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Propose: To investigate the clinical characteristics and potential risk factors of the first
onset of cerebral hemorrhage in patients with occult malignant tumors.

Patients and methods: In this retrospective study, 23 patients with occult malignant
tumors with the first onset of cerebral hemorrhage were enrolled in the tumor group, and
92 patients without occult tumors in the same period were enrolled in the control group.
There were no statistical differences in age and sex between both groups by propensity score
matching. Collected clinical data included age, sex, smoking history, drinking history,
hypertension history, diabetes history, past medical history, routine blood tests, neutrophil-
to-lymphocyte ratio (NLR), liver and kidney function, fasting blood glucose level, coagula-
tion function, tumor markers, imaging examinations, National Institute of Health stroke scale
(NIHSS) score on admission, modified Rankin Scale (mRS) score 90 days after intracerebral
hemorrhage and final mRS score.

Results: Compared with the control group, the tumor group had fewer patients with
hypertension (52.2% vs 81.5%, P<0.05), and the NLR was significantly decreased in the
tumor group (2.74 vs 5.46, P<0.05). The tumor group had a greater number of patients with
the bleeding sites located in the lobar regions (43.5% vs.19.6%, P<0.05) and a higher
coagulation dysfunction (52.2% vs 29.3%, P<0.05) than the control group. Multivariate
logistic regression analysis revealed that no history of hypertension (OR: 3.141, 95% CI:
1.107-8.916), lobar cerebral hemorrhage (OR: 3.465 95% CI:1.172-10.243), and coagulation
dysfunction (OR: 3.176, 95% CI: 1.131-8.913) were independent predictors of occult
tumors, and the receiver operating characteristic (ROC) curve showed that the area under
the curve of the three-index combined diagnosis was 0.748, C-statistic analysis also showed
the same result.

Conclusion: No history of hypertension, lobar cerebral hemorrhage, and coagulation dys-
function may be predictors of the risk of occult malignancies in patients with cerebral
hemorrhage.
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Introduction

Cerebrovascular disease is a major cause of acquired disability,' and intracranial
hemorrhage (ICH) is a fatal stroke with high morbidity and mortality.” * Apart from
vascular diseases, cancer is the leading cause of death worldwide.® Several risk
factors are associated with cerebral hemorrhage and cancer, and both diseases may

affect patients simultaneously. Cerebrovascular disease is a common complication
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of malignant tumors, and it is the second most common
complication of malignancy in the central nervous system,
including ischemic and hemorrhagic strokes, of which
intracranial hemorrhage accounts for nearly 50% of the
cases.”’ Some studies have shown that systemic tumors
increase the risk of cerebral hemorrhage. A retrospective
study conducted by Zéller et al in Sweden with 820,491
cases showed that the incidence of intracerebral hemor-
rhage was 2.2%, 1.4%, and 1.3% after 6, 6—12, and 15
years, respectively, of a diagnosis of malignant tumor,
which was significantly higher than that in the normal
population.®* Moreover, a study found that among the
patients registered in the Danish Malignancy Centre, the
incidence of stroke 1 year before the diagnosis of malig-
nancy was two times higher than that of the control
group,’ suggesting that malignant tumors are directly or
indirectly involved in the occurrence of cerebral hemor-
rhage, this is defined as malignant tumor-associated cere-
bral hemorrhage.®'® The pathogenesis of malignant tumor-
associated cerebral hemorrhage may be related to intratu-
moral hemorrhage, coagulation dysfunction, venous sinus
thrombosis, ischemic stroke hemorrhagic transformation,
hypertension, aneurysm, trauma, and reversible posterior
cerebral syndrome.”"'™'> Tumors associated with intracer-
ebral hemorrhage are not uncommon in clinical practice;
however, intracerebral hemorrhage rarely occurs as the
first manifestation of a malignancy, and there are only
a few relevant studies.'® Huang et al'” described the clin-
ical manifestations and possible pathogenesis of 17 cases
of patients with malignant tumor with intracerebral hemor-
rhage as the first manifestation; however, they did not
compare them with those in common intracerebral hemor-
rhage. In other existing reports, the incidence varied from
1% to 10%,'*'> which may be due to the differences in
study groups. In different studies, 4%'® or 6%'° of patients
who underwent surgical treatment for intracerebral hemor-
rhage were found to have occult malignancies, while 1%>°
and 4%°' of occult malignancies were found during
autopsy and imaging examinations, respectively.

