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Abstract

Background Combined ipilimumab and nivolumab induces
encouraging response rates in patients with unresectable or
metastatic melanoma. However, the approved protocol for
dual checkpoint inhibition (3 mg/kg ipilimumab over 90 min
and 1 mg/kg nivolumab over 60 min) is time-intensive and
several trials have shown that both single agents can be
safely administered at faster infusion rates.

Aim To investigate whether combined checkpoint inhibi-
tion with 3 mg/kg ipilimumab and 1 mg/kg nivolumab can
be safely administered over 30 min per agent.

Patients and methods We reviewed the rate of infusion-
related reactions (IRRs) in the first 12 months of our sin-
gle-institution experience using shortened infusion times
for combined checkpoint inhibition with ipilimumab and
nivolumab.

Results Between May 24, 2016 and June 10, 2017, a total
of 46 melanoma patients received 100 shortened cycles of
combined 3 mg/kg ipilimumab and 1 mg/kg nivolumab. One
patient (2.2%; 1/46) had a questionable reaction after admin-
istration of 1 mg/kg nivolumab over 30 min, but none of the
other patients had a bona fide IRR.

Conclusions Shortened infusion times for combined ipili-
mumab and nivolumab treatment are safe, thereby facilitat-
ing a more efficient use of outpatient facilities and enhancing
patient’s convenience.
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Abbreviations
AJCC American Joint Committee on Cancer

CTCAE Common Terminology Criteria for Adverse
Events

CTLA-4 Cytotoxic T-lymphocyte antigen-4

ECOG  Eastern Cooperative Oncology Group

IQR Interquartile range

irAEs Immune-related adverse events

IRR Infusion-related reaction

mAb Monoclonal antibody

NA Not available
PD-1 Programmed cell death protein 1

Introduction

Ipilimumab and nivolumab were approved by the US Food
and Drug Administration in October 2015 and by the Euro-
pean Medicines Agency in May 2016 as first and only
immuno-oncology combination for the treatment of patients
with unresectable or metastatic melanoma. Both agents are
fully human monoclonal antibodies (mAbs) targeting T cell
coinhibitory markers. Ipilimumab is directed against the
cytotoxic T-lymphocyte antigen-4 (CTLA-4) and nivolumab
against the programmed cell death protein 1 (PD-1). Clini-
cal trials showed objective response rates of about 60% for
combination of CTLA-4 and PD-1 blockade with longer
progression-free survival and higher objective response rate
than either agent alone [1-3].

The approved dose and schedule of combined immune
checkpoint inhibition is intravenous infusion of 1 mg/
kg nivolumab over 60 min plus 3 mg/kg ipilimumab over
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90 min every 3 weeks for up to four cycles, followed by
3 mg/kg nivolumab over 60 min every 2 weeks thereafter
as monotherapy.

The rationale for the low infusion rate has not yet been
elucidated in detail, but it presumably intends to minimize
the incidence of IRRs [4]. However, faster infusion proto-
cols have been successfully established, such as 3 mg/kg
ipilimumab over 30 min [4] and 10 mg/kg over 90 min [5].
Moreover, 1 mg/kg nivolumab is infused in the first 20 min
when patients receive 3 mg/kg nivolumab monotherapy
over 60 min, suggesting that a 30-min infusion should be
safe as well. These considerations led to a change in our
institutional infusion guideline because faster infusion of
combined immunotherapy would allow a more efficient use
of our outpatient facilities and enhance patient convenience.

In this report, we retrospectively reviewed the incidence
of IRRs in melanoma patients treated with combined 3 mg/
kg ipilimumab and 1 mg/kg nivolumab over 30 min per
agent at our institution between May 24, 2016 and June 10,
2017.

Patients and methods

Indication for combined ipilimumab and nivolumab treat-
ment was confirmed by a multidisciplinary tumor board.
The following protocol was used for the shortened infusions
and approved by the Department of Clinical Pharmacy of
the University Hospital Tuebingen: at first, 100 ml of 0.9%
normal saline i.v. short-infusion was given to reassure the
correct position of the intravenous cannula. Subsequently,
1 mg/kg nivolumab, which has been added to 50 ml of 0.9%
normal saline, was administered i.v. over 30 min, followed
by 100 ml of 0.9% normal saline i.v. over another 30 min.
Thereafter, 3 mg/kg ipilimumab, which has been mixed with
0.9% normal saline to a final volume of 100 ml, was admin-
istered i.v. over 30 min, followed by a final 100 ml of 0.9%
normal saline i.v. short-infusion. Infusions were adminis-
tered in direct proximity to the staff of the Center of Der-
matooncology and all patients were equipped with bells to
call attention in case of discomfort during infusions. Blood
pressure was measured at the beginning, after completing
nivolumab infusion and at the end of each infusion cycle. All
patients were monitored for at least 30 min after completion
of combined immunotherapy.

