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Abstract

Background: For metastatic colorectal cancer a series of novel therapies has emerged during the last decade but their use
in routine clinical practice and their costs are not well documented.

Aims: This study evaluated the clinical effectiveness of metastatic colorectal cancer patients in Lebanese oncologic units
and estimated the costs.

Methods: A prospective cohort study was conducted on metastatic colorectal cancer patients during 2008-2013. The
type of medical management, overall survival and total costs from diagnosis to death were described. Cost analysis was
performed using tariffs from 2013 in US dollars.

Results: One hundred and seventy-nine metastatic patients were selected among which 84.9% had colorectal cancer in-
volvement. The average follow-up from diagnosis until death or the latest news was 34.8 months. Around 49.7% were
still alive at last follow-up date. Three lines of treatment accounted for 4.5%, 39.6% and 55.9% with an average duration of
14.5, 11.4 and 14.6 months respectively. A 73.2% of patients benefited from targeted therapy. The median overall survival
was 20.8 months. The mean total costs of drugs was $22 256 in patients with standard therapy alone whereas the cost in-
creased to $80 396 after the addition of targeted therapy. The mean global total cost was estimated at $64 805 per patient
(min $3703; max $304 086).

Conclusions: Targeted therapy associated to standard therapy is highly prevalent in Lebanon in metastatic disease and
the associated medical cost substantial. This study is the first to show the clinical effectiveness and costs of targeted ther-
apy in patients with metastatic colorectal cancer.
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examinations, more opportunistic screening, earlier
diagnosis and improved surgery, development of
adjuvant chemotherapy and palliative care (5), confer
survival benefits as well as better symptom control
and palliation. Cytotoxic agents are well established as
clinically effective and cost-effective treatment options
for metastatic colorectal cancer. Clinical research has
focused on monoclonal antibodies that selectively target

Introduction

Colorectal Cancer is the second most commonly reported
cancer in females and the fourth most commonly
reported cancer in males in Lebanon, averaging 630 cases
in 2012 (1). There are no vital statistics or information
on the burden of the disease in terms of morbidity or
mortality, but its incidence rate in 2015 per 100 000
population, by colon and rectum sites, was 17.6% and 7.5%

respectively (2). In the Lebanese medical system, analysis
of colorectal cancer is not robust and there has been
a noticeable increase in risk factors such as poor diet,
physical inactivity, obesity, cigarette smoking, heavy
alcohol consumption, familial history and genetics.
Moreover, the health financing methods are complex
and vary according to socio-professional demographics
34)-

Despite these problems mortality rates have declined
since the 1980s. Clinical evidence suggests that advances
in technology, increase in number of colonoscopy

receptors involved in cancer progression with many
studies evaluating their efficacy (6-10).

As new treatments become available (11), there’s a
need to consider not only their effectiveness in clinical
practice, but also their associated costs in comparison to
current standard therapies. The way such novel therapies
are used and positioned in daily routine practice (as well
as their related effectiveness and costs) are not well
documented in Lebanon. The aim of this study is to
evaluate the management of patients with metastatic
colorectal cancer in two Lebanese hospitals, in particular
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the comparative effectiveness of cytotoxic agents and
targeted therapy along with their estimated direct cost.

Methods
Study design and participants

A prospective study was conducted on a cohort of pa-
tients diagnosed with metastatic colorectal cancer in
two Lebanese oncology departments (CHU Centre Hos-
pitalier Notre Dame de Secours, Byblos, and CHU Hotel
Dieu de France, Beirut) between 1 January 2008 and 31
December 2013. Patients were classified as those treated
by cytotoxic agents alone during the whole follow-up pe-
riod and those treated at any time during their follow-up
by chemotherapy plus monoclonal antibodies, depend-
ing on disease progression. Eligible participants were all
patients with a histologically confirmed adenocarcinoma
of the colorectum, with one or more metastases and no
previous chemotherapy for metastatic disease. The eth-
ic committees of the two participating centers waived
the need for approval since the study was retrospective,
anonymous and respected the individuals’ confidential-

1ty.
Clinical data

For each patient, data were collected for sex, age at diag-
nosis, date of the beginning of metastatic disease, type
of cancer, histological type, KRAS (Kirsten Rat sarcoma
viral oncogene) status, tumor markers, number and type
of metastases, and whether it was first, second or third
relapse. Patterns of care were described, type of medical
management at diagnosis and after recurrence. The type
of chemotherapy, RECIST (Response Evaluation Criteria
In Solid Tumors) criteria, toxicities, the date of the latest
news and/or death, as well as the number of lines and cy-
cles of chemotherapy given were also reported.

KRAS assessments

The mutation status of the KRAS gene is linked to in-
creased tumor aggressiveness, resistance to therapy and
poor survival rate (12). Detection of KRAS status has be-
come part of the standard work-up of patients with meta-
static colorectal cancer, and tumors that harbor the muta-
tion have been shown to be nonresponsive to anti-EGFR
(Epidermal Growth Factor Receptor) therapies (Cetux-
imab) (4, 13-16). This test is performed in the Pathology
National Institute, Beirut, Lebanon, in formalin-fixed,
paraffin-embedded tissue collected from patients for
whom the resected primary tumor was available and is
free-of-charge, likewise the RAS test, but the BRAF test is
expensive (these two tests have been performed in Leba-
non since 2014).

