an antiemetic is endorsed by major guidelines for highly
emetogenic chemotherapy regimens, the role of it as a steroid sparing agent has been much
less studied. This audit compared two similar cohorts of patients receiving BEP
chemotherapy, one of which was treated with the routine dexamethasone regimen and the

second which received olanzapine, with a significantly reduced dose of steroids.

Limiting the use of steroids in anti-cancer treatment regimens could have an important role
in reducing the morbidity of chemotherapy and may also improve the efficacy of the newer
chemo-immunotherapy regimens. Due to the limitations of its size and retrospective nature,
we cannot definitively conclude that rates of FN related admissions have decreased as a
consequence of employing a steroid-sparing antiemetic protocol. However, this audit is
hypothesis generating and larger prospective study would be necessary to validate these
findings. In addition, a future study should incorporate formal nausea and vomiting

assessment, to ensure that anti emetic control has not been compromised.
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Figure Legends

Figure 1: Schematic diagram of Bleomycin, Etoposide, Cisplatin (BEP) intravenous treatment
regimen with corresponding antiemetic supportive regimen between period of 2008-2017: (A)
Anti-emetic supportive regimen in 3-day BEP Treatment Regimen, (B) Anti-emetic supportive
regimen in 5-day BEP Treatment Regimen. Differences between Antiemetic Regimen in Group 1 and
Group 2 highlighted in Bold. Legend — FBC: Full Blood Count, U&E: Urea and Electrolytes, LFT: Liver
Function Tests, IU: International Units, BD: Twice Daily, TDS: Three Times daily, IV: Intravenously, PO:

Orally, D1 etc: Day 1 etc

Figure 2: Incidence of Neutropenia in Both Patient Cohorts (A) Prevalence of Neutropenia in both
groups. Neutropenia is defined as absolute neutrophil count (ANC) < 1.0 x10%L . Severe neutropenia
is defined as ANC<0.5 x109%/L while febrile neutropenia is defined as the presence of a pyrexia >38°C

along with an ANC<1.0 x10%L. (B) Incidence of first episode of febrile neutropenia.
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