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Abstract

Background: Immunotherapy agents offer novel treatment options in
advanced cancers. However, their use is limited in developing coun-
tries lacking unifying guidelines and can be followed by a financial
burden. In this study, we aimed to provide an overview regarding the
use of immunotherapy and the overall response to treatment in pa-
tients with metastatic disease in relation to cost-effectiveness.

Methods: This was a retrospective study involving adult metastatic
cancer patients, treated with programmed cell death-1 (PD-1) inhibi-
tors at American University of Beirut Medical Center (AUBMC), a
tertiary cancer center in Lebanon. Study enrollment began on Janu-
ary 1, 2014 and ended on January 12, 2016. Baseline demographics,
epidemiological and clinical data were collected from the patients’
records.

Results: Our study consisted of 34 patients. Fifteen patients self-
financed the treatment. The patients were prescribed immunotherapy
without programmed cell death-ligand 1 (PD-L1) testing as it was not
part of the guidelines at the time. Twenty-two patients were treated
with nivolumab and 12 patients with pembrolizumab. Thirteen pa-
tients showed partial response or stable disease, while 21 patients
showed progression.

Conclusion: Improvement in terms of overall survival and progres-
sion-free survival has been undercut by the lack of availability of
these drugs and their cost. Considering that a large percentage of pa-
tients do not respond to immunotherapy, there is a need to use guide-
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lines such as a preset PD-L1 level that ensure cost-effectiveness and
prevent resource waste.
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Introduction

In the past few years, scientists have recently discovered and
implemented novel use of immunotherapy, an effective but
more expensive approach than traditional therapies (i.e., chem-
otherapy and radiation therapy).

Cancer cells have the ability to mitigate the body’s natural
immune response by exploiting the self-tolerance mechanisms
and up-regulating the immune-inhibitory receptors. Recently,
the growing understanding of several immune checkpoints
that offer tumors an immunosuppressive function has evoked a
paradigm shift in cancer treatment [1].

Different approaches to targeting immune checkpoint
pathways have shown promise; however, the emphasis was
placed on developing monoclonal antibody inhibitors of recep-
tors with immunosuppressive properties. Immune checkpoints
are initiated and maintained primarily by various receptors,
including programmed cell death-1 (PD-1), programmed cell
death-ligand 1 (PD-L1) and programmed cell death-ligand 2
(PD-L2). The interaction between PD-1 and PD-L1 damp-
ens the immune response by affecting T-cell proliferation and
cytokine production. Interfering with this pathway has been
shown to enhance the body’s antitumor defenses. Amongst the
specific target drugs are the human IgG4 anti-PD-1 monoclo-
nal antibodies, nivolumab and pembrolizumab [1-4].

Since their introduction in October 2015, nivolumab and
pembrolizumab have shown substantial response rates in sev-
eral types of cancer. They opened a new frontier in the battle
against cancer. The enthusiasm surrounding their introduction
was tampered down by the high financial cost on the patient
and the health care system along with a new type of toxici-
ties related to autoimmune activation not seen with traditional
lung cancer therapy, such as pneumonitis, hepatitis and endo-
crinopathies [5]. PD-L1 inhibitors steep price and novel care
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added burden that is even more prominent in developing coun-
tries [6].

In developing countries, providing cancer patients with
adequate care is challenging already, and the discrepancy
between high-income countries and low and middle-income
countries (LMICs), in terms of cancer patients’ access to care
and its quality, is considerable. The availability of new immu-
notherapies and their distribution in developing countries re-
main limited, and when available, cost considerably limits its
access [7]. Besides, in rural and less urbanized areas, the num-
ber of general oncologists is significantly below the popula-
tion’s requirements, let alone the number of immuno-oncology
specialists. To deal with the new immune-related side effects,
there is a need to train and employ specialists in immuno-on-
cology which will extend the cost of the use of these two im-
munotherapies far beyond their initial price tags [8].

