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BACKGROUND AND AIMS: Recently, cholera vaccine use was
shown to be associated with a reduced risk of death in patients
with colorectal cancer (CRC). However, evidenceonheterologous
effects of travel vaccines is limited. The aim of this study was to
studyheterologous effects of travel vaccines in patientswithCRC.
METHODS: We performed a retrospective database study on a
cohort of CRC patients in Sweden and their postdiagnostic use
of travel medications between July 2005 and December 2017.
We obtained data from national registries on number of CRC
diagnosis, death from CRC or other causes, age at diagnosis, and
postdiagnostic use of travel vaccines and malaria prophylaxis.
The Cox regression model was used to calculate incidence rate
and incidence rate ratios of CRC-related and all-cause mortality
by postdiagnostic travel medication status. RESULTS: Two
hundred ninety-five patients exposed to travel vaccines and
malaria prophylaxis and 73,466 patients not exposed to travel
medications were identified. CRC-related mortality was lowered
in the exposed patients compared to the unexposed patients,
irrespective of the travel medications used. The incidence rate
ratios for CRC-related mortality and overall mortality were
comparable.CONCLUSION:Wepostulated that patients in better
health were likely to travel more frequently than patients with
poor health, leading to a healthy user bias. The results suggested
the same, as similar reducedmortality riskswere found for all the
investigated travel medications, lowering the biological plausi-
bility of truly protective effect frompost-therapeutic use of any of
the travel medication studied. We advocate the use of multiple
negative exposure controls and to exercise caution while draw-
ing conclusions from travel vaccine research.
†Current Address: SGS Belgium NV, Generaal De Wittelaan 19A b5, B -
2800 -Mechelen.

Abbreviations used in this paper: CCR, Colorectal Cancer Register; CI,
confidence interval; CRC, colorectal cancer; IR, incidence rate; IRR,
incidence rate ratio; NCR, National Cancer Register.
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Introduction

As the number of people traveling internationally
continues to grow, the importance of protecting the

health of individual travelers, as well as safeguarding the
health of the communities to which they return, cannot be
understated.1,2 Between 43% and 79% travelers reported
falling ill when traveling in emerging economies.3 Travelers
are as unique as their itineraries; they cover all age ranges
and might also have pre-existing health problems and con-
ditions.4 The recommendations for vaccination vary
depending on the destination and on the general health of
the travelers. Most common travel vaccines recommended
by the World Health Organization and Centers for Disease
Control and Prevention are the ones against cholera, hepati-
tis A, hepatitis E, Japanese encephalitis, meningococcus,
polio (adult booster dose), rabies, tick-borne encephalitis,
typhoid fever, and yellow fever when people travel to these
disease-endemic countries.2,4 Furthermore, it is recommen-
ded to confirm if measles, mumps, rubella and tetanus, diph-
theria, and pertussis vaccines were received, if information
on immunization was unavailable.

To facilitate the assessment between benefits and risks
of vaccine use, extensive efforts are undertaken to evaluate
the safety of vaccines (including travel vaccines) from early
development throughout its entire duration of use. At
licensure, surveillance activities are put into place to
continue monitoring the benefits and safety of the vaccines
under large-scale and routine use conditions.5,6 Though this
process applies for travel vaccines as well, there are very
few epidemiological studies on the effects of travel vaccines
under such routine use.7

Studying travel vaccines in routine use is challenging as
patients in better health conditions are likely to travel more
frequently than patients with poorer health conditions. This
leads to ahealthy user bias,8whichmight seriously jeopardize
the validity of the results from epidemiological studies on the
safety and effectiveness of travel vaccines and medication.9

In a retrospective cohort study of colorectal cancer (CRC)
patients in Sweden, Ji et al10 found that the patients with CRC
who received the oral cholera vaccine (Dukoral, Valneva
Sweden AB) after cancer diagnosis had a decreased risk of
death from CRC and decreased risk of death overall. Ji et al
found similar effects of the oral cholera vaccine on prostate
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Table 1. Sources of Data

Register Variables

Total Population Register (TPR) Date of birth, country of birth, sex, last migration status, education level, and
year education level obtained

National Cancer Register (NCR) Date of diagnosis, ICD-10, morphology, stage of disease

