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Abstract
BACKGROUND 
Research suggests that approximately 6% of adult patients admitted to hospitals 
in the United States present with sepsis and there has been a minimal change in 
the incidence of this condition in the last decade. Furthermore, patients with 
cancer generally have a higher incidence of sepsis due to immunosuppression 
caused by cancer or its treatment.

AIM 
To assess if cancer increases the mortality rates in sepsis patients by pooling 
evidence from contemporary studies.

METHODS 
PubMed, Embase, and Google Scholar databases were searched from January 1, 
2001 to December 15, 2021 for studies comparing outcomes of sepsis patients 
based on the presence of active cancer. Mortality data were pooled using a 
random-effects model, with the odds ratio (OR) and 95% confidence interval (CI) 
calculated. Meta-regression was conducted to assess the influence of confounders 
on mortality rates.

RESULTS 
Nine studies were included. The meta-analysis demonstrated a non-significant 
tendency towards increased risk of early mortality (OR = 2.77, 95%CI: 0.88-8.66, I2 

= 99%) and a statistically significantly increased risk of late mortality amongst 
sepsis patients with cancer as compared to non-cancer sepsis patients (OR = 2.46, 
95%CI: 1.42-4.25, I2 = 99%). Overall, cancer was found to significantly increase the 
risk of mortality in sepsis patients (OR = 2.7, 95%CI: 1.07-6.84, I2 = 99%). Meta-
analysis indicated a statistically significantly increased risk of mortality in patients 
with solid tumors as well as hematological malignancies. Meta-regression 

https://www.f6publishing.com
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indicated that an increase in the prevalence of comorbid pulmonary and renal diseases increased 
the risk of mortality in cancer patients with sepsis. Mortality rates increased with an increase in the 
percentage of patients with urinary tract infections while an inverse relationship was seen for 
infections of cutaneous origin.

CONCLUSION 
Contemporary evidence indicates that the presence of any cancer in sepsis patients significantly 
increases the risk of mortality. Scarce data suggest that mortality is equally increased for both solid 
and hematological cancers. Current evidence is limited by high heterogeneity and there is a need 
for further studies taking into account several confounding variables to present better evidence.

Key Words: Sepsis; Septic shock; Malignancy; Immunocompromised; Mortality

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Therapeutic advances in the past two decades have resulted in several advances in the 
management of cancer as well as sepsis patients. However, it is unclear if active cancer results in worse 
clinical outcomes in sepsis patients. We pooled the data from nine recent studies to demonstrate that 
cancer results in a 2.7 times increased risk of mortality in sepsis patients. The outcomes are similar for 
both solid tumors and hematological cancers. There is a need for further research taking into account 
several confounding variables to present better evidence.

Citation: Xiang MJ, Chen GL. Impact of cancer on mortality rates in patients with sepsis: A meta-analysis and 
meta-regression of current studies. World J Clin Cases 2022; 10(21): 7386-7396
URL: https://www.wjgnet.com/2307-8960/full/v10/i21/7386.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i21.7386

INTRODUCTION
Sepsis is a sudden-onset life-threatening organ dysfunction that occurs due to a dysregulated immune 
response to any infection[1]. The difference between sepsis and septic shock is that the latter is a sub-set 
of sepsis wherein circulatory and cellular–metabolic abnormalities are intense enough to significantly 
increase patient mortality[2]. Indeed, sepsis has a global health burden that is associated with high 
healthcare costs. Research suggests that approximately 6% of adult patients admitted to hospitals in the 
United States present with sepsis and there has been a minimal change in the incidence of this condition 
in the last decade[3]. Over the past few years, there has been intense research to discern novel therapies 
in the management of sepsis[4]; however, the condition is still associated with high rates of morbidity 
and mortality[5]. A meta-analysis of data from high-income countries indicates that intensive care unit 
(ICU) mortality with sepsis is approximately 37.3% while hospital mortality and 1-mo mortality range 
from 39% to 36.8%, respectively[6].

