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A B S T R A C T

Subcutaneous (SC) formulations of oncology therapies offer a potentially less time-consuming and more 
convenient alternative to intravenous (IV) administration. However, exploring the potential benefits of SC over 
IV administration from a broader perspective is necessary to understand the larger-scale impact. In this sys
tematic literature review (SLR), we evaluated the efficacy, pharmacokinetics/pharmacodynamics (PK/PD), 
safety, and patient and healthcare provider (HCP) preference for SC/IV oncology therapies, along with differ
ences in patient outcomes, costs, and time requirements. The SLR was conducted in January 2019 and updated in 
May 2023, and included 169 publications. Studies providing comparative results between IV and SC formulations 
regarding clinical, economic, and patient outcomes were included. The focus was anticancer therapies for which 
both IV and SC formulations are being developed in phase 3 clinical trials, or are regulatory approved. SC 
administration was associated with savings in HCP time and patient chair time. Direct and indirect cost-savings 
were also observed. Increased treatment satisfaction and patient/HCP preference was reported with SC admin
istration, as was improved caregiver productivity. The relative tolerability of SC and IV formulations for 
oncology drugs was similar; however, a higher incidence of injection-site reactions was reported with SC 
administration. Overall survival, PK/PD, and overall response rate results were comparable between IV and SC 
administration. This SLR demonstrates that SC and IV administration had comparable efficacy, PK/PD, and 
tolerability profiles, with SC administration associated with cost and time savings, and generally preferred by 
patients and HCPs. Therefore, SC administration of oncology therapies may offer advantages over IV 
administration.

Introduction

Cancer is a leading cause of death globally, accounting for nearly 10 

million deaths in 2020 alone [1]. Additionally, in 2022 there were an 
estimated 20 million new cancer cases globally, with the most common 
being lung, breast, colorectal, prostate, and stomach cancer [2].

Abbreviations: AUC, area under the concentration–time curve; Cmax, maximum concentration; Ctrough, trough concentration; HCP, healthcare provider; HRQoL, 
health-related quality of life; IV, intravenous; MM, multiple myeloma; ORR, overall response rate; OS, overall survival; PD, pharmacodynamics; PD-1, programmed 
death-1; PD-L1, programmed death ligand 1; PK, pharmacokinetics; PRO, patient-reported outcome; SC, subcutaneous; SLR, systematic literature review; Tmax, time 
to reach maximum concentration.
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Intravenous (IV) therapy has been the mainstay method for the de
livery of cancer treatments like nivolumab, pembrolizumab and atezo
lizumab, which inhibit programmed death-1 (PD-1) and programmed 
death ligand 1 (PD-L1) [3,4]. These agents are at the forefront of the 
treatment of key high-burden cancers, such as lung cancer, melanoma, 
and other indicated tumors [5]. However, IV administration is a time- 
consuming process, and may be inconvenient for patients [6,7].

Subcutaneous (SC) administration offers a less time-consuming and 
more flexible alternative for delivering therapeutic agents [6,7]. As 
such, it is suspected that switching from IV to SC administration may 
positively impact patients, healthcare providers (HCPs), and healthcare 
payers. SC administration is anticipated to improve convenience of 
administration and reduce patient time spent in clinic [6,7]. Addition
ally, SC administration alleviates the burden of venous access [7–9]. 
Despite the development of SC formulations for several oncology ther
apies, there remains a gap in understanding the clinical, cost, and 
patient-reported outcome (PRO) differences between these therapy op
tions. This systematic literature review (SLR) aims to comprehensively 
examine and summarize the existing literature regarding SC and IV 
oncology therapy administration and explore treatment-related 
outcomes.

The primary objective of this SLR was to provide an evidence base for 
oncology therapies that have both an IV and SC formulation and 
compare the outcomes between the two administration routes from 
clinical trials and observational studies.

The comparison of IV and SC administration focused on the following 
items: efficacy, pharmacokinetics/pharmacodynamics (PK/PD), safety, 
preference of SC/IV administration of oncology therapies, and differ
ences in PROs (including satisfaction and preference), costs, and time 
requirements.

Methods

Initial identification of therapies

An initial search was run on January 24, 2019, and updated on May 
26, 2023, to capture clinical trials and observational studies on novel 
oncology treatments approved from January 2009 until May 2023, 
which compared IV and SC routes of administration. Both searches were 
conducted per the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [10]. The searches were developed 
within the OVID platform, and utilized the MEDLINE, EconLit, National 
Health Service, Economic Evaluation Database, PsycINFO, and 
Evidence-Based Medicine Reviews electronic databases. Across both 
searches, 19 oncology therapies met the search strategy parameters: 
abagovomab, alemtuzumab, atezolizumab, bevacizumab, blinatumo
mab, bortezomib, cetrelimab, daratumumab, denosumab, durvalumab, 
isatuximab, nivolumab, ocaratuzumab, pembrolizumab, pertuzumab, 
rituximab, sasanlimab, trastuzumab, and veltuzumab.

