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1. Introduction
Multiple sclerosis (MS) is the most common autoimmune 
inflammatory demyelinating disease of the central 
nervous system and the leading cause of nontraumatic 
permanent disability in young adults [1,2]. The prevalence 
of MS varies significantly across the world, with an overall 
female predominance. Although the exact etiology of MS 
remains unknown, the most widely accepted hypothesis 
is that MS begins as an inflammatory immune-mediated 
process characterized by autoreactive lymphocytes [3, 4]. 
In addition, certain environmental factors may play an 
important role in determining the risk of multiple sclerosis 
in genetically predisposed individuals [5].
The immune system, particularly regulatory T cells, is 
thought to play a major role in the pathogenesis of both 
cancer and MS [6, 7]. Although the activation of the immune 
system in MS may be associated with increased immune 
surveillance, the chronic inflammation and the chronic use 
of some immunosuppressive (IS) or immunomodulatory 
(IM) agents for the treatment of MS may be associated with 
an increased risk of cancer as well [8].

Studies regarding the risk of cancer in MS have been 
associated with conflicting results. While most studies 
suggested no association or a small decrease in the 
prevalence and incidence of cancer among patients with 
MS [9–13], some resulted in an increased risk of cancer 
among MS patients [14,15].
This study aims to compare the frequency of cancer among 
MS patients with an appropriate control group matched by 
the variables that may affect the relationship between MS 
and cancer such as age, gender, tobacco smoking history, 
body mass index (BMI), and family history of cancer.

2. Materials and methods
2.1. Subjects
Patients who were followed up at the Neurology 
Department of Hacettepe University Hospitals and with 
the ICD-10 code for MS (G35) on the local electronic 
database in the last ten years, were invited to participate in 
the study. The specialized MS clinic at Hacettepe University 
serves as one of the main referral centers for MS patients 
from all regions of Turkey and has been active since 1995. 
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The diagnosis of MS in the invited patients was confirmed 
by an MS specialist. Patients with MS in our study also 
included Clinically Isolated Syndrome and Radiological 
Isolated Syndrome. 
Patients with MS who were followed up at the Neurology 
Department of Hacettepe University Hospitals with the 
ICD-10 code for MS (G35) on the local electronic database 
in the last ten years and agreed to participate in the study 
and were over the age of 18 were included in the study. 
The control group consisted of randomly selected people 
who were older than 18 years to whom the online form 
of the questionnaire was sent via mailing lists of several 
universities, corporations within different regions, and 
social media platforms and groups reached by the authors. 
The exclusion criteria for the control group were being 
under 18, having MS disease, and receiving any IM or 
IS therapies for chronic illness. To avoid selection bias, 
we avoided specific statements in the cover letter of the 
questionnaire which could attract only the relevant cases 
such as cancer to the study. We stated that the research was 
conducted on a voluntary basis. The study was approved 
by the appropriate institutional review board.
2.2. Survey questionnaire
A total of 2091 patients were selected from a local electronic 
database, and 2074 of them were confirmed to have MS 
after a careful review by a neurologist. A self-administered 
questionnaire was then delivered to these patients by a 
phone call or a short message that contained the links to 
the online survey between February 1st, 2019, and March 