Colorectal cancer register (CCR) Date of diagnosis, ICD-10, information on disease specific covariates

Prescribed Drug Register (PDR) Prescription dispensation date, ATC code

Causes of death (CoD) Date of death, underlying cause of death

National Patient Register (NPR) Hospitalizations, date of admission, date of discharge, ICD-10

Longitudinal integrated database for
health insurance and labor market studies (LISA)

Information on disposable income

Svea Vaccination Clinic (Svea V) Prescription dispensation date and ATC codes for the vaccines

ATC, Anatomical Therapeutic Chemical; ICD, International Classification of Disease.
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cancer and breast cancer.11,12 Such nonintended effects of
vaccination that go beyond the targeted diseases are known as
nonspecific or heterologous effects, and they can be beneficial,
neutral, or deleterious.13 Studies from a small number of low-
income countries in West Africa reported that the live atten-
uated tuberculosis vaccine, Bacillus Calmette Guerin, and the
measles, mumps, rubella vaccine reduced all-cause mortality,
much more than that is expected from the target disease
alone14,15; the inactivated tetanus, diphtheria, and pertussis
vaccine increased the all-cause mortality.16 Studies on heter-
ologous infections in high-income settings have also shown
mixed results.17,18 All these studies assessed the hypothesis
that receiving an inactivated vaccine after a live vaccine can be
detrimental/harmful as compared to receiving only live vac-
cine. This hypothesis, however, remains controversial and has
not been confirmed unequivocally by further studies.16 Before
studies from Ji et al, therewas a lack/paucity of such studies on
heterologous effects of travel vaccines.

The primary objective of this research was to study the
potential effects of travel vaccines on CRC and all-cause
mortality in a cohort of CRC patients in Sweden as Ji
et al,10 to confirm their work for an extended study period
and to include a broader range of travel vaccines (cholera
vaccine, hepatitis A/B, hepatitis A, hepatitis B, Japanese
encephalitis, rabies, typhoid fever, and yellow fever) to see if
these travel vaccines also show similar heterologous effects.
Materials and Methods
This was a retrospective cohort study on CRC patients in

Sweden. Information for this study was obtained from several
linked registries: Total Population Register, National Cancer Reg-
ister (NCR), Colorectal Cancer Register (CCR), Prescribed Drug
Register, causes of death register, National Patient Register, lon-
gitudinal integrated database for health insurance and labor
market studies, and Svea Vaccination Clinic (Table 1). A flow chart
that explains how the data sets are linked is presented as Figure 1.

We searched the NCR and the CCR for patients diagnosed
with CRC from July 2005 to December 2017, using the 10th
International Classification of Disease19 codes C18, C19, and
C20. The outcomes of interest in this study were CRC-related
mortality and overall mortality. Information on death due to
CRC or any other causes was obtained from the causes of death
register. The NCR also records the stages of the cancer based on
the TNM system where T describes the size of the tumor, N
describes the spread to the nearby lymph nodes, and M de-
scribes about the metastasis of the cancer to other parts of the
body. Stage 1, using the TNM system, is the least advanced and
stage 4 is the most advanced cancer stage.20

The exposures of interest in this study were the adminis-
tration of antimalarial drugs and travel vaccines (cholera vac-
cine, hepatitis A/B, hepatitis A, hepatitis B, Japanese
encephalitis, rabies, typhoid fever, and yellow fever). For anti-
malarial drugs, only Malarone and Mefloquine were considered,
as the other antimalarial drugs are also used therapeutically
(eg, chloroquine is used in the treatment of lupus, an autoim-
mune disorder).21 Information on the use of travel vaccines and
antimalarial drugs in CRC patients was obtained from the
Prescribed Drug Register and databases from the Svea Vaccine
Clinic (chain of travel vaccination clinics in Sweden), using the
Anatomical Therapeutic Chemical codes (Table A1).

The covariates of interest to this study were obtained from
the Total Population Register, National Patient Register, longi-
tudinal integrated database for health insurance and labor
market studies, and CCR. The covariates included age at diag-
nosis, sex, country of birth (Sweden, rest of Europe, or others),
region (urban vs rural), years of education (<10 years, 11–12
years, or >12 years), family income (first to fourth quartile),
tumor stage at diagnosis (stages I–IV), tumor morphology
(adenocarcinoma or others), tumor location (colon or rectum),
intent of treatment (curative, palliative, unsure, or missing),
and hospitalizations ( no or 1–5 days).

