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Abstract

Advanced Hepatocellular carcinoma (HCC) is no longer a terminal illness. This change
was mainly attributed to the development of new treatments including tyrosine-kinase
inhibitors (TKIs), vascular endothelial growth factor (VEGF) inhibitors and immune
checkpoint inhibitors (ICPIs) but the financial toxicity of treating advanced HCC is of a
major concern specially in low middle-income countries (LMICs) where the patients are
still battling for their most basic rights. Most of advanced HCC patients in LMICs have
very limited accessibility to the new treatments including ICPIs. Searching for out of the
box solutions to improve access to treatments -mainly ICPIs- is an utmost necessity for
LMICs advanced HCC patients.
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Introduction

Primary liver cancer (PLC) is the sixth most prevalent malignancy across the globe, it is
considered among the top five solid tumors with high mortality rate (1). PLC is the third
highest cause of cancer-related mortality with 8.2% of all cancer-related deaths in 2020
(2). In low- and middle-income countries (LMICs), the number of new cancer cases has
grown with a 1.2 million increment during the six years spanning from 2012 to 2018,
while the number of deaths caused by cancer has grown from 5.3 million to 6.7 million
during the same period (2,3). The World Health Organization (WHO) estimated that in
2020 there was globally around 906,000 new cases of PLC with almost 90% mortality
rate (1). HCC is the most prevalent form of PLC and constitute a significant source of

mortality and economic burden worldwide, particularly in LMICs (4).
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In a recent global study, 5% of cancer-related disability-adjusted life years (DALYS) are
attributed to liver cancer (5). PLC is most common in Asia and West Africa and for both
cancer incidence and mortality in Mongolia, Cambodia and Egypt (1). Worth mentioning
that all these countries belong to LMICs according to the World Bank classification (6).
The financial toxicity of treating advanced HCC is troublesome for every nation even
those with high-income, but of a major concern in LMICs where patients are still battling

for even the most basic rights.
Risk factors for developing HCC

Chronic Hepatitis B virus (HBV) infection, chronic Hepatitis C virus (HCV) infection, high
alcohol consumption, obesity, aflatoxin-contaminated foods, smoking and type 2
diabetes are the primary risks for developing HCC (7). Nearly 25% of chronic HBV-
infected people may develop HCC and perish as a result (8). This is especially
worrisome for LMICs in West Africa, where HCC is a leading cause of premature
mortality (9). Improved access to screening and vaccination programs may reduce HBV
incidence, however there are no such programs in West Africa (9). Chronic HCV
infection with cirrhosis account for nearly 7% of global HCC incidence and it is the most
prevalent cause of HCC in North and South America (10). HCV incidence in Egypt fell
between 0.8 to 6.8 per 1,000 person-years (11).

Treatment options of advanced HCC

The choice of advanced HCC treatment depends mainly on performance status, Child-
Pugh score, baseline Alpha Fetoprotein (AFP) level and above them all, the ability of
the patient to afford the cost of these treatments. Since 2008, Sorafenib was the only
available treatment for patients with advanced HCC (12). However, new options
including vascular endothelial growth factor (VEGF) inhibitors, newer tyrosine-kinase
inhibitors (TKIs) and immune checkpoint inhibitors (ICPIs) have demonstrated superior
efficacy (13). First line options include atezolizumab in combination with bevacizumab
or lenvatinib monotherapy or sorafenib or most recently durvalumab with or without
tremelimumab. While second line options include nivolumab in combination with
ipilimumab as opposed to various monotherapy options including regorafenib,

ramucirumab, cabozantinib, sorafenib or Lenvatinib if not used in first line (14).
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Pembrolizumab or nivolumab monotherapy can be considered as option only in certain

circumstances in the second line settings as category 2B level of evidence (14).
Does HCC survival correlate with income?

Despite the fact that survival from PLC remain poor even in high income countries;

patients diagnosed with PLC in LMICs have a significantly worse 5-year survival rate.

In Uganda (3.2%) and Gambia (3%) than they do in Denmark (9%) and USA (14.8%)
(15). Moreover, low-income and rural-neighborhood patients had advanced HCC tumors
and higher mortality. These disparities likely reflect suboptimal care, especially in HCC
surveillance (16). Another study concluded that poverty and limited access to healthcare
may increase the likelihood of developing HCC and shorten the patients’ OS time (17).