Lines of therapy

Most patients with advanced colorectal cancer can re-
ceive multiple treatment regimens, with therapies
changed when needed in order to optimize response or
as a consequence of toxicity, patient preference, or dis-
ease progression. New options are chosen in a way that

is complementary to the previous regimen. In order to
prevent confusion, first-line therapy was defined as all
chemotherapy and/or biological drugs given to a patient
during the first 36 days after initiation of treatment and
administered for one or more cycles. Discontinuation of
a single drug from a combination regimen was not con-
sidered a change in line therapy. The addition of a new
regimen or substitution of cytotoxic or a biological agent
(for progression or relapse) was considered a new line of
therapy.

Costs

Estimating the cost of colorectal cancer treatments in
Lebanon is very difficult, mainly due to differences
in coverage systems (Ministry of Health, National
Social Security Funds, Lebanese Army, private patients,
insurances etc.), and changes in prices between 2008 and
2013. Cost analysis was performed under the Lebanese
Sickness Fund perspective using tariffs from 2013 in US
dollars without any discount rate applied and included:

Direct costs, as defined as chemotherapy medica-
tions (and biotherapy), costs per treatment cycle and
total costs per patient. We did not include the cost of
administration, supportive medications, physician
consultations or treatment of complications. Chemo-
therapy treatment doses were given proportionally to
body surface area.

Indirect costs (transportation costs, surgery, imaging
tests) have not been taken into account due to diffi-
culties in accessing administrative medical records.

We assessed the episodes of care costs in the period
considered (protocols and lines during hospitalizations
and at home). The unit costs from 2013 were obtained
from the cost accounting system of the two hospitals
regardless of the coverage system of each patient. Cost
values in this year were considered to be representative
of the study period. Assigning the same year-specific cost
unit to each healthcare service, any differences in cost
over time would reflect changes in resource utilization
and not in price deviations arising from pharmaceutical
companies’ policies or different production structures
over the study period. Taking into account the date
of each care episode and service, monthly costs were
assessed (cost histories), and the year of diagnosis was
considered the baseline year (Year Zero).

Long-term or lifetime costs are defined as the
cumulative cost from the date of diagnosis to the date of
death, but in long-term cost estimations some patients
are not actually followed until their death, therefore
these cost histories are censored (13,17-19). However, this
introduces a problem,; total cost is underestimated when
based on the full sample of censored and non-censored
cases, since patients who withdraw from the study, or
who remain alive at the end of the follow-up period,
will continue to incur costs after the study is over. On
the other hand, if long-term cost is only estimated for
patients with uncensored costs, the estimator is biased
towards patients with shorter survival times because
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longer survival times are more likely to be censored.
Therefore, censored data can lead to biased estimates if
the appropriate analysis techniques are not used.

Effectiveness was evaluated by overall survival
corresponding to the mean time from diagnosis to death
(or date of last follow-up at time of data collection).
Primary endpoints were overall survival, progression
free survival (PFS), RECIST, progression of the disease
(PD) or tumour response rate (TRR), response rate (RR),
disease control rate (DCR) and costs.

Tumour assessments

Therapy response in solid tumours was assessed by
measuring change in tumour size. RECIST is a standard
measurement method that evaluates response to therapy
by computed tomographic scans (CT) (13,17-18,20).
However CT scans do not permit characterization of
tumour heterogeneity and its change over time. CT
measurements are dependent on the expertise of the
observer and discrepancies among observers have been
described to be as high as 15 to 40% (19-20). Baseline
tumour response was assessed every two cycles (6 weeks)
according to RECIST version 1.1 (21-22) and all patients
were monitored every three months for a minimum of
two years.

Definition of endpoints

Inthisstudy, the following definitions were used to assess
therapeutic effectiveness: PES is defined as the time
from randomization until objective tumour progression
or death from any cause, and censoring patients who
are lost to follow-up; PFS1 is the period from the first
enrollment to the confirmation of PD, death or last follow
up, whichever occurred first; PFS2 is the period from the
first PD, where mostly biological agents were started, to
the confirmation of secondary PD or death; PFS3 is the
period from the second confirmation of PD to the third
PD or death, where a third line (or salvage) therapy was
used; time to tumor progression (TTP) is the period from
the date of enrollment until the date of discontinuation
of treatment or the date of PD confirmation (it does
not count patients who die from other causes); overall
response rate (ORR) is the sum of partial responses plus
complete responses and is a direct measure of drug
antitumor activity (direct therapeutic effect); and disease
control rate (or rate of non-progression) is classified as
complete response, partial response, or stable disease.

Statistical analysis

Categorical variables were presented as counts and
percentages and compared using Pearson’s chi-squared
test or Fisher's exact test, as appropriate. Quantitative
variables were presented as mean + standard deviation
and compared using Student’s t-test. Time since
diagnosis was used as time variable. We compared
patients’ characteristics between groups, progression
according to lines used and their relative costs.

