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Abstract

Purpose: With daily increase of GIT cancer incidence, there is more discovery of new regimens, raising the question: how much can cancer patient afford
effective safe treatment?

Methods: Safety and efficacy grades version 2021 NCCN evidence-based blocks are used in this research, Egyptian population divided according to
income in to 5 categories: Poorest (4860), poor (8460), middle (22800), rich (41100), richest (66583). We considered a medicine as affordable if 20% or less
of monthly income is needed to cover monthly need of medicine. Affordability divided to 5 grades according to percentage of income needed to cover
treatment: very inexpensive: <20%, inexpensive: 20-40%, moderately expensive 40-60%, expensive 60-80%, awfully expensive > 80%. Binary logistic
regression model was performed to assess affordability of cancer treatments in different cancer types using efficacy of regimen, safety of regimen, line
of therapy, site of treatment and income class as predictors.

Results: Most GIT regimens are moderately effective 223 (51.6), while most regimens 277 (64.1) are mildly toxic. Minimally effective regimens increase
the chance of being affordable by 15 times if compared to highly effective P<0.0001, moderately effective increase the chance of affordability by 3 times if
compared to highly effective P<0.0001. Mildly toxic regimen increases the chance of affordability by 3 times if compared to occasionally toxic treatment.
P=0.002. Adjuvant regimens have increased chance of affordability by 17 times if compared to second line.

Conclusion: GIT cancer patients have more treatment affordability for neo-adjuvant/adjuvant than other regimens first-line therapy is more affordable
than other regimens for stage IV disease, highly effective regimens have the low affordability while mildly toxic regimens have more chance of
affordability than other regimens with different safety categories.

Introduction clinical oncology value framework AVF are different stakeholders’

frameworks to help assess the value of oncology regimens [5,6].
With the increase of gastrointestinal cancer global burden

[1], there is also increase in number of approved drugs for cancer
treatment, on the other hand, there is rapid raise of cancer therapy
prices all over the world, with associated decrease cancer treatment
affordability between cancer patients [2].

The decision of cancer treatment protocol by any committee
depends on many factors, not only magnitude of patient benefit and
safety of treatment but also affordability and access of treatment for
patients [3].

Value based pricing of cancer treatment is one of the most
common and important tools for reducing cancer medicine, by these
tools we consider efficacy, toxicity, quality-of-life before pricing certain
medication for cancer treatment [4]. National cancer comprehensive
network NCCN blocks, European society of medica oncology-
magnitude of clinical benefit ESMO-MCB and American society of
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Oncologists have different perspectives for affordability of cancer
therapy in different regions, which result in different cost-efficacy of
treatment [7]. Also, there is certain different relation between affordability
and efficacy of different cancer treatment in different countries [8].

This article will address relation between affordability, efficacy,
safety of GIT cancer therapy in EGYPT.

Methods

Safety and efficacy grades version 2021 NCCN evidence-based
blocks are used as reference for safety and efficacy for treatment
protocols.

Egyptian populations were divided according to average monthly
income in to 5 categories by EGP: Poorest (4860), poor (8460), middle
(22800), rich (41100), richest (66583).
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We considered a medicine as affordable if 20% or less of monthly
income is needed to cover monthly need of medicine.

Affordability divided to 5 grades according to percentage of income
needed to cover treatment: very inexpensive: <20%, inexpensive:
20-40%, moderately expensive 40-60%, expensive 60-80%, awfully
expensive > 80% [9].

Local essential drug list and local drug pricing index are used as
reference for cancer pricing of whole regimens with added pricing of
supportive care and hospital admission.

Binary logistic regression model was performed to assess
affordability of cancer treatments in different cancer types using
efficacy of regimen, safety of regimen, line of therapy; site of treatment
and income class as predictors and used to investigate the relation
between efficacy and safety of regimens in different tumor sites.

Results

Numbers of Treatment Protocols for Each Tumor Site

A total of 432 treatment regimens from NCCN blocks N (%):
Colon 166 (38.4), esophageal 88 (20.4), gastric 80 (18.5), pancreatic 70
(16.2) and HCC 28 (6.5) (Figure 1).

In colon cancer, the highest number of treatment protocols are in
second line setting 41 (24.7), while protocols for adjuvant, first line,
neoadjuvant, subsequent therapy and third line therapy, and primary
treatment are showing the following N (%): 24 (14.5), 27 (16.3), 14
(8.4),21 (12.7), 22 (13.3), 17 (10.2) respectively.

For esophageal and esophagogastric junction cancer, the number
first line therapy for metastatic disease is the highest 39 (44.3), and
third line/subsequent lines are the lowest 2 (2.3).