Before each infusion cycle, all patients were seen by
dermatologists for completion of standardized checklists
to record the current ECOG (Eastern Cooperative Oncol-
ogy Group) performance status, body weight, presence of
B symptoms (fever, night sweats, weight loss) and to rule
out any immune-related adverse events (irAEs). If patients
were on systemic steroids for treatment of irAEs, immuno-
therapy was continued at a dose of 10 mg or less prednisone
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equivalent daily. Treatment was only given if up-to-date
blood exam (complete blood count, liver and kidney function
tests, electrolytes, amylase, lipase, creatine kinase, blood
glucose, lactate dehydrogenase, S100B, thyroid-stimulat-
ing hormone and free triiodothyronine/free thyroxine) and
urinalysis were checked. Exclusion criteria for shortened
immunotherapy infusions were uncontrolled or symptomatic
brain metastasis, glomerular filtration rate of less than 30 ml/
min/1.73 m? and ECOG performance status more than 2.
The change in infusion times was done as a clinical deci-
sion and outcomes were reviewed retrospectively based on
computerized medical records.

Statistical calculations were performed with IBM SPSS
Statistics Version 23.0 IBM SPSS, Chicago, Illinois, USA).
Skewed numerical variables were described by median value
and interquartile range (IQR). The incidence of IRRs among
fast and slow infusion rates was compared with Pearson’s
4 test and Fisher’s exact test, respectively. Throughout the
analysis, p values less than 0.05 were considered as statisti-
cally significant.

Results

Between May 24, 2016 and June, 10, 2017, 46 patients
received a total of 131 cycles combined immunotherapy
according to either the standard (n = 31) or the shortened
infusion protocol (n = 100). Patient and treatment character-
istics are summarized in Table 1. Treatment was discontin-
ued due to progression (n =5, 10.9%), irAEs (n =5, 10.9%;
colitis n = 3, 6.5%; nephritis n = 1, 2.2%; meningoencepha-
litis n = 1, 2.2%) or death (n = 1, 2.2%). Three patients
(6.5%) were lost to follow up and 18 patients (39.1%) were
still on treatment at the time of this report.

One patient (2.2%; 1/46) had an episode of syncope dur-
ing the shortened infusion cycle that might be associated
with the shortened infusion protocol (see “Case report”).

Case report

An 82-year-old female patient with known carotid artery
disease and newly diagnosed stage IV melanoma of
unknown primary was started on combined immunother-
apy with ipilimumab and nivolumab and tolerated cycle 1
without incident. At presentation for the second cycle, she
reported a new onset of vertigo and nausea. Blood pres-
sure was 100/70 mmHg at the beginning of the infusion.
After completion of the nivolumab dose, the patient suffered
a sudden loss of consciousness and was responsive again
shortly after. Blood pressure was 150/80 mmHg and elec-
trocardiogram showed no signs of arrhythmia or ischemia.
Troponin I was normal at baseline and 4 h later. Symptoms
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Table 1 Patient and treatment characteristics

No. of
patients (%
of total)
Gender
Female 24 (52.4%)
Male 22 (47.6%)
Age, years
Median (IQR) 63 (52-75)
ECOG performance status
0 34 (73.9%)
1 9 (19.6%)
NA 3(6.5%)
Melanoma stage at treatment start (AJCC)
Cutaneous melanoma or melanoma of unknown 38 (82.6%)
primary
1c 2 (4.3%)
IVMI1b 5 (10.9%)
IVMIc 31 (67.4%)
Mucosal melanoma 2 (4.3%)
v 2 (4.3%)
Uveal melanoma 6 (13.0%)
v 6 (13.0%)
Brain metastasis at treatment start
No 44 (95.7%)
Yes 2 (4.3%)
Previous treatments
None 19 (41.3%)
Adjuvant low-dose interferon alpha 15 (32.6%)
Chemotherapy 4 (8.7%)
Ipilimumab 7 (15.2%)
Anti-PD-1 antibody 18 (39.1%)
BRAF + MEK inhibitor 5 (10.9%)
Number of total infusion cycles (regular and shortened) 131
1 cycle 8 (17.4%)
2 cycles 9 (19.6%)
3 cycles 11 (23.9%)
4 cycles 18 (39.1%)
Number of shortened infusion cycles 100
1 cycle 20 (43.5%)
2 cycles 8 (17.4%)
3 cycles 8 (17.4%)
4 cycles 10 (21.7%)

