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Abstract

Personalized medicine (PM) has revolutionized oncology manage-
ment in high human development indexed countries. By interrogating 
both disease and host factors through a variety of tools, oncologists 
have been able to better target an individual’s cancer, leading to im-
proved outcomes. But both the tools used to define these variables, 
such as next generation sequencing, large immunohistochemical and 
fluorescence in situ hybridization (FISH) panels, and the weapons 
employed against each target are extremely expensive. The expenses 
have to be measured as not only the direct cost to the patient but also 
the cost to the system to develop and deploy the necessary infrastruc-
ture to optimally use them. However, the concepts of predictive, time-
ly prevention and PM have demonstrated improvement in patient’s 
satisfaction and cost effectiveness. In this paper we will summarize 
the relevant barriers and challenges that limit the implementation of 
PM in the developing world with an emphasis on the challenges in 
Nigeria and Nepal.
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Introduction

Cancer is the second leading cause of death globally with 
about 70% of deaths from cancer occurring in low- and mid-
dle-income countries (LMICs) [1]. In Nigeria, some 100,000 
new cases of cancer occur every year, with high case fatality 
ratio. With approximately 20% of the population of Africa and 

slightly more than half the population of West Africa, Nigeria 
contributed 15% to the estimated 681,000 new cases of cancer 
that occurred in Africa in 2008 [2].

Nigeria, Africa’s largest economy with its biggest popu-
lation of some 200 million people, only spent around 0.5% 
of its 2017 budget on healthcare. Public and private spend-
ing together in developing countries is on average less than 
5% of that spent in developed countries; even if this money 
were spent as cost effectively as possible, it would probably be 
insufficient to meet critical health needs. The general budget 
stringency makes it difficult to argue for more public spending 
in countries like Nigeria and Nepal [3]. Health care financ-
ing in Nepal is not developed enough to protect the popula-
tion from financial risk of utilizing health services in the case 
of chronic diseases like cancers. The partially implemented 
health insurance policy is with several limitations and is not 
readily available to everyone in Nepal.

Advances in oncology stand on the shoulders of popula-
tion-based, large phase 3 clinical trials. These trials have al-
lowed for some cancers to be cured and great improvements in 
duration of survival in others [4]. While these trials have inclu-
sion and exclusion criteria, they are generally relatively broad 
and allow a diverse group of patients to be enrolled. These 
broad criteria allow the data to be generalizable, often without 
exhaustive testing of the patients’ tumor, and the data and out-
comes to be exported to developing countries.

Nigeria and Nepal are good examples of developing coun-
tries by any reasonable measure and as such can give true 
reflections of the state of personalized medicine (PM) in the 
developing nations and regions where they are located. The 
very low per capita gross domestic product (GDP), standard 
of living, poor economy and health care of Nigeria and Nepal 
showed that they are far from being developed. There is no 
doubt that the barriers to the practice of PM in oncology care 
in these two developing nations can be applied to other devel-
oping nations or the countries with them in the same region.

In the past two decades, the disciple of oncology in high-
income countries has evolved from hematoxylin and eosin 
(H&E) stains to advanced diagnostic platforms. These basic 
science-driven advances have led to the advent of PM [5]. It is 
now realized that cancers, even those from the same tissue of 
origin that appear identical under the microscope, are not nec-
essarily the same. Several oncolytics have been approved in 
the USA and the European Union based on biomarkers alone 
in a tissue of origin agnostic fashion [6-8]. These “targeted” 
agents are generally vastly more effective than conventional 
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chemotherapy with less toxicity and a great chance of long-
term survival (Table 1 [9-18]). All hosts are not the same either; 
the most rudimentary examples of this are in the metabolism 
of irinotecan, 5-fluorouracil (5-FU) and underlying autoim-
mune conditions [19-21]. Even the microbiome and the use of 
antibiotics may influence the effectiveness of immunotherapy 
[22-23]. By better understanding both cancer and host-related 
factors, and how these interplay, PM has revolutionized oncol-
ogy improving both quantity and quality of life [24].