Similar to sepsis, cancer is another leading cause of mortality worldwide. Global data suggest that 
cancer-related mortality has increased by 25.4% from 2007 to 2017[7]. In comparison with patients 
without cancer, patients with malignancies have an increased risk of sepsis. Taccone et al[8] in a study 
on 3147 patients admitted to European ICUs have shown that the prevalence of sepsis in patients with 
hematological malignancies and solid tumors was 71% and 41.5%, respectively, in comparison to 35.9% 
in patients without cancer. Possible reasons for such high sepsis rates could be the immunosuppression 
caused by cancer or its treatment[9]. However, despite the overall increase in cancer-related global 
mortality, temporal data suggest that the survival of cancer patients with sepsis has increased over time. 
Zuber et al[10] in a 10-year study on the French population have demonstrated a 25.4% decrease in 
mortality of cancer patients due to sepsis from 1997 to 2008. In another study, Pène et al[11] compared 
data of cancer patients with septic shock from two periods, 1998-2001 and 2002-2005. The authors noted 
that improvement in therapeutic options for sepsis significantly improved survival by 20% between 
these periods. Considering these data, it would be pertinent to understand if cancer as comorbidity still 
impacts survival in patients with sepsis. While several recent studies have attempted to answer this 
clinical question[9,12,13], to the best of our knowledge, no review has attempted to systematically 
analyze the current evidence. Hence, the purpose of our study was to assess if cancer increases the 
mortality rates in sepsis patients by pooling evidence from contemporary studies.

https://www.wjgnet.com/2307-8960/full/v10/i21/7386.htm
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MATERIALS AND METHODS
The protocol of our review was registered on PROSPERO with registration No. CRD42021291886. We 
followed the reporting guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-
analyses statement (PRISMA) for the current review[14].

Literature search
A systematic and comprehensive search was undertaken with the help of a medical librarian to explore 
the electronic databases of PubMed, Embase, and Google Scholar. We also searched “Reference Citation 
Analysis” for any additional studies. Two authors of the review were involved in the database search 
which was carried out independently. The time limit of the search was from January 1, 2001 to 
December 15, 2021. This was done to synthesize only current evidence and exclude older studies. The 
search terms “cancer”, “malignancy”, “sepsis”, and “septic shock” were used for all databases. Details 
are presented in Supplementary Table 1. Following the database search, we deduplicated the results. All 
the remaining studies were analyzed by their titles and abstracts. Articles relevant to the subject of our 
review were identified and their full texts were extracted. These articles were then examined by two 
reviewers independently for final inclusion in the review. Any discrepancies in study selection were 
resolved by consensus. Finally, we also searched the reference list of included studies to look for any 
other possible inclusions.

Eligibility criteria
The inclusion criteria of the review were as follows: (1) All types of cohort (prospective and 
retrospective), cross-sectional, and case-control studies conducted on adult patients with sepsis. We did 
not predefine sepsis and any definition used by the study was acceptable; (2) Studies were to compare 
outcomes of patients with cancer vs those without cancer; and (3) Outcomes of interest was mortality.

The exclusion criteria were: (1) Studies conducted on patients treated before 2001; (2) Studies on 
cancer survivors and not on patients with active cancer; (3) Studies not reporting separate data for sepsis 
patients; (4) Non-English language studies; and (5) Studies reporting duplicate data. Studies with 
complete overlap of data were excluded. However, studies with partial overlap were to be considered 
for inclusion.

Data extraction and quality assessment
Two authors independently extracted the following data: Author details, publication year, study type, 
study location, the database used, the definition of sepsis, sample size, demographic details, 
comorbidities, the origin of infection, type of cancer, lactate levels, sequential organ failure assessment 
(SOFA) score, use of invasive ventilation, and follow-up.

The methodological quality of studies was assessed using the Newcastle-Ottawa scale (NOS)[15]. It 
was conducted by two authors independent of each other. Any disagreements were solved by a 
discussion. Studies were assessed for selection of study population, comparability, and outcomes, with 
each domain being awarded a maximum of four, two, and three points, respectively. The maximum 
score which can be awarded was nine.

