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Abstract

Background Limited evidence exists on the population attributable fraction (PAF) of cancer cases and deaths in Latin
America. In Peru several studies have been published regarding the PAF of various risk factors and their associated
diseases. The objective of this study was to estimate the fraction of cancer cases and deaths attributable to potentially
modifiable risk factors in Peru in 2018, before the COVID-19 pandemic in the population of 15 years old and older.

Methods An ecological study was conducted using the prevalence of exposure of the Peruvian population to
modifiable risk factors for cancer, the relative risk associated with each factor, and the number of cancer cases and
deaths in 2018 as inputs. We used the Parkin formula with a Montecarlo statistical simulation model to calculate
the PAF and confidence intervals. The number of new cancer cases and deaths attributed to each risk factor was
determined by multiplying the number of cases and deaths in each gender by the PAF of each risk factor.

Findings In Peru, 38.5% of new cases (34.5% in men and 42% in women) and 43.4% of cancer-related deaths (43.4%
in men and 43.4% in women) were attributable to modifiable risk factors. The number of cancers attributable was
25,308 (10,439 in men and 14,869 in women) and the number of deaths attributable to cancer was 14,839 (6,953

in men and 7,886 in women). The predominant modifiable risk factors contributing to the highest number of cases
and deaths were HPV infection (4,563 cases, 2,409 deaths), current tobacco use (3,348 cases, 2,180 deaths), and
helicobacter pylori infection (2,677 cases, 1,873 deaths). Among the risk factors, oncogenic infections constituted the
group with the highest PAF (16.6% for cases, 19.2% for deaths) followed by other unhealthy lifestyle factors (14.2% for
cases, 16.7% for deaths), tobacco (7.2% for cases, 7.2% for deaths) and ultraviolet radiation (0.5% for cases, 0.3% for
deaths).

Conclusions Prior to the COVID-19 pandemic, 38.5% of cancer cases and 43.4% of cancer-related deaths in Peru
were linked to modifiable risk factors in the population of 15 years old and older. Most preventable cancer cases and
deaths were related to oncogenic infections, primarily caused by HPV and helicobacter pylori, followed by tobacco and
obesity.
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Introduction

Cancer constitutes a significant public health challenge
in Peru due to the uncontrolled high prevalence of risk
factors and disparities in accessing oncological services.
This leads to delayed diagnoses and unequal treatment,
ultimately increasing the risk of premature deaths among
Peruvians [1-4]. In recent decades, transitions and social
determinants in demographics, epidemiology, com-
mercial diets, and nutrition, have significantly shaped
Peru’s health profile, resulting in the dominance of non-
communicable diseases such as cancer [5]. In addition,
socio-economic factors such as poverty, education, gen-
der, urbanization/rurality, ethnicity, race, environmental
factors, and other health determinants influence Peru-
vians’ exposure to risk factors and access to healthcare
[6]. Despite this, the country’s morbidity, and mortality

Table 1 Potentially modifiable risk factors considered for each
type of cancer

TOPOGRAPHY MODIFIABLE RISK FACTORS
Mouth, pharynx HPV infection, tobacco use, alcohol use, low
(C00-C14) fruit and vegetable consumption

Esophagus (C15) Current tobacco use, obesity, sedentary behav-
jor, alcohol use

Helicobacter pylori infection, current tobacco
use, obesity, red meat consumption, processed
meat consumption

Current tobacco use, sedentary behavior,
alcohol use, overweight, obesity, red meat
consumption, processed meat consumption,
low fruit and vegetable consumption.

Stomach (C16)

Colorectal (C18-C21)

Liver (C22) Hepatitis B virus, Hepatitis C virus, current

tobacco use, obesity, overweight
Gallbladder (C23) Obesity, overweight

Pancreas (C25) Tobacco use, alcohol use, obesity

Larynx (C32) HPV infection, current tobacco use, low fruit
and vegetable consumption
Lung (C34) Current tobacco use, passive exposure to

tobacco smoke, sedentary behavior, low fruit
and vegetable consumption

Melanoma of the skin  Ultraviolet radiation

(C43)