In addition, cancer is an independent predictor of poor
prognosis in patients with intracerebral hemorrhage.
Compared with non-cancer patients, patients with systemic
cancer have higher mortality and poorer prognosis after
intracerebral hemorrhage.”*** The clinical characteristics,

treatment plan, and prognosis of malignant tumor-
associated cerebral hemorrhage may differ from those of
common acute intracerebral hemorrhage. Therefore, early
identification of occult systemic tumors with intracerebral
hemorrhage as the first manifestation is required for better
and timely development of appropriate clinical protocols
for patients. This study aimed to investigate the clinical
characteristics and potential risk factors of the first onset
of cerebral hemorrhage in patients with occult malignant

tumors.

Materials and Methods
Study Population

This study included patients with acute or subacute cere-
bral hemorrhage (within 14 days of onset) who were
hospitalized in the First Affiliated Hospital of Zhengzhou
University between January 2017 and December 2020.
Patients with occult malignant tumors that had a first
onset of cerebral hemorrhage were enrolled into the
tumor group, and patients without occult tumors in the
same period were randomly enrolled in the control
group. There were no statistically significant differences
in age and sex between the two groups of patients using
propensity score matching. The inclusion criteria for the
tumor group were as follows: (1) Patients with neurologi-
cal impairment and new cerebral hemorrhage confirmed
by imaging examination. The diagnostic criteria are based
on the 2015 AHA/ASA (American Heart Association/
American Stroke Association) Guideline on Spontaneous
Intracerebral Hemorrhage.>* (2) Patients who were patho-
logically confirmed to have systemic malignant tumor
during hospitalization. (3) Patients with tumors that did
not undergo pathological evaluation during hospitalization,
but were diagnosed with malignant tumors after computed
tomography (CT), magnetic resonance imaging (MRI),
magnetic resonance spectroscopy (MRS), and other ima-
ging examinations, and after consultation with two or
more imaging experts and oncologists (during the final
follow-up, patients with malignant tumors were confirmed
by pathology). The exclusion criteria for the tumor group
were as follows: (1) Age <18 years; (2) past cerebral
infarction or other neurological diseases; (3) a clear history
of the existence of a solid tumor prior to admission; and
(4) newly discovered tumor was a hematological tumor or
a primary intracranial tumor. The above criteria were
jointly determined by an oncologist, a neurologist, and
a neuroimaging expert. This study is a cross-sectional
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study and strictly complies with the Declaration of
Helsinki. It also was approved by the Research and
Clinical Trial Ethics Committee of the First Affiliated
of Zhengzhou University (2019-KY-123).
Almost all of the patients had gave the informed consent

Hospital

for the study, as two patients were deprived of the ability
to give informed consent due to health condition, their
written informed consent to the participation of this
study was obtained from their legal guardian/next of kin.

Data Collection

Individual clinical data were collected, including age;
gender; history of smoking; drinking; hypertension; dia-
betes; routine blood tests; neutrophil-to-lymphocyte ratio
(NLR); liver and kidney function; blood glucose concen-
tration; coagulation function; tumor markers; brain CT,
MRI imaging, MRA, angiography, lung CT, and other
imaging examinations; pathological types; metastasis;
and the method used to treat the tumor. NIHSS score on
admission and mRS score 90 days after intracerebral
hemorrhage were also recorded. The NIHSS score was
used to assess the degree of neurological impairment at
admission, and the mRS score was used to assess the
prognosis after cerebral hemorrhage. The follow-up data
were obtained by clinical or telephonic follow-up every 6
months, clinical disability in patients at the last follow-up
were recorded as final mRS score. Based on previous
studies, coagulation dysfunction'® is defined as (satisfying
any of the following conditions): platelet count <100 x
10°/L; international standard ratio>1.5; activated partial
thrombin time >45 S; prothrombin time(PT)>15 S; diffuse
intravascular coagulation (DIC): fibrinogen < 2 g/L and
D-dimer >290 pg/L. According to the SMASH-U
classification,”> the causes of cerebral hemorrhage are
divided into vascular structural damage, drugs, cerebral
amyloid angiopathy(CAA), systemic diseases, hyperten-
sion, and unknown causes.

