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Abstract
Purpose To characterize and compare both the outcome and cost of treatment of outpatient (OP) and inpatient (IP) ifosfa-
mide therapy.
Methods A single-center retrospective chart review of patients 18 years and older receiving ifosfamide therapy. The primary 
endpoint compares and evaluates the side effect profiles of ifosfamide-treated patients in the OP/IP settings. The adverse event 
grading system was characterized using the CTCAE Version 5.0. The highest grade was documented per cycle. The secondary 
endpoint of this study compares the costs of OP/IP therapy. It was assumed that the cost of medication was equivalent for IP/
OP treatments. The cost saved with OP administration was determined by the average cost of hospital stay for IP admission.
Results Ifosfamide therapy of 86 patients (57 OP, 29 IP) was reviewed. The predominant OP regimens were doxorobucin-
ifosfamide-mesna (AIM) with 43.9% and ifosfamide-etoposide (IE) with 29.8%. Grade 4 anemia, thrombocytopenia, and 
neutropenia were most frequent in IP vs OP therapies (22.9% IP vs 4.3% OP, 21.6% IP vs 9.2% OP, and 22.8% IP vs 19.6% 
OP respectively). Neutropenic fever (NF) occurred in 20 OP patients which were predominantly treated with AIM or IE 
and led to average hospital stay of 6 days. Neurotoxicity, treated with methylene blue (MB) occurred in 4 OP patients. OP 
therapy saved a total of 783 hospital days, leading to a cost savings of $2,103,921.
Conclusions Transitioning ifosfamide to the OP setting is feasible for academic and community infusion centers with the 
OP administration being safe, well-tolerated, and associated with decreased total cost of care. The current processes allow 
for safe transition of chemotherapy of chemotherapy under times of COVID.
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Introduction

Over the last three decades, there has been a large emergence 
of new treatment regimens and combination treatments in 
chemotherapy; many of these combinations are aggressive 
and have led to hospital admissions secondary to acute tox-
icities exhibited during treatment. Due to these complica-
tions, monitoring procedures were developed for acute sup-
portive care models for treatment [1]. Treatment regimens or 
therapies are often administered IP based on select criteria:

• Highly chemo-toxic therapies such as high dose cisplatin, 
high-dose methotrexate

• Medical procedures requiring acute care: intra-arterial 
chemotherapy, acute leukemic inductions, medically 
emergent rituximab

• Required close monitoring and observation: emergent 
chemotherapy, high-risk cytokine release syndrome 
therapies, desensitization protocols

• Complex chemotherapy regimens, which require six or 
more hours of observation and/or drug administration [2]

In regard to these criteria, the use of IP treatment is 
required for patient welfare and care.

The cost of cancer therapies has also increased over the 
last two decades with increased costs of care and integration 
of new, novel agents [3]. Recent reports have demonstrated 
chemotherapy treatments are continuing to increase annually 
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at exponential rates. In the USA, the total expenditures for 
chemotherapy agents increased from $26.8 billion in 2011 to 
$42.1 billion in 2016. The largest increase seen was between 
2015 and 2016 with an increase of 15.6% [4]. These costs 
have led to higher financial costs for both institution and the 
patient, which impacts the quality of life of cancer patients 
[5–7].

Due to higher costs of therapies in the inpatient (IP) set-
ting and implementation of value-based performance meas-
ures with new alternative payment models, new approaches 
to patient care are being addressed to optimize therapies for 
patients. The transition from administering IP chemotherapy 
to the outpatient (OP) setting provides a unique opportunity 
to decrease total patient care costs, improve patient quality 
of life, and also maximize patient assistance programs that 
would not otherwise be accessible to patients being treated 
IP. Ideally, transitioning to the ambulatory setting would 
save on hospital stay days and possibly on the infusion drug 
being administered. For example, regimens containing ifos-
famide are normally administered IP, namely for side effect 
monitoring and days of infusion needed. Currently, certain 
ifosfamide-based regimens were moved to the OP setting at 
the University of Arizona Cancer Center to enhance patient 
care. The transition was evaluated by addressing factors 
requiring hospitalizations, clinical parameters, caregiver 
support, observation and mitigation, and the management 
of side effects for OP treatment [1].

Ifosfamide is an alkylating agent that has activity in sev-
eral cancer disease states, including germ cell tumors, soft 
tissue sarcomas, and lymphomas [8–10]. It is used in sev-
eral oncology regimens and commonly administered in the 
IP setting due to monitoring requirements and side effect 
management [11]. Due to an acrolein metabolite, ifosfamide 
treatment can cause toxicity of urinary epithelium potentiat-
ing for hemorrhagic cystitis. This adverse effect is mitigated 
with mesna, a chemoprotective agent [12]. Infusion centers 
may send patients home with a 24-h or longer infusion pump 
for intravenous administration of mesna at home.