resolved spontaneously within minutes and thus, ipilimumab
was administered over 90 min. The patient was admitted
to the dermatology ward for observation and discharged on
the next morning. Two weeks later, the patient suffered a
second episode of syncope outside the hospital which was
not related to any immunotherapy infusion. Echocardiogra-
phy showed a normal left ventricular ejection fraction and
cardiac workup was negative. Cycles 3 and 4 were infused

according to the standard protocol (1 mg/kg nivolumab
over 60 min and 3 mg/kg ipilimumab over 90 min) without
incident.

Discussion

Infusion regimens of newly approved mAbs commonly
include slow infusion rates to minimize the incidence of
IRRs. However, it has been shown for numerous antibodies
that faster infusion schemes can be applied safely as cli-
nicians have gained more experience with the respective
agents [6—8]. In addition, the half-life of most mAbs includ-
ing ipilimumab and nivolumab with 15.4 and 26.7 days,
respectively is rather long [9, 10]. As a consequence, it can-
not be expected that a shorter infusion duration may impact
efficacy [8].

IRRs to mAbs occur primarily during the first and second
exposure to the drug and within a few hours after beginning
of the infusion [4, 11, 12]. The majority of IRRs is mild to
moderate with symptoms such as fever, shaking chills, nau-
sea, dyspnea, headache, hypo- and hypertension or rash, but
a small percentage of patients can develop severe and even
fatal reactions [11]. The National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) [13] dis-
tinguish between acute infusion reactions (cytokine release
syndrome) and hypersensitivity reactions (allergic reactions)
[11]. The exact mechanisms of mAbs-induced IRRs remain
unclear, but some reactions seem to be related to antibody
interactions with target cells (e.g. rituximab with CD20),
thereby promoting the release of inflammatory cytokines
such as tumor necrosis factor alpha and interleukin 6 [14].
The severity of these reactions correlates with the number
of target cells [15], the density of antigen expression [16]
and infusion rate [17]. However, preclinical safety studies
have shown no complement-mediated or antibody-dependent
cell-mediated cytotoxicity of nivolumab and ipilimumab on
activated T cells [18], and ipilimumab has been reported to
even increase the frequency of activated T cells [19].

The incidence of mAb-associated IRRs is further influ-
enced by the extent of antibody humanization, with a higher
frequency among chimeric antibodies (77% for rituximab)
and lower incidence among humanized (40% for trastu-
zumab) or fully human mAbs (4% for panitumumab) [14,
20]. True type I hypersensitivity reactions are relatively
uncommon upon use of mAbs [12], and less than 2% of all
melanoma patients (n = 767) receiving ipilimumab in phase
2 and 3 trials developed antibodies against the agent [10].
However, the clinical importance of this finding remains
unclear since none of these patients developed infusion-
related hypersensitivity reactions or neutralizing antibod-
ies. Furthermore, no correlation between the development
of anti-ipilimumab antibodies and incidence of adverse

@ Springer



138

Cancer Immunol Immunother (2018) 67:135-140

events was found. A pooled analysis of patients receiving
nivolumab monotherapy accounted for 5.4% (108/1991)
IRRs including five grade 3 and two grade 4 reactions [9].
A somewhat lower frequency, and exclusively grade 1 or 2
IRRs (3.8%; 17/448) were found among patients with com-
bined ipilimumab and nivolumab treatment [9]. Management
of mild to moderate IRRs usually involves temporary infu-
sion interruption, supportive therapy with antihistamines,
patient monitoring, and reduction of the infusion rate. Most
patients will tolerate subsequent doses with premedication
(antihistamines) and slower infusion rates [4, 11].