Statistical analysis
Meta-analysis was performed using “Review Manager” [RevMan, version 5.3; Nordic Cochrane Centre 
(Cochrane Collaboration), Copenhagen, Denmark; 2014]. Both crude and multivariable-adjusted data on 
mortality were to be extracted from individual studies. However, the majority of the studies reported 
only crude mortality data, and hence a meta-analysis of adjusted data could not be carried out. 
Mortality data were pooled using odds ratios (OR) with 95% confidence interval (CI). The meta-analysis 
was conducted using a random-effects model. Heterogeneity was assessed using the I2 statistic. I2 values 
of 25%-50% represented low, values of 50%-75% medium, and more than 75% substantial heterogeneity. 
A sensitivity analysis was carried out to assess the contribution of each study to the pooled estimate by 
removing one study at a time and recalculating the pooled effect estimates for the remaining studies. 
Subgroup analyses were carried out based on the follow-up period and type of cancer. Mortality data 
up to 28 d were grouped as early mortality while 90-180 d of follow-up data were grouped as late 
mortality. To assess for inter-study heterogeneity, we conducted a random-effects univariate meta-
regression analysis using Open MetaAnalyst software[16]. The covariates included in the meta-
regression were: Age, male gender, comorbidities of hypertension, diabetes mellitus, pulmonary 
disease, renal disease, and cardiac disease, and origin of infection (pulmonary, abdominal, urinary tract, 
or cutaneous).

https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
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RESULTS
Study details
The PRISMA flow chart of the study is presented in Figure 1. A total of 8938 unique articles were found 
after the literature search, of which 8916 were excluded after the title and abstract screening and 22 were 
selected for full-text analysis. Thirteen studies did not meet the inclusion criteria and were excluded 
while the remaining nine were selected for the review[9,12,17-23].

Details of the included studies are presented in Table 1. The studies were published between 2015 to 
2021, reporting data from different countries around the world. One study[22] was a matched case-
control study, one was a prospective cohort[23], while the remaining were retrospective cohorts in 
nature. The study period ranged from 2001 to 2019. One recent study from the United States had a very 
large sample size, with 1105092 cancer and 15246921 non-cancer patients. The sample size of the 
remaining studies ranged from 40 to 7489 patients in the cancer group and 35 to 22382 in the non-cancer 
group. The mean/median age of the study population was > 60 years across studies. Data on lactate 
levels, SOFA scores, and use of invasive ventilation were not universally reported by the included 
studies. Four studies used the recent sepsis-3 consensus definition to classify patients with sepsis. 
Except for one study[13] which included patients only with solid tumors, the remaining studies 
included all types of cancer patients. The NOS score of the studies ranged from 6 to 8.

Meta-analysis
Six studies reported data on early mortality between cancer and non-cancer patients with sepsis. The 
meta-analysis demonstrated a non-significant tendency towards increased risk of early mortality 
amongst cancer patients with sepsis as compared to those without cancer (OR = 2.77, 95%CI: 0.88-8.66, I2 

= 99%) (Figure 2). On the other hand, we noted that cancer patients had a statistically significantly 
increased risk of late mortality as compared to non-cancer sepsis patients (OR = 2.46, 95%CI: 1.42-4.25, I2 

= 99%) (Figure 2). Overall, combining data from all nine studies, cancer was found to significantly 
increase the risk of mortality in sepsis patients (OR = 2.7, 95%CI: 1.07-6.84, I2 = 99%) (Figure 2). On 
sensitivity analysis, the results consistently demonstrated an increased risk of mortality with cancer on 
the exclusion of any study. However, the results were non-significant but still indicative of an increased 
risk of mortality on the exclusion of the studies of Wang et al[20] and López et al[17] (Figure 3).

