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 Abstract 

 The introduction of biosimilars of biological agents for which 
the patents and exclusivity periods have expired is an attrac-
tive way of reducing healthcare spending through price 
competition with the reference product. In oncology, bio-
similars of growth factors for supportive therapy were the 
pioneers; now, monoclonal antibody biosimilars are con-
quering the market. In Europe, this is currently limited to bi-
osimilars of the monoclonal antibodies trastuzumab and 
rituximab. However, the pipeline is full and several monoclo-
nal antibody biosimilars in oncology are now in late-stage 
development. We are expecting not only more biosimilar 
versions of the top 3 blockbuster monoclonal antibodies, 
trastuzumab, rituximab and bevacizumab, to enter the mar-
ket; as patent expiration of multiple other cancer biologicals 
will occur in the next few years, the biosimilar landscape will 
become much more diversified. Several biosimilars of mono-
clonal antibodies used in targeted therapy such as cetux-
imab, pertuzumab, or denosumab are in early development. 

 © 2019 S. Karger AG, Basel 

 Introduction: Rationale for Biosimilar Development 

 Over the last 20 years, significant progress has been 
made in cancer therapy through the continuous develop-
ment of new biologicals, notably monoclonal antibodies 
 [1] . However, these new treatment options come with a 
significant escalation of healthcare costs. Monoclonal an-
tibodies are usually large proteins with a complex struc-
ture. They are produced in a complex biotechnological 
process in living genetically modified microorganisms or 
cells; this is why they are much more expensive than oth-
er medicines. Biologicals now dominate the top 10 list of 
best-selling drugs in Europe: in 2017, 7 of the top 10 best-
selling drugs were biologicals  [2] . Moreover, several of 
the recently approved monoclonal antibodies in oncolo-
gy including checkpoint inhibitors like nivolumab or 
pembrolizumab were predicted to become blockbusters 
in 2019 and 2020  [3, 4] . Consequently, patient access to 
biologicals is often limited by high costs. The introduc-
tion of biosimilars for biologicals where the patents and 
exclusivity periods have expired to the market is an at-
tractive way of reducing healthcare spending through 
price competition with the reference product  [2] .

  A biosimilar is a biological medicinal product that 
contains a version of the active substance of an already 

 Breast Care 2019;14:10–16 
 DOI: 10.1159/000496834 

E-Mail karger@karger.com

 © 2019 S. Karger AG, Basel

 

www.karger.com/brc

http://dx.doi.org/10.1159%2F000496834


11 Biosimilars in Oncology  Breast Care 2019;14:10–16 
DOI: 10.1159/000496834

authorized original biological medicinal product (refer-
ence medicinal product)  [5] . Similarity to the reference 
medicinal product in quality, biological activity, safety, 
immunogenicity, and efficacy has to be established on the 
basis of an extensive comparability exercise. Biosimilars 
are thus designed to be used interchangeably with bio-
logicals and are at least equipotent. Sometimes they show 
a trend for superior efficacy, albeit within the strict equiv-
alence limits. ‘Similar’ refers to the same corridor of mi-
croheterogeneity as applies to the reference medicinal 
product at each new batch or change in the manufactur-
ing process  [6] . An important factor responsible for mi-
croheterogeneity is the variability of the glycosylation 
pattern. This pattern can be affected by the expression 
system, cell culture conditions, and method of antibody 
purification. Therefore, glycosylation patterns differ 
whenever the manufacturing process for an antibody is 
modified  [7] . Since the glycosylation pattern affects pro-
tein function including antibody-dependent cell-mediat-
ed cytotoxicity, clinical efficacy might not only differ be-
tween a reference product and its biosimilar, but also be-
tween different lots of a reference product. This has been 
shown for several antibodies, among them rituximab 
(Mabthera ® ; Roche, Basel, Switzerland) and trastuzumab 
(Herceptin ® ; Roche)  [8, 9] .

  The manufacturing process, as with the reference 
product, is still very expensive. However, a biosimilar is 
less clinically tested than its reference biological. This ul-
timately reduces its costs. In Europe, price reductions for 
biosimilars are expected to range from 20 to 40%, with a 
few cases being higher  [10] . According to estimates, cost 
savings will amount to more than EUR 10 billion between 
2016 and 2020 in the EU5 countries  [11] . However, the 
financial impact might never reach that of generic drugs 

competition. This is due to significant differences in de-
velopment and regulatory processes between generics 
and biosimilars.