Currently, there is limited data to validate the safety and 
potential cost-savings of transitioning ifosfamide regimens 
to the ambulatory setting. In 2009 at a single ambulatory 
setting, a study of 13 patients given monotherapy ifosfamide 
plus mesna showed the feasibility, safety, and healthcare cost 
saving of OP treatment [13]. Even though the concept is 
a decade old, ambulatory chemotherapy for ifosfamide is 
still in its infancy [1, 13]. With new measures set forth for 
the response to the COVID-19 pandemic, more centers have 
adapted to OP treatment in an attempt to decrease the risk 
of coronavirus transmission to cancer patients in the IP set-
ting [14].

The purpose of this study was to characterize the side 
effect profile of ifosfamide therapy in the OP compared to 
IP treatment regimens. The IP and OP treatment costs were 

based on the costs of hospital stay per day for therapy admin-
istration. Costs of CBC/CMP lab orders between IP and OP 
regimens were also included. Observational comparisons 
were made between adverse reactions (ADRs) and the costs 
of therapy in either treatment regimen The University of 
Arizona Cancer Center.

Methods

Patient eligibility

This was a single-center retrospective chart review to char-
acterize and compare outcomes and cost savings between 
patients receiving IP and OP ifosfamide treatment. This 
study was approved by the University of Arizona Human 
Subjects Protection Program. The primary outcome was 
the characterized side effect profile and safety of ifosfamide 
treatment in both the OP and IP settings. The adverse event 
grading system was characterized using the CTCAE Version 
5.0 [15]. If a patient chart documented a side effect with 
varying severity throughout a single cycle, the highest grade 
achieved was recorded for that cycle. Secondary endpoints 
included the number of hospitalizations and the cost of ifos-
famide treatment. The different ifosfamide chemotherapy 
regimens observed included doxorubicin-ifosfamide-mesna 
(AIM), ifosfamide-etoposide (IE), paclitaxel-ifosfamide-
cisplatin (TIP), etoposide-ifosfamide-cisplatin (VIP), and 
others as specified in Table 1. The inclusion criteria for this 
study included patients 18 years and older who received ifos-
famide therapy in the OP and/or IP setting at the Univer-
sity of Arizona Cancer Center between September 1, 2013 
through August 31, 2019.

Data collection

Data was collected electronically using Excel data collection 
sheets on password-protected computers at the University 
of Arizona Cancer Center. Demographic data and descrip-
tive information were collected on gender, age, ethnicity, 
weight, body mass index (BMI), zip code, type of cancer, 
number of treatment cycles of ifosfamide therapy, type/
severity of adverse effects, number of hospitalizations, and 
cost of treatment.

Cost analysis

The cost saved with OP administration of ifosfamide was 
determined by the average cost of hospital stay for IP admis-
sion and cost of lab orders assuming the cost of the medi-
cation was the same for both IP and OP treatments. The 
expense per IP day used for this analysis was $2687 and was 
based on an adjusted hospital expense indicator for the state 
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of Arizona in 2018 [16]. Complete blood counts (CBCs) and 
comprehensive metabolic panel (CMP) labs were ordered 
together with a total cost of $96 per order set [17]. Cost 
savings produced by changes in the tests ordered were cal-
culated by comparing the difference in the average number 
of test sets ordered per cycle of IP and OP therapies.

Results

A total of 86 patients (57 OP, 29 IP) received at least one 
cycle of infusional ifosfamide between September 2013 
and August 2019. The median patient age of the OP and IP 
regimens was 54 years (range 19–76) and 40.5 years (range 
19–75), respectively. Males were the most predominant sex 
in both patient groups (68.4% OP, 62% IP). The popula-
tion majority in both arms was white (54.4% OP, 58.6% 
IP). Distance traveled for treatment was also evaluated in 
which 66.7% of the IP group and 58.6% of the OP group 

lived within 25 miles of the treatment institution as shown 
in Table 2.

For the OP chemotherapy regimens, the predominant 
diagnosis was sarcoma subtypes which was treated with 
AIM (43.9%) or IE (29.8%) regimens. There were 5 IP 
regimens (Carbo/Doxo/Ifos, ACNS 1123, ICE, IVAC, and 
SMILE) not given to OP patients and 3 OP regimens (AEWS 
1031/1221, IGEV, ifosfamide alone) not received by the 
other arm. Detailed demographics and the OP chemotherapy 
used in this data set are summarized in Tables 1 and 2.