In order to compare the effect of therapies (cytotoxic
vs target + cytotoxic) on survival, a Cox proportional

hazards regression was conducted to assess independent
predictors of time to death after colorectal cancer.
Patients were reported alive or dead at the end of their
follow-up time. Variables associated to the time to
death in the bivariate analysis (P < 0.2), were included
in the multivariate model. Hazard ratios (HR) with 95%
confidence intervals (CI) were reported.

Each variable was used as a time-dependent covariate
in a cox bivariate regression to evaluate the proportional
hazards assumption, which was subsequently confirmed
and we compared the overall effect of both groups on
survival. We subsequently conducted a sensitivity
analysis between every line of treatment and its
association with survival. Survival curves were then
plotted to show differences in survival for each type of
treatment. In addition, the response scores (RECIST)
were divided into dichotomous variables (progression vs
non-progression, partial or complete response) to study
the effect of treatment (cytotoxic vs target) on disease
progression (RECIST 1,2 and 3). For this purpose, alogistic
regression was conducted for each RECIST, taking into
consideration variables found to be associated with the
dependent variable in the bivariate analysis (P < 0.2).
Analyses were performed using SPSS software, version
20.0 (IBM Corp., Armonk, NY, USA) and a P-value less
than 0.05 was deemed statistically significant.

Results
Study process and termination

A total of 179 patients were enrolled between January
2008 and December 2013. Mean age at diagnosis was 60.5
(+ 13.2) years and 57.5% were males. The final follow-up
of the study was on 30 December 2014 (the median fol-
low up time was 31 months). The details of the baseline
patient demographics and clinical characteristics are
shown in Table 1.

Treatments

Among the 179 patients diagnosed with metastatic
colorectal cancer, as first-line treatment 48 patients were
provided chemotherapy alone while 131 patients received
chemotherapy plus targeted therapy. After disease pro-
gression, and regardless of what regimen was used, 171
(95.5%) went on to receive second-line treatment and 99
(55.3%) received third-line treatment. Table 2 shows that
targeted therapy was mostly added to treat aggressive
disease (14 vs 86%, 58 vs 42%, 89 vs 11%; P < 0.001) in asso-
ciation to cytotoxic conventional treatment.
Bevacizumab was mostly added to fluorouracil-based
regimens in the first-line setting and beyond progression
(13.0%, 47.3% and 84.4%; line 1 to 3 respectively) whereas
Cetuximab was only restricted to patients whose KRAS
status was performed and showed a non-mutant gene
(1.1%, 9.4% and 15.6%; line 1 to 3 respectively) (Table 2).

Clinical effectiveness and survival

Adding targeted therapy to conventional treatment did
not improve the response rate in patients presenting pro-
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Table 1: General baseline characteristics of the 179 patients

Characteristics Total (%) Cytotoxic group (N/%) Cytotoxic +
targeted group
(N/%)
Arms of treatment 179 48 (26.8%) 131 (73.2%) -
Age at diagnosis, years 26-89y 27-83y 26-89y
Range
Mean' 60.5y +13.2 63y +14.1 59.5y +12.9 0.130
Sex
Males/females 103 (57.5%)/76 (42.5%) 28 (58%)/20 (42%) 75 (57%)/56 (43%) 0.947
Location of primary tumour
Colorectal 152 (84.9%) 38 (79%) 114 (87%)
Rectal 60.5y +13.2 63y +14.1 59.5y * 12.9 0470
Location of metastases
Liver only 50 (28%) 21 (44%) 29 (22%)
Liver and others 76 (43%) 8 (17%) 68 (52%) 0.002
Non liver 53 (29%) 19 (39%) 34 (26%)
Number of metastatic sites
1 92 (52%) 40 (85%) 52 (40%)
= 86 (48%) 7 (15%) 79 (60%) 0.044
KRAS gene status
Wild 93 (52%) 11 (23%) 82 (63%)
Mutated 27 (15.1%) 2 (4%) 25 (19%) 0.001
ND* 59 (33%) 35 (73%) 24 (18%)
Tumour markers
CEA only 55 (31%) 10 (21%) 45 (34%)
CA19.9 only 11 (6%) 3 (6%) 8 (6%)
Both increased 50 (28%) 7 (15%) 43 (33%) 0.001
Neither increased 63 (35%) 28 (58%) 35 (27%)
Duration of treatment or follow up (in Median: 30.9 months Median: 36.5 months Median: 30.4 months
months) Mean: Mean: Mean:
(All lines combined) 34.7 months * 19.2 36.1 months + 21.2 34.2 months + 18.5 0.473

Min: 3.0 months
Max: 71.5 months

Min: 3.0 months
Max: 71.5 months

Min: 3.5 months
Max: 69.0 months

*Lack of appropriate consent or lack of samples, 'Data are in % or median (+ standard deviation), CEA: CarcinoEmbryonic Antigen, CA19.9: Cancer antigen.