Based on identified therapies described above, an OVID search 
strategy was developed to include all appropriate drug names (both 
brand and generic), ensuring that the most relevant evidence was 
captured. In addition, specific terms to identify relevant populations, 
formulations of interest, and study types were also included. The 
detailed search strategies are included in Sup. Tables 1 and 2.

Gray literature review

To supplement the database search, conference proceedings from the 
American and European meetings of the International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR), the American 
Society of Clinical Oncology (ASCO), and the European Society for 
Medical Oncology (ESMO) were included from 2020 to 2022. Note that 
while these conferences also took place in 2023, the corresponding 
proceedings were published after the literature searches had concluded.

The ClinicalTrials.gov database was searched to identify clinical 

trials that produced comparative data on IV and SC formulations of 
therapies of interest. The search terms were inclusive of “oncology,” 
“subcutaneous,” and generic or trade names of relevant therapies (Sup. 
Table 3).

Bibliographies of SLRs that met the eligibility criteria were reviewed 
to identify additional primary publications.

Study selection and data extraction

Abstracts of retrieved citations were screened according to pre
defined inclusion and exclusion criteria (presented in Table 1 for the 
2019–2023 search and Sup. Table 4 for the 2009–2019 search), based on 
a modified version of the Population, Intervention, Comparator, Out
comes, Study design (PICOS) standard [11].

After the title and abstract screening phase, abstracts underwent 
full–text screening using the same criteria.

Data were extracted by one reviewer and verified by a second 
reviewer. For each eligible study, study design, cost analysis, disease 
indication, and any details on the stage of disease, interventions, pop
ulation, clinical, PK/PD, safety, patient-reported outcomes, and 

Table 1 
Inclusion and exclusion criteria for the 2019–2023 SLR.

Inclusion criteria Exclusion criteria

Population - Oncology patients - Non-oncology patients
Intervention - The following oncology 

therapies in IV or SC 
formulation: 
> alemtuzumab
> abagovomab
> atezolizumab
> bevacizumab
> blinatumomab
> bortezomib
> cetrelimab
> daratumumab
> denosumab
> durvalumab
> isatuximab
> nivolumab
> ocaratuzumab
> pembrolizumab
> pertuzumab
> rituximab
> sasanlimab
> trastuzumab
> veltuzumab

- Therapies other than those 
defined in the inclusion 
criteria

- Therapies that are only 
available as an SC or IV 
formulation, e.g., have no 
alternative formulation 
either launched or in clinical 
trials

Comparator - The corresponding alternative 
formulation of the intervention 
of interest (i.e., both IV and SC 
formulations must be included)

- No corresponding IV or SC 
formulation (i.e., only IV 
formulation is included, or 
only SC formulation is 
included)a

Outcomes - Outcomes results allowing 
comparison between IV and SC 
formulations, specifically: 
> Efficacy
> PK and PD
> Safety
> Patient-reported outcomes 

(including satisfaction and 
preference)

> Adherence or persistence
> Cost or time savings

- Outcomes results that do not 
allow comparison of IV and 
SC formulations

- Outcomes other than those 
defined in the inclusion 
criteria

Study 
design

- Clinical trials
- Observational and real-world 

studies

- Any study designs not 
specified in the inclusion 
criteria, e.g., opinion pieces, 
editorials, commentaries, 
letters to the editor, 
economic models, etc.

IV: intravenous; PD: pharmacodynamics; PK: pharmacokinetics; SC: 
subcutaneous.

a Publications including patient groups who moved from IV to SC treatment 
regimens were included.
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economic outcomes were extracted, along with conclusions as reported 
by the authors.

Results

Summary of included studies

In total, 169 records were captured across the 2009–2019 SLR and 
updated 2019–2023 SLR, as depicted in depicted in Sup. Fig. 1.

Trastuzumab was the most frequently reported therapy in SC to IV 
comparison publications (n = 54), followed by rituximab (n = 34), 
bortezomib (n = 27), daratumumab (n = 22), and pertuzumab/trastu
zumab (n = 10). A breakdown of the number of publications included is 
shown in Fig. 1, with an overview of included studies by therapy, 
pharmaceutical company sponsorship, and outcomes available in Sup. 
Table 5. The majority were sponsored by a pharmaceutical company 
(classified accordingly if authors were employed by pharmaceutical 
companies, even if sponsorship was not clearly disclosed). This was 
specifically recorded to enable tracking of any potential bias (see Sup. 
Fig. 1).

Efficacy-related outcomes

Overall survival (OS) rates were comparable between SC and IV 
formulations across the different treatments, as illustrated in Table 2.