The total number of OP and IP cycles of treatment admin-
istered was 184 and 74, respectively, with an average of 3.2 
OP cycles and 2.5 IP cycles per patient. Not all chemo-
therapy regimens had the same length of treatment days per 
cycle. Adverse drug effects and toxicities with their greatest 
severities were reported per cycle administered. Based on 
overall cycles including ifosfamide, anemia was the most 
common adverse reaction seen in both OP and IP regimens 
as seen in Fig. 1. Hematuria occurred in 2.7% of OP regi-
mens and 4.1% of IP regimens, most commonly documented 
within the first cycle of treatment. OP regimens where hema-
turia occurred despite appropriate mesna therapy included 
AIM (n = 1, in cycle 1 and 2) and one patient each in TIP 
(cycle 1), TI (cycle 7), and VIP (cycle 3). IP regimens with 
hematuria included one patient in both IVAC (cycle 1) and 
VIP (cycle 1 and 2).

Notable graded side effects were anemia, thrombocyto-
penia, and neutropenia. The incidence of grade 4 anemia 
was less frequently seen in OP therapy occurring in 4.3% 
of cycles (n = 8 cycles) compared to the IP therapy at 22.9% 
(n = 17 cycles). OP AIM treatment resulted in the most 
grade 4 anemia incidences (n = 4 among 4 patients, two in 
both cycle 2 or 6), followed by AEWS1031 (n = 2 among 1 
patient, in cycles 3 and 5) and IE (n = 1, in cycle 1); whereas 
IP RICE treatment had the most grade 4 anemia cases (n = 5 
among 3 patients, in cycles 1–4 with 2 in cycle 2), followed 
by TIP (n = 3 among 2 patients, twice in cycle 2 and cycle 
3) and ICE (n = 3 among 3 patients, all cycle 1). Grade 4 
thrombocytopenia was more prevalent in IP therapies than 
OP at 21.6% of cycles (n = 16) vs 9.2% (n = 17), respectively. 
The most OP cases occurred in EI treatment (n = 6 among 4 
patients, two in cycles 1 and 4, once in cycles 2 and 7), fol-
lowed by AIM (n = 5 among 4 patients, two in cycles 1 and 
2, once in cycle 6). The highest IP incidences occurred in 
Carb/Doxo/Ifos (n = 5 among 1 patient, cycles 1–5), followed 
by RICE (n = 4 among 2 patients, cycles 1–4) and ICE (n = 3 
among 3 patients, all cycle 1). Grade 4 neutropenia was also 
more prevalent in IP cycles at 22.8% (n = 25) vs the 19.6% 
(n = 36) of OP cycles. The most OP incidences occurred in 
AIM (n = 14), IE (n = 10) and AEWS1031 (n = 6), whereas 
the most IP incidences were in RICE (n = 8), Carb/Doxo/
Ifos (n = 5), and AIM (n = 3). A complete list of OP and IP 
regimens and cycles where grade 4 neutropenia occurred 

Table 1  Chemotherapy orders and number of patients

AIM doxorubicin, ifosfamide, mesna, IE ifosfamide, etoposide, TIP 
paclitaxel, ifosfamide, cisplatin, VIP etoposide, ifosfamide, cisplatin, 
IGEV ifosfamide, gemcitabine, vinorelbine, ICE ifosfamide, carbo-
platin, etoposide, R-ICE rituximab, ifosfamide, carboplatin, etopo-
side, IVAC ifosfamide, etoposide, cytarabine, SMILE dexamethasone, 
methotrexate, leucovorine, asparapinase, etoposide, AEWS 1031/1221 
vincristine, doxorubicin, cyclophosphamide, ifosfamide, etoposide, 
ACNS1123 carboplatin, etoposide, ifosfamide, TI paclitaxel, ifosfa-
mide aSome patients had alternating ifosfamide containing regimens

Cancer-based 
chemotherapy 
treatment

Outpatienta Total cycles Inpatienta Total cycles

Sarcoma
AIM 25 92 3 5
IE 17 42 1 1
Carbo/Doxo/Ifos 0 0 1 6
AEWS 

1031/1221
2 7 0 0

Germ cell tumors
TIP 4 7 2 7
VIP 6 11 4 13
ACNS 1123 0 0 1 3
TI 2 11 1 2
Lymphoma
IGEV 1 2 0 0
ICE 0 0 7 12
R-ICE 4 10 8 22
IVAC 0 0 1 2
SMILE 0 0 1 2
Lung cancer
Ifosfamide 

(alone)
4 7 0 0
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is found in Table 3. Other adverse effects and toxicities are 
detailed in Figs. 1 and 2a, b. Additionally, graded side effects 
per regimen can be found in the Appendix Table 5 and 6.

Neutropenic fever (NF) was seen in 20 OP ifosfamide 
cycles (10.9%) and 10 IP cycles (13.5%). Of the 20 inci-
dents of NF in the OP group, the predominant regimen 
administered was AIM (n = 10), followed by IE (n = 4) and 
VIP (n = 3) (Table 4). NF was most commonly seen during 
administration of cycles 1 and 2 of OP therapy, leading to 19 

(95%) hospitalizations with an average length of stay (LOS) 
of 6 days (range 1–17 days). Thirty percent (n = 6) of NF 
hospitalizations showed positive cultures (Table 4).

