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Abstract

Background: Ischemic stroke is frequently encountered in patients with ma-
lignant disease. The pathophysiology of stroke in such cases differs from oth-
mic Stroke in Cancer Patients. World Jour-
nal of Neuroscience, 11, 307-317.
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er subjects with no malignant disease. This study was conducted to compare
serum levels of ferritin and d-dimer in cases with ischemic stroke in cancer

versus non-cancer patients. Patients and methods: The data of consecutive
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264 patients presented with ischemic stroke, confirmed by clinical examina-
tion and radiological investigations, were retrospectively reviewed. The in-
cluded cases were divided into two groups: Group A (non-cancer with stroke,
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210 cases) and Group B (cancer with stroke, 54 cases). The collected data in-
cluded patient demographics, systemic comorbidities, disease and tumor
characteristics, in addition to platelet count, serum ferritin and d-dimer. Re-
sults: Age, gender, and systemic comorbidities were statistically comparable
between the two groups. Additionally, the etiology of stroke and its disability
were not statistically different between the two groups. However, the inci-
dence of mortality significantly increased in Group B (25.93% vs. 7.14% of
Group A, p = 0.005). Both serum ferritin and d-dimer showed a significant
increase in association with cancer (Group B). The former had mean values
of 294.54 and 867.87 ng/ml, while the latter had mean values of 463.83 and
888.13 ng/ml in the same two groups, respectively. Conclusion: Serum ferri-
tin and d-dimer showed a significant rise in cancer-associated ischemic
stroke. This confirms the role of the hypercoagulable state, associated with
malignancy in the development of this morbidity.
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1. Introduction

Ischemic stroke and cancer share common risk factors for ischemic stroke in
cancer patients [1]. Autopsies taken from cancer patients revealed that about
14.6 percent had cerebrovascular pathology, and 7.4 percent had clinical manife-
stations of stroke, according to a previous report [2].

The etiology of cancer-associated ischemic stroke could greatly differ from
others who do not have malignant disease. In patients with malignancy, stroke
may occur due to the hypercoagulable state associated with cancer, direct tumor
compression, non-bacterial thrombotic endocarditis, or as a complication from
anti-cancer therapy [3] [4] [5].

Biomarkers for stroke can be utilized to understand pathogenesis better,
screen high-risk individuals, predict clinical outcomes, and treat stroke patients
effectively [6] [7]. These biomarkers include C-reactive protein (CRP), brain na-
triuretic peptide (BNP), and erythrocyte sedimentation rate (ESR) [7] [8].

Coagulopathy-related pathologies can also potentiate ischemic stroke in can-
cer patients. D-dimer, a by-product of the blood clotting and break-down
process, is a direct measure of active coagulation. It has been widely employed as
a reliable test of hypercoagulability in numerous earlier investigations [9] [10].
Some studies noted its significant rise in cancer-associated ischemic stroke
compared to non-cancer patients [11] [12].

The largest iron reserve in the human body is ferritin, which is one of the
acute-phase proteins [13]. Acute-phase response proteins are thought to play a
crucial role in the pathological process of ischemic stroke. This was confirmed
by previous research, which showed that high ferritin levels are strong predictors
for ischemic stroke [14]. More recent research notes significant elevation of the
previous markers associated with stroke in lymphoma patients compared to
those who did not [15].

This study evaluated serum levels of ferritin and d-dimer in cases with

ischemic stroke in cancer patients compared to non-cancer patients.

2. Patients and Methods

This retrospective study was conducted at Mansoura University Neurology De-
partment. We retrospectively reviewed the data of ischemic stroke patients pre-
sented and admitted to our department between January 2018 and December
2020.

We included patients diagnosed with acute ischemic stroke during the study
period. The diagnosis of ischemic stroke was established when a new vascular le-
sion was detected on brain imaging (computed tomography CT or magnetic re-
sonance imaging MRI) explaining patient clinical manifestations. Contrarily,
cases with recurrent stroke, transient ischemic attacks (TIA), negative brain ra-
diology, primary brain tumor or brain metastasis were excluded.