The presence of healthcare coverage supported by the
state in some middle-income countries, such as Lebanon, may
alleviate part of the financial burden of the cancer patients but
shift the cost to the governmental agencies and the healthcare
system. In Lebanon, the use of expensive drugs targeted for a
limited population, such as immunotherapy, constitutes 20%
of the healthcare governmental spending, which is a huge
burden on the healthcare system. This burden necessitates the
implementation of national policies to regulate and optimize
the use of these medications for the maximal benefit [9, 10].
In both high-income and low-income countries, experts advise
considering cost-effectiveness estimates when deciding on re-
imbursement. Some of the proposed policies ensure reimburse-
ment only when immunotherapy is given for specified types of
cancer that have shown optimal results [11, 12]. This approach
remains theoretical in many cases such as in Lebanon [13].

Determining predictive biomarkers of treatment response
is of the utmost importance, as it can aid in selecting the pa-
tients most likely to benefit from treatment. In the pursuit of
these biomarkers, extensive research was carried out, and
several molecules stood out as prime candidates, but with no
definitive answers offered yet [14-16]. PD-L1 expression was
found to be the only biomarker to predict therapy response,
despite complex interplay with PD-L2 in the tumor microenvi-
ronment [17]. Although PD-L1-positive tumors respond better
to immunotherapy, some studies showed that even tumors with
1% staining of PD-L1 still showed a median overall survival
(OS) of more than 8 months [16].

Our research study is the first that tackles the issue of cost-
effectiveness of immunotherapy in relation to OS and treatment
complications in Lebanon and the Middle East. In this study,
we also looked at the current practices, the overall response to
therapy, as well as the rate of discontinuation of treatment.

Patients and Methods

This was a retrospective single-institution study involving all
adult patients (> 18 years old) with metastatic cancer, treated
with PD-1 inhibitors at American University of Beirut Medical
Center (AUBMC), a tertiary cancer center in a middle-income
country in the Middle East.
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Ethical approval was obtained from the American Univer-
sity of Beirut Medical Center (AUBMC) Institutional Review
Board (IRB) on February 3, 2016 (IM.HA.05).

After obtaining IRB approval, identification data for can-
cer patients treated with immunotherapy was collected from
the medical registry. Our research team had access to the pa-
tient’s data records, with the cooperation and supervision of
the patients’ attending physicians throughout data collection.
Study enrollment began on January 1, 2014 and ended on Jan-
uary 12, 2016.

Baseline demographics and epidemiological data were
collected from the patients’ records, in addition to clinical
data including the type and stage of cancer, metastatic status,
pre-treatment, dosage and type of immunotherapy, number
of treatment cycles, pathological data, and response to treat-
ment. Finally, rates of adverse events, patient’s availability for
follow-up, as well as financial coverage of the patient were
collected.

To calculate the time-to-event in OS, the Kaplan-Meier
curves were plotted using the time period between the date of
diagnosis till the date of last follow-up for censored patients, in
case the patient did not have a time of death. All analysis were
performed using IBM SPSS statistics v.25.

Results

Patient characteristics

Our study cohort consisted of 34 patients. The median age of
patients was 61, with a mean age of 58. The patient population
consisted of 25 males and nine females. The majority of the
cases were lung cancer (n = 17) and melanoma (n = 7). The
remaining were divided among Hodgkin’s lymphoma (n = 4),
bladder cancer (n = 3), soft tissue sarcoma, gastric cancer and
renal cell carcinoma (n = 1 each). The patients’ demographics
are summarized in Table 1.

Patient coverage data were available for 33 patients. The
National Social Security Fund (NSSF) covered 14 patients,
four patients were covered by health insurance companies and
third-parties including the army, and 15 patients self-financed
the treatment.

Malignancy status

Each of the 34 patients underwent either a biopsy or fine-
needle aspiration (FNA) prior to treatment with chemotherapy
or immunotherapy. However, while BRAF, EGFR and ALK
mutations were reported, none of the patients had PD-L1 ex-
pression level results. PD-L1 testing was introduced in 2015
and was uncommon until recently in Lebanon. The patients
who were recruited and followed up were prescribed immu-
notherapy without PD-L1 testing. Lymphocyte infiltration was
negative in five patients, and reports from other patients did
not include the results.