Financial toxicity of advanced HCC treatment.

The exorbitant cost of cancer treatment may obstacle patients’ access to proper care
(18). Multiple LMICs devote between 4 and 7 percent of their gross domestic product
(GDP) to healthcare, which is generally insufficient to cover even the most basic cancer
care (19). The vast majority of cancer patients in LMICs are unable or unwilling to pay
for their holistic care. Moreover, in most LMICs, health insurance does not exist (20).
Lack of health insurance, lower income, unemployment and younger cancer diagnosis
predicted severe financial burdens (21,22). Most of advanced HCC patients in LMICs
have very limited accessibility to the new treatments including ICPIs. In a recent real
world study conducted in India , it was found that among all patients who were indicated
to received ICPIs (9610 Patients), only 1.6 % (155 patients) actually received ICPIs
(23).

Moreover, according to the world bank data, the out-of-pocket expenditure (% of current
health expenditure) in LMICs is 35.25% on average , reaching a highest percentage of
79.30% in Afghanistan, 64% in Cambodia, 63% in Egypt, 38% in Uganda and 23% in
Gambia (24). Meaning that due to the lack of insurance or governmental copayment,

the patients must pay for their health care cost out of their own pocket.
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When it comes to HCC ; the median overall direct cost (regardless of stage or
treatment) per patient per a year was $176,456 and each patient is predicted to incur

indirect expenses of $3553 due to lost productivity (25).

The average wholesale direct costs of ICPIs used in advanced HCC management were
extracted in US dollars from RED BOOK online (26) (Table 1) and were as follows:
$11818.37 for atezolizumab, $13796.7 for durvalumab, $2821.3 or $4231.9 or $8463.88
for nivolumab (different dose ranges available), $38593.61 for ipilimumab and
$12820.22 or $25640.44 for pembrolizumab (different dose ranges available). The
meeting of the 23rd WHO expert committee on the selection and use of essential
medicines concluded against listing ICPIs as essential medicines. The committee
believed that the benefit-to-harm ratio of ICPIs was favorable, however, listing was not
suggested because these medications are extremely expensive in many disease
contexts at their current pricing (27).

Leaving no one behind

Searching for out of the box solutions to improve access to treatments -mainly ICPIs- is
an utmost necessity for LMICs advanced HCC patients. Dose rounding was proven to
be a successful method for waste and cost reduction in oncology care (28). In case of
weight-based dosing for nivolumab and ipilimumab ; dose rounding within 10% of the
ordered doses is expected to substantially reduce the cost and drug waste without
impact on medications effectiveness (28). Vial sharing is another strategy to reduced
waste and improve cost saving particularly in large or publicly funded institutions (29).
Using weight-based dosing strategies instead of fixed dose in combination with vial
sharing was also proven to provide cost saving in the case of pembrolizumab and
nivolumab, these two strategies saved almost 1.5 million US dollars over only 4 months
(30). A study conducted in Taiwan found that giving pembrolizumab with a dose of 1.8
mg/kg achieved similar OS when compared with standard 200 mg every 3 weeks (31).
Freshwater et al performed budget impact simulation of pembrolizumab using weight-
based dosing (2 mg/kg) compared to fixed 200 mg dose, they found that using the 2
mg/kg dosing produced annual savings of around $0.825 billion (32).
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There is a wealth of evidence suggesting that ICPIs can achieve considerable activity at
doses far below those currently approved (33). These evidence are supported by
preclinical data suggesting that programmed death-1 (PD-1) receptor occupancy was
achieved at very low doses; 90% of PD-1 receptors was saturated at 0.5 mg/kg
pembrolizumab, 3 mg/kg avelumab, 4 mg/kg atezolizumab and totally saturated at 0.3
mg/kg durvalumab and 0.3 mg/kg nivolumab (34-37). Moreover, the trough
concentration (Cmin) using approved dose (1200 mg ) of atezolizumab is 20 times

higher than the Cmin achieved using 3 mg/kg in the preclinical trial (35,38,39).