Table 2: Percentage of cytotoxic and targeted chemotherapy agents applied in the 3 lines of treatment (after relapse) and number
of cycles received

Treatment 1stline 2nd line 3rd line P-value
Conventional (chemotherapy) 154 (86%) 72 (42%) 26-89y
Targeted 25 (14%) 99 (58%) 59.5Y *12.9 =000t
Treatment strategies targeted (associated to chemotherapy):

Cetuximab 1.1% 9.4% 15.6%

Bevacizumab 13.0% 47.3% 84.4% NS
Conventional chemotherapy:

5FULV 36.3% 0.6% 8.3%

XELOX 25.7% 37.4% 24.0%

FOLFOX 38.6% 43.3% 47.0%

FOLFIRI 1.1% 12.9% 5.2% NS

FOLFOXIRI - 16.4% 11%

XELIRI - 4.7% 34.4%
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Table 2: Percentage of cytotoxic and targeted chemotherapy agents applied in the 3 lines of treatment (after relapse) and number

of cycles received (concluded)

Treatment 1stline 2nd line 3rd line P-value
Cycles
< 4 cycles 16.8% 15.6% 56.4%
5-6 cycles 41.9% 27.4%
NS
7-8 cycles 19.0% 30.7%
> 9 cycles 22.3% 21.8%

5FU/LV = Fluorouracil/Leucovorin, FOLFOX = Fluorouracil, Leucovorin, and Oxaliplatin; XELOX = Capecitabine and Oxaliplatin; FOLFIRI = Irinotecan, Fluorouracil, and Leucovorin,
FOLFOXIRI = Fluorouracil, Leucovorin, Oxaliplatin and Irinotecan, XELIRI = Capecitabine and Irinotecan. NS = Non-significant.

gression of the disease (Table 3), with 17% in the cytotoxic
group vs 16% in the targeted + cytotoxic group (P > 0.05);
57 vs 11% (P < 0.05) and 18 vs 14% (P > 0.05) from line 1
to 3 respectively; whereas the disease control rate was
improved in the third line therapy (61% in the cytotoxic
group vs 56% in the targeted + cytotoxic group, but the
difference was not statistically significant). In addition,
the PD (or TTP) was higher in cytotoxic + targeted group
in lines 1 and 2 (40 vs 44% and 29 vs 46%), but decreased
in line 3 (82 vs 67%); however, the difference was not sta-
tistically significant with a higher cost (min. = $127184;
max. = $304 086)

The median PFS was 35 months in the first line
cytotoxic group and 31 months in the cytotoxic + targeted
group, (P = 0.01) whereas in the second and third line, it
was 37 months vs 34.8 months (P = 0.99) and 27 months
vs 34.2 months (P = 0.37) respectively (Table 3). KRAS
gene status was evaluated in 120 tumors; 58 samples were
excluded because of lack of samples or inappropriate
consent. An activating KRAS mutation was found in 27
tumors (15.1%), nine patients (33.3%) with KRAS mutation
were still alive whereas in wild KRAS patients (n = 93,
52%), 39 (41.9%) stayed alive (P = 0.001). The response rate
was significantly lower in those with KRAS mutations

than in those with wild-type KRAS tumors (6% vs 28%,
P=0.01)

The number of metastases at the time of diagnoses
and recurrence greatly influenced the response to
treatment and consequently the rate of survival. Eighty-
six (48%) patients had > 2 metastases, of whom 32 (37.2%)
responded to treatment, whereas for patients having
only one metastatic site (n = 92, 52%), the response to
treatment was 54.3%.(P = 0.044). Overall response rate
was inferior in patients having > 2 metastases than in
patients with only one metastasis (18% vs 47%, P = 0.004).

Survival results

The Kaplan-Meier survival curve of the metastatic
colorectal cancer cohort is displayed in Figure 1. The me-
dian of survival in the whole population was 20.8 months
(625 days) (CI 95% = 10.7-30.9 months); 49.7% were still
alive at the end of the study. Survival analysis revealed
that the addition of targeted therapy failed to improve

mCRC patients’ survival (P < 0.002).
Adjusted survival analysis

In the multivariate model adjusted for age, number of
metastases and toxicities, only toxicities were found

Table 3: Tumour assessment responses and effectiveness of treatment, all protocols combined

Outcomes 1st line

Cytotoxic Targeted

Cytotoxic. Targeted +

2nd line 3rd line

Cytotoxic Targeted+

(N=153) + (N=71) cytotoxic (N=11) cytotoxic
cytotoxic (N=99) (N=88)
(N=25)

Tumour response rate

Complete response 6(4%) 1(4%) 18(25%) 7(7%) 1(9%) 6(7%)

Partial response 20(13%) 3(12%) 12(17%) 4(4%) 1(9%) 6(7%)

Stability 67(44%) 10(40%) 21(29%) 42(43%) 0(0%) 17(19%)

Progression 60(40%) 11(44%) 20.975 21(29%) 46(46%) 0.000 9(82%) 59(67%) 0.5
Disease control rate (%) 61 56 71 54 18 33

Response rate (%) 17 16 57 11 18 14

Progression of the disease (%) 40 44 29 46 82 67

f’rrn(z)gnr:;ss)lf*n free survival 35 31 0.01 37 o 550 - S 057

*NS = non-significant

** Progression free survival or length of treatment or duration of each line PFS1; PFS2 &PFS3 are the 3 lines or periods free of the disease in the life of the patient
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Table 4: Cox survival analysis of factors associated to time to death (bivariate and multivariate results)