1st, 2020. The online form of the questionnaire was also 
sent to the rest of the population via mailing lists of several 
universities, corporations within different regions, and 
social media platforms and groups reached by the authors 
to reach a more diverse representation. To avoid selection 
bias, people visiting the hospital for other purposes 
were not used as a control group. Questionnaires were 
secondarily anonymized, and only one person had access 
to the corresponding list. Figure shows our algorithm for 
participant selection and grouping.
In addition to the questionnaire, informed consent 
was sent to all participants. For the participants, giving 
informed verbal consent by phone call and approving 
informed consent to participate in the online survey was 
considered consent. The participants completed the survey 
on their own and did not receive any help from members 
of the research team.
MS patients responded to the questions regarding their 
gender, date of birth, history of cancer and cancer lesions, 
family history of cancer, smoking history (daily use 
during lifetime to calculate pack-year), history of alcohol 
consumption, height and weight to calculate BMI, regular 
physical activity and treatments received for MS. Patients 
with a history of cancer had to indicate the year of diagnosis, 
type of cancer, the medical doctor who diagnosed cancer 
or the surgeon who operated on cancer, and the hospital 
where the patient with cancer was diagnosed to permit 
retrieval of confirmation of cancer diagnosis. To reduce 
the risk of under-reporting, questions regarding cancer 
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or a precancerous lesion were followed by a list of 20 
different potential cancer sites to make reporting easier. 
It is noteworthy that nonmelanoma skin cancers were not 
included in the list.
MS patients also had to declare the date of their first 
MS signs, the date of MS diagnosis, and the name of the 
DMT taken during the disease course. The control group 
was asked the same questions except for the questions 
related to MS. We included in our analysis an oncological 
diagnosis that occurred after the initial symptoms of MS.
2.3. Sample size calculation and statistical analysis
Using data from previous studies, the required number of 
participants for sampling was calculated as 503 subjects in 
each group (MS patients and controls), with a type 1(α) 
error rate of 5% and statistical power of 93%.
All statistical analyses were performed using IBM SPSS 
Statistics 25.0 (IBM Corp., Armonk, NY) program for 
Windows. All continuous data reported in this study are 
expressed as median [interquartile range (IQR), and range] 
for each value (assumption of normality was assessed 
using the Kolmogorov-Smirnov, and the Shapiro–Wilk 
test). Continuous variables were compared between the 
two groups using the Mann-Whitney U test, and the chi-
square test was used for the categorical variables. 
Since the baseline characteristics and factors that can 
affect the frequency of cancer in MS patients differ from 
control subjects, propensity score matching analysis using 
the nearest neighbor pair matching method with a caliper 
width of 0.2 was performed [16]. Stratification on the 
propensity score involves grouping subjects into mutually 
exclusive groupings based on their estimated propensity 
score. The calculated propensity score is used to rank 
the subjects. Then, depending on previously established 
predicted propensity score thresholds, subjects are 
separated into subsets. Consequently, the distribution of 
measured baseline covariates between cases and controls 
within the same stratum will be roughly identical when 
the propensity score has been properly set. The covariates 
included in the propensity score model were gender, age, 
tobacco smoking history, BMI, and family history of 
cancer. MatchIt package [17] (R software) was used for 
this analysis. Logistic regression analysis was performed to 
determine the independent predictors. Hosmer-Lemeshow 
goodness of fit statistics was used to assess model fit. All 
analyses were evaluated at the 95% confidence interval, 
and significance was evaluated at the p < 0.05 level.

3. Results
Overall, 1037 responses out of 2074 MS patients were 
included. The results of the patient survey were verified 
from the database. It was concluded that the reasons for 
the 50% participation rate include; not updating contact 
information, death, no participation due to low education 
level, and unavailability. The median age of MS patients 
was 37 years [IQR 15 years, range 19 to 74 years]. At 

the same time, an online questionnaire was delivered to 
1500 people without MS disease in the control group. 
Five hundred and six people out of 618 who fulfilled the 
inclusion criteria and responded to our online survey 
were included in the study, thus, the response rate for the 
control group was calculated to be 41.2%. The median age 
of the control group was 36 years (IQR 14 years, range 18 
to 71 years). Seven hundred and thirteen (68.8%) of MS 
patients and 322 (63.6%) of the control group included in 
the study were female. The median number of years after 
MS diagnosis was 8 (IQR 3 years, range 1 to 40 years).
BMI, family history of cancer, tobacco smoking history, 
regular alcohol consumption, regular physical activity 
status, pack-year values of smokers, and the number of 
days with exercise for regular exercisers are shown in 
Table 1 for both MS patients and the control group. The 
MS patient group had a lower BMI value (p < 0.001). The 
percentage of people having a family history of cancer was 
lower for MS patients (p < 0.001). When MS patients and 
the control group were compared according to smoking 
status; it was found that the rate of smoking was higher 
in the MS patient group and they had a higher number 
of pack-years (p = 0.024, p < 0.001 respectively). The 
percentage of alcohol consumers was also higher for MS 
patients (p < 0.001 respectively).
Fourteen (1.35%) of MS patients and 18 (3.6%) of the 
control group included in the study were diagnosed with 
cancer. The most common ones were breast cancer (N: 10), 
cervix cancer (N: 5), and thyroid cancer (N: 4). Clinical 
and demographic characteristics of MS patients with a 
cancer diagnosis are shown in Table 2.
Ten (71.4%) of these MS patients had received disease-
modifying treatments (DMT), and four of them had used 
more than one DMT. Interferon-beta (N: 7), glatiramer 
acetate (N: 5), dimethyl fumarate (N: 2), and ocrelizumab 
(N: 2) were used for the treatment of the MS patients who 
were later diagnosed with cancer. 
The propensity score matching was performed for age, 
gender, tobacco smoking history, BMI, and family history 
of cancer. Then, 505 MS patients were matched with 505 
control subjects. The characteristics of MS patients and 
controls after matching are shown in Table 3. After logistic 
regression analysis, it was found that the odds ratio of 
having cancer in patients with MS compared to the control 
group was 0.389 (95% CI = 0.161–0.940, p < 0.05).

