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Abstract: Leukocytosis has actually been associated with thrombosis and death in cancer patients. We explored the
association of leukocytosis with venous thromboembolism (VTE) and early death in cancer patients initiating
chemotherapy. Data from a potential, multicenter observational study of treatment-related problems in 4,405
ambulatory cancer patients initiating chemotherapy was utilized for this analysis. The association of leukocytosis,
VTE and mortality during the course of chemotherapy was examined in multivariate and univariate analysis.

In conclusion, Elevated WBC, especially neutrophils, is highly associated with increased threat of VTE and death
in cancer patients receiving systemic chemotherapy. Further studies are had to elicit the mechanisms involved.
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1. INTRODUCTION

Leukocytosis has been revealed to be associated with increased threat of both arterial and venous thrombosis in a number
of clinical settings including ischemic heart disease ), cerebrovascular disease @, and myeloproliferative disorders

B51-A raised leukocyte count prior to initiation of chemotherapy was recently determined as one of five clinical elements
predictive of increased threat for venous thromboembolism (VTE) in cancer patients .. In addition, leukocytosis has been
demonstrated to be associated with increased mortality in several subgroups of cancer patients Y*“'Cancer-associated
thrombosis is an important problem. Cancer patients are at 2-7 fold increased danger of establishing VTE compared with
patients without cancer > Apoplexy is the second leading cause of death in cancer patients getting chemotherapy 2nd
only to disease development ™, and is related to other substantial morbidities consisting of increased threat of bleeding
and reoccurring VTE 1517

The goal of the current analysis was to identify the relationship between leukocytosis, apoplexy, and early mortality in a
big potential observational study of cancer patients starting chemotherapy. A better understanding of the role leukocytes
play in cancer progression and thrombosis may guide methods such as targeted thromboprophylaxis which might possibly
reduce the incidence of cancer-associated thrombosis.

2. METHODOLOGY

We searched Ovid versions of MEDLINE, EMBASE and PUDMED up to 2015, As well as the Cochrane Database of
Systematic Reviews and Cochrane Controlled Trials Register. MESH terms used were ' Leukocytosis' and "Thrombosis',
"Tumor' and ' venous thromboembolism '. Further terms were included as text words. A high sensitivity "therapy"” (trials)
filter was applied to the EMBASE search. No other limits were applied to any of the searches. In addition, we hand
searched the reference lists of retrieved full-text papers.

3. RESULTS AND DISCUSSION

The research study population made up 4,405 patients with solid tumors or lymphoma enrolled in between March 2002
and October 2005. The typical age of the population was 60 years (variety 18-97, SD 13) and 40% of patients were 65
years of age or older (Table 1). Breast cancer was the most typical solid malignancy, followed by lung and colorectal
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cancer. Non-Hodgkin lymphoma was the most typical hematologic malignancy. Since of targeted registration of breast
cancer patients, a bulk of the patients were female. Over one-third of the research study population had metastatic disease.
Of the 4391 patients with offered standard white blood cell counts, 461 (12.8%) had raised an leukocyte counts.

Table 1 Characteristics of Study Population.

Category No. (%)
All Patients 4405* (100)
Age

-<65 yrs 2631 (59.7)

->65 yrs 1774 (40.3)
Gender

-Male 1470 (33.4)

-Female 2935 (66.6)
Stage

-1to3 2668 (60.6)

-4 1671 (37.9)

-Unknown 66 (1.5)
Performance status, ECOG

-0tol 3983 (90.5)

-2-4 420 (9.5)
Primary site of cancer

-Breast 1473 (33.4)

-Colorectal 521 (11.8)

-Lung 907 (20.6)

-Gynecologic 436 (9.9)

-Gastric and pancreatic 90 (2.0)

-Lymphoma 547 (12.4)

-Other solid tumors 431 (9.8)
Comorbidities

-Cerebrovascular disease 84 (1.9)

-Moderate or severe renal disease -Chronic 49 (1.1)
pulmonary disease 364 (8.3)

-Diabetes mellitus 533 (12.1)

-Body mass index > 35 kg/m2 532 (12.1)

-Liver complications 1308 (29.7)
Growth factor/steroid use after chemotherapy initiation

-Prophylactic Myeloid growth factor 889 (20.2)
-Erythropoiesis-stimulating factor started by cycle 2 1137 (25.8)

Leukocytosis and VTE:

VTE developed in 93 patients (2.1%) over a mean follow-up of 75 days (range 0-384 days). Roughly two-thirds of the
occasions were deep vein thrombosis and one-third were pulmonary emboli. The median time from initiation of
chemotherapy to development of VTE was 38 days (0-123 days). Sixty eight of 3830 (1.8%) patients with typical pre-
chemotherapy leukocyte count established VTE compared to 25 of 561 (4.5%) with raised pre-chemotherapy leukocyte
count. The incidence of VTE was highest in those patients with the greatest pre-chemotherapy leukocyte counts. In
addition pre-chemotherapy leukocytosis was associated with increased VTE when changed for in a multivariate design
consisting of type of malignancy, stage, pre-chemotherapy platelet count, pre chemotherapy hemoglobin level, use of
erythropoietic stimulating representatives, and BMI (Hazard Ratio (HR) 2.1, 95% confidence period (Cl) 1.3-3.4,
p=0.003) (Table 2). The increased danger of VTE with greater leukocyte count persisted while patients were on
chemotherapy. After exclud- ing the patients who established VTE or passed away throughout the first cycle, the VTE
rate in patients who had consistent leukocytosis after the very first cycle of chemotherapy (3.0%) is considerably higher
than the VTE rate in patients whose standard leukocytosis solves (1.7%) and patients with regular leukocyte counts
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throughout (1.2%) (P = 0.03 for trend). The mean standard leukocyte count in patients who did not establish VTE prior to
initiation of chemotherapy was 8.0 x 109 cells/L compared with 9.6 x 109 cells/L in those that did develop VTE (P =
0.001), and this considerable difference remained prior to subsequent cycles of chemotherapy. Elevation of both absolute
neutrophil count (ANC) (N 7.7 x 109 cells/L) and absolute monocyte count (AMC) (N 1.2 x 109 cells/L) prior to
initiation of chemotherapy was associated (Pb0.0001 for each) with increased risk of VTE although baseline
lymphocytosis (N4.8 x 109 cells/L) was not .

Table 2 Clinical variables associated with VTE by multivariate analysis.

Patient Characteristics HR P-value 95 9% ClI
Site of cancer
-Very high risk (stomach, pancreas) 3.84 0.006 1.47-10.03
High risk (lung, lymphoma, gynecologic, 1.58

. . . 0.043 1.02-2.46
genitourinary excluding prostate) 1.00
Low risk (breast, colorectal, head and neck)
Prechemotherapy platelet count>350x109/L 1.83 0.006 1.19-2.83
Hemoglobin level b 100 g/L or use of red cell | 2.31
growth factors 0.000 1.52-3.51
Prechemotherapy leukocyte count N11x109/L 2.10 0.003 1.30-3.40
BMI > 35 kg/m2 1.83 0.026 1.07-3.13

Leukocytosis and Mortality:

One hundred and thirty 3 patients died during the research study follow-up for an early mortality rate of 3.0%. The typical
time to death was 38 days (variety 4-169 days). Early death rate was considerably higher in patients with pre-
chemotherapy leukocytosis compared to patients with typical standard leukocyte count. The 150 day mortality rate as
approximated by the Kaplan-Meier method in patients with standard leukocytosis was 14.0% (95% CI 8.9-21.6%)
compared with 4.4% (95% CI 3.2-6.1%) in patients with regular leukocyte count (Pb0.0001) . Elevation of both absolute
neutrophil count and absolute monocyte count prior to initiation of chemotherapy was related to increased threat of early
mortality, but elevation of outright lymphocyte count out as not. The death rate in patients who have relentless
leukocytosis after the very first cycle of chemotherapy (4.2%) is significantly higher than the mortality rate in patients
whose standard leukocytosis deals with (3.8%) and patients with typical leukocyte counts (1.6%) (P = 0.003 for trend).
Pre-chemotherapy leukocytosis was related to early death in a multivariate model after adjusting for other clinical
variables consisting of age, gender, type of malignancy, phase, Eastern Cooperative Group performance status, VTE pre-
chemotherapy platelet count, pre-chemotherapy hemoglobin level, use of erythropoietic promoting representatives, and
BMI (HR 2.2, 95% CI 1.5-3.3 p-value b 0.0001).

Leukocytosis, Thrombosis and Mortality:

The highest pre-chemotherapy leukocyte counts were discovered in patients who developed VTE and passed away during
study follow-up .

Likewise the greatest early mortality rate was observed in the group of patients with pre-chemotherapy leukocytosis who
also developed VTE during study.The mortality rate of 20% in this group was significantly higher than the early mortality
rate in the other three groups (Pb0.0001).

Variables Associated with Pre-chemotherapy Leukocytosis:

Several clinical variables were related to pre-chemotherapy leukocytosis in univariate analysis including kind of cancer,
male gender, poor performance status, metastatic disease, chronic lung disease, liver problem and weight problems
(Pb0.05 for each). In addition, a number of laboratory findings were related to pre-chemotherapy leukocytosis by
univariate analysis including thrombocytosis (platelet count > 350 x 109/L), anemia (hemoglobin b10g/dl), raised
bilirubin (N1 mg/dl), low albumin (b3.5 g/dl) and hyperglycemia (glucose N120 mg/dl) (Pb0.05 for each). In multivariate
analysis, after adjusting for performance status, the type of malignancy, advanced stage (OR 1.3), neutrophil portion N
70%(OR 4.3), raised standard platelet count (OR 2.8), low albumin (OR 1.5), liver disease (OR 1.3), and hyperglycemia
(OR 1.3) were associated with pre chemotherapy leukocytosis (Table 3).
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Discussion:

Thrombosis is a crucial reason for morbidity and mortality in cancer patients “**®. This study shows a strong association
in between leukocytosis and increased danger of both thrombosis and early death in a large cohort of cancer patients
starting chemotherapy. Previous analyses of the exact same cohort of patients have actually identified pre- chemotherapy
leukocytosis as one of 5 clinical elements anticipating increased danger of both VTE ! and early mortality ™ when
adjusting for multiple clinical covariates in multivariate models. Several other groups have confirmed the Khorana risk
model anticipates for VTE danger in cancer patients 2%,