These advances have been achieved by the identifica-
tion of driver mutations, resistance mutations and a dramatic 
improvement in the understanding of the interplay of cancer 
and the immune system [25]; but all of these are extremely 
expensive to deploy. For example one standard of care in the 
USA as endorsed by the Food and Drug Administration and 
the National Comprehensive Cancer Network (NCCN) for ad-
vanced non-small cell lung cancer (NSCLC) is two cycles of 
chemotherapy combined with the two immunotherapies ipili-
mumab and nivolumab. These immunotherapies are repeated 
every 3 and 6 weeks, respectively for 2 years. Ignoring the 
costs of identifying the correct patients for these drugs which 
would include complex pathology, serial imaging, serial labo-
ratory work, and image-guided biopsies that in their own right 
could cost tens of thousands of dollars, the cost of 2 years of 
these immunotherapies would be $1,123,782 [26] for a single 
patient. Though the cost of the infrastructure would be spread 
over many patients this is a Sisyphean amount of money per 
patient for both developed and developing countries.

To explore these issues, we will highlight barriers to PM 
in Nigeria and Nepal given the author’s expertise. Nigeria, be-
ing the most populous country in Africa has increased in size 
continually and significantly over the decades with the cur-
rent population of 205,808,201 as of 2020 [27]. The incidence 
and mortality of cancer are increasing in Nigeria, and cancer 
is responsible for 72,000 deaths every year, with an estimated 
102,000 new cases of cancer annually [28]. In Nepal likewise, 
it has been predicted that in 2020, the incidence rate of cancer 
per 100,000 is estimated to increase to 41.4 in female and 38.5 
in male [29].

Therefore, an unconventional way to achieve PM in these 
two countries and other developing nations must be estab-
lished; otherwise, it may be impossible to practice PM in these 
nations considering the health care challenges which may be 
difficult to overcome. Considerations may be given to these 
two nations with significant discount for the supply of mate-
rials for advanced laboratory testing, novel drugs and train-
ings. The questions of how to ensure constant supply of these 
aforementioned factors and expertise may come to mind which 
of course would still require a lot of money that Nigeria and 
Nepal would not be able to afford. This financial implication 
will definitely need the help of the countries with High Hu-
man Development Index and the international bodies such 
as the World Health Organization (WHO) and World Bank. 
These countries would have to either embrace unconventional 
ways in order to enjoy PM any time soon or continue with the 
present non personalized method which is too generalized and 
ineffective.

Lack of Funds

Health system financing mechanisms are critical in ensuring 
Universal Health Coverage as they determine the availability, 
affordability, and acceptability of health services to the people. 
The public notices policy changes in health care and frequently 
bears new and unexpected costs or barriers to care unwillingly 
[30]. Both Nigeria and Nepal are increasingly concerned about 
the financial dimensions of the health sector as well. With low-
er national incomes (Table 2 [31]), health expenditure levels 
(Table 3 [32]), and health status, this concern may be particu-
larly important for the two countries, where health sector ef-
ficiency differences may have a large impact on mortality [33].

The health status in Nigeria and Nepal, as evident by their 
respective high infant mortality rate of 59.1 and 33.2 per 1,000 
birth when compared to that of New Zealand (4.3 per 1,000 
births), USA (5.7 per 1,000 births) and UK (4.1 per 1,000 
births), is poor. In these countries, the principal causes of poor 
health are inadequate prevention and lack of reasonable access 

Table 1.  Response of Malignancies to TKI and IO Compared to Chemotherapy

Drugs Cancer type
Afatinib and 
erlotinib [9, 10]

Non-small cell lung cancer Progression-free survival was significantly higher than with chemotherapy 
in patients with well differentiated adenocarcinoma of the lungs.

Imatinib [11] Gastrointestinal stromal tumor Overall and progression-free survival was significantly higher than with chemotherapy.
Cetuximab [12] Colorectal cancer Overall and disease progression survival is better with RAS wild type colorectal cancer.
Pembrolizumab 
[13, 14]

Colorectal and lung cancer Pembrolizumab shows better overall and disease progression-free survival in 
colorectal and lung cancer with high tumor mutational burden than with chemotherapy.

Nivolumab and 
ipilimumab 
[15, 16]

Renal cell cancer and advanced 
non small cell lung cancer

This combination show better outcome compared to the conventional 
chemotherapy in renal cell cancer and advanced non-small cell lung cancer.

Atezolizumab 
[17, 18]

Triple-negative breast 
cancer and liver cancer

Shows better outcome compare to chemotherapy in triple-negative 
breast cancer with PDL1 expression and liver cancer.