4. Discussion
To our knowledge, our study was the first to investigate 
the cancer frequency among MS patients in Turkey and 
compare it with the matched control group. Our results 
demonstrated that the risk of getting cancer in MS patients 
was 61.1% of that of the control group. Age, gender, tobacco 
smoking history, regular alcohol use, regular exercise, 
BMI, and family history of cancer are all evaluated. Our 
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study’s main strength is that it is the first to consider such 
a large number of cancer risk factors. Previous studies 
lacked information about confounding risk factors related 
to cancer such as BMI, family history, and smoking status, 
which may have an important effect on cancer frequency 
[18].
Some prior studies have resulted in a decreased cancer 
risk in MS patients, which is consistent with our findings 
[19–21]. The relationship between MS and cancer 

is complicated. While persistent inflammation and 
chronic immunosuppression increase the risk of cancer, 
autoimmune disorders such as MS may have enhanced 
immunosurveillance due to the activation of inflammatory 
cells, consequently decreasing the risk of cancer 
development. Additionally, since the incidence of cancer 
increases with age for the major cancers, survival could 
be biasing comparisons due to early death from MS [21]. 
Other factors which could explain the decreased cancer 

Table 1. Clinical and demographic characteristics of the study population.

MS patients (n = 1037) Control group (n = 506) P-value

Age (median, IQR, min-max) 37, 15, 19–74 36, 14, 18–71 0.028ꝉ

Gender (female: n, %/male: n, %) 713, 68.8%/324, 31.2% 322, 63.6%/184, 36.4% 0.045*

BMI (median, IQR, min-max) 23.95, 5.54, 14.20–43.37 24.91, 5.63, 15.24–54.43 <0.001ꝉ

Family history of cancer (n, %) 467, 45.0% 274, 54.2% <0.001*

Regular physical activity (n, %) 509, 49.1% 261, 51.6% 0.357*

Number of days with exercise (median, IQR, min-max) 3, 3, 1–7 3, 2, 1–7 <0.001*

Tobacco smoking history (n, %) 512, 49.4% 219, 43.3% 0.024 *

Pack-year of smokers (median, IQR, min-max) 10.0, 15.0, 0.01–88.0 6.0, 7.0, 0.1–69.0 <0.001ꝉ

Alcohol consumption (n, %) 219, 21.1% 40, 7.9%
Years after MS diagnosis (median, IQR, min-max) 8, 3, 1–40
Cancer diagnosis (n, %) 14, 1.35% 18, 3.6%

ꝉ Mann-Whitney U test is used to compare differences. * Chi-square test used for analysis. BMI, body mass index; IQR, interquartile 
range; MS, multiple sclerosis.

Table 2. Clinical and demographic characteristics of MS patients with a cancer diagnosis.

MS Patients (n = 14)

Age (median, IQR, min-max) 46, 20, 24–66
Gender (female: n, %/male: n, %) 12, 85.7%/2, 14.3%
BMI (median, IQR, min-max) 27.28, 6.55, 19.53–38.67
Family history of cancer (n, %) 9, 64.3%
Regular physical activity (n, %) 4, 28.6%
Number of days with exercise (median, IQR, min-max) 2, 2, 2–4
Tobacco smoking history (n, %) 8, 57.1%
Pack-year of smokers (median, IQR, min-max) 15, 18.25, 1.75–35
Alcohol consumption (n, %) 1, 7.1%
Years after MS diagnosis (median, IQR, min-max) 14, 12, 5–40
DMT history (n, %) 10, 71.4%
Interferon-beta (N: 7), months (median, min-max) 48, 12–132
Glatiramer acetate (N: 5), months (median, min-max) 40, 18–120
Dimethyl fumarate (N: 2), months (median, min-max) 36, 24–48
Ocrelizumab (N: 2), months (median, min-max) 18, 12–24