Variable Unadjusted Adjusted™*
(N patients)
95% CI P-value 95% CI
Arm A (48) vs Arm B* (131) 0.50 0.29 0.87 0.014 0.76 0.41 1.40 0.379
Age at diagnosis 1.0 0.98 1.01 0.852 1.00 0.99 1.02 0.785
Males (103) vs Females (75) 1.49 0.96 2.31 0.075 - - - -
Markers (reference) Not 1 (63)
CEA1(54) 177 1.00 3.15 0.052 = - B -
Ca19.91(11) 1.71 0.69 4.23 0.243 - - - -
Both?(50) 2.95 1.72 5.04 0.000 - - - -
Toxicities (reference) Grade 2 (24)
Grade 3 (110) 12.79 1.77 92.68 0.012 11.50 1.58 83.79 0.016
Grade 4 (44) 33.16 4.55 241.66 0.001 28.71 3.01 210.60 0.001
> 2 metastases (86) vs 1.86 1.21 2.85 0.004 1.46 0.91 2.34 0.117

1 metastases (92)

Liver metastases (45) vs 0.57 0.33 0.98 0.041 - - - -
No liver metastases (133)

*Arm A cytotoxic agents; Arm B cytotoxic agents and targeted therapy.

“*Multivariate cox regression with a forward stepwise entry.

Table 5: Independent predictors of progression (RECIST 1) after the first-line of treatment (N=178)

Variable Categories Adjusted OR 95% CI P-value®
First-line treatment Cytotoxic vs te%rgeted 113 G T
+cytotoxic
Number of metastases >2Vs1 1.87 0.94-3.72 0.074
Toxicities Grade 2 (reference)
Grade 3 2.81 0.87-9.12 0.085
Grade 4 4.48 1.26-15.92 0.021
Markers No 1 (reference)
CEA? 2.46 1.08-5.60 0.033
Ca19.97 1.89 0.48-7.36 0.362
Botht 1.67 0.69-4.07 0.256

“Multiple logistic regression (variables associated to progression with a P-value < 0.2 in the bivariate analysis were entered in the model).

Table 6: Independent predictors of progression (RECIST 2) after the second-line of treatment (N=170)

Variable Categories Adjusted OR 95% CI P-value®
Second-line treatment Cytotoxic vs tgrgeted 0.55 R 0120
+cytotoxic
Number of metastases >2vs1 2.21 1.03-4.74 0.041
Toxicities Grade 2 (reference)
Grade 3 3.43 0.70-16.70 0.128
Grade 4 10.14 1.92-53.46 0.006
Marlkers No 1 (reference)
CEA?T 1.40 0.55-3.60 0.480
Ca19.97 6.81 1.52-30.57 0.012
Both? 3.35 1.27-8.84 0.014

“Multiple logistic regression (variables associated to progression with a P-value < 0.2 in the bivariate analysis were entered in the model).
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Table 7: Independent predictors of progression (RECIST 3) after the third-line of treatment (N=99)

Variable Categories Adjusted OR 95% CI P-value®
Third-line treatment Cytotoxic vs tgrgeted 4.02 e S
+cytotoxic
Number of metastases >2vVs1 1.09 0.32-1.74 0.895
Toxicities Grade 2 (reference)
Grade 3 - - -
Grade 4 - - -
Markers No 1 (reference)
CEA? 0.39 0.09-1.74 0.217
CA19.91 1.91 0.15-24.96 0.621
Both? 1.01 0.19-5.30 0.991

*Multiple logistic regression (variables associated to progression with a P-value < 0.2 in the bivariate analysis were entered in the model).

Table 8: Average overall total cost ($) /arms of treatment

1st line 2nd line 3rd line P-value
Cytotoxic group ($)
Mean = SD 7961 + 7469 15149 £ 10 873 4958 + 5388 22255 + 10 525
Minimum 367 1139 649 3703
<0.05
Maximum 40 089 38292 12 764 44121
Median 7692 11 454 2044 20 490
Targeted + Cytotoxic group ($)
Mean = SD 15302 * 21974 46 947 £ 38 312 28290 £ 18 451 80 395 + 49 047
Minimum 183.6 1800 1909 7197.8
<0.05
Maximum 127184 243 394 77 775 304 086
Median 7692 40 537.2 24516.8 73 424.24
Global Cost ($)
Mean + SD 13333 £19 443 38 951 + 36 294 26589 +18 825 64 805 + 49 530
Minimum 183 1139 649 3703
<0.05
Maximum 127184 243 394 77 775 304 086
Median 7692 31910 24 456 57743
Table 9a: Cost for every single treatment (Tariffs 2013)
Drug Administration Price/injection Cost/dose Cost/cycle (2 weeks)
Bevacizumab 5 mg/kg/d/2 weeks 100 mg = $718 $2443 $7329
400 mg = $2 443
Cetuximab 400 mg/m2 smg/ml (20 ml) = $351 $2520 $3573
(Loading dose) smg/ml (100ml) = $1467
250 mg/ m2
(Maintenance dose)
Table gb: Cost for every single treatment (Tariffs 2013)
XELOX FOLFOX-6 FOLFOX-4 FOLFIRI
(Cycle of 21d) (Cycle of 14d) (Cycle of 14d) (Cycle of 14d)
Oxaliplatin $1481 Oxaliplatin $1139 Oxaliplatin $969 Irinotecan $518