TKI: tyrosine kinase inhibitor; IO: immuno-oncology.
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to basic health care together with health-related impoverish-
ment results from a lack of risk pooling and insurance. Moreo-
ver, these countries compound the problems by making ineffi-
cient use of the resources they do have for health care and risk 
pooling [34]. The poor in the countries are even less likely than 
the better off to receive effective health care. In Nigeria, about 
5,000 people immigrate annually to other countries to receive 
health care with 1.2 billion dollars lost to medical tourism an-
nually [35]. Patients from Nepal mostly travel to India for for-
eign treatments and about 1,662 of them receiving treatment in 
India annually with estimated annual cost of $7,479,000 [36].

Measures are to be taken to redress the level and distribu-
tion of health in the two countries in the same way, and it is 
needed for every part of the developing world [37].

Medicine benefits through health insurance programs 
have the potential to improve access to and promote more ef-
fective use of affordable, high quality medicines. However, 
like other developing countries, out-of-pocket (OOP) expendi-
ture is the dominant source of health financing in Nepal and 
Nigeria. More than 11% of Nepalese spend 10% of their to-
tal expenses for health [38], where 1.67% of the population is 
pushed below the poverty line of PPP$ 1.90 per capita per day 
[39]. Generally, 70% of the Nepalese use OOP payment for 
their health care [40]; however patients with cancer are begin-
ning to receive help as the Nepalese government is currently 
providing financial assistance of up to NRs 100,000 (Euro 
735.41, USD 830.17 exchange rate as of June 9, 2020) per 
person for cancer treatment under a scheme to support impov-
erished citizens [41]. In Nigeria, an average of 23% of indi-
vidual income is spent on health care [42] while more than 
90% use OOP health care expenditure. On an average, about 
4% of households spend more than half of their total house-
hold expenditures on healthcare and 12% spend more than a 

quarter [43]. As it stands today, Nigeria government has no 
financial assistance for the individuals who need cancer treat-
ment. It therefore means that the Nigerians who cannot afford 
the cost of cancer treatment are likely to die of cancer quickly 
in addition to the higher chances of late presentation and high 
mortality when compared to the developed nations. This lack 
of funds has been found to be responsible for 85% of Nigerians 
who do self medications [44].

Health care financing is becoming more difficult for indi-
viduals, which is worse in the developing nations, where more 
than 60% of the world population live. These same nations are 
now battling with the mortality and morbidities that come with 
infectious disease and cancer [45]. Obviously, the mortality of 
cancer has become a huge burden in countries like Nigeria and 
Nepal, and the question of whether there will be a shift of the 
pool of funds made from foreign and local aids from the infec-
tious disease to cancer soon, is still begging for answer.

Increasing prevalence of cancer is causing a significant 
impact on health and finance of individuals and state, more 
in low-income countries like Nepal and Nigeria. Most low-
income countries do not have an effective financial protec-
tion mechanism, where over 50% of health care financing is 
from OOP payments, as compared with 30% in middle-income 
countries and 14% in high-income countries [46]. It is beyond 
doubt that PM in oncology requires a lot of funds which have 
been demonstrated in the developed countries. This has been 
the major reason that it is not usually practiced in Nigeria and 
Nepal even though there has been a strong focus on PM by 
large cancer centers and those who fund research.

Maximizing health benefits is also a major challenge in 
these two countries due to limited resources which in turn 
makes it difficult to purchase the costly high technology driven 
modern day equipment that are needed for the practice of PM 

Table 2.  Comparing Gross National Income per Capita ($) of Nepal and Nigeria With Some Developed Countries [31]

Year
Country

Nepal Nigeria New Zealand UK Singapore USA
2016 770 2,470 39,390 42,980 53,020 57,180
2017 860 2,100 38,170 41,370 54,320 59,060
2018 970 1,970 41,100 41,730 57,900 63,200
2019 1,090 2,030 42,670 42,370 59,590 65,760

Table 3.  Comparing Health Expenditure per Capita PPP ($) of Nepal and Nigeria With China, Singapore, UK and USA [32]

Year
Country

Nepal Nigeria China Singapore UK USA
2011 137.42 192.85 438.56 2,404.66 3,255.07 8,523.83
2012 126.94 178.31 508.17 2,647.31 3,322.94 8,789.77
2013 127.47 208.46 574.7 3,068.61 3,374.14 8,987.9
2014 137.4 216.87 634.7 3,358.09 3,376.87 9,402.54
2015 151.32 215.62 705.56 3,696.38 4,125.03 9,507.62
2016 156.34 218.79 762.98 4,020.69 4,192.53 9,892.72
2017 150.07 221.1 841.11 4,269.96 4,126.3 10,212.7
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in oncology. The same also apply to the training and employ-
ment of adequate staff with the needed specialized skills for 
PM [47].