Statistical Analysis

Data were analyzed using SPSS software (version 26.0;
International Business Machines Corporation, Chicago, IL,
USA) and R software (version 3.5.2). We compared the
demographic and clinical characteristics between tumor
group and control group. If the Shapiro—Wilk test showed
that continuous variables were normally distributed, they
were expressed as means and standard deviations (SD) and
data were

were compared using t-tests. Otherwise,

expressed as medians (interquartile range) and compared

using the Mann—Whitney U-test. Classification variables
were expressed as frequency (percentage, %) and were
compared using the chi-square test or continuity correction
of chi-square. Variables with P <0.1, were included in
a multivariate model. Multivariate logistic regression was
performed to analyze the independent risk predictors of
patients with occult malignant tumors with the first onset
of cerebral hemorrhage. Receiver operating characteristic
(ROC) curve analysis and C-statistic analysis were used to
test the predictive ability of absence of hypertension his-
tory, cerebral hemorrhage, and coagulation dysfunction for
occult malignant tumors. A two-tailed P-value of <0.05
was considered statistically significant.

Results
Demographics and General

Characteristics

Among the 4183 patients with acute cerebral hemorrhage,
23 were included in the tumor group, accounting for
0.55% of the patients. They included 18 males (78.3%)
and 5 females (21.7%), with an average age of 59.52
+12.17 (range, 30—79) years, and the median age was 59
years. A total of 92 patients with an average age of 59.57
+11.93 years were enrolled in the control group. The
tumor group had less cases of hypertension than the con-
trol group (52.2% vs 81.5%, P<0.05), while diabetes
(4.3% vs 12%), smoking history (39.1% vs 30.4%), drink-
ing history (43.3% vs 25%), and coronary heart disease
(4.3% vs 8.7%) were not significantly different between
the two groups (Table 1).

Tumor-Related Clinical Data

Among the 23 cases, there were nine cases of lung cancer,
three cases of renal cancer, two cases of thyroid cancer,
one case each of thoracic malignancy, esophageal cancer,
gastric cancer, liver cancer, cholangiocellular cancer, colon
cancer, prostate cancer, ovarian cancer, and chorioepithe-
lial cancer; of these, 13 patients were pathologically diag-
nosed with malignant tumors within 7 days, and the other
10 patients did not undergo pathological examination, but
all of them underwent imaging examinations and were
highly suggestive of malignant tumors, and were ulti-
mately pathologically confirmed as malignant tumors dur-
ing follow-up. Eight of the 23 patients (34.8%) were tested
for tumor markers, and had elevated levels of one or more
tumor markers, including CA125, CA211, CA724, CA153,
carcinoembryonic protein, TPSA, FPSA, and HCG. Six of
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Table | Comparison of Clinical Data Between Patients with Occult Malignant Tumor and Common Cerebral Hemorrhage