Kaposi Sarcoma (C46)  HHV-8 infection, HIV

Breast (C50) Tobacco use, passive exposure to tobacco
smoke, obesity, overweight, sedentary behavior

Cervix (C53) HPV infection

Endometrium (C54.1)
Ovaries (C56)

Obesity, overweight, sedentary behavior
Obesity, overweight

Penis (C60) HPV infection

Kidney (Cé4) Tobacco use, overweight, obesity

Bladder (C67) Current tobacco use, overweight, obesity
Hodgkin's Lymphoma  Epstein Barr virus, HIV, current tobacco use
(c81)

Non-Hodgkin’s
Lymphoma (C82-C85,
C96.3)

Leukemias (C91-C95)

Epstein Barr virus, HIV, Hepatitis C virus

Tobacco use, obesity, overweight
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continue to be affected by communicable diseases [1,
5-7].

According to the estimates from the International
Agency for Research on Cancer (IARC) published by the
Global Cancer Observatory, Peru registered 66,669 new
cancer cases and 34,570 cancer-related deaths in 2018
(prior to the COVID-19 pandemic) [2, 3].

Potentially modifiable risk factors significantly contrib-
ute to numerous cancers, and the current estimation of
this proportion within a population, known as the PAF,
constitutes a valuable tool for prioritizing cancer preven-
tion and control programs and interventions [8] and, in
turn, allows us to estimate the percentage of cases that
could have been avoided if exposure to associated risk
factors had been minimized compared to the reference
level [9]. There has been PAF studies assessing modifi-
able cancer risk factors in various regions such as North
America (United States and Canada) [10, 11], Europe
(England) [12], Asia (China, Japan) [13, 14] and the Mid-
dle East [15]. These studies have reported PAFs ranging
from 23 to 45% for cancer cases and from 41 to 51% for
cancer-related deaths. However, most cancer studies are
focused on PAF for cancer cases, with only a few consid-
ering PAF for cancer-related deaths [10, 13, 14, 16].

On the contrary, there are very little evidence of PAF for
cases and deaths for cancer in Latin-American countries
and do not exits PAF’s studies in Peru that consider all the
risk factors and allow the estimation of the total number
of cancer cases and deaths attributable to said risk fac-
tors. However, do exits PAF studies of some risk factors
and derivate diseases (as can be observe on the tobacco
consumption [17, 18] mortality tendencies for different
cancer’s type, as gastric [19], kidney [20], cervical can-
cer [21], mesothelioma [22]). The sole Latin-American’s
country that have one study of PAF for cancer is Brazil
[16]; on the other hand, Chile has one PAF study that
considers only lifestyle risk factors, not including onco-
genic infections [23].

The objective of this study is to estimate the fraction
of cancer cases and deaths in Peru attributable to poten-
tially modifiable risk factors in 2018, prior to the COVID-
19 pandemic.

Methods

An ecological study was conducted using data on the
Peruvian population’s prevalence of exposure to modifi-
able risk factors for cancer, alongside cancer incidence
and mortality preceding the COVID-19 pandemic in the
population of 15 years old and older.

The modifiable risk factors reported in this study
(Table 1), were obtained from a systematic review of the
global burden of cancer attributable to risk factors 2010—
2019 [24], in addition to primary published PAF studies
[12-17, 23].
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Prevalence of modifiable risk factors, cancer cases, and
deaths

The prevalence of the Peruvian population’s exposure to
modifiable risk factors for cancer was obtained from the
following data sources:

— Population surveys: The Demographic and Family
Health Survey (ENDES 2018) provided data on
cigarette and alcohol use, fruit and vegetable
consumption, overweight and obesity among
individuals aged 15 and above.

— Research articles: These articles yielded information
on the prevalence of oncogenic infections, sedentary
behavior, and other relevant factors.

— University thesis repositories: In some cases,
specific information from both undergraduate and
postgraduate thesis was obtained, mainly focusing on
rare risk factors or those with limited studies in the
Peruvian population, such as the prevalence of red
meat and processed meat consumption (However,
there are no thesis citations within the article).

