
Vol.:(0123456789)1 3

Cancer Immunol Immunother (2018) 67:135–140 
https://doi.org/10.1007/s00262-017-2075-y

ORIGINAL ARTICLE

Safety of shortened infusion times for combined ipilimumab 
and nivolumab

Maximilian Gassenmaier1 · Hans‑Peter Lipp2 · Alexander Scheu1 · 
Nikolaus Benjamin Wagner1 · Lukas Kofler1 · Alisa Mueller1 · Dennis Doecker1 · 
Thomas Kurt Eigentler1 · Claus Garbe1 · Andrea Forschner1 

Received: 11 June 2017 / Accepted: 3 October 2017 / Published online: 7 October 2017 
© Springer-Verlag GmbH Germany 2017

Keywords Melanoma · Immunotherapy · Ipilimumab · 
Nivolumab · Infusion rate · Infusion-related reaction

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 

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 m2 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 
χ2 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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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 

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 

primary
38 (82.6%)

  IIIC 2 (4.3%)
  IVM1b 5 (10.9%)
  IVM1c 31 (67.4%)

 Mucosal melanoma 2 (4.3%)
  IV 2 (4.3%)

 Uveal melanoma 6 (13.0%)
  IV 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%)
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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 χ2 test, p = 0.001).

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

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.

Table 2  Reported frequency of IRRs in randomized prospective trials

a The severity of adverse events was graded according to the CTCAE version 4.0 [13]

Trial Cancer entity Year Agent Infusion rate IRR Grade (CTCAE) a

1–2 3

CheckMate 069, 067 
[1, 3, 23]

Melanoma 2015 Ipilimumab +  3 mg/kg over 90 min 10/407 (2.5%) n = 10 (2.5%) –
Nivolumab 1 mg/kg over 60 min

CheckMate 037, 066, 
067 [1, 21–23]

Melanoma 2015 Nivolumab 3 mg/kg over 60 min 21/787 (2.7%) n = 19 (2.4%) n = 2 (0.3%)

NCT01515189 [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 = 1 (0.3%) 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, 

25]
Nonsquamous non-

small-cell lung 
cancer

2015 Nivolumab 3 mg/kg over 60 min 9/287 (3.1%) n = 9 (3.1%) –

CheckMate 025 [23, 
26]

Renal cell carcinoma 2015 Nivolumab 3 mg/kg over 60 min 25/406 (6.2%) NA

CheckMate 205 and 
039 [23]

Classical Hodgkin 
lymphoma

2016 Nivolumab 3 mg/kg over 60 min 42/263 (16.0%) n = 40 (15.2%) n = 2 (0.8%)
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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.

Acknowledgements We thank the whole team of the melanoma unit 
for their passionate patient care and support in data collection.

Author contributions Conception and design: MG, CG, AF. Col-
lection and assembly of data: MG, AS, NBW, LK, AM, DD, AF. Data 
analysis and interpretation: MG, H-PL, AS, NBW, LK, AM, DD, TKE, 
AF. Manuscript writing: All authors. Final approval of manuscript: 
All authors.

Compliance with ethical standards 

Funding No relevant funding.

Conflict of interest Maximilian Gassenmaier received travel sup-
port from Novartis, Merck Sharp & Dohme (MSD) and Bristol-Myers 
Squibb (BMS). Hans-Peter Lipp reports honoraria as a speaker from 
BMS, MSD and AstraZeneca. Thomas Kurt Eigentler reports honorar-
ia as a speaker from BMS, MSD, Roche and Novartis. He is advisory 
board member of Roche and BMS. Dennis Doecker received travel 
support from BMS. Nikolaus Benjamin Wagner received travel sup-
port from Novartis. Andrea Forschner reports honoraria as a speaker 
from BMS, MSD, Roche and Novartis. She is advisory board mem-
ber of Roche and Novartis and received travel support from Roche, 
Novartis and BMS. Claus Garbe reports grants and personal fees from 
BMS during the conduct of the study; grants and personal fees from 
Roche, Novartis and personal fees from Amgen, MSD and Philogen 
outside the submitted work. Alexander Scheu, Alisa Mueller and Lu-
kas Kofler declare that they have no conflict of interest.

Ethical approval This study was approved by the ethics board of the 
University Hospital Tuebingen (project number 202/2017B02).