Neurotoxicity was seen in 4 patients with OP regi-
mens: 3 patients in AIM and 1 in IE. These events 
took place within the first or second cycle of therapy, 
proportionally. All patients received MB to treat their 
neurologic syndrome. The mental status of one patient 
improved after 24  h on MB. Only one patient was 

Table 2  Patient demographics

* There was one IP patient who underwent two different ifosfamide regimens, completing a 3 cycle and 4 
cycle course
** One IP patient’s zip code was not available during chart review

Patient demographics Outpatient (n = 57) Inpatient (n = 29)

Male sex 39 (68.4%) 18 (62%)
Age, median (range) 54 (19–76) 40.5 (19–75)
Ethnicity
White 31 (54.4%) 17 (58.6%)
Black 0 (0%) 1 (3.4%)
Hispanic 13 (22.8%) 6 (20.7%)
Asian 2 (3.5%) 0 (0%)
Native American 0 (0%) 2 (6.9%)
Non-specified 11 (19.3%) 3 (10.3%)
BMI
Less than 18 kg/m2 1 (1.7%) 0 (0%)
18–25 kg/m2 31 (54.4%) 13 (44.8%)
Greater than 25 kg/m2 25 (43.9%) 16 (55.2%)
Malignancies
Breast cancer/HR + / HER2 − /lung mets 1 (1.8%) 0 (0%)
Germ cell 4 (7%) 5 (17.2%)
Lung cancer 5 (8.8%) 0 (0%)
Lymphoma 7 (12.3%) 18 (62%)
Metastatic sarcoma to lung 1 (1.8%) 0 (0%)
Osteosarcoma 3 (5.2%) 2 (7%)
Penile cancer 2 (3.5%) 1 (3.4%)
primitive neuroectodermal tumor 1 (1.8%) 0 (0%)
Sarcoma 5 (8.8%) 1 (3.4%)
Soft tissue sarcoma 28 (49%) 2 (7%)
Cycles completed
1 12 7
2 20 10
3 12 7*
4 2 3*
5 3 2
6 8 1
Over 6 3 0
Distance traveled (mi) for treatment**
0–25 38 (66.7%) 16 (55.2%)
26–50 3 (5.3%) 2 (6.9%)
51–100 10 (17.5%) 3 (10.3%)
101–250 2 (3.5%) 5 (17.2%)
251–400 2 (3.5%) 0 (0%%)
 > 400 2 (3.5%) 2 (6.9%)
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rechallenged with AIM treatment which contained a 
lower ifosfamide dose and shorter course. Neurotoxicity 
was seen in 3 patients with IP regimens including one 
for each AIM, ICE, and RICE therapies. All 3 incidents 
occurred during cycle 1 of therapy. Two patients were 
given MB, and therapy was discontinued or changed to 
an alternative regimen. 

A total of 36 patients (61%) receiving outpatient chemo-
therapy were hospitalized at least once. Hospitalization 
was most common in patients who received AIM, with a 
total LOS of 79 days for all incidents, followed by VIP with 
38 days and IE with 30 (Appendix Table 5). The most fre-
quent cause of all hospitalizations during OP therapy was 
neutropenic fever (26.9%), followed by abdominal pain, 
cramps, or distension (11.5%). The average IP stay for all 

Fig. 1  Frequency of OP and 
IP ifosfamide therapy adverse 
events for total cycles adminis-
tered (n = 184 OP cycles, n = 74 
IP cycles)
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OP hospitalizations due to an adverse reaction was 4.6 days 
(range 1–17); the longest duration was due to neutropenic 
fever, typhlitis, and E. coli bacteremia.

By transitioning to OP ifosfamide, the OP patient popu-
lation avoided a total of 783 hospital bed days leading to 
a hospital cost savings of $2,103,921. The IP therapies 
totaled 401 treatment days, which cost $1,077,487 for IP 
hospital care in total. Additionally, the total number of 
OP versus IP labs was 634 and 804, respectively. There 
was an average of 3.5 labs ordered per OP treatment cycle 
and 10.9 labs per IP cycle. This led to an average cost of 
$336 for labs per OP cycle and $1046 per IP cycle with a 
cost savings of $710 per cycle with the transition to OP 
therapy.