BMI, body mass index; IQR, interquartile range; MS, multiple sclerosis.
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risk in this population include behavioral modification 
and the treatment of MS [8, 22]. 
Contrary to our findings, some studies have reported 
an increased risk or no difference in the risk of cancer 
frequency in patients with MS compared to the general 
population [21, 23]. In a prospective cohort study, Grytten 
and collaborators found an overall 14% increased risk of 
cancer among MS patients compared with population 
controls, especially in respiratory organs, urinary organs, 
and the central nervous system [24]. 
Breast cancer was the most common cancer type in our 
study, as one might predict in a population of middle-
aged women. Similarly, the most common cancer among 
women according to the Turkish Ministry of Health, 
reported in 2017, was breast cancer.1 There is evidence of 
an increased risk of developing certain types of cancer in 
patients with MS, especially meningioma and cancers of 
the urinary organs [21]. Because there were an inadequate 
number of malignancies of each type for analysis, this 
study was unable to assess the risk for particular types of 
cancer. A family history of cancer is a significant risk factor 
for a variety of malignancies [25].
There is no reliable source that reflects the entire population 
that could be used to evaluate cancer statistics in Turkey. 
The 2017 Turkey Cancer Statistics Report1 included data 
from the cancer registries of 14 provinces and projected 
only 50% of the total population. Also, İstanbul’s cancer 
registry data, which includes approximately one-fifth of 
Turkey’s population, was not used and only the cancer 
registry records of 9 provinces were used in the Globocan 
1 Halk Sağlığı Genel Müdürlüğü (2017). Kanser İstatistikleri (in Turkish) [online]. Website https://hsgm.saglik.gov.tr/tr/kanser-istatistikleri/yillar/2017-
turkiye-kanser-i-statistikleri.html [accessed 10 August 2022].

2 2International Agency for Research on Cancer (2021). Population Fact Sheets: Turkey [online]. Website https://gco.iarc.fr/today/data/factsheets/
populations/792-turkey-fact-sheets.pdf [accessed 10 August 2022].

2020 data.2 Therefore, due to both the limited number of 
participants in our study and the limitations of Turkey’s 
cancer data in reflecting the total population, it is 
considered inappropriate to attempt to reach a conclusion 
by comparing the data. 
The consanguinity rate among people living in Turkey 
is approximately %23 [26]. This fact may subsequently 
result in an increased familial cancer rate. We detected 
two cases of Lynch syndrome and a BRCA mutation in our 
MS cohort. Due to the proximity of the MS locus to the 
BRCA1 gene, this condition may lead to breast cancer and 
MS simultaneously [27].
Since the immune system is critical for recognizing and 
eliminating cancer cells, immunosuppression from DMTs 
may subsequently increase the risk of cancer development 
in MS patients. However, studies regarding the effect of 
DMTs on cancer have obtained contradictory results, with 
some resulting in an increased risk of cancer, while others 
have shown no increased cancer risk. This disparity is 
further complicated by the various types of DMTs used in 
patients with MS [20, 28–31]. A Danish nationwide cohort 
study also found that DMTs in Danish MS patients were 
neither accompanied by an increase in cancer incidence 
nor an increase in cancer-specific mortality [18]. Most 
of the MS patients with cancer in our study had received 
DMT and four of them had used more than one DMT. 
Interferon-beta was the most common DMT. Meta-
analysis and further research are required to understand 
the effects of DMTs on cancer risk in MS patients.
Tobacco smoking and the use of alcohol are accepted 

Table 3. The characteristics of MS patients and controls after propensity score matching.