Informed consent Informed consent was obtained from all indi-
vidual participants included in the study.

References

 1. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, 
Lao CD, Schadendorf D, Dummer R, Smylie M, Rutkowski P, 
Ferrucci PF, Hill A, Wagstaff J, Carlino MS, Haanen JB, Maio 
M, Marquez-Rodas I, McArthur GA, Ascierto PA, Long GV, 
Callahan MK, Postow MA, Grossmann K, Sznol M, Dreno B, 
Bastholt L, Yang A, Rollin LM, Horak C, Hodi FS, Wolchok JD 
(2015) Combined nivolumab and ipilimumab or monotherapy in 
untreated melanoma. N Engl J Med 373(1):23–34. doi:10.1056/
NEJMoa1504030

 2. Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA, 
Lesokhin AM, Segal NH, Ariyan CE, Gordon RA, Reed K, Burke 
MM, Caldwell A, Kronenberg SA, Agunwamba BU, Zhang X, 
Lowy I, Inzunza HD, Feely W, Horak CE, Hong Q, Korman AJ, 

Wigginton JM, Gupta A, Sznol M (2013) Nivolumab plus ipili-
mumab in advanced melanoma. N Engl J Med 369(2):122–133. 
doi:10.1056/NEJMoa1302369

 3. Postow MA, Chesney J, Pavlick AC, Robert C, Grossmann K, 
McDermott D, Linette GP, Meyer N, Giguere JK, Agarwala 
SS, Shaheen M, Ernstoff MS, Minor D, Salama AK, Taylor M, 
Ott PA, Rollin LM, Horak C, Gagnier P, Wolchok JD, Hodi FS 
(2015) Nivolumab and ipilimumab versus ipilimumab in untreated 
melanoma. N Engl J Med 372(21):2006–2017. doi:10.1056/
NEJMoa1414428

 4. Momtaz P, Park V, Panageas KS, Postow MA, Callahan M, Wol-
chok JD, Chapman PB (2015) Safety of infusing ipilimumab 
over 30 minutes. J Clin Oncol 33(30):3454–3458. doi:10.1200/
JCO.2015.61.0030

 5. Ascierto PA, Del Vecchio M, Robert C, Mackiewicz A, Chiarion-
Sileni V, Arance A, Lebbe C, Bastholt L, Hamid O, Rutkowski 
P, McNeil C, Garbe C, Loquai C, Dreno B, Thomas L, Grob JJ, 
Liszkay G, Nyakas M, Gutzmer R, Pikiel J, Grange F, Hoeller 
C, Ferraresi V, Smylie M, Schadendorf D, Mortier L, Svane IM, 
Hennicken D, Qureshi A, Maio M (2017) Ipilimumab 10 mg/
kg versus ipilimumab 3 mg/kg in patients with unresectable or 
metastatic melanoma: a randomised, double-blind, multicen-
tre, phase 3 trial. Lancet Oncol 18(5):611–622. doi:10.1016/
S1470-2045(17)30231-0

 6. Sehn LH, Donaldson J, Filewich A, Fitzgerald C, Gill KK, Runzer 
N, Searle B, Souliere S, Spinelli JJ, Sutherland J, Connors JM 
(2007) Rapid infusion rituximab in combination with corticoster-
oid-containing chemotherapy or as maintenance therapy is well 
tolerated and can safely be delivered in the community setting. 
Blood 109(10):4171–4173. doi:10.1182/blood-2006-11-059469

 7. Buch MH, Bryer D, Lindsay S, Rees-Evans B, Fairclough 
A, Emery P (2006) Shortening infusion times for infliximab 
administration. Rheumatology 45(4):485–486. doi:10.1093/
rheumatology/kei247

 8. Reidy DL, Chung KY, Timoney JP, Park VJ, Hollywood E, Skla-
rin NT, Muller RJ, Saltz LB (2007) Bevacizumab 5 mg/kg can be 
infused safely over 10 minutes. J Clin Oncol 25(19):2691–2695. 
doi:10.1200/Jco.2006.09.3351

 9. Bristol-Myers-Squibb:  OPDIVO® 10 mg/ml. February 2017. 
[German package insert]

 10. Bristol-Myers-Squibb:  YERVOY® 5 mg/ml. February 2017. [Ger-
man package insert]

 11. Lenz HJ (2007) Management and preparedness for infusion 
and hypersensitivity reactions. Oncologist 12(5):601–609. 
doi:10.1634/theoncologist.12-5-601