A total of 264 cases were included in the current study, of whom 210 patients

had a stroke without cancer (Group A), and the remaining 54 patients had a

DOI: 10.4236/wjns.2021.114022

308 World Journal of Neuroscience


https://doi.org/10.4236/wjns.2021.114022

M. Abbas et al.

stroke in association with cancer (Group B).

Regarding the ethical consideration, it gained approval from the local ethical
committee and Institutional Review Board (IRB) of Mansoura University. Addi-
tionally, informed written consent was signed by all participants (or their rela-
tives in case of disturbed conscious level) after an explanation of the benefits and
possible complications of each intervention performed.

The patient evaluation included detailed history taking, thorough clinical ex-
amination and routine laboratory investigations. Patient history included per-
sonal history, current complaint with its analysis, and detailed medical history
regarding diabetes, hypertension, ischemic heart disease, cardiac dysrhythmia,
or previous stroke events. Cancer-related data included the primary tumor site,
duration of disease, and the presence of disseminated disease. Full neurological
assessment was done for all cases, and the National Institutes of Health Stroke
Scale (NIHSS) [16] was calculated for all subjects at admission.

The radiological investigation included brain CT and/or MRI was ordered to
confirm the diagnosis. This was ordered for all patients. Other radiological in-
vestigations included transthoracic echocardiography, carotid doppler study,
and transcranial doppler, and they were ordered in most of the cases to deter-
mine stroke etiology. The etiology of stroke was classified according to the Trial
of Org 10172 in Acute Stroke Treatment (TOAST) classification criteria [17].

Laboratory investigations included platelet count, serum ferritin and d-dimer
levels. Serum ferritin and d dimer concentrations were measured using the clas-
sic ELISA technique. The former was measured by AccuBind serum ferritin kit
(Monobind Inc., USA), while the latter was assessed by ZYMUTEST D-Dimer
ARKO023A kits (Hyphen Biomed, France).

The previous data were collected to be analyzed and compared between can-
cer and non-cancer patients. Our primary objective was to compare ferritin and
d dimer levels between the two groups. Other objectives included the difference
in clinical characteristics and mortality between the two groups.

To analyze the data, we used the SPSS 26 statistical analysis package from
IBM/SPSS Inc. in Chicago, IL. Patient baseline characteristics were presented as
either frequencies and percentages (%) or mean and standard deviations (SD).
To compare data, we applied the Chi-Square test (or Fisher’s exact test) to com-
pare two independent groups of qualitative data, whereas we used the
Mann-Whitney U test and independent-Samples t-test to compare two groups of
non-parametric and parametric quantitative data, respectively. A p-value less

than 0.05 was considered statistically significant.

3. Results

As shown in Table 1, patient demographics, including age and gender, were sta-
tistically comparable between the two groups (p > 0.05). The prevalence of
smoking was 41.9% and 37.04% in Groups A and B, respectively. Regarding sys-

temic comorbidities, it was more or less similar between the two groups, with no
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Table 1. Demographic and clinical history data of the two study groups.

Group A (n =210) Group B (n =54) p value

Age (years) 66.28 9.83 64.08 + 8.89 0.447
Gender
-Male 143 (68.10%) 38 (70.73%) 0.562
-Female 67 (31.90%) 16 (29.63%)
Smoking 88 (41.90%) 20 (37.04%) 0.257
Medical history
-Hypertension 149 (70.95%) 34 (62.96%) 0.126
-Diabetes mellitus 85 (40.48%) 25 (46.30%) 0.158
-Atrial fibrillation 59 (28.10%) 13 (24.10%) 0.214
-Dyslipidemia 37 (17.62%) 7 (12.96%) 0.178
-Coronary artery disease 22 (10.48%) 8 (12.50%) 0.382
TOAST subtype
-Large vessel disease 111 (52.86%) 25 (46.30%)
-Cardioembolism 42 (20%) 12 (22.22%) 0.288
-Small vessel disease 25 (11.90%) 8 (14.81%) ’
-Other determined cause 5(2.38%) 2 (3.7%)
-Not determined 27 (12.86%) 7 (12.96%)
NIHSS at admission 14.35 £ 3.51 14.25 £ 4.02 0.260
In-hospital mortality 15 (7.14%) 14 (25.93%) 0.005*