The current study supplies a more in-depth analysis of the relationship between leukocytosis and cancer patient results,
and consists of a number of novel findings. Thorough potential collection of information enabled multivariate analysis
recognizing numerous clinical elements which are connected with pre-therapy leukocytosis in cancer patients. We also
demonstrate that elevation of neutrophil and monocyte counts, however not lymphocyte counts, are very important. These
findings enable speculation on potential mechanisms included. We likewise establish a temporal association in between
leukocytosis and VTE risk by revealing leukocytosis correlates with apoplexy threat throughout treatment course hence
supporting a causative role for leukocytes in mediating VTE in cancer patients. To our understanding this is the only
research study to show an association in between leukocytosis and both apoplexy and mortality in the exact same
accomplice of cancer patients.

The mechanisms responsible for the associations shown by this analysis are unclear. Leukocytosis might be a marker of
an underlying procedure such as more aggressive malignancy, more substantial co-morbidities, or inflammation, or
leukocytes might be actively involved in disease progression and cancer-associated apoplexy. The association of
leukocytosis with advanced phase and kind of malignancy in this research study might recommend that leukocytosis is
identifying patients with more aggressive disease or increased disease problem not caught by other means. This research
study likewise reveals that leukocytosis is connected with thrombocytosis, a recognized negative prognostic indicator in
patients with cancer %% In this cohort baseline leukocytosis correlates with numerous clinical findings understood to be
connected with underlying inflammation including thrombocytosis %!, hyperglycemia ?*?! hypoalbuminemia 4%, and
transaminitis (242

When adjusting for many of these clinical covariates in multivariate designs leukocytosis remained a considerable
predictor of both VTE ! and early death ™ suggesting that an independent mechanism exists. A current analysis of
apoplexy in patients with myeloproliferative neoplasms (MPN) offers a compelling argument that leukocytes have a
causative function in MPN-associated apoplexy B A comparable argument could be produced leukocytosis and cancer
patient outcomes, and numerous mechanisms might be responsible.

Leukocytes may straight contribute to thrombus development and disease progression through release of tissue aspect and
vascular endothelial growth factor (VEGF). Tissue element and VEGF levels in leukocytes from patients with cancer are
lots of fold higher than in leukocytes from typical controls ®** and a recent potential research study in patients with
pancreatic cancer demonstrated an association in between leukocyte count and plasma tissue element activity !
Leukocyte interactions with platelets and endothelium might likewise be important. An elevated level of P-selectin, a
protein revealed on activated platelets and associated with platelet leukocyte interactions, is a biomarker for increased risk
of cancer-associated thrombosis B! .1t is likewise known that leukocytes produce numerous cytotoxic conciliators like
TNF-alpha, IL-1, and interferons which can growth damage *®. Leukocyte items might also promote a tumor

microenvironment which is helpful of thrombus generation, tumor development, chemotherapy, and metastasis resistance
[37-40].

There are several restrictions to the current study. The ANC windows registry was created to study issues resulting from
chemotherapy induced neutropenia. VTE and mortality were not meant primary endpoints of the initial research study.
Data concerning mortality and VTE were prospectively gathered and the study size is adequate for an analysis of this
nature. Secondly, just symptomatic VTE events were tape-recorded and research studies recommend that asymptomatic
V/TE rates are substantially higher " Some subgroups of cancer patients such as those with brain or prostate cancer are
under-represented, however this accomplice of patients is considerably more diverse than other research studies taking a
look at the significance of leukocytosis in cancer patients where most accomplices include only one type of cancer. Last
but not least, due to the nature and magnitude of this study biological samples were not collected and saved to allow for
more detailed analysis of the mechanisms responsible for the observed associations. This powerful prospective analysis in
a large associate of patients will certainly serve to create hypotheses relating to mechanisms and will help direct future
studies.
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Table 3 Clinical factors associated with pre-chemotherapy leukocytosis by multivariate analysis (n = 4391).

Covariate Odds Ratio (95% CI) P-value
Cancer type - <.0001
Colorectal (reference) 1.00 -
Gynecologic 1.21 (0.75-1.95) 0.4473
Breast 1.42 (0.94-2.14) 0.0986
Other solid tumors 1.43 (0.91-2.25) 0.1222
Gastric and pancreatic 1.99 (1.02-3.9) 0.0449
Lung 2.07 (1.4-3.04) 0.0002

4. CONCLUSION

In conclusion, clinicians must understand that pre-chemotherapy leukocytosis is associated with substantially increased
rates of VTE and early mortality in cancer patients starting chemotherapy. A much better understanding of the function
leukocytes play in cancer-associated VTE and cancer progression might allow for interventions such as targeted
thromboprophylaxis which might considerably affect cancer patient outcomes. It is likewise possible that more chances
for intervention will emerge as we gain a much better understanding of the mechanisms included, and as our ability to
manipulate these course ways progresses.
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