Using a fixed lower nivolumab dose of 20 mg or 100 mg every 3 weeks compared to
standard 3 mg/kg biweekly; Yoo et al showed that among 47 non-small cell cancer
(NSCLC) patients using low dose along with extended frequency achieved better
objective response rate than standard approved dose and frequency (40). Similar
results using 100 mg or 140 mg nivolumab were proven by Zhao et al in renal cell
carcinoma patients (41). In a phase 2 trial of melanoma patients using fixed low dose 10
mg of adjuvant nivolumab for one year was shown to be an efficient and financially
advantageous alternative compared to conventional dosing (42). Pembrolizumab was
also tested in 114 advanced NSCLC patients using low fixed dose of 100 mg and
showed no differences in OS or PFS compared to standard pembrolizumab dosing (43).
Not only can ICPIs be effective when used in lower doses but also when used with
extended frequencies and for shorter time than approved legalization. Real world data
from a LMIC confirm that shorter course (median of 3 months only) of ICPIs achieved
comparable safety and efficacy as conventional treatment regimen (44). Taking all
these discussed considerations together A. Patel and his colleagues proposed off label
dosing and frequencies for pembrolizumab (1 mg/kg every 6 weeks), nivolumab (0.6
mg/kg every 4 weeks) and atezolizumab (2 mg/kg every 6 weeks) and with this strategy
there was cost reduction by 86%, 93% and 95% enough to treat 7, 14 and 21 additional
patients respectively (45).
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With the availability of different treatment options showing OS benefits for previously

incurable disease such as advanced HCC; the goal is to have equal access for these

medications -such as ICPIs- with no discriminations among nations based on income.

Many suggested steps, if adopted globally can improve access to ICPIs. These steps

include dose rounding, vial sharing, lower dosage, extended frequencies and shorter

ICPIs treatment courses. Additional research should be encouraged to address this

unmet need, allowing more patients in LMICs to gain access to these vital treatments.

Table 1: The average wholesale direct cost of ICPIs used in advanced HCC.

Drug name Doses Place of | Available | average Average Remarks
used in therapy | strength | wholesale direct cost
HCC price (USD) per cycle
(USD)
Atezolizumab 1200 mg | 1stline 840 mg 2@ | 8272.86 11818.37 | Every 3 weeks in combination
1200 mg | 11818.37 with bevacizumab
Durvalumab 1500 mg | 1stline 120 mg® | 1103.74 13796.7 Every 4 weeks, either in
combination with tremelimumab
500 mg 4598.90 or monotherapy
Tremelimumab | 300 mg | 1stline NA NA NA Used for a single dose of
tremelimumab in combination
with Durvalumab every 4 weeks
1 mg/kg | 2" line 40 mg 1410.65 *2821.3 Every 3 weeks in combination
100 mg 3526.61 with ipilimumab for 4 cycles
Nivolumab 240 mg 240 mg | 4231.9 4231.9 Monotherapy every 2 weeks
480 mg 480 mg 8463.88 8463.88 Monotherapy every 4 weeks
Ipilimumab 3mg/kg | 2line | 50 mg 9648.43 *38593.61 | Every 3 weeks in combination
200 mg | 38593.61 with nivolumab for 4 cycles
200mg | 2Wor3d|100mg | 6410.11 12820.22 | Every 3 weeks
Pembrolizumab | 400 mg | line 25640.44 | Every 6 weeks

not available in RED Book

a & b: This dose is not used for advanced HCC, * Dose based on average adult weight of 60 kg, NA : details are



https://doi.org/10.20944/preprints202212.0026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2022 d0i:10.20944/preprints202212.0026.v1

Declarations

Ethics approval and consent to participate: Not applicable.

Consent for publication: Not applicable.

Avalilability of data and materials: Not applicable.

Competing interests: Author declares no conflict of interest.

Funding: No funding was received.