Relative risk (RR)

The relative risk associated with each potentially modi-
fiable risk factor was determined with a systematic
search across databases including PUBMED, SCOPUS,
EMBASE, COCHRANE, and SCIELO, prioritizing meta-
nalysis, cohort and case-control studies, favoring recent
studies covering American countries and controlling
for cofounding variables through a multivariate statisti-
cal analysis. In cases where the systematic search did not
yield studies with RR data for the potentially modifiable
risk factors, research presenting odds ratios (OR) was
used as a statistical approximation to RR.

Estimate of the PAF
The calculation of the PAF was performed using the for-
mula described by Parkin et al. [25]:

(pr X ERRy) + (p» X ERRa) + (p3 X ERR3) ... + (p, x ERR,))
1+ [(p1 x ERR1) + (p2 X ERR2) + (p3 X ERR3) ...+ (pn x ERR,)]

p; represents the proportion of the population at expo-
sure level 1 and subsequent levels, while ERR; is the
excess relative risk (relative risk —1) at exposure level 1
and subsequent levels. The researchers calculated the
PAF for the absence or decrease of risk factors. ERR was
determined as the natural logarithm of the reciprocal of
the relative risk, expressed by the formula:

1
ERR=In|—=
n<RR)
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Cancer cases and deaths data in Peru were obtained from
the Global Cancer Observatory (GLOBOCAN-Cancer
today) which publishes the IARC estimates based on
population cancer registry data from the year 2018 [3].

The calculation of the number of cancer cases and
deaths attributed to each risk factor, categorized by gen-
der, involved multiplying the number of cancer cases and
deaths per gender by the PAF.

In case of cervical cancer and Kaposi sarcoma, a PAF
of 100% was assumed, directly associated with VPH and
VIH infections [26]. For skin melanoma, the PAF esti-
mated by the IARC for the Peruvian population was
derived from their “Cancers attributable to UV radiation”
statistics available on the World Cancer Observatory
website [27].

From an ethical point of view, this study did not imply
risks as it utilized aggregate prevalence data from popu-
lation surveys, relative risks from metanalysis and scien-
tific journal articles, and the IARC cancer incidence and
mortality estimates for Peru. Therefore, it did not require
an informed consent. Additionally, the study received
approval from the Research Ethics Committee from the
Medical School of Ricardo Palma University (Expedited
Review: PI-019-2023).

Results

In 2018, before to the COVID-19 pandemic, approxi-
mately 38.5% of new cancer cases in Peru were attrib-
uted to potentially modifiable risk factors. Cancers with
the highest PAF, apart from cervical and Kaposi sarcoma,
included larynx (85.6%), stomach (82.6%), liver (82.3%),
lung (80.7%) and penis (75.0%). In contrast, cancers with
lower PAF were ovarian cancer (8.4%), leukemia (12.8%),
pancreatic cancer (21.8%), skin melanoma (25.0%) and
bladder cancer (27.9%) (Table 2).

The estimated fraction of cancer cases attributable
to potentially modifiable risk factors was 34.5% in men
and 42% in women, potentially preventing 25,308 cases
of cancer (10,439 in men and 14,869 in women). In men,
cancers with the highest PAF were Kaposi sarcoma, lar-
ynx (98.5%), lung (97.8%), liver (95.7%), mouth/pharynx
(87.8%) and stomach (75.8%). In women, cancers with the
highest PAF were cervix, Kaposi sarcoma, liver (73.7%),
non-Hodgkin’s lymphoma (69.2%), stomach (66.3%), lar-
ynx (65.5%) and Hodgkin’s lymphoma (61.4%) (Table 3).
The cancers with the highest number of preventable
cases in men were stomach (2,526 cases), colorectal
(1632 cases), lung (1,256 cases), non-Hodgkin’s lym-
phoma (1,134 cases) and liver (964 cases) and in women
were cervix (4,270 cases), breast (2,868 cases), stomach
(1,968 cases), colorectal (1,296 cases) and non-Hodgkin’s
lymphoma (1,050 cases) (Table 3).