NIHSS: National Institutes of Health Stroke Scale TOAST: Trial of Org 10,172 in Acute
Stroke Treatment.

significant difference detected. Hypertension was the most common comorbidi-
ty in the two groups, followed by diabetes mellitus. Other comorbidities in-
cluded atrial fibrillation, dyslipidemia and coronary artery disease.

NIHSS had mean values of 14.35 and 14.25 in the two study groups, respec-
tively (p = 0.260). Additionally, the etiology of stroke was also comparable be-
tween the two groups according to the TOAST classification (p = 0.288).
In-hospital mortality was encountered in 15 (7.14%) and 14 (25.93%) patients in
the same groups, respectively, with a significant increase in association with ma-
lignancy.

When it comes to laboratory parameters, platelet count was statistically com-
parable between the two groups (p = 0.132), which had mean values of 306 and
324 x 10*/ml in groups A and B, respectively. On the other hand, both serum
ferritin and d dimer showed a significant increase in association with cancer
(Group B) (p < 0.001). The former had mean values of 294.54 and 867.87 ng/ml,
while the latter had mean values of 463.83 and 888.13 ng/ml in the same two
groups, respectively. The previous data are shown in Table 2.

In Group B, primary cancer sites were distributed as follows; gastrointestinal
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Table 2. Laboratory parameters in the two study groups.

Group A (n =210) Group B (n=54) pvalue

Platelet count x 10*/ml 306 (120 - 470) 324 (110 - 550) 0.132
D-dimer (ng/ml) 463.83 + 153.07 888.13 + 256.09 <0.001*
Ferritin (ng/ml) 294.54 + 113.53 867.87 + 291.93 <0.001*

Table 3. Clinical data in cancer patients with stroke (Group B).

Item (n =54)
Type of primary cancer
-GIT 23 (42.59%)
-Breast 13 (24.07%)
-Lung 9 (16.67%)
-Urogenital 6 (11.11%)
-Hematological 3 (5.56%)
Duration of cancer (year) 3(2-5)
Presence of metastasis 23 (42.59%)

tract (42.59%), breast (24.07%), lung (16.67%), urogenital (11.11%), and hema-
tological (5.56%). Distant metastasis was detected in 23 patients (42.59%). The
mean duration of malignancy ranged between two and five years (median = 3).

Table 3 summarizes these data.

4. Discussion

Cerebrovascular disease and cancer are two of the most common diseases that
contribute to death or disability around the world. The risk of an ischemic stroke
in patients with malignant disease is substantially higher than in the general
population, as has been documented in the literature [18] [19] [20]. This should
encourage us to increase the study into the underlying causes and mechanisms
of cancer-associated ischemic stroke.

This study was conducted to evaluate serum levels of ferritin and d-dimer in
cases with ischemic stroke in cancer patients compared to non-cancer patients.
We reviewed the data of consecutive 264 patients, who were divided into two
groups; Group A (210 non-cancer patients with stroke) and Group B (54 cancer
patients with stroke).

According to the previously mentioned results, we did not detect any signifi-
cant difference between the two study groups in terms of patient demographics
and most of their clinical risk factors and should nullify any bias that might have
skewed the results in favor of one group rather than the other one.