Data from the registries mentioned above were linked at the
individual level by means of the national personal identification
numbers. After linkage completion, the personal identification
number was replaced by a study identity number to protect the
integrity and maintain the anonymity of personal data.

The start of individual follow-upwas from the first registered
date of CRC diagnosis from July 1, 2005, and follow-up ended on
the date of emigration, death, disease recurrence, or end of the
study period (December 31, 2017), whichever occurred first.
Individuals were excluded from the study when the date of dis-
ease diagnosis was prior to the start of follow-up, when they
emigrated before the date of diagnosis, or when they died.
Statistical Analysis
A descriptive characterization of the patient population was

performed to identify any systematic differences by vaccination



Figure 1. A flow chart showing how
various data sets are linked.
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status (defined as being vaccinated with at least one of the
travel vaccines used in the study during the follow-up time).

The Cox regression model was used to calculate incidence
rates (IRs) and 95% confidence intervals (CIs) for CRC mor-
tality and all-cause mortality as well as incidence rate ratios
Table 2.Overview of Baseline Characteristics of the Patient Po
Malarial Drugs

Covariates

Une

N

Cohort size 73,466

Follow-up years (mean) 7.9
All-cause mortality 34,028
CRC-related mortality 25,224

Age at CRC diagnosis
<50 y 3900
50–59 y 7236
60–69 y 18,068
�70 y 44,262

Sex
Men 38,581
Women 34,885

Family income
First quartile 18,473
Second quartile 18,440
Third quartile 18,339
Fourth quartile 17,928
Missing 286

Stage of disease at diagnosis (tnm)
Stage I 10,362
Stage II 18,203
Stage III 19,572
Stage IV 14,419
Not assessed 10,910
(IRRs) and their 95% CIs associated with postdiagnostic use of
any of the travel medications (Table A1). Potential confounding
was controlled by including the following covariates in the
regression model: age at CRC diagnosis (continuous variable),
year at CRC diagnosis (continuous variable), gender, stage of
pulation–CRC Cohort by Exposure to Travel Vaccines/Anti-

xposed Exposed

% N %

99.6 295 0.4

- 3.7 -
46.3 36 12.2
34.3 27 9.2

5.3 49 16.6
9.8 69 23.4
24.6 133 45.1
60.2 44 15

52.5 155 52.5
47.5 140 47.5

25.1 26 8.8
25.1 33 11.2
25 79 26.8
24.4 157 53.2
0.4 0 0

14.1 54 18.3
24.8 76 25.8
26.6 94 31.9
19.6 16 5.4
14.9 55 18.6



Figure 2. The association between travel medication and vaccines and the all-cause and CRC-related mortality of CRC pa-
tients using the Cox regression model (unmatched cohort and extended covariates) between July 2005 and December 2017.
The IRR for Japanese encephalitis and yellow fever was inestimable owing to a small sample size.
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CRC (stage I–IV), tumor morphology, recurrence, country of
birth (Sweden, other European countries, and others), highest
educational level (<10, 10–11, or >12 years of education), and
family income (categorized per quartile). The date of vaccina-
tion/antimalarial drug use was included as a time-varying
exposure. Analogous models were fit using Poisson and
quasi-Poisson regression to check for the robustness of sensi-
tivity analyses.

All data management and statistical analyses were per-
formed using R 3.6.1.22

All authors had access to the study data and reviewed and
approved the final manuscript.
Results
Overview of Baseline Characteristics

A total of 295 CRC patients who were exposed to any of
the travel vaccines and malaria prophylaxis of interest be-
tween July 2005 and December 2017 were identified. We
also identified 73,466 CRC patients without travel medica-
tion exposure in the same period. The median age at diag-
nosis was 73 years for the unexposed and 62 years for the
exposed. The age group with the highest percentage of
exposed CRC patients was 60–69 years (45.1%), whereas



Table 3. Crude IR of All-Cause Mortality and CRC-Related Mortality by Years Since Diagnosis and Age at Diagnosis