Thirty-three patients received chemotherapy treatment be-
fore immunotherapy. The median number of treatment lines
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Table 1. Patient Characteristics

Characteristics Patients
Age (years), mean (median) 58.38 (61.5)
Sex, n (%)

Male 25 (73.5)

Female 9 (26.5)
Smoking, n (%)

No 17 (50)

Yes 17 (50)
Alcohol, n (%)

No 27 (79.4)

Yes 7 (20.6)
Stage, n (%)

I 2(5.9)

11 4 (11.8)

111 4 (11.8)

v 23 (67.6)

Missing 1(2.9)
Primary tumor sites, n (%)

Lung 17 (50.0)

Melanoma 7 (20.6)

Lymphoma 4 (11.8)

Bladder 3(8.8)

Other® 3(8.8)
Line of cancer treatment before immunotherapy with nivolumab or pembrolizumab, n (%)

1 14 (41.2)

2 6 (17.6)

3 6 (17.6)

4 2(5.9)

5 2(5.9)

7 1(2.9)

Missing 3 (8.8)
Surgery, n (%)

No 16 (47.1)

Yes 18 (52.9)
Radiation therapy, n (%)

No 19 (55.9)

Yes 15 (44.1)

aSoft tissue sarcoma, gastric cancer and renal cell carcinoma.

received prior to immunotherapy was 2. Eighteen patients un-
derwent surgery for their malignancies, while 15 patients re-
ceived radiotherapy.

Twenty-two patients were treated with nivolumab and 12
patients with pembrolizumab. The mean number of immuno-
therapy cycles received by patients was 6, with a median num-
ber of four cycles. Thirteen patients showed partial response
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or stable disease, while 21 patients had disease progression.
Details of the patients’ treatment characteristics with immu-
notherapy (nivolumab or pembrolizumab) are listed in Table
2 and Figure 1.

In terms of treatment complications, the majority of side
effects were grade 1 and 2, with four patients developing grade
3 complications, including a patient developing pneumonitis.
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Table 2. Outcomes of Immunotherapy With Nivolumab or
Pembrolizumab

Characteristics Patients
Immunotherapy, n (%)
Nivolumab 22 (64.7)
Pembrolizumab 12 (35.3)
Line of immunotherapy, n (%)
1 2(5.9)
2 15 (44.1)
3 6 (17.6)
4 7 (20.6)
5 1(2.9)
6 2 (5.9)
8 1(2.9)
Complications, n (%)
No 23 (67.6)
Yes 11 (32.4)

In total, 11 patients developed adverse events. Treatment of
side effects was mostly supportive, with steroids given to the
patient with pneumonitis.

Treatment status

Discontinuation of treatment occurred in 14 patients, and
treatment was interrupted in one patient’s case. Ten patients
received treatment after immunotherapy. Nineteen patients are

w

w

N

Number of patients receiving the doses

[y

still alive and receiving treatment either with immunotherapy
or chemotherapy, 15 patients have died and three were lost to
follow-up and excluded from the study. Patients were recruited
in the period extending from January 1, 2014 to January 12,
2016. Patients were followed up until either death or discontin-
uation of treatment. Median follow-up time for patients since
the date of diagnosis was 23 months. The median OS in all
patients was 272.99 days (95.0% confidence interval: 207.54
- 338.45) (Fig. 2a). The median OS by type of cancer were
198, 121 and 45 months for patients with lung, melanoma and
other, respectively. None of the patients who had Hodgkin’s
lymphoma or bladder cancer passed away, therefore mean and
median survival for these patients was not computed (Fig. 2b).