Authors' contributions: The work in this mini review was done solely by NEO
Acknowledgements: Not applicable.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin [Internet]. 2021
May [cited 2022 Oct 23];71(3):209-49. Available from:
https://pubmed.ncbi.nim.nih.gov/33538338/

2. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin [Internet]. 2018 Nov [cited 2022 Oct
271;68(6):394-424. Available from: https://pubmed.ncbi.nlm.nih.gov/30207593/

3. Bray F, Jemal A, Grey N, Ferlay J, Forman D. Global cancer transitions according
to the Human Development Index (2008-2030): a population-based study. Lancet
Oncol [Internet]. 2012 Aug [cited 2022 Oct 27];13(8):790-801. Available from:
https://pubmed.ncbi.nim.nih.gov/22658655/

4, Zhang C hao, Cheng Y, Zhang S, Fan J, Gao Q. Changing epidemiology of
hepatocellular carcinoma in Asia [Internet]. Vol. 42, Liver International. Liver Int;
2022 [cited 2022 Oct 23]. p. 2029-41. Available from:
https://pubmed.ncbi.nim.nih.gov/35319165/


https://doi.org/10.20944/preprints202212.0026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2022 d0i:10.20944/preprints202212.0026.v1

5. Kocarnik JM, Compton K, Dean FE, Fu W, Gaw BL, Harvey JD, et al. Cancer
Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and Disability-
Adjusted Life Years for 29 Cancer Groups From 2010 to 2019: A Systematic
Analysis for the Global Burden of Disease Study 2019. JAMA Oncol [Internet].
2022 [cited 2022 Oct 23];8(3):420-44. Available from:
https://pubmed.ncbi.nim.nih.gov/34967848/

6. World Bank Open Data | Data [Internet]. [cited 2022 Oct 23]. Available from:
https://data.worldbank.org/

7. Janevska D, Chaloska-lvanova V, Janevski V. Hepatocellular carcinoma: Risk
factors, diagnosis and treatment. Maced J Med Sci [Internet]. 2015 Dec 12 [cited
2022 Oct 24];3(4):732—6. Available from: /[pmc/articles/PMC4877918/

8. McGlynn KA, Petrick JL, London WT. Global Epidemiology of Hepatocellular
Carcinoma: An Emphasis on Demographic and Regional Variability [Internet]. Vol.
19, Clinics in Liver Disease. NIH Public Access; 2015 [cited 2022 Oct 25]. p. 223—
38. Available from: /pmc/articles/PMC4712629/

9. Sonderup MW, Spearman CW. Global Disparities in Hepatitis B Elimination—A
Focus on Africa [Internet]. Vol. 14, Viruses. Multidisciplinary Digital Publishing
Institute (MDPI); 2022 [cited 2022 Oct 25]. Available from:
/pmc/articles/PMC8777803/

10. Galicia-Moreno M, Monroy-Ramirez HC, Campos-Valdez M, Sanchez-Meza J,
Sanchez-Orozco L, Armendariz-Borunda J. Hepatocellular carcinoma and
hepatitis C virus infection in Latin America: epidemiology, diagnosis and
treatment. Hepatoma Res [Internet]. 2020 May 11 [cited 2022 Oct 25];2020:20.
Available from: https://hrjournal.net/article/view/3444

11. GomaaA, Allam N, Elsharkawy A, El Kassas M, Waked I. Hepatitis C infection in
Egypt: prevalence, impact and management strategies. Hepatic Med Evid Res
[Internet]. 2017 May [cited 2022 Nov 30];Volume 9:17-25. Available from:
/pmc/articles/PMC5439968/


https://doi.org/10.20944/preprints202212.0026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2022 d0i:10.20944/preprints202212.0026.v1

12. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc J-F, et al. Sorafenib in
Advanced Hepatocellular Carcinoma. N Engl J Med [Internet]. 2008 Jul 24 [cited
2022 Oct 28];359(4):378-90. Available from:
https://pubmed.ncbi.nim.nih.gov/18650514/

13. Reiter FP, Ben Khaled N, Ye L, Zhang C, Seidensticker M, Op den Winkel M, et
al. Advances in Pharmacotherapy of Hepatocellular Carcinoma: A State-of-the-Art
Review [Internet]. Vol. 40, Digestive diseases (Basel, Switzerland). Dig Dis; 2022
[cited 2022 Oct 28]. p. 565-80. Available from:
https://pubmed.ncbi.nim.nih.gov/34644705/

14. Benson AB, Abbott DE, Anaya DA, Anders R, Bachini M, Burgoyne A, et al.
Hepatobiliary Cancers. NCCN Guidelines Version 2.2022 [Internet]. 2022 [cited