Four studies reported separate data on solid tumors and hematological malignancies. Meta-analysis 
indicated a statistically significantly increased risk of mortality in patients with solid tumors (OR = 1.55 
95%CI: 1.39-1.73, I2 = 76%) (Figure 4) as well as hematological malignancies (OR = 1.5 95%CI: 1.24-1.81, I2 

= 89%) (Figure 5).
A total of 12 covariates were selected in the meta-regression analysis based on the reporting of data 

by the included studies. Details of meta-regression analysis are presented in Table 2. Scatter plots are 
presented as Supplementary Figures 1-12. Meta-regression indicated that two comorbidities, namely, 
pulmonary disease and renal disease, significantly influenced the risk of mortality. An increase in the 
prevalence of comorbid pulmonary and renal diseases increased the risk of mortality in cancer patients 
with sepsis. Amongst the source of infection covariates used in the analysis, we noted that infections of 
the urinary tract and cutaneous origin significantly influenced the mortality rates. Mortality rates 
increased with an increase in the percentage of patients with urinary tract infections while an inverse 
relationship was seen for infections of cutaneous origin.

DISCUSSION
Cancer has been an important cause of sepsis-related hospitalizations for decades. Data from the United 
States suggest that in the 1990s, approximately 12% of all hospital admissions for sepsis were due to 
cancer[24]. Furthermore, cancer-related sepsis was associated with a significantly increased risk of 
mortality as compared to sepsis without any comorbid malignancies[25,26]. However, much has 
changed in the past two decades with several advances in the management of cancer as well as sepsis 
patients. Personalized cancer treatment is now possible with cytogenetic evaluations[27]. Progress in 
hematopoietic stem cell transplant has made the procedure safer and more successful[28]. Technological 
strides and pharmaceutical research have reduced the adverse events associated with radiotherapy and 
chemotherapy[29,30]. Chimeric antigen receptor therapy and oncolytic virus therapy are rapidly 
establishing their place in the field of cancer treatment[31,32]. In this context, the clinical question which 
arises is: Does active cancer still result in worse clinical outcomes in sepsis patients? In an attempt to 
answer this clinical query, we designed the current systematic review to include only contemporary 
data. This was achieved by two important steps. First, we restricted the search limits to 2001. Second, we 
included only those studies wherein the study period was after 2001.

In our meta-analysis of nine studies, we noted that active cancer was associated with a 2.7 times 
increased risk of mortality as compared to sepsis patients without underlying cancer. In the subgroup 
analysis based on follow-up duration, the results were statistically significant for late mortality, but not 
for early mortality. However, considering the wide 95%CI of early mortality (0.88 to 8.66) with the lower 

https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf


Xiang MJ et al. Cancer in patients with sepsis

WJCC https://www.wjgnet.com 7390 July 26, 2022 Volume 10 Issue 21

Table 1 Details of included studies

Sample size Mean/median age 
(yr) Male gender (%) Lactate levels 

(mmol/L) SOFA score
Ref. Location Database Study 

period
Cancer Non-

cancer Cancer Non-
cancer Cancer Non-

cancer Cancer Non-
cancer Cancer Non-

cancer

Invasive 
ventilation 
(%)

Diagnosis of 
sepsis

Types of 
cancer

NOS 
score

Sharma et 
al[12], 2021

United 
States

National inpatient 
sample

2008-
2017

ST: 
3120798; 
HM: 
793014

15246921 ST: 70.1; 
HM: 65.7

64.5 ST: 52.8; 
HM: 57.8

48.8 NR NR NR NR ST: 
15.8; 
HM: 
17.9

19 ICD codes All types 6

López et al
[17], 2021

Chile Clínica Alemana 
de Santiago

2017-
2019

80 171 67.7 63.4 63.8 53.8 2.9 ± 2 2.9 ± 3.3 7.1 ± 3.5 6.7 ± 3.4 NR NR Sepsis-3 
consensus 
definition