Overall, OS was generally comparable between SC and IV formula
tions of trastuzumab, rituximab, and daratumumab (Table 2). Although 
most publications reported comparable results between IV and SC bor
tezomib in patients with multiple myeloma (MM) or relapsed/refractory 
MM, Yan et al., 2016 reported significantly longer OS in patients with 

MM receiving SC bortezomib, doxorubicin, and dexamethasone than 
those receiving the IV formulation (P = 0.004) [30]. Further, Damlaj 
et al. 2015 reported that median OS was significantly longer in patients 
with T-prolymphocytic leukemia treated with alemtuzumab for IV 
versus SC administration (P = 0.0014) [32]. However, this study 
included a small sample size (IV, n = 13; SC, n = 5), so this significant 
difference may not be generalizable [32].

All studies that reported overall response rate (ORR) demonstrated 
comparable data between administration routes (Fig. 2). Further details 
such as drug type, follow-up, population number, and drug dose can be 
found in Sup. Table 6.

ORRs between IV and SC rituximab were comparable in patients with 
lymphoma-related cancers across a range of follow-up periods (6 
weeks–3 months). Similarly, noninferiority between SC and IV admin
istration of daratumumab in terms of ORR was established across three 
studies describing results from the COLUMBA trial [34–36]. Specifically, 
of the 263 patients in the SC daratumumab group, 108 (41 %) showed an 
overall response (95 % CI, 35.1–47.3), compared with 96 of the 259 
patients (37 %) in the IV group (relative risk, 1.11, 95 % CI, 0.89–1.37), 
meeting the predefined noninferiority criterion [35]. The administration 
route of bortezomib did not significantly impact its efficacy profile as 
measured by ORR. Most studies in patients with MM did not specify a 
follow-up period, with reported ranges varying between 1 and 5 years 
[24,29,37–41].

ORR and OS data were not captured within the review criteria of this 
SLR for atezolizumab, pertuzumab and concomitant trastuzumab, and 
nivolumab treatment regimens. Moreover, there was a paucity of data; 
the ORR was reported for a small sample size of 34 patients receiving 
isatuximab [42].

Fig. 1. Total number of included publications per therapy.
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Table 2 
Summary of OS differences associated with SC versus IV in different therapies.

Trial/Author name Indication No. of patients, n Follow-up, months OS rate

SC IV SC group IV group P value

Trastuzumab
HannaH 

[12–14]
HER2+ BC 294 297 36 92.0 % 90.0 % Not reported

72 mOS, 84.0 % mOS, 84.0 % Not reported
Rituximab

FLIRT [15,16] FL 100 102 48 96.7 % 95.0 % Not reported
SABRINA [17] FL 205 205 Median, 37 Not reached Not reached Not reported
PrefMab [18] DLBCL or FL (combined population) IV → SC, 371 372 36 82.5 % 86.2 % Not reported

Not reported
MabEase [19] DLBCL 381 195 35 87.4 % 88.0 % 0.302

Daratumumab
COLUMBA [20] Relapsed/ refractory MM 263 259 24 55.8 % 51.6 % Not reported

Bortezomib
Yao et al. 2019 [21] MM 21 57 Not reported mOS,17 months mOS, 22 months 0.240
Zhang et al. 2019 [22] MM 105 100 Not reported mOS, 59 months mOS, 63 months 0.667
Djebbari et al. 2018 [23] MM 89 189 Not reported 35 months 41 months 0.5
Liu et al. 2016 [24] MM 37 44 12 91.90 % 90.9 % 0.926
Xu et al. 2018 [25] MM 167 140 Not reported Not arrived 56 months 0.425
MMY-3021 [26–29] Relapsed MM 148 74 11.8 (IQR 7.9–16.8) 72.6 % 76.7 % 0.504

12.0 (IQR 8.1–15.6)
12 76.4 % 78.0 % 0.788
Not reported mOS, 28.7 months Not reported

Yan et al. 2016 [30] MM 29 28 24 Not reported Not reported 0.004
Infante et al. 2016 [31] MM 26 24 Not reported 84 months Not reported

Alemtuzumab
Damlaj et al. 2015 [32] T-PLL 5 13 Not reported mOS, 13.7 months mOS, 40.5 months 0.0014
Damlaj et al. 2015 [33] T-PLL 4 13 Not reported mOS, 10.9 months mOS, 40.5 months 0.0011

CI: confidence interval; DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma; HER2+ BC: human epidermal growth factor – positive breast cancer; IQR: 
interquartile range; IV: intravenous; MM: multiple myeloma; mOS: median overall survival; n: number of patients; OS: overall survival; R-CHOP: rituximab- 
cyclophosphamid; R-CVP: rituximab-cyclophosphamide; SC: subcutaneous; T-PLL: T-prolymphocytic leukemia.