The current level of health care funding from government 
tax revenue is relatively low in most African countries where 
Nigeria stands out as the largest population. Most times in Ni-
geria, the health sector share of total government expenditure 
is below 10%. One of the single largest sources of financing is 
that of OOP payments which is about 65% of total health care 
expenditure in Nigeria (Table 4 [48, 49]) and many other sub-
Saharan African countries [50].

Despite the availability of a growing menu of personal-
ized cancer treatments, actually matching patients up to the 
right therapy can be difficult. Investment in genomic testing 
is vital to quickly get patients on the best treatment course, 
but financial and operational barriers remain. The foremost 
among these is the cost associated with genomic sequencing 
and the use of companion diagnostic devices, cited by 28% of 
Definitive Healthcare’s respondents as the biggest challenge 
for already-established precision medicine schemes [51]. This 
challenge is obviously one of the big obstacles which lead to 
delay in presentation, diagnosis and treatment as seen in many 
patients from Nepal [47].

Absence of Advanced Genetic Testing Facilities

Advanced molecular biology including genetic testing has 
been seen to be an integral part of PM [52] as distinct molecu-
lar biomarkers are identified which invariably form the basis 
of the targets use in PM. Research in the “omic” sciences has 
resulted in improved understanding of the relationships be-
tween genes, proteins and disease, providing more tools for 
PM [53]. High-throughput technology has revolutionized the 
area of translational research, confirming the high complex-
ity and heterogeneity of common diseases, particularly cancer. 
Therefore, moving from “classic” single-gene-based molecu-
lar investigation to molecular network research might result 
in discovering clinical implications faster and more efficiently 
[54].

Many cancers are driven by mutations. Over the last quar-
ter of a century, several sequencing strategies have identified 
multiple mutations in approximately 400 cancer genes [55]. 
Genomic databases are important and contribute to knowledge 
of genetics on human health, as well as a basic understand-
ing of genetic differences between human beings [56]. It is 
interesting to know that most of the studies that contributed to 
this knowledge are based on populations of European ancestry, 
providing reasonable genetic representation of individuals of 
European ancestry in databases but poorer representation of 
other ethnic populations including the developing world [57]. 

This underrepresentation of Nigeria and Nepal populations is 
likely to be a problem because it may miss gene-disease rela-
tionships for which the exposure or outcome is rare in Euro-
pean populations. It limits the generalizability of the findings, 
and the translation of these findings into clinical care in di-
verse populations [58]. Greater genetic diversity is associated 
with greater ancestral heterogeneity; this higher level of un-
derstudied diversity in the developing world can yield novel 
genetic findings, but some methods that assume homogeneous 
population structure and work well in European populations 
may work less well in the presence of greater heterogeneity in 
the developing world [59]. Hence, there is the need for acceler-
ated genome-based studies in the developing world.

Human genome variations, including hair color, skin 
color and face shapes, have been described in Mexico, India, 
Thailand, and South Africa. Such investments into science 
and technology will enable these countries to embark on the 
path to the medical and health applications of genomics, and 
to benefit economically [60]; and this needs to be done in all 
the regions of Nigeria and Nepal as it is presently far from 
the reality till now. Also, ethical concerns, such as platforms 
for sharing biosamples, genomic and phenotype data regard-
ing the use of genetic information call for a cautious approach 
to the implementation of public health initiatives that involve 
widespread genetic testing [61]. The limitation to access to ge-
netic testing may include problems of few genetic counsellors, 
limited primary care genetics knowledge and unequal testing 
access based on region, age and race, all of which are obvious-
ly amplified in Nigeria and Nepal. Individuals may also forego 
testing for fear of discrimination by employers or insurance 
companies or the effect a positive test might have on families 
and relationships [62]. The lack of equipment such as biobank 
facilities and electricity to power it will continue to limit the 
reality of practicing advanced genetic testing in Nigeria and 
Nepal, thereby limiting the possibility PM in the management 
of diseases including oncology.