Cost of treatment

According to the Pharmacy Department at the AUBMC, the cur-
rent price of a single injection of 40 mg nivolumab is 1,927,000
LL ($1,284), while an injection of 100 mg nivolumab costs
4,624,000 LL ($3,089), and an injection of 100 mg pembroli-
zumab is 8,219,000 LL ($5,479). According to the World Bank,
70% of the population in Lebanon generates an annual income
of less than USD10,000, which was estimated based on the av-
erage salaries per sector, taking into consideration the level of
experience and the job titles in Lebanon for 2016. Furthermore,
the gross domestic product (GDP) per capita is USDS§,523. In
other words, one course of nivolumab can exceed the annual
salary of a majority of the Lebanese population.

Discussion

This study addressed the use of immunotherapy, its cost, and

.Il‘llllllllllll
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Number of immunotherapy doses

Figure 1. Number of immunotherapy doses.
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Figure 2. (a) Kaplan-Meier curve of overall survival (OS) for 33 cancer patients who received immunotherapy with either nivolum-
ab or pembrolizumab between January 1, 2014 and January 12, 2016. The mean OS in all patients was 272.99 days (95.0%
confidence interval: 207.54 - 338.45). (b) Kaplan-Meier curve of OD according to the type of cancer. The median OSs by type
were 198, 121 and 45 months for patients with lung, melanoma and other, respectively. None of the patients who had Hodgkin’s
lymphoma or bladder cancer passed away, therefore mean and median survival for these patients were not computed.
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the OS and complications associated with this therapy in Leba-
non. We notice the lack of PD-L1 testing and lymphocyte infil-
tration reports. In 2015, PD-L1 testing was introduced in Leba-
non but was not widely available until 2016. In our sample,
no patient underwent PD-L1 testing. It could be explained by
the lack of widespread laboratories that test for these mark-
ers at the time of our study. Recently published and presented
clinical trials continue to confirm that outcomes are better for
patients whose tumors have increasing levels of PD-L1 [17].
The lack of PD-L1 and lymphocyte infiltration testing may
partially explain the rate of response to therapy. In our cohort,
21 (61.8%) patients had disease progression, with treatment
being discontinued for 14 (41.2%) patients. Only four (11.8%)
patients show partial response to therapy, while one (2.9%)
patient showed complete response to treatment. While chemo-
therapy centers are widespread across our region, centers that
offer immunotherapy are scarce. Hence, with more than half
of the cohort having disease progression despite immunother-
apy, it might not be practical for patients to go through the
trouble in the first place. Moreover, the study revealed a mean
OS of 272.99 days (9 months). The mean OS for nivolumab
was 288.32 days (9.5 months), and that of pembrolizumab was
241.7 days (8 months), which is comparable to other studies
in pretreated patients with advanced malignancies. Nivolumab
showed slightly better survival than pembrolizumab.
Immunotherapy drugs brought along immune-related ad-
verse events (irAEs) that required the attention of specialists and
subspecialists [7]. These irAEs are not as frequent as standard
chemotherapy side effects; however, they are more life-threaten-
ing [7, 18]. In our cohort, there was no issue with following up
with patients and treating irAEs. Patients were compliant with
follow-up, except for three patients. The median follow-up time
in our cohort was 23 months since the date of diagnosis. Only
one patient had a severe irAEs manifesting as pneumonitis.
With an average cycle dose of 240 mg for nivolumab and
100 mg for pembrolizumab, a single cycle can cost $7,462 for
nivolumab and $10,958 for pembrolizumab. The mean number
of immunotherapy cycles given in our institution is 6, running
the cost of treatment to between $44,772 and $65,748. One
patient received 13 cycles of nivolumab, raising the cost of
treatment to $97,006. Adding to these numbers, the travel cost,
test prices, and the administrative costs, the price for immu-
notherapy treatment can be crippling. The annual expenses of
nivolumab in Lebanon are comparable to the reported expens-
es of nivolumab in South Africa [19], and the costs per injec-
tion are similar to those reported in the United States [9, 10]. It
is also essential to notice that the average income in Lebanon,
being less than USD10,000, is a fraction of the average an-
nual income in the US ($59,039). The high cost of treatment is
discouraging and raises concerns regarding the cost of future
treatment. Even if healthcare systems provide patients with
cancer treatment via third-party payers (government programs
or private corporations), the rising costs of novel cancer treat-
ments that show statistically significant results in clinical trials
will ultimately push the absolute cost to a level that is unaf-
fordable by the community [8]. It is even more real in middle-
income countries, such as Lebanon. According to the report of
the United Nations Development Program (UNDP), Lebanon
is a high human development index (HDI) country. Despite
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the classification, income inequality persists, and the health-
care system still lacks appropriate governmental support. The
current state in Lebanon spotlights the situation of many low
and very-low HDI countries.