All types 7

Cooper et 
al[18], 2020

United 
States

Brigham and 
Women’s Hospital

2003-
2014

ST: 4623; 
HM: 2866

13486 ST: 64; 
HM: 58

62 ST: 54.5; 
HM: 58.6

54.7 NR NR NR NR ST: 
33.9; 
HM: 
27.2

47.2 CDC Adult 
Sepsis Event 
criteria

All types 6

Camou et al
[19], 2020

France CHU Bordeaux 2012-
2016

ST: 133; 
HM: 119

244 ST: 65; 
HM: 63

68 ST: 61; 
HM: 59

55.7 ST: 3.9 (2.1-
6.8); HM: 3 
(1.6-4.8)

3.1 (1.8-
8.4)

ST: 8 (7-11); 
HM: 10 (8-
11)

9 (7-13) ST: 36; 
HM: 31

52.4 Sepsis-3 
consensus 
definition

All types 7

Wang et al
[20], 2018

Israel Medical 
Information Mart 
for Intensive Care 
III

2001-
2012

1574 22382 NR NR 57.7 53.5 NR NR 5 (3-8) 5 (3-8) NR NR ICD codes All types 6

Fang et al
[21], 2017

Taiwan Kaohsiung Chang 
Gung Memorial 
Hospital

2013-
2016

95 437 62.2 67.4 64.2 57.9 2.3 ± 2 1.8 ± 1.6 9.4 ± 3.9 9.5 ± 3.5 NR NR Sepsis-3 
consensus 
definition

All types 7

Abou 
Dagher et 
al[22], 2017

Lebanon Beirut Medical 
Center

2010-
2015

176 176 65.4 74.7 63.6 51.7 NR NR NR NR NR NR Surviving Sepsis 
Campaign 
guidelines

All types 8

Ravetti et al
[23], 2015

Brazil Mater Dei Hospital 2012-
2014

40 35 65.5 68.7 55 57.1 NR NR 6.2 ± 2.7 7.4 ± 2.9 NR NR 1992 Sepsis 
consensus 
definition

All types 6

SOFA: Sequential organ failure assessment score; NR: Not reported; ST: Solid tumor; HM: Hematological malignancy; CDC: Center for disease control.

end very close to 1, the results still indicate a tendency of increased risk of early mortality amongst 
cancer patients. The credibility of the results was further confirmed on sensitivity analysis wherein there 
was a consistent increased risk of mortality in cancer patients. For the two studies[17,20], wherein the 
results were non-significant, the lower end of 95%CI was 0.99 and 0.95 and thereby indicative of a 
tendency for worse outcomes amongst cancer patients. Increased mortality in cancer patients with 
sepsis could be attributed to the immunocompromised status due to cancer therapy or the disease itself. 
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Table 2 Meta-regression analysis for the heterogeneity of mortality rates

Covariate Coefficient SE 95%CI P value Scatter plot

Mean age 0.001 < 0.001 -0.001 to 0.003 0.35 Supplementary Figure 1

Male gender -0.011 0.033 -0.075 to 0.054 0.73 Supplementary Figure 2

Hypertension 0.024 0.013 -0.001 to 0.049 0.06 Supplementary Figure 3

Diabetes Mellitus 0.022 0.023 -0.024 to 0.068 0.35 Supplementary Figure 4

Pulmonary disease 0.035 0.017 0.002 to 0.068 0.03 Supplementary Figure 5

Renal disease 0.048 0.017 0.015 to 0.080 < 0.01 Supplementary Figure 6

Cardiac disease 0.035 0.020 -0.005 to 0.075 0.08 Supplementary Figure 7

Bacteremia -0.004 0.004 -0.012 to 0.004 0.35 Supplementary Figure 8

Pulmonary origin -0.008 0.010 -0.028 to 0.011 0.39 Supplementary Figure 9

Abdominal origin -0.002 0.005 -0.012 to 0.009 0.76 Supplementary Figure 10

Urinary tract origin 0.013 0.005 0.003 to 0.022 0.01 Supplementary Figure 11

Cutaneous origin -0.062 0.007 -0.076 to -0.048 < 0.01 Supplementary Figure 12

CI: Confidence interval.