Covariates

All-cause mortality CRC-related mortality

Unexposed Exposed Unexposed Exposed

Deaths
Crude

IR (95% CI) Deaths
Crude IR
(95% CI) Deaths

Crude IR
(95% CI) Deaths

Crude IR
(95% CI)

Year(s) since
diagnosis
<1 13,707 219.3 (215.7–223.0) 1 43.1 (1.1–240.1) 11,743 187.9 (184.5–191.3) 0 0 (0–159.0)
1–2 6663 138.6 (135.3–141.9) 3 32.4 (6.7–94.7) 5523 114.9 (111.9–117.9) 3 32.4 (6.7–94.7)
2–3 4033 105.6 (102.4–108.9) 4 27.9 (7.6–71.4) 3052 79.9 (77.1–82.8) 4 27.9 (7.6–71.4)
3–4 2819 91.03 (87.7–94.5) 5 28.5 (9.3–66.5) 1837 59.3 (56.6–62.1) 5 28.5 (9.3–66.5)
4 1982 79.0 (75.5–82.5) 5 27.0 (8.8–63.1) 1148 45.7 (43.1–48.5) 3 16.2 (3.4–47.4)
5–9 4413 69.6 (67.6–71.7) 16 21.3 (12.2–34.6) 1827 28.8 (27.5–30.2) 12 16.0 (8.3–27.9)
�10 411 71.7 (64.9–79.0) 2 18.54 (2.2–67.0) 94 16.4 (13.3–20.1) 0 0 (0–34.2)

Age at
diagnosis (y)
<50 1117 64.2 (60.5–68.1) 3 13.2 (2.7–38.5) 1035 59.5 (55.9–63.2) 3 13.2 (2.7–38.5)
50–59 2313 69.5 (66.7–72.3) 4 11.8 (3.2–30.2) 2051 61.6 (59.0–64.3) 4 11.8 (3.2–30.2)
60–69 6440 82.7 (80.7–84.7) 21 31.2 (19.3–47.7) 5360 68.8 (67.0–70.7) 15 22.3 (12.5–36.8)
70–79 11,213 122.9 (120.7–125.2) 6 27.3 (10.0–59.5) 8224 90.2 (88.2–92.2) 5 22.8 (7.4–53.2)
�80 12,945 239.2 (235.1–243.4) 2 100 8554 158.1 (154.8–161.5) 0 0 (0–186.2)
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the highest percentage in unexposed individuals was in
70–79 years (33.4%). Of the CRC patients, half were males
(52.5%) (Table 2).

TNM staging in exposed individuals showed that 18.3%
had stage I CRC, 25.8% had stage II, 31.9% had stage III, and
5.4% had stage IV (18.6% were not assessed, or values were
inconclusive) at the time of diagnosis. In the unexposed
individuals, 14.1% had stage I CRC, 24.8% had stage II,
26.6% had stage III, and 19.6% had stage IV (14.9% were
not assessed). Adenocarcinomas were the most common
type of tumor in both the groups (96.6% in unexposed and
94.0% in the exposed), and the tumor location was also
similar in both the groups (colon accounting for 67.0% and
33.0% was rectum). Intent of treatment was curative in
60.6% of unexposed individuals and 72.5% of exposed in-
dividuals. A total of 64.0% of the individuals in the exposed
group had no hospitalizations in the last 12 months as
compared to 52.0% in the unexposed group (Table 2 and
Table A2).

A total of 39.3% of the unexposed individuals had less
than 10 years of education as compared to 12.0% of
exposed individuals. Furthermore, for family income, the
percentage of individuals in the 4 quartiles was equally
distributed in the unexposed group, whereas in the exposed
group, the highest percentage (54.0%) belonged to the
fourth quartile (Table 2 and Table A2).
Travel Vaccination and Medications
The association between travel vaccines and antimalarial