While it is true that immunotherapy has shown promis-
ing results in terms of survival benefits, one cannot ignore its
financial burden on patients themselves. In Lebanon, some of
the patients, as mentioned earlier, have to cover the cost of
therapy. Even patients with third-party payers, such as the min-
istry of health coverage, will have out-of-pocket expenditures,
depleting patients’ savings, and ultimately limiting their access
to treatment when the costs become intolerable. It has been
shown that financial burdens can cause patients to stop treat-
ment even when the benefit is evident or may drive others into
declaring bankruptcy [9].

Improved patient selection is predicted to alleviate the eco-
nomic burden of PD-1 inhibitors. This approach is limited by the
dearth of knowledge regarding patient selection criteria. PD-L1
tumor levels showed the most promise in predicting response;
however, the results have been inconsistent, with wide ranges of
response to immunotherapy [14]. Considering the high costs of
PD-1 inhibitors and the improved response rate in patients with
elevated PD-L1 level, third-party payers might consider limit-
ing drug use to a certain PD-L1 level threshold. Some countries,
such as Serbia, have done that. Immunotherapy is only given to
patients in whom exact indications apply [16].

Immunotherapy has been established as a staple in the
treatment paradigm of many types of cancer, with the list of
approved indications expanding at an accelerated rate. Phy-
sicians often feel compelled to go off-label, in an attempt to
benefit patients whom they think have no other choice. This
practice, however, imposes psychological burdens on patients
who expect positive results, contrary to current scientific data.
With the rapid expansion of available immunotherapies, such
as avelumab, which was approved in 2017, and their widen-
ing indications, it is pivotal to streamline therapy. The choice
of first, second and third-line treatments should be based on
clinical data and established guidelines. This concept is high-
lighted in developing countries where resources are limited,
and therefore should be employed in a manner that optimizes
cost-benefit for patients.

In our center, patients receiving immunotherapy were
not tested for PD-L1 expression. Drug discontinuation was
common in our population, a multifactorial phenomenon that
includes cost, practicality and logistics. More importantly,
substantial clinical benefit was only observed in a minority of
patients. We know from recent studies on immunotherapy for
cancer such as anti-PD-1/PD-L1 and anti-cytotoxic T-lympho-
cyte associated protein 4 (anti-CTLA-4), that the immune sys-
tem can control many cancers across various histologies and
can produce durable response not seen with other treatment
modalities. Studies have also shown that less than 25% of pa-
tients treated with immunotherapy will respond [20, 21]. These
facts highlight the importance of patient selection to optimize
response and minimize cost.

The limitations of this study include its retrospective
nature and relatively small sample size. A prospective study
should be performed to better evaluate the cost-effectiveness
of immunotherapy in Lebanon, including a follow-up for a
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longer duration of time.

In conclusion, lack of availability of these drugs, as well
as their high cost has hindered improvement in terms of OS
and progression-free survival in the region. Besides, a large
percentage of patients who undergo immunotherapy does not
respond to treatment. Therefore, the need to use guidelines em-
ploying preset PD-L1 level is essential. These guidelines are
crucial to allocate scarce resources to patients that would ben-
efit most properly. More prospective studies are urgently need-
ed to assess the effect and side effects of these novel therapies
in the Lebanese and Middle Eastern populations to improve
these local guidelines.
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