Discussion

Over the last decade, several centers have initiated Medi-
care and Medicaid Services (CMS) with alternative pay-
ment models in oncology addressing value-based care. One 
such program, the oncology care model (OCM), developed 
by the Center For Medicare and Medication Innovation, 
focuses on the larger spectrum of value-based metrics for 
oncology treatment [18, 19]. These metrics have changed 
over the last couple of years; the goal is to reduce the cost 
of care while maintaining high-quality care in the oncology 

setting. This landmark pilot has brought about innovation, 
changes to access, enhanced affordability, and more OP 
care. Evaluating the use of IP chemotherapy for the OP set-
ting was used to improve value-based care for OP treatment. 
The ability to reduce hospital bed utilization, minimize 
costs, and improve access for patient care has transformed 
our treatment strategy.

Ifosfamide utilization was addressed in 57 patients in 
the OP setting and 29 patients in the IP setting. Ifosfa-
mide administration had more severe hematologic adverse 
drug effects (ADEs) occurring in the IP setting than the 
OP setting where treatment was found to be safe and well-
tolerated. OP ifosfamide therapy also provided a lower 
cost of care for patients and the institution. These find-
ings were similar to previous studies from Coriat et al. 
(2009) and McBride et al. (2018). In these studies, OP 
ifosfamide therapy was shown to have a favorable toxic-
ity profile, and the transition from the IP chemotherapy 
regimen to the OP setting resulted in decreased hospital 
bed utilization and increased cost savings [13, 20]. In the 
Corait et al. study, a single center gave 13 patients OP 
ifosfamide plus mesna therapy over 5 days every 21 weeks. 
They found evidence of clinical activity and a favorable 
toxicity profile with monotherapy ifosfamide. The total 
cost per cycle was $2133 in an ambulatory setting versus 
$7642 in the hospital [13], a reduction in cost by more 
than two-thirds when transitioning to the OP setting. The 

Table 3  Incidents of grade 4 neutropenia reported by chemotherapy regimen and cycle

* Regimens: AIM (doxorubicin, ifosfamide, mesna); TIP (paclitaxel, ifosfamide, cisplatin); VIP (etoposide, ifosfamide, cisplatin); R-ICE (rituxi-
mab, ifosfamide, carboplatin, etoposide); IE (ifosfamide, etoposide); AEWS 1031/1221 (vincristine, doxorubicin, cyclophosphamide, ifosfamide, 
etoposide); Carb/Doxo/Ifos (carboplatin, doxorubicin, ifosfamide); ICE (ifosfamide, carboplatin, etoposide); TI (paclitaxel, ifosfamide); IVAC 
(ifosfamide, etoposide, cytarabine)

Patient Regimens Outpatient
(n = 22)

Inpatient
(n = 16)

Incidence of grade 4 neutropenia 
(number of patients)

Cycle of therapy 
(n = incidents)

Incidence of grade 4 neutropenia 
(number of patients)

Cycle of therapy 
(n = incidents)

AIM 14 (9) 1 (4)
2 (6)
3 (2)
4, 6 (1)

4 (3) 1 (3)
2 (1)

TIP 1 (1) 1 (1) 1 (1) 3 (1)
VIP 4 (2) 1 (2)

2, 3 (1)
1 (1) 1 (1)

RICE 1 (1) 2 (1) 8 (5) 1 (5)
2 (2)
3 (1)

IE 10 (8) 1 (6)
2 (2)
5, 7 (1)

– –

AEWS1031 6 (1) 1–6 (1) – –
Carb/Doxo/Ifos – – 5 (1) 1–5 (1)
ICE – – 3 (3) 1 (3)
TI – – 1 (1) 1 (1)
IVAC – – 2 (1) 1, 2 (1)
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transition to OP chemotherapy led to favorable cost savings 
and improved models for ifosfamide treatment consistent 
with our findings.

The safety of this chemotherapy agent given in the 
OP was a concern for patients, caregivers, and nurses 
in evaluating this new model of care. A myriad of ifos-
famide-containing treatment regimens was observed in 
our study. Many agents in these regimens were repeated 
both in the IP and OP aside from ifosfamide as seen in 
Table 1. In our OP chemotherapy regimens, the most 
commonly observed ADEs included anemia, leukope-
nia, and nausea, which were similar to other studies and 
regimens administered in the IP setting with ifosfamide-
containing regimens.

NF was seen in the IP setting more commonly than the 
OP (13.5% vs. 10.9% of total cycles). In the OP setting, NF 
was seen in 11.5% of cycles with AIM and 9.8% with IE. 
The literature suggested a much higher rate with 31% and 
53% with AIM and IE, respectively [9, 21]. In our study, 

there were 23 patients (16 OP and 7 IP) with NF. Of the 20 
total OP NF incidences, 3 were ungraded, 9 were grade 3, 
and 6 were grade 4. Grade 4 NF was found to have a higher 
incidence in the OP group (3.2%) than the IP group (1.4%). 
However, with the small numbers, it is not clear whether 
they are statistically different. Of the OP incidents, 19 lead to 
hospitalization while the remaining patient was hospitalized 
3 days prior to NF secondary to other adverse effects. For 
many of the patients hospitalized, NF was the only reason 
for hospital admission. OP management of NF is an option 
for treatment as outlined in the American Society of Clini-
cal Oncology (ASCO) and Infectious Diseases Society of 
America (IDSA) Practice Guidelines. The management of 
NF in the OP setting is based on clinical criteria and/or vali-
dated scoring tools (i.e., Multinational Association of Sup-
port Care in Cancer risk index and Clinical Index of Stable 
Febrile Neutropenia) [22].