We reviewed the PubMed database for the reported
incidence of IRRs among cancer patients treated with
ipilimumab and/or nivolumab in prospective randomized
phase 2 and 3 trials using the search terms “ipilimumab
OR nivolumab” and restricting the search to the article type
“Clinical Trial”. We included hypersensitivity reactions
since some trials distinguished between IRRs and hyper-
sensitivity reactions and others did not. Data are summarized
in Table 2 and suggest that the frequency of IRRs depends
on both infusion rate and cancer entity. The highest rate of
IRRs (16.0%; 42/263) was found in classical non-Hodgkin
lymphoma patients as compared to 2.7% (21/787) IRRs
among melanoma patients treated with 3 mg/kg nivolumab
over 60 min. A recent phase 3 trial, comparing two dosing
schemes of ipilimumab showed a higher frequency of IRRs
when 10 mg/kg ipilimumab was administered over 90 min
as compared to 3 mg/kg ipilimumab over 90 min [5]. In
the 10 mg/kg study arm, 4.1% (15/364) experienced IRR as
compared to 0.6% (2/362) of patients in the 3 mg/kg study
arm (Pearson’s y° test, p = 0.001).

Moreover, patients treated with 3 mg/kg ipilimumab over
30 min outside a randomized trial had a somewhat higher

Table 2 Reported frequency of IRRs in randomized prospective trials

rate of IRRs as compared to patients treated with 3 mg/kg
over 90 min (5.8% [7/120] vs. 2.2% [10/457]; Fisher’s exact
test, p = 0.06) [4]. All IRRs of the fast infusion protocol
developed either within or up to 30 min after the infusion,
but none of the IRRs was dose-limiting.

In our study, 46 patients received a total of 100 shortened
cycles of combined immunotherapy without any bona fide
IRR. One patient (2.2%; 1/46) had a questionable reaction
that was most likely unrelated to the shortened infusion pro-
tocol, since the patient presented with a new onset of vertigo
before the infusion and suffered a second episode of syn-
cope 2 weeks later unassociated with any immunotherapy.
Although a clear limitation of this study is the small number
of patients, our findings add to the growing body of evidence
that faster infusion of checkpoint inhibitors is not associ-
ated with an exceeding rate of IRRs. For instance, several
clinical trials have demonstrated the safety of infusing 1 mg/
kg nivolumab within 20 min since 3 mg/kg is administered
within 60 min according to the standard protocol [1, 21-23].

However, the incidence of IRRs is presumably somewhat
higher at the faster infusion rate than what has already been
shown for ipilimumab monotherapy [4, 5], and has yet to be
investigated for combined immunotherapy in large prospec-
tive trials.

Moreover, it remains unclear whether the fast infusion
protocol can be applied with the same safety profile in
patients with uncontrolled brain metastasis, poor ECOG
performance status and impaired renal function since these
patients were excluded in this study.

On the other hand, the study is strengthened by the highly
standardized infusion procedure and close-meshed patient
monitoring during infusions, warranting a reliable detection
of possible IRRs.

Trial Cancer entity Year Agent Infusion rate IRR Grade (CTCAE) *
12 3
CheckMate 069, 067 Melanoma 2015 Ipilimumab + 3 mg/kg over 90 min  10/407 2.5%) n=102.5%) -
[1,3,23] Nivolumab 1 mg/kg over 60 min
CheckMate 037, 066,  Melanoma 2015 Nivolumab 3 mg/kg over 60 min  21/787 2.7%) n=192.4%) n=2(0.3%)
067 [1, 21-23]
NCTO01515189 [5] Melanoma 2017 Ipilimumab 10 mg/kg over 90 min  15/364 (4.1%) n=11(3.0%) n=4(1.1%)
3 mg/kg over 90 min 2/362 (0.6%) n=103%) n=1(0.3%)
KEYNOTE-006 [24]  Melanoma 2015 Ipilimumab 3 mg/kg over 90 min 2/256 (0.8%) n=2(0.8%) -
CheckMate 057 [23, Nonsquamous non- 2015 Nivolumab 3 mg/kg over 60 min 9/287 3.1%) n=9@3.1%) -
25] small-cell lung
cancer
CheckMate 025 [23, Renal cell carcinoma 2015 Nivolumab 3 mg/kg over 60 min  25/406 (6.2%) NA
26]
CheckMate 205 and Classical Hodgkin 2016 Nivolumab 3 mg/kg over 60 min  42/263 (16.0%) n =40 (15.2%) n =2 (0.8%)
039 [23] lymphoma

*The severity of adverse events was graded according to the CTCAE version 4.0 [13]
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In conclusion, this single-institution study and data
from prospective trials highlight that both ipilimumab and
nivolumab can be administered safely over 30 min with an
acceptably low risk of IRRs (< 2.2%; < 1/46). The excellent
tolerability of the shortened infusions led to continuation of
the fast infusion protocol at our institution, thereby increas-
ing patient’s convenience and allowing better health care
resource utilization.
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