Oncogenic infections constitute the primary group of
modifiable attributable factors; potentially preventing up
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Table 2 PAF of cancer according to topography and potentially modifiable risk factors
TOPOGRAPHY PAF (%) C.1.95% % TOTAL PAF
Mouth, pharynx (C00-C14)
HPV Infection 8.1 6.5-9.8
Current tobacco use 20.5 11.8-308 65.7
Alcohol use 36.1 23.2-482
Low fruit and vegetable consumption 1.1 0.1-22
Esophagus (C15)
Current tobacco use 1 6.9-159
Obesity 12.3 3.9-36.3 60.8
Sedentary behavior 219 2.2-375
Alcohol use 15.6 13.8-176
Stomach (C16)
Helicobacter pylori infection 464 18.6-65.9
Current tobacco use 8.3 3.8-144
Obesity 2.8 0.7-5.1 826
Red meat consumption 189 10.2-18.2
Processed meat consumption 6.2 1.0-11.5
Colorectal (C18-C21)
Current tobacco use 2.1 1.1-3.1
Sedentary behavior 185 8.3-27.1
Alcohol use 4.1 21-63
Obesity 4.1 24-6.1 536
Overweight 74 0.1-15.1
Red meat consumption 59 1.5-9.8
Processed meat consumption as 5 24-78
Low fruit and vegetable consumption 6.6 0.9-124
Liver (C22)
Hepatitis B virus 324 30.2-34.6
Hepatitis C virus 21.5 20.1-23.1 823
Current tobacco use 5.7 38-66
Obesity 16.6 10.2-233
Overweight 6 0.8-114
Gallbladder (C23)
Obesity 12.6 53-20.8 186
Overweight 6 26-96
Pancreas (C25)
Current tobacco use 7.3 6.1-84
Alcohol use 7.2 4.7-9.6 218
Obesity 7.2 31-117
Larynx (C32)
HPV infection 22.1 10.9-37.0 856
Current tobacco use 388 18.5-60.6
Low fruit and vegetable consumption 247 144-332
Lung (C34)
Current tobacco use 443 17.5-70.0
Secondhand smoke 7.7 50-10.2 80.7
Sedentary behavior 17 44-283
Low fruit and vegetable consumption 11.7 43-193
Skin melanoma (C43)
Ultraviolet radiation 25 20.7-294 25
Kaposi sarcoma (C46)
HHV-8 infection 100 96.4-100.0 100
Breast (C50)
Current tobacco use 9.2 1.2-258
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Table 2 (continued)
TOPOGRAPHY PAF (%) C.1.95% % TOTAL PAF
Secondhand smoke 56 2.1-90
Obesity 85 6.3-10.8 41.8
Overweight 6 3.6-8.5
Sedentary behavior 12.5 25-217
Cervix (C53)
HPV infection 100 96.4-100.0 100
Endometrium (C54.1)
Obesity 284 223-347 58
Overweight 10.6 56-156
Sedentary behavior 19 6.3-30—-8
Ovary (C56)
Obesity 59 35-84 84
Overweight 2.5 56-132
Penis (C60)
HPV infection 75,0 45,6-88,5 75,0
Kidney (C64)
Current tobacco use 46 2.7-6.5 36.2
Obesity 16.9 13.3-204
Overweight 14.8 11.4-18.0
Bladder (C67)
Current tobacco use 20.8 18.0-23.6 27.9
Obesity 16.9 13.3-204
Overweight 14.8 11.4-180
Hodgkin's Lymphoma (C81)
Epstein Barr virus 59.7 34.1-79.1 63.8
HIV 0.7 0.2-19
Current tobacco use 34 1.3-5.7
Non-Hodgkin's Lymphoma (C82-C85, C96.3)
Epstein Barr virus 68 39.1-84.5 69.6
HIV 1 0.7-1.39
hepatitis C virus 0.6 04-09
Leukemias (C91-C95)
Current tobacco use 4.1 23-6.0 12.8
Obesity 55 3.7-76
Overweight 33 1.5-5.0

to 10,883 cancer cases annually (PAF: 16.6%). Controlling
HPV infection could prevent up to 4,563 cases annually.
The second most important group of modifiable factors
in preventing cancer compromises other lifestyle factors
(PAF: 14.2%), potentially preventing up to 9,362 cases
annually; obesity is associated with the highest number
of annual cancer cases, potentially preventing up to 2,087
cases if controlled. The third most important group of
modifiable factors for cancer in Peru is tobacco exposure
(PAF: 7.2%), contributing to 4,754 annual cases. Avoid-
ing direct tobacco consumption could potentially prevent
treating 3,348 cases of cancer annually. Finally, exposure
to ultraviolet radiation stands as the least attributable
modifiable factor (PAF: 0.5%) accountable for 309 cancers
annually (Tables 4 and 5).