Fig. 2. ORR differences associated with SC versus IV in different therapies [17,20–22,29,36,38,39,42–58]. *IV group ORR not reported.
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PK and PD outcomes

Overall, the most commonly reported PK/PD outcomes included 
trough concentration (Ctrough), area under the concentration–time curve 
(AUC), maximum concentration (Cmax), and time to reach Cmax [Tmax] 
(Sup. Tables 7-9). As expected, Cmax and Tmax often varied between IV 
and SC formulations, however, overall systemic exposure to therapy was 
similar (Sup. Table 9).

SC rituximab and trastuzumab demonstrated comparable PK profiles 
to IV therapy in terms of Ctrough and AUC (Sup. Tables 7 and 8) 
[17,43–60]. Additionally, the PK profiles of SC and IV trastuzumab were 
comparable across body weight ranges [57,58,60]. Similarly, the PK and 
PD profile of SC bortezomib was comparable to IV therapy when Cmax 
and AUC were analyzed [26–28,61,62].

An increase in Ctrough levels was observed for those who had received 
SC rituximab or daratumumab compared with IV over time (Sup. Table 
7) [20,35,44,48,63–67]. Despite the slower absorption of SC dar
atumumab compared with IV formulation, mean Ctrough was higher with 
SC treatment [68,69]. Additionally, the SC formulation Cmax fell within 
the same range as the IV formulation within the PAVO trial, indicating 
that peak concentration is not affected by administration route [69]. 
Crucially, the COLUMBA trial demonstrated that the Ctrough concentra
tion ratio for SC and IV administration met a predefined PK non
inferiority criterion (90 % CI, for the ratio of the geometric means > 80 
%) even at its lower limits, thus establishing PK noninferiority for the SC 
formulation of daratumumab [67].

Few studies included in this SLR reported AUC and Tmax outcomes 
(Sup. Tables 8 and 9). For patients receiving SC or IV trastuzumab, AUC 
and Tmax levels remained similar with a small decrease for both groups 
in following cycles [56,58]. AUC results were reported for trastuzumab 
with concomitant rituximab and monotherapy rituximab; the SC 
formulation had a higher AUC compared with IV rituximab, however, 
this was not stated to be statistically significant (Sup. Table 8) 
[44,48,49,63].

PK results regarding nivolumab were evaluated in the phase 1/2 
CheckMate 8KX trial for nivolumab +/- rHuPH20 (recombinant human 
hyaluronidase) [70–72]. The study population was split into two parts. 
Part C comprised four groups receiving different doses of SC nivolumab 
with +/- rHuPH20 (group 1, SC nivolumab 720 mg + rHuPH20; group 
2, SC nivolumab 720 mg; group 3, SC nivolumab 960 mg + rHuPH20; 
and group 4, SC nivolumab 960 mg) with subsequent administrations 
switching to the same dosage (SC nivolumab 1200 mg + rHuPH20 [2000 
units/mL] every 4 weeks) [70]. The second part, part D, comprised 
patients who did not receive a loading dose of nivolumab, and initiated 
SC nivolumab 1200 mg + rHuPH20 (2000 units/mL) every 4 weeks from 
trial commencement [70]. Overall, PK in parts C and D were comparable 
between the SC and IV formulations [71]. However, PK analysis re
ported a significantly higher absorption rate in those who had received 
SC nivolumab with rHuPH20 (effect value, 46.5 %) [72]. Exposure 
across three SC doses was also compared with historical IV exposures 
(3–10 mg/kg), with 10 mg/kg being the highest dose in early-phase 
clinical trials with a similar safety profile to the licensed dose (3 mg/ 
kg). For those who had received SC nivolumab − rHuPH20 (720 mg), 
exposure was lower compared with the IV formulation (3 mg/kg IV 
every 2 weeks) [72]. For those who received 960 mg and 1200 mg SC, 
exposure was higher compared with 3 mg/kg IV every 2 weeks group 
[72]. When compared with 10 mg/kg IV every 2 weeks, nivolumab +/- 
rHuPH20 exposure was lower in all SC doses [72].

Safety and adverse events

Safety outcomes and adverse events associated with SC and IV for
mulations of atezolizumab, alemtuzumab, nivolumab, isatuximab, and 
daratumumab were captured in this SLR (Sup. Table 10). Limited safety 
data were available for SC and IV formulations of pertuzumab, borte
zomib, and nivolumab.

Overall, SC administration of treatments was well tolerated, with a 
safety profile similar to that of the IV formulation (Sup. Table 10). 
However, the frequency of grade 1–2 administration-related reactions 
were higher for those who received SC administration 
[17,18,43,48–50,58,59,73–75].

As expected, low-grade injection-site reactions were present in those 
who had been treated with SC formulations. Nevertheless, the overall 
safety profiles remained consistent with IV administration 
[42,50,76–85].