Capecitabine $428 Leucovorin $76 Leucovorin $76 Leucovorin $76
5-FU (Bolus) $2.50 5-FU (Bolus) $2.50 5-FU (Bolus) $2.50
5-FU (Perfusion) $14.90 5-FU (Perfusion) $3.71 5-FU (Perfusion) $3.71
Total = $1909 Total = $1233 Total = $1051 Total = $600
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Figure 1: Kaplan—Meier curve for OS in the study cohort
(N =179) of mCRC patients
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to be an independent predictor of the time to death
(Table 4) (grade 3 vs grade 2; HR=11.50. 95% CI=[1.578-
83.79]; P=0.016; grade 4 vs grade 2; HR=28.71; 95%

CI=[3.91-210.59]; P = 0.001). No difference was observed
when comparing cytotoxic group patients (Group A) to
cytotoxic-targeted group patients (Group B) (P = 0.379). In
the sensitivity analysis between the three lines of treat-
ment, a slightly positive result was observed for Group B
vs Group A for time to death in lines two and three, but
the difference was not statistically significant. Thus, sur-
vival analysis revealed that the addition of targeted ther-
apy failed to improve mCRC patients’ survival (Figure 2).

Treatment and RECIST

In the multivariate models adjusted for the number of
metastases (> 2 metastases vs 1 metastasis), toxicities
(grades 2 and 4) and markers (increase in CEA and/or
CA19.9), the association between treatment (cytotoxic or
cytotoxic+targeted) and RECIST (progression vs no pro-
gression) was not statistically significant in all three lines
of therapy (Table 5, Table 6, Table 7). We did not include
“KRAS mutations” in the multivariate models because of
the high number of missing values (58 missing).

Colorectal cancer treatment costs

The corresponding costs of cytotoxic and targeted drugs
are shown in Table 8, Table 9a and Table gb. The corres-

Figure 2: Cox Survival curves showing the differences on survival between the 2 groups and the 3 lines of therapy respectively (after
adjustment for age, number of metastases and toxicities). In the sensitivity analysis between the 3 lines of treatment, a slight advantage of
the cytotoxic + targeted group versus cytotoxic on time to death was shown in lines 2 and 3 although not statistically significant.
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Figure 3: “Box-Plot” diagram of the total global costs in patients
with mCRC in our study
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ponding total costs for all lines combined are as follows:
cytotoxic group = $22 255 (P < 0.05), cytotoxic associated
to targeted therapy = $80 395 (P = 0.001) and global total
cost = $64 805 (P = 0.000), respectively (min. = $127 184;
max. = $304 086). As shown in the Box-Plot diagram
(Figure 3), the addition of targeted therapy to conven-
tional treatment demonstrates an approximate fourfold
increase in expense.

Discussion

According to the current available literature, this is
the first study to estimate the real costs (cost of the
disease) of chemotherapy associated to biotherapy
for metastatic colorectal cancerfrom the perspective
of the Lebanese public health system, using accurate
cost-related data. Few studies have evaluated general
costs of specific treatments for cancer in high-income
countries (19,23-25). Most studies on treatment costs
of metastatic colorectal cancer compared the costs of
XELOX with FOLFOX-6 regimens, since it is suggested
that both therapies are similar in terms of efficacy and
safety. A cost-minimization study conducted in Australia
has demonstrated that the use of XELOX in first-line and
second-line treatment for metastatic colorectal cancer
reduced the average cost by $9110 and $7113 respectively,
as compared with mFOLFOX (26). From the French
health insurance perspective, when compared with
mFOLFOX-6, XELOX resulted in lower costs related to
drug acquisition and shorter hospitalizations per patient
(23.24).

With the exception of 5-FU and irinotecan, these
drugs are very expensive and the cost implications of
these promising medications are the subject of significant
debate (8-10,26-28). There are limited data in the
published literature regarding the cost effectiveness of
treatments for patients with metastatic colorectal cancer.
Hillner used data from the multicenter study NCCTG
9741 to compare treatment with FOLFIRI to FOLFOX and
found that the 4.4 month median survival benefit of the
FOLFOX arm was accompanied by an incremental cost
of $29 953, resulting in an incremental cost effectiveness

ratio (ICER) of $80 410 per life year gained (11,29). Starling
examined the role of cetuximab and irinotecan compared
to best supportive care from the perspective of the United
Kingdom National Health Service and found an ICER of
GBP£42 975 per life year gained (17,21). To our knowledge,
there has not been a comprehensive cost effectiveness
analysis that includes multiple lines of therapy.

Despite recent advances in early detection and
therapeutic intervention, colorectal cancer remains one
of the most deadly cancers in Lebanon. While surgical
removal leads to high cure rates of localized disease,
metastatic colorectal cancer is typically associated with
a poor prognosis with the majority of patients dying
within two years from diagnosis, resulting in a five-year
survival rate of only 12.8% (13-15,19,23,30). Therapeutic
options currently available rely on three cytotoxic
chemotherapies, fluoropyrimidine (5-FU, capecitabine)
(16,24,25,27,31-32), oxaliplatin, and irinotecan (28,33),
and recently on the monoclonal antibodies cetuximab
(second-line setting) or bevacizumab (first-line
treatments and after progression) depending on the
KRAS mutation (26,29,30,34-36).