Lack of Needed Expertise

Lack of expertise is another obstacle, as many physicians may 
struggle to accurately interpret test results without specialist’s 
assistance, which is another major cost driver for clinics and 
hospital departments trying to build pathology teams that are 
up-to-date with the newest tests. These are major hurdles to 
PM in Nigeria and Nepal, which are not unique to these two 
countries as developed countries like USA also has challenges 
in this aspect. A 2018 survey of 160 oncologists in the USA by 
Cardinal Health found that 60% of physicians who do not use 
genomic tests avoid them because of the difficulty of interpret-
ing the data. In clinical research and development, too, there 

Table 4.  Comparing Health Expenditure Contributors in Nigeria and Nepal

Countries Out-of-pocket payment Government contribution Health insurance contribution
Nigeria [48] 65% 30% 5%
Nepal [49] 23% 70% 7%
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are growing pains associated with moving the pharmaceutical 
pipeline towards drugs targeting smaller patient sub-groups. 
Again, cost is a central issue, companion diagnostics do not 
come cheap, finding and validating biomarkers to guide tar-
geted therapies is a lengthy task, and analysing vast amounts 
of data often requires new teams with specialized knowledge. 
This is most clearly seen in the eye-watering prices of some 
of the world’s first truly individualized cancer treatments, chi-
meric antigen receptor T-cell (CAR-T) therapies.

There have been reported significant “brain drain” in the 
health care systems of Nigeria and Nepal among its health 
care professionals and knowledge, as health workers migrate 
to wealthier countries such as Australia, Canada, USA, and 
the UK. This has reduced the available number of health care 
workers. Nepal has only 0.67 doctors and nurses per 1,000 
population, which is significantly less than the WHO’s recom-
mendation of 2.3 doctors, nurses, and midwives per 1,000 pop-
ulation. Nigeria, on the other hand has 0.4 doctors and nurses 
per 1,000 population.

Clinical Trials/Precision Medicine Barriers in 
Drug Development

Research and healthcare will only progress when patients have 
access to, and participate at much higher rates in clinical trials. 
The big challenge increasingly facing patients is their ability 
to access and afford these new and innovative therapies. In 
order for precision medicine to truly succeed, we need to en-
sure ready access to appropriate diagnostic and genetic tests, 
coupled with easy access to optimal personalized treatment 
regimens. With unwavering determination, advocates through-
out the country must champion clinical decision and payment 
models that support precision medicine.

Clinical pathways, trials, and reimbursement models must 
be structured in a way that accommodates precision medicine 
by allowing physicians to pursue treatment options that hold 
the greatest promise for personalized treatments from the very 
start of a patient’s deeply personal care journey. Barriers to 
conducting clinical trials in developing countries including 
Nigeria and Nepal were also identified as lack of financial and 
human capacity, ethical and regulatory system obstacles, lack 
of research environment, operational barriers and competing 
demands [63].

The cost of new drugs is the most significant factor. Preci-
sion medicine relies upon individual patient genetic profiling, 
biomarker identification and validation, and big data research 
that require significant investments.

The use of PM for cancer prevention rather than treatment 
therefore needs to be emphasized. This rise in incidence is ac-
companied by a sharp increase in cancer mortality, which dis-
proportionately affects patients in low-middle income coun-
tries [64].

Nigeria and Nepal also lack good quality evidence that 
characterises the molecular landscape of cancers just like 
many other low-middle income countries. As cancer medicine 
becomes increasingly driven by molecular alterations in high-
income settings, low-income settings may become left behind. 

Further efforts on an international scale must be made by re-
searchers, funders, and policymakers to ensure cancer research 
addresses disease across the world, so models are not limited 
to subtypes of disease found in high-income countries.

It is very obvious that Nigeria and Nepal together with the 
other developing countries contend with barriers, such as de-
lays in accessing healthcare, advanced disease at presentation, 
and limited access to treatment; research and clinical practice 
in developed countries are aimed toward developing treatment 
strategies tailored to individual patient characteristics and tu-
mor biology [65].

Conducting high-quality cancer trials is challenging in 
low-income settings which are predominant in Nigeria and 
Nepal. These challenges are further amplified even in small 
expectations resulting in lack of postal address systems, pa-
tient records and the infrastructure to process clinical speci-
mens. Furthermore, a supply of clinical trial lists is short in 
these two countries. Training and exchange programmes with 
developed countries partners may help provide solutions in the 
short term, however, long-term infrastructure building must be 
given priority.