Both SC trastuzumab and rituximab were often associated with high 
rates of injection-site reactions, including disorders of the skin and/or 
SC tissue, and pain (Table 3) [17,43,48–50,58,59,73–75,86]. Similarly, 
injection-site reactions were frequently reported in patients receiving SC 
alemtuzumab [50,84].

The rates of neuropathy in patients receiving bortezomib associated 
with SC administration relative to IV varied across the trials, making 
results inconclusive [24,25,27,30,31,37–41,87]. Infusion-site reactions 
were significantly lower in patients treated with SC daratumumab 
compared with patients treated with the IV formulation [35,68]. For 
isatuximab + pomalidomide-dexamethasone, grade 2 infusion reactions 
were infrequent and occurred in ≤ 10 % of each cohort, only occurring 
at the first IV infusion or SC injection [42]. Overall, SC treatments were 
similarly tolerated compared with IV formulations.

Patient and HCP preference

HCP and patient preferences were reported in 46 studies. Most 
oncology studies analyzing PROs compared patient preference for IV 
versus SC routes of administration. Overall, the included studies high
light that both patients and HCPs prefer SC formulations over IV for
mulations, with details available by treatment noted below. Scores 
favored SC trastuzumab treatment for HER2+ breast cancer compared 
with the IV formulation, with main drivers of preference being time 
savings, convenience to patients, and less discomfort 
[9,50,55,59,83,95–99]. There were similar findings for those treated 
with rituximab or daratumumab [36,100,101].

A consistent preference toward SC therapy was observed in studies 
comparing SC and IV administration of rituximab, with 69–98 % of 
patients within study populations preferring SC administration (Sup. 
Table 11 and Fig. 3) [46,54,91,102–104]. Patients also preferred SC 
daratumumab due to convenience and time saving [101].

Two clinical trials (MabEase and PrefMab) investigated patient 
treatment satisfaction between SC and IV rituximab (Sup. Table 12) 
[19,102]. In both trials, Cancer Therapy Satisfaction Questionnaire 
scores (evaluating expectations for therapy and feelings regarding side 
effects) were similar between patients treated with SC and IV rituximab 
[19,102]. Rituximab Administration Satisfaction Questionnaire scores 
for impact on activities of daily living, convenience, and satisfaction 
were higher with SC versus IV rituximab [19,102]. Both patients and 
HCPs preferred SC trastuzumab over the IV formulation (Sup. Table 13). 
Reasons for this included less time required for drug preparation and 
more convenient administration [9,47,55,59,73,83,86,97,105–108]. A 
similar HCP preference was found for SC daratumumab (Sup. Table 14) 
due to shorter infusion time, shorter patient chair time, fixed-dose, and a 
low risk of treatment-related adverse events [101].

Quality of life outcomes

Health-related quality of life (HRQoL) outcomes were reported in 
three studies [73,76,91].

When comparing the effect SC and IV administration of trastuzumab 
has on HRQoL, Pivot et al., 2017 used the EORTC Quality of Life 
Questionnaire Core 30 (QLQ-C30) [73]. Both patient groups (SC → IV, n 
= 57; IV → SC, n = 56) reported similar scores in health status, physical, 
cognitive, and social functioning aspects of the QLQ-C30 (83.3, 86.7, 
100, and 100, respectively) [73].
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Table 3 
Summary of administration-related reaction differences associated with SC versus IV in different therapies.

Trial/Author name Indication Number of patients, n Follow-up, months ARRs

SC IV SC group IV group

Trastuzumab
HannaH [58] HER2+ BC 297 298 19.7 47.8 % 37.2 %
PrefHer [88] HER2+ BC IV → SC, 476 SC → IV, 481 Not reported SC → IV, 65.4 %a (during SC 

treatment)
SC → IV, 48.7 %a (during IV 
treatment)

IV → SC, 56.4 %a (during SC 
treatment)

IV → SC, 53.8 %a (during IV 
treatment)

BELIS HER2+ BC In hospital, 94 101 24 In hospital, 21.3 %a 2.0 %a

At home, 86 At home, 38.4 %a

ChangHer [74,75] Metastatic HER2+ BC IV → SC (vial – SID), 76 Not reported Not reported IV → SC (vial – SID), 8.4 % Not reported
IV → SC (SID – vial), 83 IV → SC (SID – vial), 2.4 %

Rituximab
SABRINA [17] FL 197 210 Not reported 48 % 35 %
SparkThera (stage 2) [49] FL 77 77 Until 9 months after last maintenance 

dose
31 % 4 %

SAWYER [48] CLL 85 89 Median, 13.9 44 % 45 %
PrefMab [18] DLBCL and FL (combined 

population)
687 691 Not reported 15.6 % 11.6 %

MabEase [19] DLBCL 369 188 24 20.9 % 21.3 %
FLIRT [15,89] FL 100 102 Median, 50.2 3 % 0 %
Rotkopf et al. 2021 [90] Gastric MALT lymphoma 25 75 Not reported 48 % 32 %
Fargier et al. 2018 [91] FL 42 31 Not reported 47.6 % 54.8 %
Irwin et al. 2017 [92] DLBCL and FL (combined 

population)
92 Not reported Not reported n = 1 n = 3

Paszkiewicz-Kozik et al. 2017 
[93]