MS patients (n = 505) Control group (n = 505) P-value

Age (median, IQR, min-max) 37, 14, 20–71 36, 14, 18–71 0.115ꝉ

Gender (female: n, %/male: n, %) 336, 66.5%/169, 33.5% 322, 63.8%/183, 36.2% 0.355*

BMI (median, IQR, min-max) 24.49, 5.51, 16.59–43.37 24.90, 5.63, 15.24–45.71 0.309ꝉ

Family history of cancer (n, %) 239, 47.3% 274, 54.3% 0.028*

Regular physical activity (n, %) 256, 50.7% 261, 51.7% 0.753*

Number of days with exercise (median, IQR, min-
max) 3, 3, 1–7 3, 2, 1–7 0.001

Tobacco smoking history (n, %) 233, 46.1% 218, 43.2% 0.342*

Pack-year of smokers (median, IQR, min-max) 10.0, 15.63, 0.2–88.0 6.0, 7.0, 0.1–69.0 <0.001ꝉ

Alcohol consumption (n, %) 113, 22.4% 40, 7.9% <0.001ꝉ

Years after MS diagnosis (median, IQR, min-max) 8, 5, 2–40
Cancer diagnosis (n, %) 7, 1.4% 18, 3.6%

ꝉ Mann-Whitney U test is used to compare differences. * Chi-square test used for analysis. BMI, body mass index; IQR, interquartile 
range; MS, multiple sclerosis.
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risk factors for developing cancer [32]. After matching 
the propensity score according to smoking status; the 
remaining MS group had a lower cancer rate compared 
to the control group despite having a higher median of 
cigarette packs × years. Alcohol consumption data was not 
included in analyses since underreporting was suspected 
in a similar context in previous studies in the literature 
[33, 34]. In this study, propensity score matching was 
performed for age, gender, tobacco smoking history, BMI, 
and family history of cancer. This method’s primary goal is 
to generate an unbiased estimate of outcome measures in 
nonrandomized and observational studies that has been 
adjusted for the impact of specific confounding factors. 
The propensity score’s major advantage is its decrease in 
dimensions, which solves the problem of an insufficient 
number of sample instances in exact matching. In actual 
research, several factors that represent many dimensions 
must frequently be adjusted for. These dimensions are 
condensed into a single dimension using the propensity 
technique. 
Our study is limited in investigating the effect of DMTs 
on cancer development in MS patients. Most of our MS 
patients who were diagnosed with cancer were using 
DMTs. Due to an insufficient number of MS patients 
diagnosed with cancer, it is difficult to deduce that the use 
of DMT may be a risk factor. 
We have tried the best we can with a basic survey aiming 
to see the cancer risk profile in our MS patients’ registry. 
However, some shortcomings need to be studied and 
clarified further. One limitation of our study is that there 
were nonresponders among MS patients and the control 
group. Nonresponse bias can skew conclusions generated 
from questionnaire surveys across people, countries, and 
topics. Nonresponders were more likely to be male, less 
educated, single or divorced, or immigrants in studies 
of general population samples in North America and 
Europe [35,36]. Because particular subpopulations are 
underrepresented in surveys, the effects and estimations in 
the results may be underestimated or exaggerated. We also 
believe that there is a need for a nationwide MS registry 
and a cancer database to support further research.
Self-reporting of cancer might be considered as a bias. 
Although the conditions for screening for cancer in both 
MS patients and the control group were the same. To 
reduce the risk of under-reporting, questions regarding 

cancer or a precancerous lesion were followed by a list of 
20 different potential cancer sites to make reporting easier. 
Also, Navarro et al. [37] and Cowdery et al. [38] found 
moderate concordance between self-reported cancer 
history and state registry data for any cancer, with excellent 
specificity and negative predictive value. It is also stated 
in that study that self-reported cancer data was adequate 
for detecting a cancer history, but it was less reliable in 
identifying the history of particular cancer types indicated 
in registry-based data. In addition to that, the number of 
cancer cases was insufficient to draw conclusions for each 
subtype of cancer. Another limitation of our study is that 
we have not evaluated chronic diseases in our study. As 
certain chronic diseases predispose to cancer, this might 
be considered a potential source of bias [39]. 
Case-control studies may be prone to recall bias (e.g., 
alcohol consumption, physical activity). Because these 
studies are retrospective in design, individuals with a 
disease may be more likely than those without a disease 
at the time of data collection to report risk factors from 
the past [40]. Also, social desirability response bias can 
affect results in self-reported research [41]. In this study, 
for alcohol consumption data, we predicted that bias and 
did not use it in further analyses.
In conclusion, there was no statistically significant 
difference in age, gender, tobacco smoking, and BMI 
between the groups after propensity score matching. 
Breast cancer was the most common cancer type in our 
study, as one might predict in a population of middle-aged 
women. The odds of having cancer were decreased in our 
MS patients. The autoimmune changes responsible for the 
pathogenesis of MS may be responsible fora decrease in 
cancer risk. Although the results of our study revealed a 
decreased frequency of cancer in MS patients compared 
to the control population, it should neither affect the 
quality of routine cancer screening programs nor cause 
any misinterpretation in this group. We are aware of and 
concerned about the impact of this matter. Although the 
number of patients and controls needs to be increased, 
our study highlights the MS-Cancer profile in Turkish MS 
patients. Based on this substantial number of participants, 
this study contributes to the current cancer frequency data 
in patients with MS, and we are encouraged to continue 
with more comprehensive epidemiological multicenter 
studies.