2022 Oct 25]. Available from: https://www.nccn.org/home/member-

15. Mak D, Kramvis A. Epidemiology and aetiology of hepatocellular carcinoma in
sub-saharan africa [Internet]. Vol. 7, Hepatoma Research. OAE Publishing Inc.;
2021 [cited 2022 Oct 28]. p. 39. Available from:
https://hrjournal.net/article/view/4046

16. Wong RJ, Kim D, Ahmed A, Singal AK. Patients with hepatocellular carcinoma
from more rural and lower-income households have more advanced tumor stage
at diagnosis and significantly higher mortality. Cancer [Internet]. 2020 Jan 1 [cited
2022 Oct 29];127(1):45-55. Available from:
https://pubmed.ncbi.nim.nih.gov/33103243/

17. Kim DJ, Yoo JW, Chang JW, Yamashita T, Park EC, Han KT, et al. Does low
income effects 5-year mortality of hepatocellular carcinoma patients? Int J Equity
Health [Internet]. 2021 Dec 1 [cited 2022 Oct 29];20(1):1-11. Available from:
https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-021-01498-z

18. dos-Santos-Silva I, Gupta S, Orem J, Shulman LN. Global disparities in access to
cancer care. Commun Med [Internet]. 2022 Apr 7 [cited 2022 Oct 29];2(1):1-4.
Available from: https://www.nature.com/articles/s43856-022-00097-5


https://doi.org/10.20944/preprints202212.0026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2022 d0i:10.20944/preprints202212.0026.v1

19. Behera DK, Dash U. Impact of macro-fiscal determinants on health financing:
empirical evidence from low-and middle-income countries. Glob Heal Res Policy
[Internet]. 2019 Dec 1 [cited 2022 Oct 27];4(1):1-13. Available from:
https://ghrp.biomedcentral.com/articles/10.1186/s41256-019-0112-4

20. Desai A, Gyawali B. Financial toxicity of cancer treatment: Moving the discussion
from acknowledgement of the problem to identifying solutions [Internet]. Vol. 20,
EClinicalMedicine. EClinicalMedicine; 2020 [cited 2022 Oct 27]. Available from:
https://pubmed.ncbi.nim.nih.gov/32300733/

21. Donkor A, Atuwo-Ampoh V Della, Yakanu F, Torgbenu E, Ameyaw EK, Kitson-
Mills D, et al. Financial toxicity of cancer care in low- and middle-income
countries: a systematic review and meta-analysis [Internet]. Vol. 30, Supportive
Care in Cancer. Support Care Cancer; 2022 [cited 2022 Oct 27]. p. 7159-90.
Available from: https://pubmed.ncbi.nlm.nih.gov/35467118/

22. Udayakumar S, Solomon E, Isaranuwatchai W, Rodin DL, Ko YJ, Chan KKW, et
al. Cancer treatment-related financial toxicity experienced by patients in low- and
middle-income countries: a scoping review [Internet]. Vol. 30, Supportive Care in
Cancer. Support Care Cancer; 2022 [cited 2022 Oct 27]. p. 6463-71. Available
from: https://pubmed.ncbi.nim.nih.gov/35322274/

23. Noronha V, Abraham G, Patil V, Joshi A, Menon N, Mahajan A, et al. A real-world
data of Immune checkpoint inhibitors in solid tumors from India. Cancer Med
[Internet]. 2021 Mar 1 [cited 2022 Oct 29];10(5):1525-34. Available from:
https://pubmed.ncbi.nim.nih.gov/33591635/

24. The World Bank. Out-of-pocket expenditure (% of current health expenditure) -
Lower middle income | Data [Internet]. Data. 2021 [cited 2022 Oct 29]. Available
from:
https://data.worldbank.org/indicator/SH.XPD.OOPC.CH.ZS?end=2019&locations=
XO&start=2000&view=chart

25. Kohn CG, Singh P, Korytowsky B, Caranfa JT, Miller JD, Sill BE, et al. Humanistic

and economic burden of hepatocellular carcinoma: systematic literature review.

10


https://doi.org/10.20944/preprints202212.0026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2022 d0i:10.20944/preprints202212.0026.v1

Am J Manag Care. 2019 Feb;25(2 Spec No.):SP61-73.