Factors Tumor Group Control Group P-Value
Age, Years, Median(IQR) 59.52+12.17 59.57+11.93
59(50-69.5) 59(49.5-69)
Sex, N (%)
Male, N (%) 18(78.3) 72(78.3)
Female, N (%) 5(21.7) 20(22.7)
Hypertension, N (%) 12(52.2) 75(81.5) 0.003
Diabetes, N (%) 1(4.3) 11(12) 0.493
Smoking, N (%) 9(39.1) 28(30.4) 0.425
Drinking, N (%) 10(43.5) 24 (26.1) 0.102
CHD, N (%) 1 (4.3) 8(8.7) 0.795
Etiologic Classification
Vascular Malformation, N (%) 1(4.3) 9(9.8) 0.679
Hypertensive Cerebral Hemorrhage, N (%) 7(30.4) 51(55.4) 0.032*
CAA, N (%) 7(30.4) 17(18.5) 0.329
WBC,Median(IQR),(10%/L) WBC 6.8(6.06-9.6) 8.31 (6.6—10.55) 0.173
RBC,Median(IQR),(10'?/L) 4.39(44.83) 4.62(4.31-4.93) 0.095
HB,Median(IQR),(10°/L) 134(120-145) 142(132.5-149) 0.067
PLT,MeanSD,(10°/L) 219.35 £73.98 198.02 £58.38 0.141
ANC,Median(IQR),(10°/L) 4.17(3.17-7.1) 6.36(4.56-8.84) 0.024*
ALC,Median(IQR),(10°/L) 1.33(0.96-1.65) 1.2(0.82-1.48) 0.277
AMC,Median(IQR),(10°/L) 0.53(0.4-0.66) 0.5(0.35-0.61) 0.321
NLR,Median(IQR) 2.74(2.3-5.47) 5.46(2.74-10.35) 0.025%*
ALT,Median(IQR),(U/L) 22(16-27) 19(13.1-29.5) 0.471
AST,Median(IQR),(U/L) 22(17-26) 20.3(17-27.5) 0.713
GGT,Median(IQR),(U/L) 28(17-40) 25(17-41.5) 0.980
ALPMedian(IQR),(U/L) 79(66—110) 74(63.7-88) 0.104
Direct Bilirubin,Median(IQR),(MMOL/L) 5.13(3.16-7.8) 4.9(3.3-6.81) 0.875
Indirect Bilirubin,Median(IQR),(MMOLI/L) 5.98(3.8-12.1) 6.8(4.65-10.85) 0.754
Bun,Median(IQR),(MMOLI/L) 5(4-6.9) 5(3.71-6.1) 0.306
Creatinine,Median(IQR),(MMOLI/L) 62.3(54.8-76) 66(56.4-74) 0.958
Glucose,Median(IQR),(MMOL/L) 5.03(4.5-6.4) 5.61(4.91-6.68) 0.103
TC,Median(IQR),(MMOLI/L) 3.78(2.79-4.43) 3.86(3.12-4.89) 0.283
TG,Median(IQR),(MMOLI/L) 1.11(0.84-1.17) 1.26(0.96-1.61) 0.189
HDL,Mean+SD,(MMOL/L) 1.11£0.27 1.23£0.39 0.168
(Continued)
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Table | (Continued).
Factors Tumor Group Control Group P-Value
LDL,Median(IQR),(MMOL/L) 2.15(1.63-2.97) 2.58(2.05-3.17) 0.05
Coagulation Dysfunction, N (%) 12(52.2) 27(29.3) 0.039*
Prolonged Prothrombin Time, N (%) 12(52.2) 27(29.3) 0.039*
Elevated D-Dimer; N (%) 14(60.9) 32(34.8) 0.022*
Bleeding Site
Lobar, N (%) 10(43.5) 18(19.6) 0.017%*
Basal Ganglia, N (%) 521.7) 38(41.3) 0.083
NIHSS Score 10(6-16) 10(5-16) 0.823
MRS score at 90TH day after cerebral hemorrhage onset 4(3,5) 3(2,4) 0.199
Final MRS score 3(2,4) 2(1,3) 0.0l
Follow-up time 21(7,31) 30.5(18.25,39) 0.032
Cerebral Hemorrhage Trement
Surgery(N,%) 4(17.4) 22(23.9) 0.504
Drug Treatment(N,%) 19(82.6) 70(76.1) 0.504

Note: *p<0.05.

Abbreviations: CHD, coronary heart disease; CAA, amyloid angiopathy; WBC, white blood cell; IQR,Interquartile range; RBC, red blood cell; Hb, hemoglobin; PLT,
platelet; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; AMC, absolute monocytes count; NLR, neutrophil-to-lymphocyte ratio; ALT, alanine
transaminase; AST, aspartate aminotransferase; GGT, glutamyltranspeptidase; ALP, alkaline phosphatase; BUN, blood urea nitrogen; TC, total cholesterol; TG, triglyceride;
HDL, high-density lipoprotein; SD, standard deviation; LDL, low density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale.

the 23 patients developed metastasis, and 12 patients
received treatment (one surgery, six chemotherapy, one
chemoembolization of the tumor supplying artery, one
radiotherapy, one radio ion implantation, one steroid, and
two fresh frozen plasma for anticoagulant dysfunction.