In 2018, 43.4% of cancer deaths in Peru were attributed
to potentially modifiable risk factors, with percentages of

43.4% in men and 43.4% in women, resulting in 14,839
deaths (6,953 in men and 7,886 in women). Preventable
cancer deaths by controlling modifiable factors include
gastric cancer (2,018), lung (1,256), liver (967), colorectal
(845) and non-Hodgkin lymphoma (568) in men; while
in women, preventable deaths include cervical cancer
(2,288), gastric cancer (1,532), liver cancer (787), breast
cancer (762) and lung cancer (542) (Table 3).

In the present study, oncogenic infections are the main
group of modifiable factors that determine cancer mor-
tality in Peru (PAF: 19.2%) responsible for 6,559 deaths.
Controlling HPV infection, could potentially prevent
2,409 deaths annually. The second group of modifiable
factors comprises other unhealthy lifestyle factors (PAF:
16.7%) associated with 5,703 deaths annually. Address-
ing obesity could prevent 1,398 cancer deaths. The third
factor impacting cancer mortality in Peru in 2018 was
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Table 3 PAF, cancer cases and deaths attributable to potentially modifiable risk factors in Peruvian men and women

TOPOGRAPHY MEN WOMEN

PAF (%) C.1.95% Cases Deaths PAF (%) C.1.95% Cases Deaths
Mouth, pharynx 87.8 64.7-100.0 464 178 29.2 15.7-45.1 155 58
Esophagus 69.1 33.6-100.0 186 174 40.2 9.3-83.6 32 29
Stomach 75.8 33.6-100.0 2,526 2,018 66.3 25.8-100.0 1,968 1,532
Colorectal 725 32.2-100.0 1,632 845 543 23.0-81.8 1,296 652
Liver 95.7 75.6-100.0 964 967 73.7 57.0-914 797 787
Gallbladder 8.1 3.1-137 20 13 256 9.8-42.2 199 116
Pancreas 26.7 16.8-37.6 191 184 194 134-25.1 173 165
Larynx 98.5 53.0-100.0 165 95 65.5 32.9-100.0 43 24
Lung 97.8 46.7-100.0 1,388 1,256 416 13.2-100.0 611 542
Skin melanoma 46.9 43.8-50.0 301 97 1.2 09-2.7 8 2
Kaposi Sarcoma 100.0 96.4-100.0 297 56 100.0 96.4-100.0 53 19
Breast NA NA NA NA 418 156-75.8 2,868 762
Cervix NA NA NA NA 100.0 96.4-100.0 4,270 2,288
Endometrium NA NA NA NA 58.0 34.1-81.1 725 180
Ovary NA NA NA NA 84 9.0-21.6 106 66
Penis 75.0 456-88.5 214 60 NA NA NA NA
Kidney 334 23.3-44.0 394 167 343 27.3-415 265 102
Bladder 36.7 28.9-44.7 267 89 15.1 9.1-21.2 57 23
Hodgkin's Lymphoma 66.4 36.8-91.4 127 52 614 35.0-82.6 107 34
Non-Hodgkin's Lymphoma 70.2 40.5-87.7 1,134 568 69.2 39.9-86.4 1,050 437
Leukemias 15.8 6.4-26.9 169 132 10.2 1.9-14.8 85 68
TOTAL 10,439 6,951 14,868 7,886

NA: Not applicable

Table 4 Number of cancer cases and deaths attributable to potentially modifiable risk factors in Peru distributed by genders