Figure 1 Study flow chart.

For example, chemotherapy-induced neutropenia is a common immune defect seen in patients with 
malignancies. All-cause neutropenia has been shown to increase the risk of mortality amongst cancer 
patients[33]. Immunotherapy and corticosteroids used to manage cancer can also inhibit the immune 
system[12]. Lu et al[34] have shown that the use of corticosteroids increases the 30-d mortality risk in 
metastatic cancer patients with sepsis. Furthermore, animal studies have shown that tumor 
development can inhibit T cell activation due to viral or bacterial infection and reduce the response of 
antigen-presenting cells[35]. The results of our review are supported by other studies demonstrating the 
role of immunosuppression in clinical outcomes of sepsis patients. Tolsma et al[33] have shown that any 

https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/b5235791-440a-4d70-a887-34bca32b96d7/WJCC-10-7386-supplementary-material.pdf
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Figure 2 Meta-analysis of mortality rates in sepsis patients with and without cancer with subgroup analysis based on follow-up period.

Figure 3 Sensitivity analysis of the meta-analysis of mortality rates. Study on the left is the excluded study with corresponding effect size.

Figure 4 Meta-analysis of mortality rates in sepsis patients with and without solid cancer.

immunocompromised status is independently associated with an increased risk of mortality in sepsis 
patients. Another recent study by Lindell et al[36] has shown that prior malignancies, hemophagocytic 
lymphohistiocytosis, congenital immunodeficiency, and hematopoietic cell transplant significantly 
increase the risk of early mortality in children with severe sepsis or septic shock. Another reason for 
worse outcomes in cancer patients could be related to selection bias as the majority of the studies were 
not case-matched and retrospective in nature. It is plausible that aggressive therapy may not be offered 
to cancer patients due to the perceived risk of high mortality.

An important limitation of the included studies and our review is that we could not assess the impact 
of specific cancers on sepsis-related mortality due to wanting of data. At best, a sub-group analysis 
differentiating hematological and solid malignancies was conducted, which indicated an increased risk 
of mortality with either cancer. The ORs for both hematological and solid malignancies were similar, 
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Figure 5 Meta-analysis of mortality rates in sepsis patients with and without hematological cancer.

indicating a 1.5 times increased risk of mortality. However, individual included studies have reported 
variation in the risk of sepsis-related mortality between solid tumors and hematological malignancies. 
Camou et al[19] have reported higher mortality rates with solid tumors while Sharma et al[12] have 
reported higher rates with hematological malignancies. Contrastingly but consistent with our results, 
Bou Chebl et al[37] in a recent study have noted no difference in sepsis-related mortality rates between 
the two cancer types even with similar rates of intravenous fluid administration, vasopressor use, 
steroid use, or intubation in the two subgroups. Considering the scarce data available in the literature, 
further studies are needed to differentiate sepsis characteristics and outcomes amongst patients with 
solid tumors and hematological malignancies.

The results of our review need to be interpreted with caution on account of the high heterogeneity of 
the meta-analysis. Since the heterogeneity persisted even after subgroup analyses, we performed a 
meta-regression using 12 confounding variables based on the availability of data from the included 
studies. We noted that comorbid pulmonary and renal disease were associated with higher mortality 
rates in cancer patients. Indeed, a healthy pulmonary system is essential for survival in the case of 
critically ill patients. Several studies have shown that amongst solid cancers, lung cancer is associated 
with the highest sepsis-related mortality[12,24]. Second, we also noted that infections of urinary tract 
origin were associated with higher mortality rates while the reverse was true for infections of cutaneous 
origin. Nevertheless, it is important to note that our results were derived from a small cohort of studies 
and should be interpreted with caution. A recent review by Motzkus and Luckmann[38] assessing the 
relationship between the origin of infection and sepsis-related mortality could not conclusively establish 
a link between the two. The authors noted that misclassification of infection and disease states are 
serious possibilities that prohibit strong conclusions.