Clinical Data of Cerebral Hemorrhage in

Tumor Group

In the tumor group, symptoms of intracerebral hemor-
rhage, such as limb weakness (60.9%), loss of conscious-
ness (60.9%), speech disorders (47.8%), headache
(43.5%), dizziness (39.1%), and nausea and vomiting
(34.8%) were more common. Symptoms of limb convul-
sions (17.4%), sensory disturbance (14.3%), visual impair-
ment (8.7%), and coma (4.3%) were less common.
According to the SMASH-U classification, the incidence
of hypertensive intracerebral hemorrhage in the tumor
group was less than that in the control group (30.4% vs
55.4%, P<0.05), while the incidence of arteriovenous mal-
formation (4.3% vs 9.8%) and CAA (30.4% vs 18.5%)
was not statistically significant. There was also no statis-
tically significant difference in the NIHSS score between

the tumor and control groups (Table 1). In the tumor
group, 90 days after cerebral hemorrhage, mRS score: 0—
1 score: 3 cases (13.1%), 23 score: 6 cases (26.1%), 4-5
score: 9 cases (39.1%), 6 score: 5 cases (21.7%).There
were no significant differences between the two groups
in the treatment of intracerebral hemorrhage (surgery or
drug therapy). There was also no difference in mRS score
between the two groups at 90 days after discharge, but
there was a significant difference in the final mRS score
between the two groups at the end of follow-up. Compared
with the control group, the final mRS score was higher (3
vs 2, P<0.05) and the follow-up time (21 vs 30.5 months,
P<0.05) was shorter in the tumor group.

Laboratory Examination Data

There were no significant differences in WBC, RBC, HB, PLT,
ALC, and AMC between the two groups (P>0.05), but the
ANC absolute value of neutrophil) (4.17 vs 6.36, P<0.05) and
NLR (2.74 vs 5.46, P<0.05) levels of patients in the tumor
group were lower than those of patients in the control group.
There were no statistically significant differences in liver func-
tion (liver enzyme), renal function (BUN, creatinine), and
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Figure | Neuroimage examples came from different patients with cerebral hemorrhage. (A) MRI of the patient with first occult lung cancer with cerebral hemorrhage, Al-
A3: T1 FLAIR, T2 FLAIR, and T2 Propeller series. (B) Head CT of the patient with first occult lung cancer with cerebral hemorrhage. (C) Head CT and MRI of the patient
with first occult lung cancer with cerebral hemorrhage. (no vascular risk factors); C1-C3: CT; C4-Cé6 are T| FLAIR, T2 FLAIR, and T2 FLAIR series, respectively.
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Table 2 Multivariate Logistic Regression Analysis of Occult Tumor Predictors
Factors OR 95% CI P -value
No history of hypertension 3.141 (1.107, 8.916) 0.032%*
Coagulation dysfunction 3.176 (1.131, 8.913) 0.028*
Lobar cerebral hemorrhage lobar cerebral hemorrhage lobar cerebral haemorrhage 3.465 (1.172, 10.243) 0.025*
NLR 0917 (0.829, 1.105) 0.094

Note: #p<0.05.

Abbreviations: OR, odds ratio; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio.

blood lipid (cholesterol, triglyceride, high-density lipoprotein,
and low-density lipoprotein) and blood glucose levels between
the two groups (P>0.05). However, the tumor group had more
patients with coagulation dysfunction than the control group
(52.2% vs 29.3%, P<0.05), which were characterized by pro-
longed PT (52.2% vs 29.3%, P<0.05) and increased D-dimer
levels (60.9% vs 34.8%, P<0.05); additionally, one patient in
the tumor group had DIC (Table 1).

Imaging Examination Data

All patients underwent CT or MRI. In the tumor group,
intracerebral hemorrhage occurred mainly in the supratentor-
ial area, distributed in both hemispheres (left, 12; right, 7;
bilateral, 3) or occurred as subtentorial hemorrhage (1). The
most common site of bleeding was located in the cerebral
lobar (43.48%), followed by the basal ganglia (21.7%), tha-
lamus (13.04%), cerebellum (4.35%), and multi-site bleeding
(13.04%) (Figure 1). Compared with the control group, there
was no significant difference in the distribution of bleeding
sites in the left and right hemispheres of the brain in the
tumor group (left: 52.2% vs 38.8%, right: 30.4% vs 52.2%,
P>0.05). Compared with the control group, the site of hemor-
rhage in the tumor group was more commonly located in the
cerebral lobar regions (43.5% vs 19.6%, P<0.05) (Table 1).
The average amount of cerebral hemorrhage in the tumor
group was 17.05+£11.60mL, and the distribution of bleeding
volume was as follows: 0—10 mL, seven cases; 10-20 mL,
four cases; 20-30 mL, six cases; >30 mL, two cases (because
the amount of bleeding could not be calculated, four patients
were not included in the analysis due to bleeding into the
ventricle or bleeding in multiple locations). Thus, the amount
of bleeding between the two groups was not compared.