FACTOR CLUSTERING MODIFIABLE RISK MEN WOMEN BOTH GENDERS
FACTORS CASES DEATHS CASES DEATHS CASES DEATHS
Tobacco Current tobacco use 2,157 1,572 1,191 608 3,348 2,180
(Lifestyle) Secondhand smoke 106 2 1300 206 1406 298
Other unhealthy lifestyle factors Sedentary behavior 778 494 1,270 723 2,048 1,217
(Lifestyle) Overweight 420 301 1,221 409 1,641 710
Obesity 868 630 1,219 768 2,087 1,398
Red meat consumption 761 573 702 507 1,463 1,080
Processed meat consumption 319 226 304 204 623 430
Low fruit and vegetable consumption 486 320 145 125 631 445
Alcohol use 593 325 276 98 869 423
UV Radiation (Environment-lifestyle). UV Radiation 301 97 8 2 309 99
Infections Helicobacter pylori 1,213 971 1,464 902 2,677 1,873
(Lifestyle) HBV 376 369 233 302 609 671
HCV 227 218 67 234 294 452
HPV 293 98 4,270 2,311 4,563 2,409
HHV8 297 56 53 19 350 75
HIV 29 14 Il 5 40 19
EBV 1,215 597 1,135 463 2,350 1,060
TOTAL 10,439 6,953 14,869 7,886 25,308 14,839

tobacco exposure (PAF: 7.2%), contributing to 2,478 Discussion

deaths annually, with direct tobacco consumption associ-  This study, conducted in 2018, prior to the COVID-19

ated to 2,180 cancer deaths annually. Lastly, exposure to  pandemic in the population of 15 years old and older,

ultraviolet radiation had a PAF of 0.3% and was respon- revealed that 38.5% of new cancer cases and 43.4% of

sible for 99 deaths (Tables 4 and 6). cancer-related deaths in Peru were attributable to poten-
tially modifiable risk factors. Oncogenic infections,
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Table 5 Fraction of cancer cases attributable to potentially modifiable risk factors in Peru distributed by gender
FACTOR CLUSTERING MODIFIABLE RISK MEN WOMEN BOTH GENDERS

FACTORS PAF PAF CLUSTERED PAF PAF CLUSTERED PAF PAF CLUS-

CASES CASES CASES  TERED

Tobacco Current tobacco use 7.1 7.5 34 7.0 5.1 7.2
(Lifestyle) Secondhand smoke 03 37 2.1
Other unhealthy lifestyle Sedentary behavior 26 13.9 36 14.5 3.1 14.2
factors (Lifestyle) Overweight 14 34 25

Obesity 29 34 32

Red meat consumption 25 20 22

Processed meat consumption 1.1 09 09

Low fruit and vegetable 1.6 04 1.0

consumption

Alcohol use 20 0.8 13
UV Radiation UV Radiation 1.0 1.0 0.0 0.0 0.5 0.5
(Environment-lifestyle).
Infections Helicobacter pylori 4.0 12.0 4.1 204 4.1 16.6
(Lifestyle) HBV 12 07 09

HCV 0.7 0.2 04

HPV 1.0 12.1 6.9

HHV8 1.0 0.1 0.5

HIV 0.1 0.0 0.1

EBV 4.0 32 3.6
TOTAL All risk factors 345 344 42.0 41.9 38.5 38.5
Table 6 Fraction of cancer deaths attributable to potentially modifiable risk factors in Peru distributed by gender
FACTOR CLUSTERING MODIFIABLE RISK FACTORS  MEN WOMEN BOTH GENDERS

PAF PAF CLUSTERED PAF PAF CLUSTERED PAF PAF CLUS-
DEATHS DEATHS DEATHS TERED

Tobacco Current tobacco use 9.8 104 33 4.5 6.4 7.2
(Lifestyle) Secondhand smoke 06 1.1 09
Other unhealthy lifestyle  Sedentary behavior 3.0 17.9 4.0 15.6 36 16.7
factors (Lifestyle) Overweight 19 22 21

Obesity 39 4.2 4.1

Red meat consumption 36 28 32

Processed meat consumption 1.4 1.1 13

Low fruit and vegetable 20 0.7 13

consumption

Alcohol use 20 0.5 1.2
UV Radiation UV Radiation 06 06 0.0 0.0 03 03
(Environment-lifestyle).
Infections Helicobacter pylori 6.1 14.5 50 233 55 19.2
(Lifestyle) HBV 23 17 20

HCV 14 13 1.3

HPV 0.6 12.7 7.0

HHV8 03 0.1 0.2

HIV 0.1 0.0 0.1

EBV 37 25 3.1
TOTAL All risk factors 43.4 43.4 43.4 43.4 43.4 43.4

alongside unhealthy lifestyles, accounted for one-third
of cancer cases and nearly two-fifths of cancer deaths.
Notably, HPV infection, current tobacco use and helico-
bacter pylori infection emerged as the primary risk fac-
tors contributing to a higher number that cause greater
number of cancer cases and deaths.