Although 61% of OP patients were hospitalized at some 
point in their cancer treatment, a majority of the ADEs 

Fig. 2  a Toxicity incidence 
by OP chemotherapy cycle 
(n = 57). b Toxicity inci-
dence by IP chemotherapy 
cycle (n = 29). *In a, b, other 
toxicities include edema, pain, 
headache, rash, mucositis, AKI, 
bleeding, tachycardia, hypoten-
sion, leukocytosis, and throm-
bocytosis. **Each incidence is 
per patient per cycle and not the 
accumulated records of ADEs 
each patient had overall within 
each cycle
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documented in both the IP and OP settings were mild. Improv-
ing characterization of IP and OP ADE profiles allowed 
providers to better anticipate and improve the side effects 
management. For example, nausea has a high incidence in 
both IP and OP treatments, but it can typically be managed 
successfully with pharmacologic agents. Furthermore, ifosfa-
mide has black box warnings for more uncommon but severe 
ADEs such as urotoxicity and neurotoxicity; in this study, 

the incidence by cycle of these ADEs was relatively low in 
both groups: hematuria (4.1%, IP n = 3 and 2.7%, OP n = 5) 
and neurologic syndrome requiring MB (2.7%, IP n = 2 and 
2.2%, OP n = 4). For those who experienced neurotoxicity, 
every patient recovered with MB treatment, suggesting this 
ADE could be handled on an OP basis. One patient was suc-
cessfully rechallenged with ifosfamide therapy; the OP patient 
was initiated on AIM with ifosfamide dosing of 1500 mg/
m2 but suffered neurologic syndrome the second day of ifos-
famide treatment. A month later, the patient was reinitiated 
with a shorter course of 3 treatment days and lower dose of 
ifosfamide at 1200 mg/m2. Dose reduction and shorter regi-
men in treatment days is a plausible solution for preventing 
future neurotoxicity. In Pelgrims et al.’s retrospective study, 
eight patients were treated with MB immediately upon clini-
cal diagnosis. The recovery times for ifosfamide neurotoxicity 
were as follows: three patients within 12 h, one within 24 h, 
two after 48 h, and two after 72 h [23]. Another six literature 
reviews featuring MB treatment of ifosfamide neurotoxicity 
had 1 patient, each with varying ifosfamide regimens and 
MB dosing with varied recovery rates from 10 min to 8 days 
[24–29]. In addition to ifosfamide dose adjustment and/or 
shorter course of neurotoxicity prevention, it is also possi-
ble to pretreat with MB in patients with higher neurological 
risks such as chronic seizures (IP, n = 1). Although this patient 
received treatment IP, pretreatment with MB still provides an 
option for prophylaxis in higher risk patients.

Using OP ifosfamide treatment substantially reduces the 
cost of administration. In the Corait et al. study, a patient’s 
total cost per cycle for a 2-m2 body surface area was $2133 
in an ambulatory setting versus $7642 in the hospital; both 
include the costs of ifosfamide/mesna therapy and care in 
each setting for a 5-day infusion course [13]. In our OP 
setting, there was a reduction in the number of labs drawn 
and days spent in the hospital for daily monitoring. Mini-
mization of expenses helps alleviate the financial burden 
for the healthcare system and insurance companies. This 
ambulatory infusion center saved $2,103,921 over IP treat-
ment. Additionally, the average cost of labs for frequent 
monitoring of IP treatment ($1046) is triple the cost of OP 
treatment ($336) per cycle. In retrospect, the frequency of 
labs will always have a higher cost in IP settings due to 
monitoring standards most hospitalized treatments require, 
which will skew ADRs and labs not observed but expe-
rienced in the outpatient setting. Assuming the cost of 
ifosfamide therapy and labs are equal in either setting, 
keeping patients out of the hospital has major cost savings 
and a clear role for ambulatory infusion centers to reduce 
healthcare system costs [16, 17]. Although there are 
patients who require hospitalization for therapy, receiving 
OP cancer treatment has become more accessible. Patients 
may tolerate OP therapy as observed in this study; six IP 
patients had completed 4 (n = 4) to 5 (n = 2) cycles of OP 