The Predictors of Occult Tumors are
Evaluated by Multivariate Logistic

Regression
Variables with P-values of <0.1, which were clinically
considered to be closely related to the dependent variables,

were included in the multivariate model. Multivariate
logistic regression was performed to analyze the indepen-
dent risk predictors of occult malignant tumors in patients
with the first onset of cerebral hemorrhage, and this
revealed that no history of hypertension (OR: 3.141, 95%
CI: 1.107-8.916), coagulation dysfunction (OR: 3.176,
95% CI: 1.131-8.913), and lobar cerebral hemorrhage
(OR: 3.465, 95% CI: 1.172-10.243) were independent
predictors of occult tumors, while NLR (OR: 0.917, 95%
CI: 0.829-1.015) was not included in the regression equa-
tion (Table 2).

ROC Curve Analysis of Predictors and
C-Statistic Analysis

ROC curve analysis was used to test the predictive
ability of the absence of hypertension history, cerebral
hemorrhage, and coagulation dysfunction for occult
malignant tumors. ROC curve analysis was carried out
for these three factors alone, combined with pair, and
combined with three factors, which showed that the
combined diagnosis of the three factors had the best
predictive ability; the area under the curve of three-
0.748 (Table 3).
C-statistic showed the same results as the ROC curve
analysis (Table 4).

index combined diagnosis was

Table 3 ROC Curve Analysis of Predictors

Factor AUC SE 95% CI

No history of hypertension(A) 0.647 0.03 0.512-0.781
Lobar cerebral hemorrhage(B) 0.62 0.077 0.484-0.755
Coagulation dysfunction (C) 0.614 0.091 0.482-0.746
A+B 0.706 0.002 0.581-0.830
A+C 0.716 0.001 0.597-0.834
B+C 0.683 0.007 0.557-0.809
A+B+C 0.748 <0.001 0.636-0.861

Abbreviations: AUC, area under the curve; SE, standard error; Cl, confidence
interval.
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Table 4 C-Statistic Analysis of Predictors

Factor C-Index | SD 95% ClI

No history of hypertension(A) | 0.647 0.112 | 0.537-0.757
Lobar cerebral hemorrhage(B) | 0.62 0.111 0.502-0.726
Coagulation dysfunction (C) 0.614 0.114 | 0.511-0.729
A+B 0.716 0.114 | 0.604-0.828
A+C 0.706 0.117 | 0.591-0.821
B+C 0.683 0.121 | 0.564-0.802
A+B+C 0.748 0.111 | 0.639-0.857

Abbreviations: SD, Standard deviation; Cl, Confidence interval.

Discussion

We analyzed the clinical characteristics of 23 cases of
occult systemic tumors with cerebral hemorrhage as the
first manifestation, and found that there were fewer
patients with hypertension, diabetes, smoking history,
drinking history, and coronary heart disease history, and
this shows that traditional vascular risk factors may not
be the main cause of cerebral hemorrhage in patients
with occult malignancies, which is consistent with the
reports of previous studies.'” We further compared the
etiology classifications of the two groups with reference
to the SMASH-U classification and found that the tumor
group had less cases of hypertensive cerebral hemorrhage
than the control group, which has a certain prompting
effect on the diagnosis of occult malignant tumors, and
for further exclusion, malignant tumor-related examina-
tions provide reference significance. Previous reports
have shown that tumor-related intracerebral hemorrhage
is located in the lobar of the brain, accounting for 60% of
cases.'* Similar results were obtained in this study, and
the difference was statistically significant when com-
pared with the control group. In addition, according to
the definition of coagulation dysfunction,'® in this study,
12 of the 23 patients had coagulation dysfunction mani-
festing mainly as prolonged PT and elevated D-dimer
levels, which is consistent with the findings of previous
reports and suggests that thrombin dysfunction is
a possible mechanism of tumor-related intracerebral
hemorrhage.'**® Moreover, this indicates that abnormal
coagulation may be the main cause of intracerebral
hemorrhage in patients who do not have conventional
vascular risk factors; however, coagulation dysfunction
only accounts for a small proportion of common cerebral
hemorrhage.”” Some studies have shown that the most
common causes of malignant tumor-related ICH may be

intratumoral hemorrhage and abnormal coagulation,'%'®

and abnormal coagulation is usually caused by a variety
of mechanisms, including abnormal platelet and abnor-
mal coagulation factors. Platelet abnormalities occur in
patients with bone marrow suppression and tumor infil-
tration after chemotherapy or radiotherapy, and are
mostly seen in those with hematological malignancies.
Abnormal coagulation factors are usually caused by vita-
min K deficiency caused by liver failure, malnutrition, or
DIC."" In a study of 1117 patients with solid tumors, the
incidence of chronic low-grade DIC in solid tumors was
reported to be 6.8%.”® It has also been reported that
recurrent hemorrhagic stroke may be the initial manifes-
tation of occult malignancy and may be related to
DIC 29:30