The fraction of cancer cases attributable to potentially
modifiable risk factors in Peru lies between intermedi-
ate ranges compared to other countries. It is higher than
countries such as Australia [28] (32.0%), Eastern Medi-
terranean countries [15] (33.4%), Japan [14] (35,9%) and
Canada [29] (33-37%). However, it is lower than the
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US [9] (42.0%) and similar to the United Kingdom [12]
(37.7%). Regarding cancer mortality, Peru’s fraction
attributable to modifiable factors is intermediate com-
pared to Japan [14], (41%) and lower than the US [10]
(45.1%) and China [30] (45.2%). Brazil [16] stands out as
the only country of Latin America with a PAF including
oncogenic infections and unhealthy lifestyles among can-
cer risk factors. In terms of fraction attributable to cases,
Peru exhibited a higher PAF compared to Brazil (38.4%
versus 34.2%), while demonstrating a similar PAF for
attributable deaths (43.4% Peru versus 42% in Brazil).

Oncogenic infections accounted for the highest PAF in
Peru, contributing to 16.6% of cancer cases and 19.2% of
deaths. This PAF is notably higher than those reported
in other countries such as the USA [10], Canada [29],
Australia [28] and the UK [12], where infections explain
3.3%, 3.7%, 2.9% and 3.6% of cancer cases, respectively. In
Japan [14], the reported fraction is slightly lower at 16.6%.
In Latin America, the study performed in Brazil [16]
places oncogenic infections in second place, following
tobacco, however, the exact PAF value wasn’t provided.
The burden of modifiable risk factors for cancer in Peru
is attributed to the “double burden of disease’, a common
phenomenon in low- to middle-income countries fac-
ing many disparities. These countries must confront the
increasing burden of non-communicable diseases, and
unresolved communicable diseases rooted in structural
health determinants [31-34].

This study underscores Peru’s struggle to control com-
municable diseases as a contributing factor to cancer
despite existing policies, plans and strategies aimed at
prevention, vaccination, screening and early detection of
many associated neoplasms [1, 2].

The second highest PAF in Peru was attributed to
unhealthy lifestyle (excluding tobacco consumption),
similar to findings obtained by Islami in the US [9] for
cancer cases (14.2% Peru versus 13.9% US) and slightly
higher for cancer deaths (16.7% versus 14.9%). When
including tobacco as a part of unhealthy lifestyle fac-
tors, Perus PAF was 21.4%, slightly lower than that
reported by neighboring countries like Chile (30%) and
Brazil (26.5%). These disparities found in the Region are
attributed to the various levels of epidemiological tran-
sition among countries. Typically, countries with higher
incomes and aging population tend to have a greater
prevalence of unhealthy lifestyles [1, 5, 6, 35]. Currently,
Chile boasts the highest aging rate in the Andean region,
reaching 58%, placing it at stage 9 of transition accord-
ing to the categorization proposed by CEPAL [36]. Mean-
while, Peru stands at stage 6 in this framework.

In Peru, the fraction attributable to modifiable factors
such as tobacco and ultraviolet radiation for the occur-
rence of cancer cases and deaths is notably lower com-
pared to most studies reported in other countries [10,
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12, 14, 28, 29], including neighboring countries like Chile
[23] and Brazil [16]. These findings are explained by suc-
cessful tobacco control policies that have reduced con-
sumption trends over the past two decades. However,
poor access to diagnosis and under-reporting of lung
cancer is possible, especially in rural remote regions away
from the capital [2, 37]. On the other hand, UV radia-
tion holds minimal relevance in Peru, as most skin mela-
nomas are unrelated to UV radiation (acral melanomas)
[38].