 12. Baldo BA (2013) Adverse events to monoclonal antibodies used 
for cancer therapy Focus on hypersensitivity responses. Oncoim-
munology. doi:10.4161/onci.26333

 13. National Cancer Institute (2010) Common Terminology Crite-
ria for Adverse Events (CTCAE) v4.0. National Cancer Institute. 
https://evs.nci.nih.gov/ftp1/CTCAE/About.html. Accessed 6 Oct 
2017

 14. Chung CH (2008) Managing premedications and the risk for 
reactions to infusional monoclonal antibody therapy. Oncologist 
13(6):725–732. doi:10.1634/theoncologist.2008-0012

 15. Winkler U, Jensen M, Manzke O, Schulz H, Diehl V, Engert A 
(1999) Cytokine-release syndrome in patients with B-cell chronic 
lymphocytic leukemia and high lymphocyte counts after treat-
ment with an anti-CD20 monoclonal antibody (rituximab, IDEC-
C2B8). Blood 94(7):2217–2224

 16. Dillman RO (1999) Infusion reactions associated with the thera-
peutic use of monoclonal antibodies in the treatment of malig-
nancy. Cancer Metastasis Rev 18(4):465–471

 17. Patel J, Ho M, Ho V, Bello C, Djulbegovic B, Sokol L, Wetzstein 
G (2013) Rapid infusion rituximab for maintenance therapy: is it 
feasible? Leuk Res Treat 2013:629283. doi:10.1155/2013/629283

https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1056/NEJMoa1302369
https://doi.org/10.1056/NEJMoa1414428
https://doi.org/10.1056/NEJMoa1414428
https://doi.org/10.1200/JCO.2015.61.0030
https://doi.org/10.1200/JCO.2015.61.0030
https://doi.org/10.1016/S1470-2045(17)30231-0
https://doi.org/10.1016/S1470-2045(17)30231-0
https://doi.org/10.1182/blood-2006-11-059469
https://doi.org/10.1093/rheumatology/kei247
https://doi.org/10.1093/rheumatology/kei247
https://doi.org/10.1200/Jco.2006.09.3351
https://doi.org/10.1634/theoncologist.12-5-601
https://doi.org/10.4161/onci.26333
https://evs.nci.nih.gov/ftp1/CTCAE/About.html
https://doi.org/10.1634/theoncologist.2008-0012
https://doi.org/10.1155/2013/629283


140 Cancer Immunol Immunother (2018) 67:135–140

1 3

 18. Wang C, Thudium KB, Han M, Wang XT, Huang H, Feingersh 
D, Garcia C, Wu Y, Kuhne M, Srinivasan M, Singh S, Wong 
S, Garner N, Leblanc H, Bunch RT, Blanset D, Selby MJ, Kor-
man AJ (2014) In vitro characterization of the anti-PD-1 antibody 
nivolumab, BMS-936558, and in vivo toxicology in non-human 
primates. Cancer Immunol Res 2(9):846–856. doi:10.1158/2326-
6066.CIR-14-0040

 19. Kavanagh B, O’Brien S, Lee D, Hou Y, Weinberg V, Rini B, 
Allison JP, Small EJ, Fong L (2008) CTLA4 blockade expands 
FoxP3 + regulatory and activated effector CD4+ T cells in a 
dose-dependent fashion. Blood 112(4):1175–1183. doi:10.1182/
blood-2007-11-125435

 20. Pichler WJ (2006) Adverse side-effects to biological agents. 
Allergy 61(8):912–920. doi:10.1111/j.1398-9995.2006.01058.x

 21. Weber JS, D’Angelo SP, Minor D, Hodi FS, Gutzmer R, Neyns 
B, Hoeller C, Khushalani NI, Miller WH Jr, Lao CD, Linette 
GP, Thomas L, Lorigan P, Grossmann KF, Hassel JC, Maio M, 
Sznol M, Ascierto PA, Mohr P, Chmielowski B, Bryce A, Svane 
IM, Grob JJ, Krackhardt AM, Horak C, Lambert A, Yang AS, 
Larkin J (2015) Nivolumab versus chemotherapy in patients 
with advanced melanoma who progressed after anti-CTLA-4 
treatment (CheckMate 037): a randomised, controlled, open-
label, phase 3 trial. Lancet Oncol 16(4):375–384. doi:10.1016/
S1470-2045(15)70076-8