Table 4  Incidence of neutropenic fever

* Bacterial infections for OP group included methicillin-resistant 
Staphylococcus epidermidis (MRSE) in urine, coccidioides mycosis, 
pan sensitive Escherichia coli, pan sensitive Klebsiella pneumoniae, 
pan sensitive Enterobacter cloacae and Clostridium difficile (C diff). 
Bacterial infections for IP group included: Klebsiella, Pseudomonas, 
Enterococcus faecium, and Escherichia coli
** Patient deceased shortly after NF status determined
*** Regimens: Regimens: AIM (doxorubicin, ifosfamide, mesna); IE 
(ifosfamide, etoposide); VIP (etoposide, ifosfamide, cisplatin); TIP 
(paclitaxel, ifosfamide, cisplatin); R-ICE (rituximab, ifosfamide, car-
boplatin, etoposide); AEWS 1031 Regimen A (vincristine, doxoru-
bicin, cyclophosphamide, ifosfamide, etoposide); IVAC (ifosfamide, 
etoposide, cytarabine); ICE (ifosfamide, carboplatin, etoposide); 
Carb/Doxo/Ifos (carboplatin, doxorubicin, ifosfamide)

NF incidence

Chemotherapy type Outpatient 
(n = 57)

Inpatient 
(n = 29)

Type of ifosfamide regimen
AIM 10 3
IE 4 –
VIP 3 –
TIP 1 –
RICE 1 3
AEWS1031 regimen A 1 –
IVAC – 2
ICE – 1
Carb/Doxo/Ifos – 1
Incidence-based on cycle
Cycle 1 9 6
Cycle 2 7 3
Cycle 3 2 1
Cycle 4 2 0
Cycle 5 0 0
Cycle 6 0 0
Cycle > 6 0 0
Bacterial Infection* 6 4
Length of stay in hospital
1–3 days 5 1
4–6 days 7 4
7–9 days 2 1
10–12 days 3 2
 > 12 days 1 1
Unknown 1 1**

2762 Supportive Care in Cancer (2022) 30:2755–2766



1 3

therapy and had comparable ADE profiles. Transitioning 
those patients from IP AIM (n = 3) alone would have saved 
$290,196. Ambulatory infusion centers have the capabil-
ity to administer ifosfamide OP; they have the ability and 
supplies to correct moderate ADEs.

When reviewing colony-stimulating factors (CSF) in this 
study, the products primarily used were pegfilgrastim/pegfil-
grastim-cbqv and filgrastim-sndz (31% in IP; 7% in OP). Over 
90% of OP patients received pegfilgrastim products 20 h after 
chemotherapy since the majority of patients with mesna pumps 
were required to return to the clinic for the pump removal. In 
this study, IP patients received neulasta or neupogen in either 
IP/OP settings depending on their wellbeing and/or provider 
discretion; there were 7 patients who had stayed an extra day 
in the hospital to receive their CSF. Although pegfilgrastim 
products are not recommended for use between 14 days before 
or 24 h after chemotherapy administration, several studies, 
including our own, have shown no difference in outcomes 
[30–32]. Providing CSF within less than 24 h is possible, 
allowing an additional hospitalization day saved for both the 
institution and qualifying IP/OP patients.

Data supporting OP ifosfamide treatment as being effica-
cious, tolerable, and cost-effective could encourage insurance 
companies to consider OP therapy as a feasible and worthy 
option. If a patient’s ifosfamide therapy meets the insurance 
treatment criteria such as able-bodied and a performance 
score (PS) of 0–1, OP treatment may be a viable alternative 
to IP. Should a patient warrant concerns of ifosfamide ther-
apy, another option may be to administer therapy IP for the 
first cycle prior to committing to OP therapy which three IP 
patients in this study opted to do [11]. Transitioning ifosfa-
mide to the OP setting provides a novel approach to treating 
patients while maximizing patient satisfaction and decreasing 
total patient care costs under an alternative payment model. 
With the COVID-19 pandemic overwhelming hospitals, the 
availability of outpatient therapies would free up inpatient beds 
for the crisis while safe-guarding patients with compromised 
immune systems undergoing active therapy. Additionally, the 
financial savings for an institution would help lower costs for 
the healthcare system and patients.

Limitations

There are many limitations in this study, which included 
the small sample size at a single institution and possible 
inaccuracy of cancer stage classification due to electronic 
medical record changes in 2017 or lack of documentation. 
Reported ADEs may not be solely associated with ifosfamide 
as patients were on combination therapies and may suffer 
from signs and/or symptoms due to progression of disease. 
Additionally, ADEs were not always described in detail in 
patients’ electronic medical records, making the grading less 
standardizable. It is also reasonable IP patients who were 

hospitalized for therapy required close monitoring, which 
would increase ADEs reported for IP therapy. Consequently, 
the possibility of OP patients having the same number of 
ADEs/concerns as the IP counterpart is plausible since ADEs 
were recorded less frequently. When interpreting the data for 
ADEs, patients with more completed cycles or multiple ifos-
famide therapies (1 in IP; 5 in OP) are overrepresented as 
these patients may have more recorded ADEs. Patient groups 
among ifosfamide regimens and of varying duration by treat-
ment days were not differentiated either. Although not meas-
ured in this study, patients with better PS may be more likely 
treated in the OP setting since these patients would be able to 
tolerate chemotherapy outside of a hospital setting.