DLBCL 29 20 Not reported 3.5 %b 15 %b

Daratumumab
PAVO [64,68] Relapsed/refractory MM 25 Not reported Median, 14.2 Injection-site, 12 % Not reported

Infusion related, 16 % Infusion related, 45–56 % c

COLUMBA [35] Relapsed/refractory MM 263 259 Median, 7.5 Injection site, 7 % Not reported
Infusion related, 2 % Infusion related,5%

COLUMBA [20] Median, 29.3 Infusion related, 12.7 % Infusion related, 34.5 %
Iida et al. 2021 [36] Relapsed/refractory MM Asian subgroup, 30 Asian subgroup, 

37
12 10.0 % 18.9 %

Soefje et al. 2023 [94] MM 587 215 Not reported 8.4 % IV → SC, 5.0 %
IV → SC, 80

Pertuzumab
PHranceSCa [76–78] HER2+ early-stage or locally 

advanced BC
IV → SC, 80 SC → IV, 80 36 months IV → SC, (cycle 1–3), 30.0 % SC → IV (cycle 1–3), 0 %

IV → SC, (cycle 4–6), 15.0  % SC → IV, (cycle 4–6), 0  %
FeDeriCa[81] HER2+ BC 248 252 Not reported 17 % 5 %
FeDeriCa[79] Infusion related, 4 % Injection site, 

13 %
Infusion related, 14 % Injection 
site, 1 %

Shao et al. 2022 [82] HER2+ BC Not reported 24 h after injection 14 % 12 %
Nivolumab

CheckMate 8KX [70] Advanced/metastatic tumors Group 1, nivolumab 720 mg + rHuPH20, 
n = 9

Not reported Not reported Group 1, 33.3 % Not reported

Group 2, nivolumab 720 mg, n = 6 Not reported Group 2, 33.3 %
Group 3, nivolumab 960 mg + rHuPH20, 
n = 5

Not reported Group 3, 40 %

Group 4, nivolumab 960 mg n = 8 Not reported Group 4, 12.5 %

ARR: administration-related reaction; BC: breast cancer; CLL: chronic lymphocytic leukemia; DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma; HER2+: human epidermal growth factor – positive; IV: 
intravenous; MALT: mucosa-assisted lymphoid tissue; MM: multiple myeloma; n: number of patients; SC: subcutaneous; SID: single injection device.

a Injection-site reactions only. b Percentage was manually calculated based on the number of ARRs per patient (three and one ARRs occurred in the IV and SC group, respectively). C Value reported in publication that 
synthesizes data from additional referenced studies for comparison.
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Similarly, O’Shaughnessy et al., 2021 used four different HRQoL 
scales (including the QLQ–C30, Patient Preference Questionnaire, and 
IV/SC Therapy Administration Satisfaction Questionnaires), and deter
mined minimal differences in patients treated with SC or IV pertuzumab 
+ trastuzumab [76]. The study also reported no major differences in 
HRQoL in patients who moved from SC → IV and IV → SC [76].

Finally, Fargier et al., 2017 used a three-level version of the EQ-5D 
(EQ-5D-3L) questionnaire and found no significance when comparing 
mean EQ-5D-3L in those treated with SC or IV formulations of rituximab 
(P = 0.305) [91]. However, the authors hypothesized that patients 
treated with IV rituximab may experience more anxiety and depression, 
while patients receiving SC formulations reported higher incidences of 
pain and discomfort compared with IV [91].

Direct costs

Cost differences between SC and IV formulations were reported 
across 42 studies. SC products had lower direct costs, including direct 
drug costs and total costs, incurred through reduced consumable costs 
for the preparation and administration of SC oncology treatments tras
tuzumab, rituximab, and daratumumab [101,103,109–114]. SC ritux
imab was consistently associated with cost savings when compared with 
IV formulation [91,92,103,109–111,115–118]. Similarly, SC trastuzu
mab was associated with lower direct costs (costs of consumables, drug 
waste, and costs associated with HCP time required for drug preparation 
and administration) and lower indirect costs (e.g., patients’ and care
givers’ gains in productivity) [113,119–123].

Two studies reported cost savings associated with SC trastuzumab in 
patients above 63 kg, due to the dose of IV trastuzumab being body 
weight–adjusted and SC trastuzumab having a fixed dose [113,124].