For gastric cancer first line for metastatic disease are the highest 36
(45%) and there is only one third line.

For HCC, most treatment protocols are for first line stage IV
disease 18 (64.3), and for pancreatic adenocarcinoma most protocols
are for first line 33 (47.1) (Table 1 and Figure 1).

Efficacy of Treatment Regimens

Most of GIT cancer regimens present in NCCN blocks, are
moderately effective 223 (51.6), while none of them are highly effective,
minimally effective regimens 60 (13.9), very effective regimens 149
(34.5).

While regimens for gastric cancer are very effective 39 (48.8),
pancreatic adenocarcinoma accounts for the highest number of

minimally effective regimens 22 (31.4).
Safety of Treatment Regimens

None of treatment regimens for GIT cancers has no toxicity, most
of them are mildly toxic 277 (64.1).

Colon cancer account for the only highly toxic regimens 2 (1.2) in
GIT cancer while HCC account for the highest number of mildly toxic
regimens 24 (85%) (Tables 1, 2, Figures 2 and 3).
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Figure 1: Affordability Grading by site of treatment and income class.
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Affordability versus Efficacy of Treatment for Each Group of
GIT Cancer Patients

While poorest patient has no affordability for any treatment for
GIT cancer, poor: n (%) 7 (1.6), middle 49 (11.3), rich 110 (25.5) and
richest has better affordability (Table 1 and Figure 2).

In colon cancer, 155 (93.4) of regimens are awfully expensive for
poorest patient, 154 (92.8) for poor, 111 (66.9) for middle, 104 (62.7)
for rich and 74 (44.6) for richest.

While esophageal cancer account for the only inexpensive
regimens for poorest patient 4 (4.5), HCC account for the highest
number of awfully expensive regimens for the richest group 14 (50).

There is significant negative relation between affordability and
efficacy in middle, rich and income patient, which appear more in
pancreatic cancer P<0.0001 and appear also in richest HCC P<0.0001.

Affordability versus Safety of Treatment for Each Cancer
Patient Group

Most treatment regimens are not affordable for poorest and poor
patients, but at the same time, there is positive week correlation

between safety and affordability P<0.0001, appear most in colon and
gastric poor patients.

For middle income patient with colon cancer, positive significant
correlation occurs with P<0.0001, while in HCC there is negative
moderately strong correlation P=0.01.

For rich group, the same correlation appears stronger and for
richest patient it appears stronger P<0.0001 (Figure 2).

Results of the Use of Binary Logistic Regression Model for
Relation between Affordability, Safety, and Efficacy

Binary logistic regression model was performed to assess
Affordability of cancer treatments in different cancer types using
efficacy of regimen, safety of regimen, quality of evidence, consistency
of evidence, line of therapy, site of treatment and income class as
predictors (Table 3 and Figure 3).

The calculated quality measures showed good quality of fit for the
established model were the r square = 0.550 and Hosmer Lemeshow
test revealed p=0.389.

All predictors in the Model were clinically significant except

quality of evidence and consistency of evidence.

Table 1: Affordability vs safety for each cancer treatment in the richest population.

Efficacy Highly toxic Moderately toxic Mildly toxic Occasionally toxic
Site of treatment P value
Affordability N(%) N(%) N(%) N(%)
Very inexpensive 0(0%) 5(8.6%) 42(41.2%) 4(100%)
Inexpensive 0(0%) 3(5.2%) 1(1%) 0(0%) <0.0001*
Colon cancer Moderately expensive 0(0%) 5(8.6%) 7(6.9%) 0(0%) (<0.0001¢,
Expensive 0(0%) 9(15.5%) 16(15.7%) 0(0%) 0.372)
Very Expensive 2(100%) 36(62.1%) 36(35.3%) 0(0%)
Very inexpensive 0(0%) 16(55.2%) 27(51.9%) 1(14.3%)
Inexpensive 0(0%) 4(13.8%) 6(11.5%) 0(0%) 0,001
jE:;gl;siece;l :Cr:: esophagogastric Moderately expensive 0(0%) 2(6.9%) 4(7.7%) 1(14.3%) (8202(‘;;
Expensive 0(0%) 7(24.1%) 4(7.7%) 0(0%) ’
Very Expensive 0(0%) 0(0%) 11(21.1%) 5(71.4%)
Very inexpensive 0(0%) 15(57.7%) 26(53.1%) 3(60%)
Inexpensive 0(0%) 4(15.4%) 5(10.2%) 0(0%) 0.115"
Gastric cancer Moderately expensive 0(0%) 2(7.7%) 3(6.1%) 2(40%) (0.546°,
Expensive 0(0%) 5(19.2%) 6(12.2%) 0(0%) -0.068%)
Very Expensive 0(0%) 0(0%) 9(18.4%) 0(0%)
Very inexpensive 0(0%) 1(12.5%) 39(78%) 0(0%)
Inexpensive 0(0%) 7(87.5%) 1(2%) 4(33.3%) <0.0001*
Pancreatic Adenocarcinoma Moderately expensive 0(0%) 0(0%) 0(0%) 5(41.7%) (0.099¢,
Expensive 0(0%) 0(0%) 0(0%) 0(0%) 0.15%%)
Very Expensive 0(0%) 0(0%) 10(20%) 3(25%)
Very inexpensive 0(0%) 4(100%) 6(25%) 0(0%)
Inexpensive 0(0%) 0(0%) 0(0%) 0(0%) 0.015*
Hepatocellular carcinoma Moderately expensive 0(0%) 0(0%) 4(16.7%) 0(0%) (0.007¢,
Expensive 0(0%) 0(0%) 0(0%) 0(0%) -0.500%)
Very Expensive 0(0%) 0(0%) 14(58.3) 0(0%)
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Table 2: relation between efficacy and safety for each cancer site