The choice of initial therapy should be tailored to
individual needs of the patients, to toxicity profiles
of each regimen and to the potential impact of initial
therapy on later phases of the treatment. The central
goal is to optimize survival, time without toxicity from
chemotherapy, and quality of life. The National Cancer
treatment guidelines, published by the Lebanese Ministry
of Health, define the most recent protocols to be adopted
taking in consideration of ASCO (American Society of
Clinical Oncology) and ESMO (European Society for
Medical Oncology) results. The intensification of the
treatment (tri-therapy, with or without monoclonal
antibodies) is reserved for resectable colorectal cancer
patients and the adjunction of bevacizumab was
validated in Lebanon, since 2006 and after 2012, beyond
progression with a significant improvement in overall
survival. However, the drug’s high cost and non-
availability (difficulties in reimbursement), make it
indicated only in aggressive disease as first-line setting,
and is mostly used in second/third-line treatment as
maintenance therapy to prevent relapses.

Although patients > 65years of age represent the
majority of patients with metastatic colorectal cancer
(35.37), the mean age at diagnosis in this study was
60.5 years, which might be due to the young age of the
cohort (range 26-89 years). Median overall survival was
reported in the study as 20.8 months, which was inferior
to that reported by Saltz et al. (2008), and Crystal, Tree
and Cremolini et al. (2015), where overall survival after
the administration of targeted therapy was significantly
increased (from 24 months to 30 months) (22,38).

Survival increases as patients with metastatic
colorectal cancer are exposed to all available agents, but
this benefit comes at high cost, which exceeds commonly
accepted cost-effectiveness thresholds (24). Furthermore,
our estimates only include drug costs, representing a
conservative estimate of total treatment expense. Patients
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who are treated with 5FU/LV, oxaliplatin, irinotecan
or with monoclonal antibodies have longer survival
compared to 5FU/LV alone but higher costs. These results
are similar to an analysis of salvage chemotherapy in
platinum refractory ovarian cancer, which found that
second-line monotherapy came at an ICER of $57 000/
DLY, but the benefits of second-line doublet therapy
and third-line monotherapy came at unacceptably high
incremental cost (25). Whether the benefits are worth
the costs clearly depends on the stakeholder; patients
with advanced cancer may perceive greater value than
healthy patients, policymakers, insurers, and physicians
(8,9,27,28).

This study comprehensively analyzed clinical
effectiveness and associated medical costs with the use
of chemotherapy alone or chemotherapy + targeted
agents in patients with metastatic colorectal cancer.
We found that the health care costs of colorectal cancer
treatment increased significantly with advanced disease,
especially for the second-line setting, which is most
likely attributable to the use of new drug regimens
and protocols (Table 4). Our goal was not to compare
“competing” regimens such as FOLFOX and FOLFIRI,
which are both acceptable first-line treatment strategies
(27), but instead to study the impact of sequential
progress (new chemotherapy and antibodies) on the
overall cost of managing metastatic colorectal cancer. We
found that similar treatment sequences had similar life
expectancies, suggesting that the costs are not affected
by the sequence in which the drugs are used, but rather
the effectiveness of the overall treatment strategy.

Atthe present time, patients with metastatic colorectal
cancer are typically treated with a first-line chemotherapy
regimen that is continued until documented disease
recurrence. Upon progression, patients are switched
to a regimen with demonstrated activity on refractory
disease. This pattern of treatment continues until patients
show progression of their disease and then are switched
to non-cross resistant therapy. The last therapies can be
changed until all five classes of active agents have been
tried.

In patients who were previously treated with the
same chemotherapy regimen (first-line included), the
addition of targeted therapy to this regimen allowed
a response rate of 14% (vs 18%), a disease control rate of
33% (vs 18%) and a stabilization of 19% (vs 0%), suggesting
that molecular therapy may circumvent resistance to
conventional chemotherapy by allowing a more efficient
delivery of chemotherapeutic agents. Tumor vasculature
is structurally and functionally abnormal, which results
in a heterogeneity in tumor blood flow with interstitial
hypertension, hypoxia and acidosis. Hypoxia could
therefore make tumour cells resistant to several cytotoxic
drugs by interfering with the penetration of these drugs
throughout the tumour (34,39). This phenomenon was
not observed when cetuximab (anti-EGFR antibody)
was added to bevacizumab and chemotherapy; on the
contrary, it had a possible deleterious effect (31-33,40-

44). This study also found that patients, specifically the
elderly with more than one metastatic site, had higher
costs while patients with only one progression or only
one line of therapy had lower costs.

Costs connected with metastatic colorectal cancer,
primarily those associated with chemotherapy and
targeted medications, represent a significant percentage
share of total costs. The cost of chemotherapy rose from
6.9% of total costs in 2004 to 8.1% in 2008, and the cost of
targeted medications rose from 4.8% in 2004 to 9.4% in
2008. Costs connected with metastatic colorectal cancer
were $9 978 per month. Ferro et al. determined that there
was growth in the total costs of metastatic colorectal
cancer treatment from 1996 onwards, specifically due
to increased choice among possible medications, and
targeted medications have substantially increased the
cost of treating metastatic colorectal cancer (37,45). Most
studies that provide estimates of the long-term cost of
colorectal cancer were conducted in the United States
of America (6-9,46-48), but to our knowledge, there are
no such studies in Lebanon and in the Middle East in
general.