 22. Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, 
Hassel JC, Rutkowski P, McNeil C, Kalinka-Warzocha E, Savage 
KJ, Hernberg MM, Lebbe C, Charles J, Mihalcioiu C, Chiarion-
Sileni V, Mauch C, Cognetti F, Arance A, Schmidt H, Schaden-
dorf D, Gogas H, Lundgren-Eriksson L, Horak C, Sharkey B, 
Waxman IM, Atkinson V, Ascierto PA (2015) Nivolumab in pre-
viously untreated melanoma without BRAF mutation. N Engl J 
Med 372(4):320–330. doi:10.1056/NEJMoa1412082

 23. Bristol-Myers Squibb (2016) Updated Results Presented for the 
Opdivo (nivolumab) and Yervoy (ipilimumab) Combination in 
Metastatic Renal Cell Carcinoma From Phase 1 Study. Bristol-
Myers Sqibb. https://news.bms.com/press-release/bristolmyers/
updated-results-presented-opdivo-nivolumab-and-yervoy-ipili-
mumab-combinat. Accessed 26 April 2017

 24. Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L, 
Daud A, Carlino MS, McNeil C, Lotem M, Larkin J, Lorigan P, 
Neyns B, Blank CU, Hamid O, Mateus C, Shapira-Frommer R, 
Kosh M, Zhou H, Ibrahim N, Ebbinghaus S, Ribas A, Investiga-
tors K- (2015) Pembrolizumab versus ipilimumab in advanced 
melanoma. New Engl J Med 372(26):2521–2532. doi:10.1056/
NEJMoa1503093

 25. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, 
Chow LQ, Vokes EE, Felip E, Holgado E, Barlesi F, Kohlhaufl 
M, Arrieta O, Burgio MA, Fayette J, Lena H, Poddubskaya E, 
Gerber DE, Gettinger SN, Rudin CM, Rizvi N, Crino L, Blu-
menschein GR Jr, Antonia SJ, Dorange C, Harbison CT, Graf 
Finckenstein F, Brahmer JR (2015) Nivolumab versus docetaxel 
in advanced nonsquamous non-small-cell lung cancer. N Engl J 
Med 373(17):1627–1639. doi:10.1056/NEJMoa1507643

 26. Motzer RJ, Escudier B, McDermott DF, George S, Hammers 
HJ, Srinivas S, Tykodi SS, Sosman JA, Procopio G, Plimack 
ER, Castellano D, Choueiri TK, Gurney H, Donskov F, Bono 
P, Wagstaff J, Gauler TC, Ueda T, Tomita Y, Schutz FA, Koll-
mannsberger C, Larkin J, Ravaud A, Simon JS, Xu LA, Waxman 
IM, Sharma P, CheckMate I (2015) Nivolumab versus everolimus 
in advanced renal-cell carcinoma. N Engl J Med 373(19):1803–
1813. doi:10.1056/NEJMoa1510665

https://doi.org/10.1158/2326-6066.CIR-14-0040
https://doi.org/10.1158/2326-6066.CIR-14-0040
https://doi.org/10.1182/blood-2007-11-125435
https://doi.org/10.1182/blood-2007-11-125435
https://doi.org/10.1111/j.1398-9995.2006.01058.x
https://doi.org/10.1016/S1470-2045(15)70076-8
https://doi.org/10.1016/S1470-2045(15)70076-8
https://doi.org/10.1056/NEJMoa1412082
https://news.bms.com/press-release/bristolmyers/updated-results-presented-opdivo-nivolumab-and-yervoy-ipilimumab-combinat
https://news.bms.com/press-release/bristolmyers/updated-results-presented-opdivo-nivolumab-and-yervoy-ipilimumab-combinat
https://news.bms.com/press-release/bristolmyers/updated-results-presented-opdivo-nivolumab-and-yervoy-ipilimumab-combinat
https://doi.org/10.1056/NEJMoa1503093
https://doi.org/10.1056/NEJMoa1503093
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1056/NEJMoa1510665

	Safety of shortened infusion times for combined ipilimumab and nivolumab
	Abstract 
	Background 
	Aim 
	Patients and methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Results
	Case report
	Discussion
	Acknowledgements 
	References