Efficacy Minimally effective | Moderately effective Very effective
Site of treatment Correlation Coefficient!
Safety Number (%)
Highly toxic 0(0) 0(0) 10 (3.4)
Moderately toxic 40(34.8) 140(32.9) 110(37.9)
Colon cancer (- 0.091)**
Mildly toxic 70(60.9) 270(63.5) 170(58.6)
Occasionally toxic 5(4.3) 15(3.5) 0(0)
Moderately toxi 0(0 70(31.1 75(38.5
Esophageal and oderately toxic © ( ) ( )
esophagogastric junction Mildly toxic 15(75) 135(60) 110(56.4) (- 0.149)**
cancer
Occasionally toxic 5(25) 20(8.9) 10(5.1)
Moderately toxic 5(20) 80(44.4) 45(23.1)
Gastric cancer Mildly toxic 5(20) 90(50) 150(76.9) (0.028)
Occasionally toxic 15(60) 10(5.6) 0(0)
Moderately toxic 0(0) 15(7.9) 25(50)
Pancreatic Adenocarcinoma | Mildly toxic 75(68.2) 160(84.2) 15(30) (- 0.359)**
Occasionally toxic 35(31.8) 15(7.9) 10(20)
Moderately toxic 20(66.7) 0(0) 0(0)
Hepatocellular carcinoma (0.653)**
Mildly toxic 10(33.3) 95(100) 15(100)
Highly toxic 0(0) 0(0) 10 (1.3)
Total Moderately toxic 65 (21.7) 305 (27.4) 255 (34.2)
Mildly toxic 175 (58.3) 750(67.3) 460(61.7) (- 0.152)%*
Occasionally toxic 60 (20.0) 60 (5.4) 20 (2.7)
!: Kendall Tau correlation coefficient
*: P-Value < 0.05, **: P-Value < 0.01
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Figure 2: The relationship between efficacy of treatment and safety of treatment according to site of tumor.
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Figure 3: Percentage and distribution of lines of treatment by tumor sites:
Table 3: Binary logistic regression model measuring affordability relation with efficacy and safety for all GIT cancer sites
Variables in the Equation B S.E. Wald df Sig. Exp(B)
Efficacy of regimen 75.318 2 .000
Minimally effective 2.689 310 75.132 1 .000 14.724
Moderately effective 1.224 209 34.346 1 .000 3.400
Safety of Regimen 21.462 3 .000
High toxic -17.885 11169.390 .000 1 999 .000
Moderately toxic 226 339 443 1 .506 1.253
Mildly Toxic 961 311 9.525 1 .002 2.613
Quality of evidence 3.838 3 .280
Low quality -.585 1.034 .320 1 571 557
Average quality -.086 950 .008 1 927 917
Good quality 278 928 .090 1 764 1.321
Consistency of Evidence 11.218 3 .011
Inconsistent -17.824 4198.616 .000 1 997 .000
May be consistent 1.186 1.386 732 1 392 3.274
Mainly consistent 1.937 1.365 2.015 1 156 6.937
Income class 256.165 3 .000
Middle 3.025 422 51.455 1 .000 20.589
Rich 4.306 413 108.811 1 .000 74.173
Richest 5.620 419 179.873 1 .000 275.753
Line of therapy 140.645 2 .000
Neoadjuvant/Adjuvant 2.858 246 135.048 1 .000 17.428
Metastatic (first line) 1.252 218 32.940 1 .000 3.497
Site of treatment 81.099 4 .000
Esophageal Cancer 922 219 17.684 1 .000 2,515
Gastric cancer 1317 226 33.938 1 .000 3.733
Hepatocellular carcinoma -.645 417 2.394 1 122 .524
Pancreatic cancer 1.825 244 56.109 1 .000 6.202
Constant -3.393 1.226 7.656 1 .006 .034
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The model showed that the minimally effective regimen has
increased the chance of being affordable regimen by 15 times if
compared to highly effective treatment (OR=14.724, P<0.0001), while
at the same time, the moderately effective drug increases the chance
of affordability t by 3 times if compared to highly effective treatment
(OR=3.40, P<0.0001).