One example of where this is changing is Rwanda, where 
electronic patient record systems are being introduced [66]. 
Nigeria is also beginning to experience electronic record-
based activities which are more pronounced in the private 
sectors. The Nigerian public health sector is still not able to 
demonstrate a good effort in this regard. Integrating clinical 
systems into research in such settings would enable efficient 
research to be undertaken. In high-income countries (HICs), 
registry-based trials provide an efficient means of producing 
follow-up data, and this approach could be emulated in Nigeria 
and Nepal, where electronic records exist [64]. To achieve an 
effective PM adoption in these two countries, it is imperative 
to balance equity issues across diverse populations while im-
proving efficiency in healthcare.

In developed countries, molecular testing is already be-
ing used to target therapies to specific alterations in tumors. At 
present, in Nigeria and Nepal, implementing effective national 
programmes for precision cancer therapy and prevention fol-
lowing similar models to examples within developed countries 
is unlikely to be feasible.

A lack of trained laboratory medicine workforce, instru-
ments, transportation, finances, and evidence to support the 
applicability of clinical response are all key factors. Access 
to pathology and laboratory medicine services in their current 
format is a major issue, with some developing countries hav-
ing no workforce at all [67-69].

Barriers to conducting clinical trials in developing coun-
tries which include the two countries in focus were: lack of 
financial and human capacity, ethical and regulatory system 
obstacles, lack of research environment, operational barriers 
and competing demands [70]. Nigeria and Nepal have not ex-
perienced any major clinical trial till date. Recently, clinical 
trials on prostate cancer (CAPTC), Herceptin use in HER-2 
positive breast cancer (ARETA) and the use of imatinib in 
gastrointestinal stromal tumor (GISTIMAB) were commenced 
and all these trials are still in the very early phase. Although 
clinical trials are important to address sustained inequity that 
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results from high burden of disease in developing countries, 
these countries are grossly under-represented in global clinical 
trial platforms.

Medical schools and teaching hospitals in developing 
countries have poorly prepared their graduates to conduct sci-
entific trials and clinical research. In India for example, though 
there are half a million physicians with 50 - 60 physicians per 
100,000 people, fewer than 200 have been trained in good 
clinical practice (GCP).

Lack of Adequate Health Insurance Coverage

These healthcare systems are striving towards universal health 
coverage (UHC) to ensure everyone has access to needed 
health services, without undue financial hardship; and finan-
cial constraint remains as one of the main challenges in attain-
ing and maintaining UHC [71].

Primarily, both economic challenges and operational is-
sues present the most significant obstacles to the development 
of PM adoption and implementation [70, 72].

To harness PM in South-East Asia (SEA), changes at mul-
tilevel in the healthcare systems are essential to improve the 
quality of patient care and health system productivity. The ma-
jor challenge observed in oncology service in Nepal is the high 
cost of the treatment; and because of the lack of insurance, 
and a proper health policy, people have to bear all burden by 
themselves. Most low-income countries do not have an effec-
tive financial protection mechanism where 50% of health care 
financing is from OOP payments, as compared with 30% in 
middle-income countries and 14% in high-income countries 
[73].

The high cost of new biotechnologies can exacerbate 
health inequalities and become a problem for health services’ 
sustainability, especially in these two countries. The emphasis 
on personalized or precision medicine may shift funds away 
from less costly interventions that have greater public health 
impact.

One of the great promises of precision medicine is to re-
duce the cost of medical care, based on greater efficiency in 
the use of drugs, avoiding their use in patients in which they 
would be ineffective or avoiding side effects.

To the contrary, the high cost of targeted drugs produces 
inequalities in access to the drugs’ benefits and challenges for 
health systems’ sustainability. The cost of new cancer drugs 
has grown rapidly and continuously [74], and their average 
cost per patient often exceeds $100,000 a year [75].

The high cost of targeted drugs will entail inequalities 
in access to the benefits within these two countries, between 
populations from different social strata. For Nigeria and Ne-
pal that often experience difficulties in accessing basic health 
technologies for their populations, the costs of the new treat-
ments are prohibitive such as it applies to most LMICs which 
are unable to provide their populations with all the drugs that 
are considered essential by the WHO [76].

Thus, PM may concentrate resources in the part of the 
population that already has higher purchasing power and bet-
ter access to health services.

For the incorporation of new technologies in PM, it is es-
sential to undertake a cost-benefit assessment from an ethical 
perspective that considers whether they will be accessible for 
everyone to benefit and will not exacerbate the existing health 
disparities.