Our data underscores the imperative need to
strengthen cancer prevention and control policies in
Peru, emphasizing interventions proven to offer high
cost/effectiveness. Prioritizing optimal vaccination cov-
erage against oncogenic infections such as HPV and
HBV [39, 40]. Simultaneously, implementing effective
strategies to promote healthy lifestyles in the population,
including reducing tobacco consumption, increasing
physical activity, and fostering healthy dietary habits is
essential [8, 37]. On the other hand, evidence from vari-
ous researches, such as the analysis of mortality trends
related to gastric cancer, demonstrates that improving
access to safe water can significantly reduce the burden
of gastric cancer attributed to Helicobacter pylori [34,
40-43].

This research significantly contributes to understand-
ing cancer causality within the socio-health context,
serving as valuable input for researchers, academics and
decision-makers involved in the formulation of policies,
plans, strategies and cost-effective interventions. We reaf-
firm the importance of adopting a territorial approach to
address the most vulnerable regions, aiming to reduce
cancer incidence and mortality. This approach optimizes
the collective efforts of both the State and society.

One limitation of the PAF research model was the
bias from the use of secondary information sources, that
could result in some level of underreporting. To miti-
gate this, we relied on estimates of cases and deaths from
the IARC, based on data from population-based cancer
registries in Peru, which could have been affected in a
smaller extent by the underreporting compared to vital
records for deaths.

It should also be taken into account that PAF studies
consider the effect of each risk’s factor in an independent
way; it means, they do not consider possible interactions
or confounding effects between factors, which consti-
tutes a limitation of this methodology.

Another limitation was the scarcity of studies that
reported the PAF for modifiable risk factors specifically
for cancer deaths, published in the past decade. Most
studies focused on PAF for new cancer cases, affect-
ing the comparability of our results. However, leverag-
ing previous studies conducted in Latin America and
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other regions allowed contextualization of the outcomes
obtained for Peru.

There are some differences in the considered risk fac-
tors, compared to studies such as those by Islami (10 for
the USA or Poirier [28] for Canada, which do not include
Epstein Barr virus infection as a risk factor for Hodg-
kin’s and non-Hodgkin lymphoma, unlike this study
that did include EBV. Additionally, prostate cancer was
not included in our study due to insufficient evidence of
modifiable risk factors. The fraction attributable to ion-
izing radiation could not be obtained due to a lack of
exposed population data in Peru. Lastly, although fire-
wood is used as cooking fuel in a fifth of Peruvian house-
holds, this study did not include exposure to firewood as
a risk factor for lung cancer, as most PAF studies for this
cancer did not consider it.

Interpreting the results obtained in this study requires
caution, considering the existing methodological par-
ticularities between studies, which might not have been
conducted within the same timeframe, age groups or
included the same cancer locations.

Conclusion

Oncogenic infections accounted for the highest PAF, con-
tributing to 16.6% of cancer cases and 19.1% of deaths.
The burden of modifiable risk factors for cancer in Peru
is attributed to the “double burden of disease”. Despite
existing policies, plans and strategies for prevention, vac-
cination, screening, and early detection of various related
neoplasms, this study underscores the lack of control of
communicable diseases as a cause of cancer in Peru.

In 2018, prior to the COVID-19 pandemic, 38.5% of
new cases and 43.4% of cancer deaths in Peru were attrib-
utable to potentially modifiable risk factors in the popu-
lation of 15 years old and older. Oncogenic infections,
combined with unhealthy lifestyle choices, accounted for
one-third of cancer cases and almost two-fifths of cancer
deaths. HPV infection, current tobacco use, and Helico-
bacter pylori infection were identified as the primary risk
factors contributing to a higher number of cancer cases
and deaths.

Implications of all the available evidence

Our findings underscore the urgency to strengthen can-
cer prevention and control policies in Peru. This involves
prioritizing cost-effective interventions, such as achiev-
ing optimal vaccination coverage against oncogenic
infections such as HPV and HBV. Simultaneously, imple-
menting effective strategies to promote healthy lifestyles
in the population, including reducing tobacco consump-
tion, increasing physical activity, and fostering healthy
dietary habits is essential. On the other hand, the strategy
of improving access to safe water can significantly reduce
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the burden of stomach cancer attributable to helicobacter
pylori.
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