medications and the mortality of CRC patients was
expressed in terms of the IR and IRR (95% CI). Figure 2
summarizes the all-cause mortality IRR and CRC-related
mortality IRR for all the travel vaccines and medications.
The all-cause mortality IRR for the cholera vaccine was 0.48
(0.35–0.67), and the CRC-related mortality was 0.47
(0.32–0.69). For the malarial medications, Malarone and
Mefloquine, the all-cause and CRC-related mortality IRRs
were 0.45 (0.31–0.66) and 0.36 (0.22–0.58), respectively.
There were no pronounced differences between the 2
mortality IRRs for any of the vaccines or medications. The
ratios for Japanese encephalitis and yellow fever could not
be calculated owing to the small sample sizes. Crude IRs for
all-cause mortality and CRC-related mortality for unexposed
and exposed groups with respect to years since diagnosis
and age at diagnosis are summarized in Figure 2 and
Table A3. Crude IRs for overall mortality and CRC-related
mortality were lower in the exposed group than those in
the unexposed group for both years since diagnosis and the
age at diagnosis.

Sensitivity analyses are presented in Table A4.
Discussion
This was a retrospective, observational, dynamic cohort

study to identify the heterologous effects of postdiagnostic
use of travel vaccines and malarial medications in CRC pa-
tients in Sweden. Various national registries were used to
get the data on CRC, use of travel medications, and de-
mographics of the population. A total of 73,466 individuals
were diagnosed with CRC between July 2005 and December
2017; of these, 295 received various travel medications
(Table 2) after diagnosis.

Ji et al10 reported that the use of the cholera vaccine
reduced the risk of death in patients with CRC in Sweden.
We wanted to confirm the heterologous effects of the
cholera vaccine as shown by these authors. In our study, we
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used the same population registries, extended the study
period by 2 more years, and used the same vaccine and
medications. Additionally, we also included other travel
vaccines as well (hepatitis A/B, typhoid fever, yellow fever,
Japanese encephalitis, and rabies). Our results (summarized
in Table 3) show that there was a trend toward decreased
CRC-related mortality with the use of malarial medications
and with all the travel vaccines studied. Malarial medica-
tions (primarily hydroxychloroquine) are known to have
anticancer effects.23 However, our results with travel vac-
cines, while confirming the results of Ji et al, also showed
similar positive heterologous effects for all the travel vac-
cines and medications studied.

Thus, we postulated that the basic characteristics of
people who travel and get vaccinated tend to be different
than the people who do not, especially when the travelers
have chronic, life-threatening diseases. This leads to a
healthy user/healthy vaccinee bias in observational studies
of this nature.8 Ji et al11 had accounted for health user bias
by propensity matching and confounding bias by the use of
antimalarial drugs as negative exposure controls. They re-
ported increased CRC and overall mortality with the anti-
malarial drugs. However, we have shown that the mortality
of exposed CRC patients was reduced with all the travel
vaccines and malarial medications studied. These findings
lower (though not eliminate) the biological plausibility of
any truly protective effect of the post-therapeutic use of any
of the travel vaccines/medications studied but might be
explained by healthy user/healthy vaccinee bias.

Nonspecific heterologous effects are much more com-
plex than the direct vaccine effects as the underlying bio-
logical mechanisms are not always understood, and there
can be unknown number of diseases that might be affected.
Furthermore, we need to exercise caution against con-
founding bias in retrospective, observational studies on
travel vaccines and medications. To this end, the use of
negative exposure controls to detect confounding by indi-
cation bias is important and helps in accurate interpretation
of results.24–26 Moreover, it is important to select the
negative exposure controls well and preferably use multiple
ones, as our study shows.27,28

In this study, our data directly challenge the in-
terpretations of results from Ji et al,10 suggesting a strongly
protective effect of postdiagnostic use of Dukoral on mor-
tality in CRC patients. We have shown that we need to ex-
ercise caution while interpreting results from an
observational study on travel vaccines as healthy user/
vaccinee bias might skew the results. Travel vaccines are
generally administered in a healthier population, and thus,
care must be taken when extrapolating these results to the
general population. An appropriate selection of negative
exposure controls can help against confounding by indica-
tion bias. Furthermore, to thoroughly study the potential
effects of heterologous effects of travel vaccines without
healthy user/vaccinee bias, conducting prospective, ran-
domized trials and studies with comparable cohorts should
be considered.
Supplementary Materials
Material associated with this article can be found in the

online version at https://doi.org/10.1016/j.gastha.2022.02.
013.
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