The central focus on the individual and on high-cost tech-
nologies that benefit a small portion of the population not 
only will fail to reduce the main health problems affecting the 
world, but may also increase the inequalities, with concentra-
tion of resources and technologies in the population strata that 
already have the best access to health, thereby exacerbating 
health inequalities and hampering health services’ sustainabil-
ity, especially in LMICs [77].

The Physicians Resistance and Patients Una-
wareness

In many countries where physicians and patients have access 
to the latest information on the treatment of care for cancer, 
there is not usually a problem with adopting the new guide-
lines on the part of the physicians and awareness of the new 
cancer care by the patients. However, this is not the same in 
Nigeria and Nepal, as many physicians may not be aware of 
the new guidelines approved for the cancer care and some of 
those that know may find it difficult to adopt it immediately. 
Also, patients in Nigeria and Nepal may find it difficult to get 
up-to-date information as regards their cancer care. Custom-
ized patient care provided on the basis of biomarker status is 
an important component of precision medicine, a care model 
whereby medical decisions and treatments are tailored to the 
individual patient’s genetics, environment, and lifestyle. Bio-
markers have become part of modern clinical practice, but an 
in-depth understanding of how patients experience personal-
ized care and how physicians implement it in their routine 
practice is not yet available.

Providing timely information to patients to fully inform 
them about their treatment and biomarker screening options 
will allow them to appreciate the value of personalized treat-
ment options. The willingness of patients to undergo addition-
al diagnostic procedures and manage consequent delays in the 
initiation of treatment may also be a key factor in the success 
of such approaches. Improved understanding of the challenges 
that physicians and patients face regarding biomarker testing 
may enable physicians to better align their treatment plans 
with practice guidelines.

There is still a clear need for patients to have access to 
additional sources of information that will allow them to more 
fully understand their treatment options and better engage in 
decision-making. Furthermore, patients with a better under-
standing of their disease, available treatment options, and on-
going research may be more likely to participate in clinical 
trials, thus paving the way for future identification of addi-
tional biomarkers, more effective treatment options, and more 
cost-effective therapies.

The efforts to increase access and control costs may en-
courage doctors to participate in testing more effectively com-
pared with efforts targeted toward patient or physician educa-
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tion.
Data demonstrate wide global use of biomarker testing but 

with regional variations reflecting cultural and local practice. 
Self-reported and physician-assessed cancer literacy, although 
generally high, highlighted important regional variations and 
the need to provide patients with additional information [78].

The rising cancer burden in the two countries stresses al-
ready weak health care and economic infrastructures and poses 
unique challenges. Also, extrapolation of the experiences of 
cancer control programs in HICs to LMICs is often inappro-
priate.

Policymakers, healthcare professionals, industry groups 
and researchers recognize health information exchange (HIE) 
as a vital component of the solution to the problems posed by 
disparate and fragmented health systems and non-interopera-
ble technologies [79, 80].

Lack of information obstructs the delivery of healthcare 
that results in many preventable deaths in LMICs [81]. How-
ever, although the available resources to tackle barriers (e.g., 
infrastructure organizational, technical, and data management) 
vary in each of the LMICs, there is benefit in LMICs sharing 
their resources (experts, workforce, technology, and interven-
tions) and learning to develop HIE.

Lack of Immediate Availability of Novel Drugs 
in Developing Nations

Access to new cancer medicines is an essential part of the 
healthcare, but remains a challenge to all LMIC [82]. This is 
significantly amplified in Nigeria that has the largest black 
population in the world. The same thing also applies to Nepal. 
Although some countries can have an access to a new drug 
themselves, based on the scientific dossier provided by the 
manufacturer (usually high-income countries), middle-income 
countries with varying levels of development and drug regula-
tory capabilities, or low-income countries with very limited 
or no drug regulatory capability cannot undertake full assess-
ments of new pharmaceutical products. Nigeria and Nepal will 
not likely have immediate access to new innovative drugs un-
til many years after the initial approval, which is usually due 
to the high cost of the drugs, which many people in the two 
countries cannot afford and other logistics issues for making 
it available. For example, drugs like bevacizumab, Hercep-
tin were not readily available in Nigeria about 5 years after it 
was approved, which is already in use in the Europe and USA. 
Drugs like pembrolizumab, atezolizumab and pertuzumab that 
were approved between 2016 and 2017 are still not readily 
available in Nigeria and Nepal. Interestingly, the recently ap-
proved tucatinib is not likely to be readily available in these 
two countries till about next 5 - 7 years.