SC formulations had reduced total drug costs across multiple treat
ment cycles, compared with IV. A 2018 study conducted in Ireland re
ported that SC trastuzumab administration resulted in cost savings of 
€497.00 across 17 treatment cycles compared with IV in patients with 
HER2+ breast cancer, with total costs of €34,401.97 versus €34,898.97, 
respectively [125]. Similarly, a study conducted in Hong Kong using 
2017 data of patients with HER2+ breast cancer reported a saving of 
$9,451.28 in drug acquisition costs regarding SC trastuzumab compared 
with IV over 18 treatment cycles ($32,884.62 vs $42,335.90, respec
tively) [126].

One paper reported on cost differences from switching from IV per
tuzumab and trastuzumab to SC. This Montenegro-based study (cost- 
year not reported) concluded that a switch from IV to SC administration 
could save up to €240,000 yearly [127].

Indirect costs

Indirect costs were reported for trastuzumab and rituximab. SC 
trastuzumab was associated with lower indirect costs, which included 
increased productivity for patients and caregivers. [113,119,121–123]. 
Similarly, costs savings associated with HCP time and administration- 
chair occupancy were the driving elements for the differences 
observed with SC and IV administration [91,103,109,111,116,128]. An 
Italian study of patients with non-Hodgkin’s lymphoma and HER2+
breast cancer reported that SC trastuzumab and SC rituximab were 
associated with lower indirect costs from loss of work by the patient 
and/or the caregiver, compared with costs incurred using IV formula
tions [114]. Overall, savings of €60,000 predicted per annum for the SC 
trastuzumab group and €7,000 for SC rituximab (in the 2016 calendar 
year) [114].

Time savings

Overall, 65 studies reported time-related differences, with most 
recording an association between SC administration of oncology treat
ments and time saved compared with IV administration (Sup. Tables 15- 
18). For example, a study reported a reduction in overall HCP time for 
the administration of SC trastuzumab (n = 48) in an outpatient setting 
compared with IV administration (n = 24) for a total of 16.9 versus 37.0 
min, respectively [108]. This was mirrored in inpatients with SC 
administration of trastuzumab (n = 14) taking substantially less time 
than IV (n = 7) for a total of 58.0 versus 89.3 min, respectively [108]. 
Similarly, total clinic time for patients receiving daratumumab SC (n =
215) was reduced compared with IV administration (n = 587) for 2.9 
and 4.8 h, respectively [94]. From an HCP perspective, SC administra
tion of pertuzumab + trastuzumab was deemed to be “quicker” from 
preparation to finishing administration by 92.5 % of the HCPs [76].

SC drug preparation and administration time was substantially lower 
than IV formulations for trastuzumab, rituximab, pertuzumab, and 
daratumumab (Sup. Tables 15 and 16). Preparation time for SC and IV 
formulations across the drugs ranged from 1 to 33.3 min and 4–40 min, 
respectively [103,111,129,130]. Moreover, one study reported that the 
preparation time of SC trastuzumab was significantly lower than that of 
IV formulation (P < 0.0001) in patients with HER2+ breast cancer (1 vs 
14 min, respectively) [121]. Similarly, administration time for patients 
treated with SC oncology drug formulations was typically reported in 
the range of minutes, whereas IV administration took several hours 
(Sup. Table 16). One study included a treatment comparison time of SC 
trastuzumab administration in hospital versus at home, with all patients 

Fig. 3. Summary of patients’ preference toward SC or IV rituximab [19,46,54,103,104,109,110]. * Patient preference for IV not reported. N.B. For the PrefMab 
study, 77–84% of patients preferred SC rituximab.
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completing their treatment session in less than 2 h with home admin
istration (reported to take > 4 h in some cases in hospital setting), thus 
highlighting the potential for SC drug formulations to require less 
infrastructure to administer to patients as at-home treatments [86].

Chair time was compared between IV and SC formulations of tras
tuzumab, rituximab, and daratumumab (Sup. Table 17). Switching from 
IV to SC administration was associated with substantial chair-time 
savings in the administration of daratumumab and trastuzumab 
[75,94,131–133].

SC administration of pertuzumab and concomitant trastuzumab was 
associated with a reduction in patient time, considering both travel time 
and time spent in the hospital (85 days/year and 63 h per patient 
annually, respectively) [127].

Conclusions

The main objective of this SLR was to assess the available literature 
on the efficacy, safety, and PK of SC and IV administration of oncology 
drugs, alongside differences in time requirements, costs, and PROs. 
Overall, efficacy, safety, and PK outcomes were largely comparable 
between IV and SC administration of cancer therapies.

Efficacy and tolerability profiles of SC and IV formulations were 
generally similar across all treatments. In oncology, the evidence dem
onstrates that SC and IV administration routes can be considered to 
deliver comparable efficacy, safety, and tolerability outcomes.