26. RED BOOK - MICROMEDEX [Internet]. 2022 [cited 2022 Oct 28]. Available from:
https://www-micromedexsolutions-
com.qulib.idm.oclc.org/micromedex2/librarian/CS/48E6ED/ND_PR/evidencexpert/
ND_P/evidencexpert/DUPLICATIONSHIELDSYNC/885EAS/ND_PG/evidencexpe
rt/ND_B/evidencexpert/ND_AppProduct/evidencexpert/ND_T/evidencexpert/PFAc
tionld/red

27. World Health Organization. Executive summary. The Selection and Use of
Essential Medicines 2021 Report of the 23 rd WHO Expert Committee on the
Selection and Use of Essential Medicines. 2021 [cited 2022 Oct 23];26. Available
from: https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2021.01

28. Fahrenbruch R, Kintzel P, Bott AM, Gilmore S, Markham R. Dose rounding of
biologic and cytotoxic anticancer agents: A position statement of the
hematology/oncology pharmacy association. J Oncol Pract. 2018 Mar
1;14(3):e130-6.

29. Gilbar PJ, Chambers CR, Musicco F. Preventing drug vial wastage and reducing
expenditure associated with injectable cancer drugs: International oncology
pharmacy survey. J Oncol Pharm Pract [Internet]. 2022 Sep 1 [cited 2022 Oct
30];28(6):1332-9. Available from: https://pubmed.ncbi.nlm.nih.gov/34134569/

30. Hall E, Zhang J, Kim EJ, Hwang G, Chu G, Bhatia S, et al. Economics of
alternative dosing strategies for pembrolizumab and nivolumab at a single
academic cancer center. Cancer Med [Internet]. 2020 Mar 1 [cited 2022 Oct
29];9(6):2106-12. Available from: https://pubmed.ncbi.nlm.nih.gov/31994335/

31. Chang KC, Shao SC, Chen HY, Chan YY, Fang YF. Comparative Effectiveness
and Safety of Standard-Dose and Low-Dose Pembrolizumab in Patients with Non-
Small-Cell Lung Cancer: A Multi-Institutional Cohort Study in Taiwan. Cancers
(Basel) [Internet]. 2022 Mar 1 [cited 2022 Oct 29];14(5). Available from:
https://pubmed.ncbi.nim.nih.gov/35267465/

11


https://doi.org/10.20944/preprints202212.0026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2022 d0i:10.20944/preprints202212.0026.v1

32. Goldstein DA, Gordon N, Davidescu M, Leshno M, Steuer CE, Patel N, et al. A
Phamacoeconomic Analysis of Personalized Dosing vs Fixed Dosing of
Pembrolizumab in Firstline PD-L1-Positive Non—Small Cell Lung Cancer. J Natl
Cancer Inst [Internet]. 2017 Nov 1 [cited 2022 Oct 29];109(11). Available from:
https://pubmed.ncbi.nim.nih.gov/29059432/

33. Jiang M, Hu Y, Lin G, Chen C. Dosing Regimens of Imnmune Checkpoint
Inhibitors: Attempts at Lower Dose, Less Frequency, Shorter Course [Internet].
Vol. 12, Frontiers in Oncology. Front Oncol; 2022 [cited 2022 Oct 29]. Available
from: https://pubmed.ncbi.nlm.nih.gov/35795044/

34. Patnaik A, Kang SP, Rasco D, Papadopoulos KP, Elassaiss-Schaap J, Beeram
M, et al. Phase i study of pembrolizumab (MK-3475; Anti-PD-1 monoclonal
antibody) in patients with advanced solid tumors. Clin Cancer Res [Internet]. 2015
Oct 1 [cited 2022 Oct 29];21(19):4286-93. Available from:
https://pubmed.ncbi.nim.nih.gov/25977344/

35. Deng R, Bumbaca D, Pastuskovas C V., Boswell CA, West D, Cowan KJ, et al.
Preclinical pharmacokinetics, pharmacodynamics, tissue distribution, and tumor
penetration of anti-PD-L1 monoclonal antibody, an immune checkpoint inhibitor.
MADs [Internet]. 2016 Apr 2 [cited 2022 Oct 29];8(3):593—-603. Available from:
/pmc/articles/PMC4966836/

36. Song X, Pak M, Chavez C, Liang M, Lu H, Schwickart M, et al. Pharmacokinetics
and pharmacodynamics of MEDI4736, a fully human anti-programmed death
ligand 1 (PD-L1) monoclonal antibody, in patients with advanced solid tumors. J
Clin Oncol. 2015 May 20;33(15_suppl):e14009-e14009.