It was also noticed that patients with comprehensive
insurance (health maintenance organizations and
indemnity insurance plans) had lower costs than non-
insured participants. The oncological treatment for
metastatic disease in 2014 is less toxic and more effective
but more expensive (because of the use of monoclonal
antibodies). The addition of multiple lines of protocols,
mainly targeted and biological agents, to the backbone
of chemotherapy, allows better overall survival and PFS
(49)-

Limitations

The sample size in this study is too small to make any
definitive recommendations or suggest a change in
practice guidelines, therefore collaboration with other
cancer centers across the country and generate more
data could be subjected to pre-defined rigorous statistical
analysis. In addition, official Lebanese tariffs for the
year 2013 were the only ones considered. Concerning
the screening, there was no National colorectal survival
screening strategy or education awareness programme;
the screening with fecal occult blood testing is rarely
practiced and gastroenterologists recommend and
perform screening colonoscopy on an erratic and
opportunistic basis.

Many other variables (not found to be significantly
associated to death or RECIST in our study such as
mutations, histology, differentiation, treatment duration,
and types of metastases) may influence time to death or
disease progression, but we could not add them in the
analysis because of large number of missing values.
Differing organization of health systems and different
practice patterns and settings made the transferability
of country specific results not always possible, so further
studies specific to Lebanon are needed.
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All drugs are given intravenously in fixed vial sizes,
and the total wastage of all drugs that remained in vials at
the end of the infusion for each patient was not assumed.
Our analysis did not consider indirect costs such as work
loss resulting from chemotherapy, tax payer’s perspective
or direct costs such as transportation to the hospital.

Despite the limitations of this cohort study, the
results are useful in presenting the pattern of care of
patients with colorectal cancer in a real-life perspective.
This approach may be complementary to results from
clinical trials since it is more representative of routine
clinical practices. This type of study may also represent
useful information within the scope of medical-decision
making.

Conclusion

This study is, to our knowledge, the first to investigate
the real costs of healthcare in patients with a diagnosis of
mCRC and receiving systemic therapy (chemotherapy or
biotherapy), considering both costs per treatment cycle
and total costs per patient based on the Lebanese pers-
pective of the situation. Moreover, it should be standard
practice to discuss the option of chemotherapy with pa-
tients while outlining the potential toxicities. Analysis of
the cost-effectiveness of treatments, including financial
and physical costs of toxicities, is becoming increasing-
ly important and strategies to optimize this are vital. We
need to balance efficacy of treatment, costs involved with
the short- and long-terms toxicities to create a truly Leba-
nese standard of care for adjuvant colon cancer.
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Prise en charge des patients atteints d’'un cancer colorectal métastatique dans les
hopitaux libanais et coiit direct associé : étude de cohorte multicentrique

Résume

Contexte : Pour le cancer colorectal métastatique, une série de nouveaux traitements sont apparus durant la derniére
décennie, mais leur utilisation dans la pratique clinique courante et leurs cofits ne sont pas bien documentés

Objectifs : La présente étude a évalué l'efficacité clinique de ce type de traitements sur les patients atteints de cancer
colorectal métastatique dans les unités oncologiques libanaises et en a estimé les cofits.

Méthodes : Une étude de cohorte prospective a été menée sur des patients atteints de cancer colorectal métastatique au
cours de la période 2008-2013. Le type de prise en charge médicale, la survie globale et les cofits totaux des traitements du
diagnostic jusqu'au au décés ont été décrits. L'analyse des cofits a été réalisée sur la base des tarifs de 2013 en dollars US.

Résultats : Cent soixante-dix-neuf patients métastatiques ont été sélectionnés, dont 84,9 % présentaient une atteinte de
type cancer colorectal métastatique. Le suivi moyen entre le diagnostic et le déces ou le dernier contact avec le patient était
de 34,8 mois. Environ 49,7 % étaient encore en vie a la derniére date de suivi. Trois lignes de traitement représentaient
45%, 39,6 % et 55,9 % des cas, avec une durée moyenne de 14,5, 11,4 et 14,6 mois respectivement ; 73,2 % des patients
ont bénéficié d'un traitement ciblé. La survie globale médiane était de 20,8 mois. Le cofit total moyen des médicaments
s'élevait a USD 22 256 chez les patients recevant un traitement standard seulement, alors que le cofit passait a USD 80 396
aprés I'ajout du traitement ciblé. Le cofit total moyen global a été estimé a USD 64 805 par patient (min. USD 3 703 ; max.
USD 304 086).

Conclusions : Le traitement ciblé associé au traitement standard est tres répandu au Liban pour les maladies métastatiques
et le colit médical associé est substantiel. Cette étude est la premiére a montrer l'efficacité clinique et les cotits d'un
traitement ciblé chez des patients atteints de cancer colorectal métastatique.
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