Another consideration to bear in mind is the compari-
son between IP and OP is not a 1:1 ratio. The dispropor-
tion of the therapies was often due to provider preference 
such as in the case of IP/OP lymphoma therapy or due to 
pharmacy transition of care in therapies for soft tissue sar-
coma. Many providers at this institution opted for IP treat-
ment over OP treatment since there were standards already 
in place for IP chemotherapies; only in the last several 
years, some providers and pharmacists were able to advo-
cate for certain chemotherapies to be moved to OP such 
as riuximab [20]. In our study, not all therapies are gener-
alizable to all patients receiving ifosfamide treatment. OP 
patients were also an average of 10 years older than the 
IP patients which may skew certain outcomes as well and 
the differences in malignancies are not duplicated in either 
arm such as OP treatment in patients with lung cancers 
or soft tissue sarcomas whereas patients with lymphoma 
were treated IP. Furthermore, the population of IP was 
small and several did not complete their therapy, which 
lowers the ability to accurately analyze tolerance for IP 
ifosfamide therapy. High-risk individuals with increased 
baseline risk and differing health care needs between the 
groups were not placed in a separate comparison group 
in this study. Lastly, it is very important to note the costs 
garnered in this study are not accurate to the institution 
but rather likely costs found from a state adjusted hospital 
indicator so the savings are estimates.

Conclusions

Transitioning to OP ifosfamide therapy is feasible for aca-
demic and community infusion centers with the administra-
tion of ifosfamide OP being safe, well-tolerated, and associ-
ated with decreased total cost of care. While the frequency 
of ADEs is quite diverse in IP and OP settings, outpatient 
ifosfamide administration lowers costs for patients and the 
institution, by and large in the reduction of both hospital stay 
days and aggressive lab tests. Ifosfamide OP therapy has 
not only practical application in monetary saving but also 
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in sparing hospital rooms for patients who do require any 
kind of IP treatments such as the current situation with the 
COVid-19 pandemic. Although ifosfamide OP regimens are 
relatively recent, there are protocols available to an oncology 
team on how to administer ifosfamide in an ambulatory set-
ting properly and defining procedures in which anticipated 
ADEs would be handled appropriately. Providers and phar-
macists can transition certain patients’ ifosfamide therapy 
to OP setting and monitor for side effects while lowering 
healthcare costs for the patient and institution.

Appendix 1

Table 5  Incidence of hospital visits by cause and the length of stay 
based on OP chemotherapy

Cause of hospitalization Incidence (% cycles per regimen)

Neutropenic fever 19
Abdominal pain/cramps/distention 6
Neutropenia 3
E. coli bacteremia 2
Pseudomonas bacteremia 1
Salmonella bacteremia 1
C. difficile 1
Altered mental status 3
Chest pain 3
Tachycardia 1
Dehydration 1
Pain 2
Afib 2
Intractable nausea/vomiting 3
Rectal bleeding 1
Neutropenic typhlitis 1
Bilateral pulmonary embolism 1
Neurotoxicity 1
Hemorrhagic cystitis 1
Hematuria 1
Pneumonia 1
Leg pain/swelling 1
Inadequate oral intake/nutrition 1
Chemotherapy type Total LOS (days)
AIM 79
IE 30
VIP 38
TIP 16
RICE 16
IGEV 0
Ifosfamide alone 8
AEWS 1031 Regimen A 3
AEWS 1221 Regimen A 0

Table 6  Overall toxicity—incidences for OP therapy (total = 582)

Adverse effect Grade 1 Grade 2 Grade 3 Grade 4 Ungraded

Neutropenia 7 8 15 36
Febrile neutro-

penia
– – 11 6 3

Thrombocytopenia 27 18 10 17
Anemia 48 34 21 8
Neurotoxicity – – – – 4
Hematuria 5
Nausea 66 12 2 0
Vomiting 31 11 1 0
Diarrhea 2 5 0 0
Fatigue 30 12 3 0
Others* – – – – 134

Appendix 2

*Other adverse effects include: hematuria, edema, pain, 
headache, rash, mucositis, AKI, bleeding, tachycardia, 
hypotension, leukocytosis, and thrombocytosis.

Appendix 3. Overall toxicity — incidences 
for OP therapy (total = 582)
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