  Current and Candidate Monoclonal Antibody 

Biosimilars in Oncology 

 Currently, most biosimilar products available for on-
cology are in supportive care therapy. Filgrastim and ep-
oetin are 2 biological medicines that offer significant ben-
efits in cancer care and that are now patent-expired. Bio-
similar versions of both have been approved in Europe by 
the European Medicines Agency (EMA) since 2007 and 
have proven to increase access to supportive cancer care 
 [12–14] . Their use is increasing rapidly.

  However, it is expected that the focus will shift to bio-
logicals with life-prolonging effects such as monoclonal 
antibodies. The suppliers of most biologicals have not yet 
had to face competition from ‘generic’ products. How-
ever, this is going to change gradually as a number of 
high-volume monoclonal antibodies lose their patent 
protection and defined periods of market exclusivity ex-
pire  [15]  ( table  1 ). Therefore, many companies have 
launched biosimilar development programs. So far, the 
focus has been mainly on the blockbuster monoclonal an-
tibodies, rituximab, bevacizumab and trastuzumab.

  The first so-called biocopies (including biogenerics, 
similar biologicals) for rituximab (e.g., Redigit ® ; Dr. Red-
dy’s Laboratories, Hyderabad, India) have been distrib-
uted for years in countries such as India, South America, 
and Russia. However, they have not been approved under 
the stringent scientific standards that apply to biosimilars 
in the EU  [16] .

Europe US

Adcetris®/brentuximab – vedotin August 2023 2015–2031
Avastin®/bevacizumab January 2022 July 2019
Arzerra®/ofatumumab data not available December 2018
Campath®/alemtuzumab May 2021 July 2021
Cyramza®/ramucirumab May 2023 November 2025
Darzalex®/daratumumab May 2026 February 2025
Erbitux®/cetuximab June 2014 February 2016
Gazyvaro®, Gazyva®/obinutuzumab November 2024 January 2035
Herceptin®/trastuzumab August 2015 June 2019
Kadcyla®/trastuzumab emtansine June 2020 September 2026
Keytruda®/pembrolizumab June 2028 November 2036
Mabthera®, Rituxan®/rituximab November 2013 September 2016
Opdivo®/nivolumab May 2026 June 2027
Perjeta®/pertuzumab May 2023 June 2024
Prolia®, Xgeva®/denosumab June 2022 February 2025
Tecentriq®/atezolizumab September 2027 May 2028
Vectibix®/panitumumab 2018 April 2020
Yervoy®/ipilimumab 2021 2023

 Table 1.  Blockbuster monoclonal 
antibodies and their patent and exclusivity 
expiry dates in Europe and the US 
(adapted from [15])

http://dx.doi.org/10.1159%2F000496834


12  Busse/Lüftner

 

 Breast Care 2019;14:10–16 
DOI: 10.1159/000496834

  To date (October 2018), 6 rituximab, 1 bevacizumab, 
and 5 trastuzumab biosimilars have been approved ( ta-
ble 2 ). Moreover, 2 rituximab biosimilars, 1 bevacizumab 
biosimilar, and 1 trastuzumab biosimilar are currently 
under evaluation by the Committee for Medicinal Prod-
ucts for Human Use (October 18, 2018)  [17] , and several 
other oncology biosimilars are currently in late-stage 
clinical development after successful completion of phase 
I trials.

  Rituximab 
 As the first therapeutic monoclonal antibody in oncol-

ogy, rituximab is also one of the first to encounter compe-
tition from biosimilar products as its patent expired in 
2013 and 2016 in Europe and the US, respectively. Ritux-
imab has been approved in Europe under the trade name 
Mabthera since 1998 for the treatment of non-Hodgkin’s 
lymphoma (NHL) of the B-cell series. In 2006, the approv-
al was extended for the treatment of severe active rheuma-
toid arthritis, granulomatosis with polyangiitis (Wegen-
er’s granulomatosis), and microscopic polyangiitis  [18] .