References

1. Moroni L, Bianchi I, Lleo A. Geoepidemiology, gender and 
autoimmune disease. Autoimmunity Reviews 2012; 11 (6-7): 
A386-92. https://doi.org/10.1016/j.autrev.2011.11.012

2. Alonso A, Hernan MA. Temporal trends in the incidence of 
multiple sclerosis: A systematic review. Neurology 2008; 71 (2): 
129-35. https://doi.org/10.1212/01.wnl.0000316802.35974.34

3. Roach ES. Is multiple sclerosis an autoimmune disorder? 
Archives of Neurology 2004; 61 (10): 1615-1616. https://doi.
org/10.1001/archneur.61.10.1615

4. Weiner HL. Multiple sclerosis is an inflammatory T-cell-
mediated autoimmune disease. Archives of Neurology 2004; 61 
(10): 1613-1615. https://doi.org/10.1001/archneur.61.10.1613



BAHAR et al. / Turk J Med Sci

968

5. O’Gorman C, Lucas R, Taylor B. Environmental risk factors 
for multiple sclerosis: A review with a focus on molecular 
mechanisms. International Journal of Molecular Sciences 2012; 
13 (9): 11718-11752. https://doi.org/10.3390/ijms130911718

6. Zozulya AL, Wiendl H. The role of regulatory T cells in multiple 
sclerosis. Nature Clinical Practice Neurology 2008; 4 (7): 384-
398. https://doi.org/10.1038/ncpneuro0832

7. Cools N, Ponsaerts P, Van Tendeloo VF, Berneman ZN. 
Regulatory T cells and human disease. Clinical and 
Developmental Immunology 2007; 2007: 89195. https://doi.
org/10.1155/2007/89195

8. Bahmanyar S, Montgomery SM, Hillert J, Ekbom A, Olsson 
T. Cancer risk among patients with multiple sclerosis and 
their parents. Neurology 2009; 72 (13): 1170-1177. https://doi.
org/10.1212/01.wnl.0000345366.10455.62

9. Hongell K, Kurki S, Sumelahti ML, Soilu-Hanninen M. Risk 
of cancer among Finnish multiple sclerosis patients. Multiple 
Sclerosis and Related Disorders 2019; 35: 221-227. https://doi.
org/10.1016/j.msard.2019.08.005

10. Ghajarzadeh M, Mohammadi A, Sahraian MA. Risk of cancer in 
multiple sclerosis (MS): A systematic review and meta-analysis. 
Autoimmunity Reviews 2020; 19 (10): 102650. https://doi.
org/10.1016/j.autrev.2020.102650

11. Moisset X, Perie M, Pereira B, Dumont E, Lebrun-Frenay C, et al. 
Decreased prevalence of cancer in patients with multiple sclerosis: 
A case-control study. PLoS One 2017; 12 (11): e0188120. https://
doi.org/10.1371/journal.pone.0188120

12. Gaindh D, Kavak KS, Teter B, Vaughn CB, Cookfair D, et al. 
Decreased risk of cancer in multiple sclerosis patients and 
analysis of the effect of disease modifying therapies on cancer 
risk. Journal of the Neurological Sciences 2016; 370: 13-17. 
https://doi.org/10.1016/j.jns.2016.09.005