With regard to PK outcomes, although Cmax (and Tmax) often varied 
between patients treated with IV and SC formulations, the overall sys
temic exposure to therapy was similar. Comparable Cmax results were 
observed between SC and IV administration across patient groups. This 
included those with higher body weight, in whom a more substantial 
difference in exposure was expected (due to the fixed dose employed in 
SC administration, as opposed to the adjusted dose used in IV). However, 
Tmax was greater in some cases of SC administration compared with IV. 
Although PK results were reported for six of the oncology drugs (ritux
imab, daratumumab, pertuzumab, and combined trastuzumab, trastu
zumab, nivolumab, and bortezomib), overall, the scarcity of statistical 
analyses in literature included by this SLR meant it was difficult to 
compare PK results for SC and IV formulations.

Overall, the studies included in this SLR identified a reduction in 
resource utilization and overall healthcare costs due to SC administra
tion. SC formulations also presented time savings that were driven by 
reductions in HCP time and patient chair time, which led to tangible 
economic benefit due to increased patient and caregiver productivity 
[113,119–123]. The reduction in preparation and administration time 
associated with the SC formulations further the economic benefit, in that 
SC oncology formulations require less healthcare resource utilization to 
administer to patients than IV formulations [103,111,129,130]. How
ever, cost and time savings results were only available for trastuzumab, 
rituximab, pertuzumab, and daratumumab. There were also limited data 
specifically regarding HRQoL identified in the review, therefore, 
generalizable conclusions on the relative impact of SC administration 
could not be drawn. Nevertheless, the potential for SC formulations to 
improve broader QoL can be inferred from the reported evidence on SC 
oncology drug formulations enhancing treatment center productivity. 
As well as evident preference for SC formulations reported by patients 
and HCPs alike, along with higher treatment satisfaction.

The results of SLR are aligned with other recent studies. For example, 
recent research has reported that SC nivolumab met the co-primary PK 
and key-powered secondary ORR endpoints for noninferiority versus the 
IV formulation [134]. Furthermore, the results generated regarding 
patient preference for SC administration were reflected in a 2024 
qualitative interview study by Skalicky et al. [135].

This study reported that, within the CheckMate 8KX clinical trial, 
sub-study participants with advanced or metastatic cancer who experi
enced both IV and SC treatments (n = 11), 10 (90.9 %) preferred SC over 
IV treatment administration [135]. After the conduction of this SLR, the 

IMscin001 (phase1b/3) study atezolizumab SC demonstrated non
inferior drug exposure at cycle 1 compared with IV administration 
[136]. In addition, the IMscin002 phase 2 randomized clinical trial 
published their first findings, which were aligned with the findings 
presented here [137]. The trial reported an increased patient preference 
for SC administration of atezolizumab compared with IV formulation, 
with the SC formulation maintaining a consistent overall safety profile 
[137].

This review ensured that a broad base of evidence was utilized, 
however, limitations were noted. Analysis focused on the clinical out
comes of IV and SC formulations, rather than the methods used to 
capture these results. While the focus of the included studies was to 
demonstrate clinical equivalence, there were inherent variations in 
study design, population size, and statistical analysis between the 
studies included in this SLR, which made such comparisons difficult. 
Moreover, this SLR did not account for therapies co-formulated with 
hyaluronidase, which can enhance SC delivery by increasing the ab
sorption of the injected substances. Therefore, this could be an avenue 
for future investigation.

This literature review highlights areas for the ongoing development 
of SC formulations in oncology. Future research should also incorporate 
additional studies regarding patient and HCP perspectives on IV versus 
SC administration of oncology therapies, as well as the implementation 
of systematic, formal HRQoL instruments. We also recommend a 
movement toward defining a consistent methodology for eliciting results 
including patient/HCP preferences and time/cost savings across clinical 
trials. This would allow for the identification of more standardized re
sults between SC and IV administration groups, and address current data 
gaps associated with differences in cost and time savings, and HRQoL 
associated with IV and SC oncology treatment administration.

Ultimately, efficacy and PK outcomes were comparable across SC 
and IV formulations, although statistical significance was not consis
tently reported. Safety outcomes were generally similar between SC and 
IV formulations, with an increase in low-grade injection-site reactions 
with SC. Nevertheless, patients and HCPs preferred SC over IV admin
istration due to convenience. Limited available data suggest cost and 
time savings with SC formulations, therefore further research is needed. 
Overall, this SLR has uncovered compelling evidence that SC delivery of 
oncology treatments offers benefits for patients, HCPs, and healthcare 
systems.

Glossary:

Area under curve (AUC) The total drug exposure integrated over time.
Overall response rate 

(ORR)
The proportion of patients who have a partial or 
complete response to therapy.

Overall survival (OS): The length of time from either the date of diagnosis or the 
start of treatment for a disease that patients diagnosed 
with the disease are still alive.

Trough concentration 
(Ctrough)

The lowest concentration reached by a drug before the 
next dose is administered.
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