In the current study, current smoking was reported by 41.9% and 37.04% of
patients in the two groups, respectively (A and B), with no statistical difference

detected (p = 0.257). Likewise, other authors denied any significant difference
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between cancer and non-cancer groups regarding the prevalence of smoking (p
= 0.40), which was reported by 17.9% and 21.8% of patients in the two groups,
respectively [1]. Smoking is a significant risk factor for malignancy and ischemic
stroke, and it is also the underlying etiology of the vast majority of ischemic
strokes in cancer patients [21] [22].

Our findings showed no difference between the study groups regarding the
prevalence of hypertension (p = 0.126). It was detected in 70.95% and 62.96% of
patients in groups A and B, respectively. Romeiro and his associates reported
that hypertension was present in 71.43% and 79.47% of patients in cancer and
non-cancer groups, respectively, with no statistical difference detected (p > 0.05)
[23]. On the other hand, another study reported a higher prevalence of hyper-
tension in the non-cancer group (78.8% compared to 54.5% in the cancer group
p<0.01) [1].

In the current study, diabetes mellitus was present in 40.48% and 46.3% of pa-
tients in Groups A and B, respectively (p = 0.158). Stefan and his associates also
reported no significant difference between the two groups regarding the preva-
lence of diabetes (p > 0.05), which was 24% and 28% of patients in cancer and
non-cancer groups, respectively [24]. Other authors confirmed the previous
findings [25]. In contrast to the previous findings, another study reported a
higher prevalence of diabetes in the non-cancer group (33.77% compared to only
16.07% of patients in the cancer group, p < 0.05) [23].

In our study, atrial fibrillation was detected in 28.1% and 24.01% of patients in
groups A and B, respectively, which was statistically insignificant between the
two study groups (p = 0.214). In another study, authors reported that atrial fi-
brillation was encountered in 15.25 and 20.6% of patients in cancer and
non-cancer groups, respectively, with no statistical difference between the two
groups (p = 0.382) [26]. Contrarily, Kim and Lee reported a higher prevalence of
the same pathology in the non-cancer group (p < 0.01), as it was present in
23.1% of cases in that group, compared to only 9.6% in the cancer group [1].

In the current study, the prevalence of dyslipidemia did not significantly differ
between the two groups (p = 0.178), as it was present in 17.62% and 12.96% of
patients Groups A and B, respectively. Romeiro et al also reported a comparable
prevalence of dyslipidemia between cancer and non-cancer groups (p > 0.05).
Nevertheless, the reported incidence was higher than ours, as this morbidity was
detected in 39.29% and 52.89% of patients in cancer and non-cancer groups, re-
spectively [23]. However, other authors reported a significant difference between
the same two groups regarding dyslipidemia (p < 0.01), which was present in
6.4% and 39.7% of patients in cancer and non-cancer groups, respectively [1].

Our findings showed that coronary artery disease was present in 10.48% and
12.5% of patients in Groups A and B, respectively, which yielded no significant
difference between the two groups on statistical analysis. In line with our find-
ings, Sorgun et al. reported that the same cardiac morbidity was noted in 21.7%

and 23.4% of patients in cancer and non-cancer groups, respectively (p = 0.799)
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[26]. Other authors confirmed the previous findings [24].

In the current study, the etiology of stroke was also comparable between the
two groups according to the TOAST classification (p = 0.288). Likewise, Bang
and his associates reported similar stroke subtypes between cancer and
non-cancer patients [13]. Moreover, Zhang et al confirmed the previous find-
ings as TOAST classification was not statistically significant between cancer and
non-cancer stroke patients [27]. However, in another study, cancer patients with
stroke showed a higher incidence of large-artery atherosclerosis and undeter-
mined etiology and lower incidence of small artery occlusion and cardioembol-
ism when compared to non-cancer patients (p = 0.02) [1]. The difference in
stroke etiology between different studies could be explained by different sample
sizes and patient characteristics.

In our study, platelet count was statistically comparable between the two
groups (p = 0.132), and this is in agreement with Sorgun and his colleagues, who
reported that the same parameter was statistically comparable between the two
groups (218 vs. 229.5 x 10°/ml in cancer and non-cancer groups respectively)
[26].