As for safety of regimen, the model shows that being a mildly
toxic drug increase the chance of being affordable regimen by 3 times
if compared to occasionally toxic regimen (OR=2.613, P=0.002),
however, highly toxic, and moderately toxic regimens did not show
any difference in affordability if compared to occasionally toxic
(P=0.999 and P=0.506 respectively).

As for line of therapy, the model shows that Neoadjuvant/Adjuvant
regimens has increased the chance of being affordable treatment by 17
times if compared to Second line/subsequent treatment (OR=17.428,
P<0.0001), while the first line treatment has increased chance of being
affordable treatment by 3 times if compared to Second line/subsequent
treatment (OR=3.497, P<0.0001).

As for population income, patients from middle class increase the
chance of being affordability for treatment by 20 times if compared to
the poor/poorest class (OR=20.589, p<0.0001), rich class increase the
chance of being Affordable treatment by 74 times if compared to the
poor/poorest class (OR=74.173, p<0.0001),finally patients in richest
class increase the chance of their affordability for treatment by more
than 200 times if compared to the poor/poorest class (OR=275.753,
p<0.0001).

Finally, for site of treatment, the model shows that Esophageal
cancer treatment regimens has increased chance of being affordable
by 2 times if compared to Colon cancer (OR=2.515 , P<0.0001), while
gastric cancer has increased chance of being affordable by 3 times if
compared to Colon cancer (OR=3.733, P<0.0001), Pancreatic cancer
has the increased chance of being affordable by 6 times if compared
to Colon cancer (OR=6.202, P<0.0001), however hepatocellular
carcinoma did not show any difference in affordability if compared
to colon cancer.

The Results of Relation between Efficacy and Safety

In total sample, the relationship between efficacy and safety is negative
and weak, (-0.152, p-value < 0.01), which means that as the treatment
becomes more effective, it is supposed to become less toxic but in weak
manner as the value of correlation coefficient is 0.152 less than 0.3 which
is the cutoff point of weak correlation (Table 1 and Figure 2).

For colon cancer, esophageal and esophagogastric junction cancer,
the correlation between safety and efficacy is negative and weak,
(-0.091 and -0.149 respectively), but for Pancreatic Adenocarcinoma,
the correlation is negative moderate (-0.359). On the contrary, only for
Hepatocellular carcinoma, the correlation between safety and efficacy
is positive and strong (0.653).

Discussion

Our study confirmed that not all economy levels of patients with
GIT cancer can afford for effective safe treatment, raising the needs
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for insurance and help from sponsors in most levels of social classes,
at the same time, there is significant negative relation between efficacy
and affordability for GIT cancer therapy.

Our explanation for this relation is that, when we need to increase
efficacy for cancer therapy, we add another chemotherapy, which dose
not only add to treatment price and efficacy, but it also decreases safety
of cancer treatment.

Another way for increase efficacy is to add immunotherapy or
targeted therapy, which are both expensive for most of patient income
groups in the study.

Our study also concluded that treatment of early stages of cancer
are more affordable than late stages, which will encourage governments
to add more efforts for early detection of GIT cancer which will not
only save lives but also will save money.

Treatment of some cancer sites like esophagus and stomach
are more affordable than others like colon, this may be because
investment in common cancers like colon cancer are more common,
which increase price of treatment these cancers.

For poor and poorest patients, our recommendation is to do more
screening for early detection of cancer in these groups and on the
other hand, using bio similar treatment with lower prices may be of
benefit.

According to recent salary survey [9], more than 75% of Egyptian
population needs support from insurance for GIT cancer therapy as their
monthly income is less than 44000 EGP, which directed governmental
plans to invest more in screening and early detection of cancer.

Considering the common GIT cancer in Egypt like HCC, which
has the least affordability for richest population in advanced stages
according to our results, detection in early stages will be having
greatest benefit for survival, more than late stages.

According to our results, relation between efficacy and safety is
positive and strong for HCC, very effective regimens and moderately
effective regimens are mildly toxic, while minimally effective regimens
are moderately toxic, most of these lines of systemic therapy are for
first line advanced disease, with low survival benefit.
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