In terms of epidermal growth factor receptor (EGFR) ty-
rosine kinase inhibitor (TKI) success story at Bir, oral gefitinib 
is available under $8426.92 government fund at Bir Hospital, 
Kathmandu, Nepal. This targeted drug cost around 67.42 USD 
for 30 tablets, which is also affordable to most of the Nepa-
lese cancer patients, if they have to buy after completion of 
8,426.92 USD fund.

This trend must be changed if PM would be a constant 
practice in these two countries knowing that these barriers 
have become perennial with the present methods.

Non-communicable diseases are now recognized by the 
United Nations and WHO as a major public health crisis, and 
cancer care in LMICs is now acknowledged as a global health 
priority [83]. Evidence proves that high prices of branded orig-
inator medicines and no legal production of generics increase 
the catastrophic costs, as well as morbidity/mortality of medi-
cation in lower income countries [84]. The problem has arisen 
in many developing countries where the population not only 
have lower economic status, but also lower health status and 
higher needs for medicines. Many of the imported novel medi-
cines are priced for the markets of high-income countries, and 
are not publicly funded in most of LMICs including Nigeria 
and Nepal, presenting a huge burden to health system.

In the rural areas, the weak health service delivery system 
and human health resources, as well as the limited capacity 
of supply and distribution may also block patients’ physical 
access to novel medicines. As these medicines are mostly 
specialty prescription medicines, many of them are targeted 
therapies, which need genetic testing and careful monitoring to 
guide the personalized medication. All these need well-trained 
specialists and laboratory assistants to deliver. However, these 
resources are not always available in the resource-limited con-
texts, especially in remote poor rural areas. Such situation is 
common in the developing countries where there are generally 
weak health systems, especially in rural areas [85].

Achieving broader and better access to modern medicines 
will require multiple and coordinated government efforts, 
which would need to target the whole lifecycle regulation of 
novel medicines with a health system perspective, from bal-
ancing intellectual property (IP) protection, strengthening re-
search and development (R&D) and public health, to appro-
priate regulatory approach and financing mechanism, and to 
supply chain management, as well as smart use.

Overcoming Barriers to Implementing PM

There are evidences that integrating PM into patient care prac-
tice holds significant promise for enhancing health care quality 
while reducing its cost. While PM holds much promise, over-
coming these discussed barriers could prove challenging with 
regard to differential reimbursement schemes, the expected 
need for rapid and reliable genomic information on acutely ill 
patients in hospital settings, and the need for a framework to 
enable consistent and coherent communication of information 
between community health services and hospitals.

To address the lack of needed expertise, the knowledge 
gap among available health care professionals can be bridged 
by introducing, updating and training them regarding PM. In-
corporating the basics of PM in medical student’s curriculum 
will also provide the needed foundation moving forward in 
their clinical practice.

Drawing associations between clinical medicine, genet-
ics and molecular mechanisms and pharmacogenomics hold 
the promise of guiding therapy based on a multidimensional 
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appreciation of disease pathogenesis and opportunities to in-
tervene. The choice of therapeutics also has the potential to 
be personalized using pharmacogenetics, acknowledging that 
patients react, respond and metabolize medications in a vary-
ing and hopefully predictable manner. To make these testing 
facilities readily available, professional collaborations should 
be established among the nation’s health ministry and provid-
ers of these services to convene up-to-date and promote the 
use of all valid and available technology to improve ability to 
tailor care to patient needs.

For the increasing demand for more research and clinical 
trials, there should be a collaborative system to support nation-
al scientific network for analysing, integrating and updating 
molecular and “omics” data to be integrated in the electronic 
health records and data bank.

Conclusions

PM is now the recommended standard of care in many devel-
oped nations for oncology care. However, PM is yet to become 
a significant practice in Nigeria and Nepal as there are still 
many native barriers which majorly are lack of funds, neces-
sary facilities, expertise, clinical trials, novel drugs availability, 
physicians and patients factors. These barriers therefore limit 
the implementation of PM in these two countries which are 
good examples of developing nations. Unconventional meth-
ods should be considered to make PM a full reality in Nigeria 
and Nepal. Such method may include significantly subsidized 
supply of novel drugs, trainings, materials and equipment for 
advanced testing and a responses evaluation to single dose 
check point inhibitors without testing.
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