37. Agrawal S, Feng Y, Roy A, Kollia G, Lestini B. Nivolumab dose selection:
Challenges, opportunities, and lessons learned for cancer immunotherapy. J
Immunother Cancer [Internet]. 2016 Nov 15 [cited 2022 Oct 29];4(1). Available
from: https://pubmed.ncbi.nim.nih.gov/27879974/

38. Goldstein DA, Ratain MJ. Alternative dosing regimens for atezolizumab: right

dose, wrong frequency. Vol. 84, Cancer Chemotherapy and Pharmacology.

12


https://doi.org/10.20944/preprints202212.0026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2022 d0i:10.20944/preprints202212.0026.v1

Springer Verlag; 2019. p. 1153-5.

39. Morrissey KM, Marchand M, Patel H, Zhang R, Wu B, Phyllis Chan H, et al.
Alternative dosing regimens for atezolizumab: an example of model-informed drug
development in the postmarketing setting. Cancer Chemother Pharmacol
[Internet]. 2019 Dec 1 [cited 2022 Oct 29];84(6):1257—67. Available from:
https://pubmed.ncbi.nim.nih.gov/31542806/

40. Yoo SH, Keam B, Kim M, Kim SH, Kim YJ, Kim TM, et al. Low-dose nivolumab
can be effective in non-small cell lung cancer: Alternative option for financial
toxicity. ESMO Open [Internet]. 2018 Jul 1 [cited 2022 Oct 29];3(5). Available
from: https://pubmed.ncbi.nim.nih.gov/30094065/

41. Zhao JJ, Kumarakulasinghe NB, Muthu V, Lee M, Walsh R, Low JL, et al. Low-
Dose Nivolumab in Renal Cell Carcinoma: A Real-World Experience. Oncol
[Internet]. 2021 Feb 1 [cited 2022 Oct 29];99(3):192—-202. Available from:
https://pubmed.ncbi.nim.nih.gov/33440374/

42. Schwarze JK, Garaud S, Jansen YJL, Awada G, Vandersleyen V, Tijtgat J, et al.
Low-Dose Nivolumab with or without Ipilimumab as Adjuvant Therapy Following
the Resection of Melanoma Metastases: A Sequential Dual Cohort Phase Il
Clinical Trial. Cancers (Basel) [Internet]. 2022 Feb 1 [cited 2022 Oct 29];14(3).
Available from: /pmc/articles/PMC8833641/

43. Low JL, Huang Y, Sooi K, Ang Y, Chan ZY, Spencer K, et al. Low-dose
pembrolizumab in the treatment of advanced non-small cell lung cancer. Int J
Cancer [Internet]. 2021 Jul 1 [cited 2022 Oct 29];149(1):169—76. Available from:
https://pubmed.ncbi.nim.nih.gov/33634869/

44. Abraham G, Noronha V, Rajappa S, Agarwal A, Batra U, Somani N, et al. The
clinical utility and safety of short-course immune checkpoint inhibitors in multiple
tumours—A real-world multicentric study from India. Int J Cancer [Internet]. 2022
Mar 15 [cited 2022 Oct 29];150(6):1045-52. Available from:
https://pubmed.ncbi.nim.nih.gov/34751432/

13


https://doi.org/10.20944/preprints202212.0026.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2022 d0i:10.20944/preprints202212.0026.v1

45. Patel A, Goldstein DA, Tannock IF. Improving access to immunotherapy in low-
and middle-income countries [Internet]. Vol. 33, Annals of Oncology. Elsevier Ltd,
2022 [cited 2022 Oct 29]. p. 360-1. Available from:
http://www.annalsofoncology.org/article/S0923753422000084/fulltext

14


https://doi.org/10.20944/preprints202212.0026.v1