Our findings showed significant elevation of serum d dimer levels in associa-
tion with cancer. It had mean values of 463.83 and 888.13 ng/ml in groups A and
B, respectively (p < 0.001). A previous study also confirmed the previous find-
ings, as the same parameter had mean values of 2370.5 and 324.2 ng/ml in can-
cer and non-cancer groups, respectively (p < 0.001) [1].

Sorgun et al. reported that d dimer had median values of 1519 and 590 ng/ml
in cancer and non-cancer groups, respectively, with a significant rise in cancer
patients (p < 0.001) [26]. An additional study confirmed the previous findings
[28].

Multiple studies have incriminated both hypercoagulability and embolism in
the development of ischemic stroke in cancer patients. Cancer patients with
ischemic stroke (who had no other common stroke risk factors) had significantly
higher levels of d dimer that corresponded with the rise in embolic signal during
transcranial Doppler monitoring. [11] [13] [29].

When it comes to serum ferritin in the current study, it showed a significant
increase in association with cancer (p < 0.001). It had mean values of 294.54 and
867.87 ng/ml in Groups A and B, respectively. To the best of our knowledge,
there is a clear paucity of studies handling the role of serum ferritin in can-
cer-associated ischemic stroke. This represents a point of strength in favor of our
study.

Wei and his coworkers also reported that high ferritin level was a strong pre-
dictor for ischemic stroke development in patients with non-Hodgkin lympho-
ma (p < 0.001). It had mean values of 564 ng/ml in cases that developed stroke,
compared to 323.41 ng/ml in cases that did not develop that complication [15].
In cancer patients, elevated serum ferritin, a protein functioning as iron storage,
is associated with inflammation and is also linked to a hypercoagulable condi-
tion [30] [31] [32].
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Serum ferritin’s precise mechanism in a hypercoagulable condition is yet un-
known, but we hypothesized that it could cause a significant inflammatory re-
sponse, resulting in hypercoagulability, which in turn enhances the development
of ischemic stroke in patients with malignant neoplasms.

Gastrointestinal tract cancer was the commonest one encountered in our se-
ries (42.59%). This was followed by breast (24.07%), lung (16.67%), urogenital
(11.11%), and hematological (5.56%). Another study reported gastric cancer was
the commonest primary tumor in the included cancer population with stroke
(21.2%), followed by lung cancer (16%), colorectal cancer (14.1%) and hepatobi-
liary cancer (12.8%). Other malignancies included prostate, breast, pancreas,
cervical, urological and hematological neoplasms [1].

To date, a number of studies have sought to determine which types of cancer
are most closely associated with stroke [33]. According to a previous study,
among the included 1274 stroke patients, 13% of cases were also diagnosed with
cancer, with the most common cancer kinds being urogenital, breast, and ga-
strointestinal [24]. Furthermore, a greater risk of stroke was observed in cancer
patients who had been diagnosed with lung, pancreatic, colorectal, breast, or
prostate cancer [34].

Our findings showed a significant increase in mortality rate in association
with cancer (p = 0.005), which was encountered in 25.93% of cancer patients,
compared to 7.14% of non-cancer cases. Similarly, other authors reported that
the presence of cancer was associated with a significant rise in in-hospital mor-
tality in patients with stroke (p = 0.013). Mortality occurred in 21.7% and 9.9%
of cases in cancer and non-cancer groups, respectively [26].

Our study has some limitations. It was conducted in a single center in nature,
and the relation between the two study's biomarkers and patient prognosis
should have been evaluated. These cons should be handled in the upcoming stu-

dies.

5. Conclusion

Based on the previous findings, serum ferritin and d-dimer showed a significant
increase in cancer-associated ischemic stroke. This confirms the role of the
hypercoagulable state, associated with malignancy in the development of this

morbidity.
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