13. Etemadifar M, Jahanbani-Ardakani H, Ghaffari S, Fereidan-
Esfahani M, Changaei H, et al. Cancer risk among patients 
with multiple sclerosis: A cohort study in Isfahan, Iran. Caspian 
Journal of Internal Medicine 2017; 8 (3): 172-177. https://doi.
org/10.22088/cjim.8.3.172

14. Hajiebrahimi M, Montgomery S, Burkill S, Bahmanyar S. Risk 
of premenopausal and postmenopausal breast cancer among 
multiple sclerosis patients. PLoS One 2016; 11 (10): e0165027. 
https://doi.org/10.1371/journal.pone.0165027

15. Sun LM, Lin CL, Chung CJ, Liang JA, Sung FC, et al. Increased 
breast cancer risk for patients with multiple sclerosis: A 
nationwide population-based cohort study. European Journal 
of Neurology 2014; 21 (2): 238-244. https://doi.org/10.1111/
ene.12267

16. Austin PC. An introduction to propensity score methods for 
reducing the effects of confounding in observational studies. 
Multivariate Behavioral Research 2011; 46 (3): 399-424. https://
doi.org/10.1080/00273171.2011.568786

17. Ho D, Imai K, King G, Stuart EA. Matchit: Nonparametric 
preprocessing for parametric causal inference. Journal of 
Statistical Software 2011; 42 (8): 1-28. https://doi.org/10.18637/
jss.v042.i08

18. Nørgaard M, Veres K, Didden EM, Wormser D, Magyari M. 
Multiple sclerosis and cancer incidence: A Danish nationwide 
cohort study. Multiple Sclerosis and Related Disorders 2019; 28: 
81-85. https://doi.org/10.1016/j.msard.2018.12.014

19. Kingwell E, Bajdik C, Phillips N, Zhu F, Oger J, et al. Cancer risk 
in multiple sclerosis: Findings from British Columbia, Canada. 
Brain 2012; 135(Pt 10): 2973-2979. https://doi.org/10.1093/
brain/aws148

20. Lebrun C, Debouverie M, Vermersch P, Clavelou P, Rumbach L, 
et al. Cancer risk and impact of disease-modifying treatments in 
patients with multiple sclerosis. Multiple Sclerosis Journal 2008; 
14 (3): 399-405. https://doi.org/10.1177/1352458507083625

21. Marrie RA, Reider N, Cohen J, Stuve O, Trojano M, et al. A 
systematic review of the incidence and prevalence of cancer in 
multiple sclerosis. Multiple Sclerosis Journal 2015; 21 (3): 294-
304. https://doi.org/10.1177/1352458514564489

22. Swann JB, Smyth MJ. Immune surveillance of tumors. Journal 
of Clinical Investigation 2007; 117 (5): 1137-1146. https://doi.
org/10.1172/JCI31405

23. Fois AF, Wotton CJ, Yeates D, Turner MR, Goldacre MJ. Cancer 
in patients with motor neuron disease, multiple sclerosis 
and parkinson’s disease: Record linkage studies. Journal of 
Neurology, Neurosurgery and Psychiatry 2010; 81 (2): 215-221. 
https://doi.org/10.1136/jnnp.2009.175463

24. Grytten N, Myhr KM, Celius EG, Benjaminsen E, Kampman 
M, et al. Risk of cancer among multiple sclerosis patients, 
siblings, and population controls: A prospective cohort study. 
Multiple Sclerosis Journal 2020; 26 (12): 1569-1580. https://doi.
org/10.1177/1352458519877244

25. Hidaka A, Sawada N, Svensson T, Goto A, Yamaji T, et al. 
Family history of cancer and subsequent risk of cancer: A 
large-scale population-based prospective study in Japan. 
International Journal of Cancer 2020; 147 (2): 331-337. https://
doi.org/10.1002/ijc.32724

26. Kaplan S, Pinar G, Kaplan B, Aslantekin F, Karabulut E, et al. The 
prevalence of consanguineous marriages and affecting factors 
in Turkey: A national survey. Journal of Biosocial Science 2016; 
48 (5): 616-630. https://doi.org/10.1017/s0021932016000055