There are other limitations to our review which need to be mentioned. Foremost, only a limited 
number of studies were available for inclusion in the review, and the majority of the studies were 
retrospective in nature. The inherent bias of such studies is well recognized. Second, every study in our 
review included a heterogeneous population of patients with differences in patient demographics, 
comorbidities, cancer type, cancer therapy, the origin of infection, sepsis therapy, etc. Since homogenous 
populations were not included in individual studies, there was bound to be high heterogeneity in our 
meta-analysis. Third, varied definitions of sepsis were used in the included studies. It is plausible that 
such differences could have influenced outcomes. Lastly, the majority of the studies reported only crude 
mortality data. It is known that several confounders can influence mortality rates after sepsis and a 
pooled analysis of adjusted data would have provided better evidence.

Despite these limitations, our study is the first to pool evidence on the impact of cancer on outcomes 
of patients with sepsis. Only current studies were included in our review to provide recent evidence. All 
of the included studies were published recently, which is indicative of the clinical relevance of the topic. 
A detailed meta-regression was conducted to assess the influence of different confounders on the 
pooled effect size.

CONCLUSION
Contemporary evidence indicates that the presence of any cancer in sepsis patients significantly 
increases the risk of mortality. Scarce data suggest that mortality is equally increased for both solid and 
hematological cancers. Current evidence is limited by high heterogeneity and there is a need for further 
studies taking into account several confounding variables to present better evidence.
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ARTICLE HIGHLIGHTS
Research background
Research suggests that approximately 6% of adult patients admitted to hospitals in the United States 
present with sepsis and there has been a minimal change in the incidence of this condition in the last 
decade. Furthermore, patients with cancer generally have a higher incidence of sepsis due to 
immunosuppression caused by cancer or its treatment.

Research motivation
Despite the high incidence of cancer and sepsis in the global population, there has been limited research 
on the impact of cancer on outcomes of patients with sepsis. It would be pertinent to understand if 
cancer as a comorbidity impacts survival in patients with sepsis so that appropriate measures could be 
taken to reduce the incidence of adverse outcomes.

Research objectives
The purpose of our study was to assess if cancer increases the mortality rates in sepsis patients by 
pooling evidence from contemporary studies.

Research methods
PubMed, Embase, and Google Scholar databases were searched from January 1, 2001 to December 15, 
2021 for studies comparing outcomes of sepsis patients based on the presence of active cancer. Mortality 
data was pooled using odds ratio (OR) and 95% confidence intervals (CI) in a random-effects model. 
Meta-regression was conducted to assess the influence of confounders on mortality rates.

Research results
Nine studies were included. Meta-analysis demonstrated a non-significant tendency towards increased 
risk of early mortality (OR = 2.77, 95%CI: 0.88-8.66, I2 = 99%) and a statistically significantly increased 
risk of late mortality amongst cancer patients as compared to non-cancer sepsis patients (OR = 2.46, 
95%CI: 1.42-4.25, I2 = 99%). Overall, cancer was found to significantly increase the risk of mortality in 
sepsis patients (OR = 2.7, 95%CI: 1.07-6.84, I2 = 99%). Meta-analysis indicated a statistically significantly 
increased risk of mortality in patients with solid tumors as well as hematological malignancies. Meta-
regression indicated that an increase in the prevalence of comorbid pulmonary and renal diseases 
increased the risk of mortality in cancer patients with sepsis. Mortality rates increased with an increase 
in the percentage of patients with urinary tract infections while an inverse relationship was seen for 
infections of cutaneous origin.

Research conclusions
Contemporary evidence indicates that the presence of any cancer in sepsis patients significantly 
increases the risk of mortality. Scarce data suggest that mortality is equally increased for both solid and 
hematological cancers.

Research perspectives
Cancer patients with sepsis should be considered as a high-risk group for mortality. These patients 
should receive intensive therapy and highly-monitored treatment.
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