  In February 2017, the first rituximab biosimilar, CT-
P10 (Celltrion, Incheon, ROK), was approved in the EU 
under the trade name Truxima ®  based on a phase III 
study in patients with advanced-stage follicular lympho-
ma showing comparable efficacy, safety, and immunoge-
nicity  [19] . Authorization was granted for all indications 
of the reference medicinal product  [20] . 

  Interestingly, CT-P10 is marketed under 3 more 
names, Rituzena ® , Ritemvia ® , and Blitzima ® , although 
with different marketing authorization: unlike Ritemvia, 
Blitzima and Rituzena have no indication for chronic 
lymphocytic leukemia (CLL). Celltrion believes that this 
somewhat unusual tactic could ultimately generate a larg-
er market share. It offers the possibility to hand out dis-
tribution rights to different companies that could com-
pete against each other and thereby maximize the market 
share of CT-P10 compared to the biosimilars of the com-
petitors. The company already used the same strategy 
with its infliximab biosimilar, which is marketed under 2 
names – Inflectra ®  (Pfizer, New York, NY, USA) and 
Remsima ®  (Celltrion).

  In June 2017, GP2013 (Sandoz, Holzkirchen, Germa-
ny) was approved  [21] . It is marketed under the trade 
names Riximyo ® , indicated for the treatment of NHL, 
and Rixathon ® , indicated for the treatment of NHL and 
CLL ( table 2 ). Several other rituximab biosimilars are cur-
rently under clinical investigation in ongoing trials 
( fig. 1 ).

  Bevacizumab 
 Bevacizumab (Avastin ® , Roche) is a monoclonal anti-

body directed against vascular endothelial growth factor 
A (VEGF-A), a central player in tumor angiogenesis and 
metastasis. Bevacizumab is approved in Europe for the 
treatment of a range of cancers, including metastatic or 

 Table 2.  Approved biosimilars for monoclonal antibodies in oncology

Reference product/trade 
name

Biosimilar product 
name/trade name

Second 
brand

Manufacturer Phase III trial in oncology/indication

Rituximab/Mabthera®, 
Rituxan®

GP2013/Rixathon® Riximyo® Sandoz ASSIST_FL, NCT01419665/previously untreated 
advanced-stage follicular lymphoma [21]

CT-P10/Truxima® Blitzima®, 
Ritemvia®,
Rituzena®

Celltrion NCT02162771/previously untreated advanced-
stage follicular lymphoma [19]

Trastuzumab/Herceptin®CT-P6/Herzuma® Celltrion NCT02162667/neoadjuvant HER2+ BC [45]

ABP 980/Kanjinti® Amgen LILAC, NCT01901146/neoadjuvant HER2+ BC 
[46]

SB3/Ontruzant® Samsung Bioepis NCT02149524/neoadjuvant HER2+ BC [47]

PF-05280014/
Trazimera®

Pfizer REFLECTIONS B327-02, NCT01989676/
1st-line HER2+ metastatic BC
REFLECTIONS B327-04, NCT02187744/
neoadjuvant HER2+ BC [48, 49]

Ogivri® Mylan/Biocon HERITAGE, NCT02472964/1st-line HER2+ met-
astatic BC [50]

Bevacizumab/Avastin® ABP 215/Mvasi® Amgen NCT01966003/advanced or recurrent NSCLC 
[51]

 BC, breast cancer; NSCLC, non-small cell lung cancer.
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recurrent non-squamous non-small cell lung cancer 
(NSCLC), metastatic renal cell carcinoma, metastatic 
colorectal cancer (CRC), cervical cancer, platinum-resis-
tant or platinum-sensitive recurrent epithelial ovarian, 
fallopian tube and primary peritoneal cancers, and meta-
static breast cancer  [22] .

  The US patent on Avastin expires in 2019, the drug’s 
main European patent expires in 2022. The first bevacizum-
ab biosimilar, ABP 215 (Mvasi ® ; Amgen, Thousand Oaks, 
CA, USA), has already been approved by the US Food and 
Drug Administration (FDA) for all eligible indications (i.e., 
not covered by regulatory exclusivity) authorized for the 
originator product  [23] . This was based on a phase III study 
in patients with non-squamous NSCLC showing compa-
rable efficacy (overall response rate), safety, and immuno-
genicity  [24] . Several other potential bevacizumab biosimi-
lars are currently in development ( fig. 1 ).