27. Holzmann C, Bauer I, Meyer P. Co-occurrence of multiple 
sclerosis and cancer in a BRCA1 positive family. European 
Journal of Medical Genetics 2013; 56 (10): 577-579. https://doi.
org/https://doi.org/10.1016/j.ejmg.2013.07.006

28. Gil-Bernal R, González-Caballero JL, Espinosa-Rosso R, 
Gómez-Gómez C. Potential risk of disease modifying therapies 
on neoplasm development and coadjutant factors in multiple 
sclerosis outpatients. Scientific Reports 2021; 11 (1): 12533. 
https://doi.org/10.1038/s41598-021-91912-x

29. Grytten N, Myhr KM, Celius EG, Benjaminsen E, Kampman 
MT, et al. Incidence of cancer in multiple sclerosis before and 
after the treatment era- a registry- based cohort study. Multiple 
Sclerosis and Related Disorders 2021; 55: 103209. https://doi.
org/10.1016/j.msard.2021.103209



BAHAR et al. / Turk J Med Sci

969

30. Stamatellos VP, Siafis S, Papazisis G. Disease-modifying 
agents for multiple sclerosis and the risk for reporting cancer: 
A disproportionality analysis using the us food and drug 
administration adverse event reporting system database. British 
Journal of Clinical Pharmacology 2021; 87 (12): 4769-4779. 
https://doi.org/10.1111/bcp.14916

31. Melamed E, Lee MW. Multiple sclerosis and cancer: The 
ying-yang effect of disease modifying therapies. Frontiers 
in Immunology 2019; 10: 2954. https://doi.org/10.3389/
fimmu.2019.02954

32. Mons U, Gredner T, Behrens G, Stock C, Brenner H. Cancers 
due to smoking and high alcohol consumption. Deutsches 
Ärzteblatt International 2018; 115 (35-36): 571-577. https://doi.
org/10.3238/arztebl.2018.0571

33. Gilligan C, Anderson KG, Ladd BO, Yong YM, David M. 
Inaccuracies in survey reporting of alcohol consumption. 
BMC Public Health 2019; 19 (1): 1639. https://doi.org/10.1186/
s12889-019-7987-3

34. Livingston M, Callinan S. Underreporting in alcohol surveys: 
Whose drinking is underestimated? Journal of Studies on 
Alcohol and Drugs 2015; 76 (1): 158-164. 

35. Suominen S, Koskenvuo K, Sillanmäki L, Vahtera J, Korkeila K, 
et al. Non-response in a nationwide follow-up postal survey in 
Finland: A register-based mortality analysis of respondents and 
non-respondents of the health and social support (HESSUP) 
study. BMJ Open 2012; 2 (2): e000657. https://doi.org/10.1136/
bmjopen-2011-000657

36. Greene N, Greenland S, Olsen J, Nohr EA. Estimating bias 
from loss to follow-up in the Danish national birth cohort. 
Epidemiology 2011; 22 (6): 815-822. https://doi.org/10.1097/
EDE.0b013e31822939fd

37. Navarro C, Chirlaque MD, Tormo MJ, Pérez-Flores D, 
Rodríguez-Barranco M, et al. Validity of self reported diagnoses 
of cancer in a major Spanish prospective cohort study. Journal 
of Epidemiology and Community Health 2006; 60 (7): 593-599. 
https://doi.org/10.1136/jech.2005.039131

38. Cowdery SP, Stuart AL, Pasco JA, Berk M, Campbell D, et 
al. Validity of self-reported cancer: Comparison between 
self-report versus cancer registry records in the GEELONG 
osteoporosis study. Cancer Epidemiology 2020; 68: 101790. 
https://doi.org/10.1016/j.canep.2020.101790

39. Tu H, Wen CP, Tsai SP, Chow WH, Wen C, et al. Cancer 
risk associated with chronic diseases and disease markers: 
Prospective cohort study. BMJ 2018; 360: k134. https://doi.
org/10.1136/bmj.k134

40. Arem H, Loftfield E. Cancer epidemiology: A survey of 
modifiable risk factors for prevention and survivorship. 
American Journal of Lifestyle Medicine 2018; 12 (3): 200-210. 
https://doi.org/10.1177/1559827617700600

41. van de Mortel TF. Faking it: Social desirability response bias in 
self-report research. Australian Journal of Advanced Nursing 
2008; 25 (4): 40-48.