The mechanism of paratumor DIC is not fully under-
stood, but it is undoubtedly different from that of sepsis-
associated DIC, where extensive endothelial damage is
pathogenic.>' In the early stages of cancer, coagulants,
such as plasma cancer marker, inflammatory factors, and

31,32 may cause an

tissue factors, produced by the tumor
increase in platelets in the blood, lead to a hypercoagulable
state, activate the coagulation system, produce excessive
thrombin, and then increase the consumption of platelets,
coagulation factors, and blood coagulation inhibitors,
which puts the body in a state of DIC and increases the
risk of intracranial hemorrhage.****

However, in patients with solid tumors, this process is
usually characterized by a chronic or subacute, well-
compensated state. In this state, it may be difficult to
find abnormalities in routine laboratory coagulation tests,
and in some circumstances, such as surgery, the balance
may be tilted, leading to thrombosis or bleeding, which
can lead to cerebral hemorrhage and the discovery of
occult malignancies.®” Interestingly, ischemic stroke due
to hypercoagulability during chronic DIC is also possible,
but is less common.?® In addition, coagulation dysfunction
is an independent risk factor for mortality after surgical
treatment in patients with cancer complicated with intra-
cerebral hemorrhage, suggesting that coagulation dysfunc-
tion is closely related to the prognosis of cancer-related
intracerebral hemorrhage.*® We also found that the NLR in
the tumor group was relatively lower than that in the
control group. Immune-associated inflammation also
plays an important role in ICH-induced brain injury and
malignant tumors.>’** NLR is an indicator of poor prog-
nosis of some malignant tumors and cerebral hemorrhage,
and is an easily measured inflammatory marker;***> how-

ever, it may not be an independent predictor of occult
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neoplasms due to the limited sample size in our study. In
addition, there was no significant difference in mRS score
90 days after discharge between the two groups. However,
final mRS score of the tumor group was higher than that of
the control group during the follow-up period, which may
be caused by the effect of tumor with death as the obser-
vation end point.

Furthermore, multivariate logistic regression analysis
suggested that only no history of hypertension, lobar
cerebral hemorrhage, and coagulation dysfunction were
independent predictors of occult malignancies in
patients with cerebral hemorrhage, and the combined
diagnosis could increase the efficiency of the prediction.
However, the specific mechanism of this occurrence
remains to be prospectively studied in a large sample
in future, so as to explore an available forecasting
model. '*7'° In this study, lung CT was performed on
all 10 patients who had lung masses, and lung cancer
was subsequently diagnosed. One patient also underwent
lung CT due to pulmonary infection and was diagnosed
with liver cancer after an incidental discovery of the
liver mass. Tumor markers were detected in eight of
the 23 patients, all of whom had one or more elevated
tumor marker levels, which indicated that lung CT and
tumor markers were necessary to improve the detection
rate of combined lung cancer when the cause of intra-
cerebral hemorrhage is unknown; previous studies have
also shown that elevated plasma CEA and CA199 levels
are associated with the pathogenesis of lung cancer
related cerebral hemorrhage (LCRCH), and that the
index derived from independent risks should serve as

a specific biomarker of LCRCH.?¢

Limitations

This study is a single-center retrospective study, although
there were no statistical differences in age and sex between
both groups by propensity score matching, we did not
balance other differences that may have caused tumors,
and the unbalanced sample size of each group may have
led to bias in the results. Therefore, a prospective multi-
center study with more cases is needed to further verify the
conclusions.

Conclusion

In summary, having no history of hypertension, lobar
cerebral hemorrhage, and coagulation dysfunction may
be predictors of the risk of occult malignancies in patients

with cerebral hemorrhage, and this may help in the early
detection of occult tumors.
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