  Clinical results have been published for biosimilar can-
didate BCD-021. A phase III trial in patients with advanced 
NSCLC showed comparable efficacy and safety of BCD-021 
compared to the reference product in combination with pa-
clitaxel plus carboplatin  [25] . Moreover, equivalence in ob-
jective response rate in patients with advanced non-squa-
mous NSCLC was announced for the bevacizumab biosim-
ilar candidate PF-06439535  [26]  in a press release; however, 
results have not yet been published.

  As described above, the forthcoming patent expiries of 
Avastin in the major markets have encouraged several 
companies to develop bevacizumab biosimilars, which 
are in the advanced stage. So far, less attention has been 
paid to the anti-VEGF antibody aflibercept or anti-
VEGF-R2 antibody ramucirumab. However, as sales of 
anti-VEGF ophthalmic products including aflibercept 
continue to rise, companies are beginning to invest in the 
development of aflibercept biosimilars, albeit initially 
with a focus on ophthalmologic indications  [27] .

  Trastuzumab 
 Trastuzumab (Herceptin, Roche) is approved for the 

treatment of human epidermal growth factor receptor 
2(HER2)-positive breast cancer and metastatic gastric 
and gastroesophageal junction adenocarcinomas  [28] . 
The patents on Herceptin expired in Europe in July 2014 
and will expire in the US in June 2019  [15] .

  Based on phase III trials, 5 trastuzumab biosimilars 
have already been approved for use in the EU: Ontru-
zant ®  (SB3, Samsung Bioepis, Incheon, ROK), Herzu-
ma ®  (CT-P6, Celltrion), Ogivri ®  (MYL-1401O, Mylan, 
Canonsburg, PA, USA), Kanjinti ®  (ABP980, Amgen), 
and Trazimera ®  (PF-05280014, Pfizer)  [29] . Other trastu-
zumab biosimilars are in various stages of development 
( fig. 1 ).

  Fig. 1.  Pipeline of selected monoclonal antibody biosimilars in oncology. 
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  Beyond the Blockbusters – Monoclonal Antibody 

Biosimilars in Early Development 

 Cetuximab (Erbitux ® ; Eli Lilly, Indianapolis, IN, USA) 
is a chimeric (mouse/human) IgG1 monoclonal antibody 
targeted against the epidermal growth factor receptor 
(EGFR). It is used for the treatment of metastatic CRC 
and squamous cell carcinoma of the head and neck in 
conjunction with radiation and chemotherapy  [30] . The 
US patents for the drug expired in 2016 and EU patents 
expired in 2014  [31] . Several companies, however, are in 
the process of developing cetuximab biosimilars  [32] . 
Most cetuximab biosimilar candidates are still in preclin-
ical development, such as ABP 494 from Actavis (Parsip-
pany-Troy Hills, NJ, USA)/Amgen, CT-P15 from Cell-
trion, or Mabion EGFR from Mabion (Lodz, Poland). 
Only for the biosimilar-biobetter STI-001/CMAB009 de-
veloped by Sorrento Therapeutics (San Diego, CA, USA)/
MabTech (Nacka Strand, Sweden), a phase III trial in 
Chinese metastatic colorectal cancer patients with  KRAS  
wild-type has been successfully completed. The trial test-
ed STI-100 in combination with irinotecan versus irino-
tecan alone  [33] . However, so far, results have only been 
announced in a press release in 2016 and not yet been 
published. Interestingly, significantly less adverse events 
than in studies of the reference product were reported 
with no hypersensitive reaction compared with more 
than 10% of patients in the cetuximab trials. The manu-
facturer attributed this to a different production method 
compared to the reference product. Another phase III tri-
al in  RAS / BRAF  wild-type metastatic CRC patients 
(NCT03206151) is ongoing.

  Panitumumab (Vectibix ® , Amgen) is also an anti-
EGFR antibody, but in contrast to cetuximab it is a fully 
human monoclonal IgG2κ antibody. It is approved for 
the treatment of metastatic CRC  [34] . Since, in compari-
son to cetuximab, more recent data show at least equiva-
lence if not superiority in terms of effectiveness in the 
treatment of CRC with a more favorable side effect profile 
 [35] , it is not surprising that the industry is interested in 
developing these biosimilars  [36] . The EU patent expires 
in 2018, the US patent in 2020  [31] .

  In addition, pertuzumab (Perjeta ® , Roche), a human-
ized monoclonal IgG1 antibody against HER2, and trastu-
zumab emtansine (Kadcyla ® , Roche), an antibody-drug 
conjugate of the monoclonal antibody trastuzumab and 
the maytansine derivative DM1, are the subject of bio-
similar activities  [36] . Trastuzumab and pertuzumab are 
directed against different regions of the HER2 receptor 
 [37] . Both antibodies are approved for the treatment of 
HER2-positive breast cancer: trastuzumab emtansine as 
monotherapy in metastatic breast cancer  [38]  and pertu-
zumab in combination with trastuzumab for metastatic 
breast cancer or neoadjuvant/adjuvant therapy of locally 

advanced high-risk breast cancer  [39] . Biosimilar candi-
dates for both antibodies are in the preclinical develop-
ment stage ( fig. 1 ).

  Moreover, biosimilar candidates of denosumab (Pro-
lia ® /Xgeva ® , Amgen) are in preclinical development 
( fig. 1 )  [36] . Denosumab is a humanized monoclonal in-
hibitory antibody against the receptor activator of nucle-
ar factor kappa-B ligand (RANKL). It prevents the devel-
opment of osteoclasts and is used for the treatment of 
osteoporosis, treatment-induced bone loss, bone metas-
tases, and giant-cell tumor of the bone  [40] .

  Outlook: Considerations for Development of 

Checkpoint Inhibitor Biosimilars 

 Immunotherapy, especially checkpoint inhibition, has 
yielded unprecedented success in the treatment of cancer. 
Checkpoint inhibitors like the anti-PD-1 antibodies pem-
brolizumab and nivolumab have shown efficacy in a wide 
range of indications with acceptable toxicity. They have 
altered the treatment landscape in oncology. In some cas-
es, long-lasting responses are achieved which can last up 
to several years. These observations underscore the cura-
tive potential of checkpoint inhibitors in patients with 
metastatic tumor disease  [41] . Therefore, it is not surpris-
ing that checkpoint inhibitors such as nivolumab or pem-
brolizumab are expected to be among the best-selling 
drugs in 2018  [42] . In Europe, their patent rights will ex-
pire in 2026 and in 2028, respectively  [15, 41] . Moreover, 
several checkpoint agonistic and antagonistic antibodies 
are in late-stage development, and PD-L1-targeted drugs 
have recently entered the market and are expected to be-
come blockbusters in the near future (2023)  [43] . They 
might also play a role in triple-negative breast cancer. Re-
cently, the IMpassion130 trial demonstrated a benefit 
with first-line atezolizumab combined with nab-paclitax-
el in triple-negative breast cancer  [44] . Based on the re-
markable clinical data and high sales forecasts for these 
checkpoint blockers, companies have invested heavily in 
immuno-oncology drug development. It is obvious that 
the pharmaceutical industry will not only invest in the 
development of new substances but also in that of check-
point inhibitor biosimilars.

  Conclusion 

 Since biologicals play an essential role in cancer treat-
ment and are major contributors to the burgeoning 
healthcare costs, the development of biosimilars is par-
ticularly important in oncology. Several biosimilars have 
recently been approved. Aside from biosimilars of sup-
portive care drugs, in Europe this is currently limited to 
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biosimilars of the monoclonal antibodies trastuzumab, 
rituximab, and bevacizumab. However, the pipeline is 
full, and we are expecting the landscape of biosimilars to 
become much more diversified. This might also include 
biosimilars of checkpoint inhibitors. 

  As important as cost reduction, however, is the accep-
tance of biosimilars by both oncologists and patients. 
This requires that physicians are knowledgeable about 
the production, regulation, approval, and payment de-
tails of biosimilar anticancer drugs and that patients are 
properly informed. There are frequent concerns by pa-
tients, but also by physicians, about the prescription of 
biosimilars regarding their pharmaceutical quality, their 
efficacy, especially in extrapolated indications, their safe-

ty due to the potential immunogenicity, and their inter-
changeability with the reference medicine.

  Longer follow-up and additional data confirming the 
safety and efficacy of biosimilars might help to integrate 
them more and more into clinical practice.
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