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Sepsis detection in hematologic
and solid tumor malignancies
using quantitative inflammatory
biomarker differences in a
prospective single center study
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Sepsis is a life-threatening condition triggered by a dysregulated immune response to bloodstream
infection. Patients with solid and hematologic malignancies are at increased risk of severe infections
and the onset of sepsis. Due to the limitations of blood cultures, particularly in culture-negative sepsis,
multiple serological biomarkers, such as C-reactive protein (CRP), interleukin-6 (IL-6), procalcitonin
(PCT), white blood cells (WBC), lymphocytes (LYM), neutrophils (NEU), and monocytes (MON), are
frequently used to diagnose infections. This prospective observational study aims to evaluate the
efficacy of these biomarkers in distinguishing sepsis in patients with hematologic and solid tumors.

It was observed that hematologic cancer patients exhibited significantly elevated IL-6, PCT, and

MON levels, indicating their strong potential for sepsis detection. However, this difference was not
statistically significant in patients with solid cancers and sepsis. Specifically, patients with blood cancer
at the onset of sepsis have elevated levels of IL-6, PCT and MON, with AUCs exceeding 0.75, indicating
strong predictive value. In contrast, patients with solid tumors had a moderate but not statistically
significant increase in PCT (AUC=0.693). Biomarker combinations enhanced the diagnostic power for
hematologic cancers, but their performance in solid tumors remained limited. The findings underscore
the need for cancer-specific sepsis diagnostic approaches, with a particular focus on the unique immune
dynamics of hematologic versus solid tumors.
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Patients with solid and hematologic cancers are at increased risk of severe infections and the onset of sepsis!.
Septicemia is characterized as a life-threatening condition resulting from organ dysfunction triggered by a
dysregulated immune response to infection!. This condition can be identified in two scenarios: (1) if sepsis
is explicitly documented as the primary diagnosis upon hospital admission or (2) if the primary diagnosis
at admission is an infection accompanied by organ dysfunction, as indicated by a Sequential Organ Failure
Assessment (SOFA) score of 2 or higher, according to the criteria established by the Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)>~. To enhance clinical applicability in every-day
settings, a QSOFA assessment was developed, indicating organ dysfunction with a gSOFA >2 375

This infection-related complication, especially prevalent among patients suffering from hematologic
malignancies, is generally caused by both the immunosuppressive effects inherent to the cancer itself and the
immunosuppressive nature of cancer treatments such as chemotherapy®”’.

Patients who meet the criteria for the SOFA score are expected to have a mortality rate exceeding 10% 8.
Early identification and proper treatment of sepsis can help lower both mortality and morbidity. Several tests are
available to detect sepsis and monitor its progression®. Owing to the limitations of blood cultures in diagnosing
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sepsis, particularly in culture-negative cases, several biomarkers, such as procalcitonin (PCT), interleukin-6
(IL-6), and C-reactive protein (CRP), are frequently employed. These methods have proven to be highly
promising in enhancing sensitivity and shortening the time required for diagnosis; however, their specificity and
sensitivity can vary depending on the infection type and the patient’s individual characteristics!®!!. Moreover,
advancements in technology have made blood cell parameter testing more efficient, thus providing faster and
more precise results'2.

Parameters related to the white blood cell (WBC) count and differential counts of neutrophils, monocytes,
and lymphocytes also play critical roles in diagnosing infection and have been actively investigated for the
early detection of sepsis'®. Chemotherapy-induced neutropenia significantly impairs the bodys immune
defense, reducing the ability to respond promptly to bacterial infections, thereby increasing the risk of sepsis.
Neutrophil counts, alongside other WBC subtypes, provide important information about the body’s immune
status and potential for fighting infection'. This susceptibility is further exacerbated during episodes of febrile
neutropenia, where the combination of fever and a critically low neutrophil count (<500 cells/pL) could lead to
a life-threatening infection'®. Studies have shown that the mortality rate in patients with febrile neutropenia can
reach 20-30% during the course of sepsis'®. Additionally, the neutrophil-to-lymphocyte ratio (NLR) has gained
attention as a prognostic marker in cancer patients, where a high NLR reflects both inflammation and immune
suppression, conditions often associated with poor outcomes in sepsis patients'”. Lymphocytes, including T cells,
B cells, and natural killer (NK) cells, are essential for both innate and adaptive immune responses, particularly
in cases of viral infections and malignancies. However, cancer patients frequently exhibit lymphocytopenia (low
lymphocyte counts), which can result from the direct effects of cancer (e.g., bone marrow infiltration) or from
side effects of chemotherapy and radiation therapy. Empirical evidence underlines that lymphocyte depletion,
particularly in septic cancer patients, leads to an increased risk of secondary infections, prolonged hospital stays,
and increased mortality rates'®.

In clinical practice, monitoring the complete blood count (CBC), including the absolute counts of neutrophils,
monocytes, and lymphocytes, provides vital information about a patient’s immune status and capacity to combat
infection. This traditional approach, when integrated with newer biomarkers, enhances the clinician’s ability to
diagnose infections early and assess the risk of progression to severe conditions such as sepsis. Nonetheless, it is
crucial to remember that no single test is sufficient for diagnosing sepsis. Indeed, clinical judgment and thorough
evaluation of the patient’s medical history and symptoms, in association with a multibiomarker approach, are
vital for an accurate and timely diagnosis.

In this study, we prospectively monitored sepsis-correlated serological biomarkers and white blood cell
differentiation counts to identify quantitative differences between patients with hematological and solid cancers
with probable case of sepsis. The aim of this study was to define an early detection tool that is useful for both
cancer groups in everyday practice.

Materials and methods

In this study, we enrolled 48 adult patients (23 hematological, 25 oncological, Table 1) admitted to the
Mediterranean Oncology Institute between February 2022 and March 2024 as probable sepsis, who had at least
one fever episode during inpatient hospitalization and/or at least two of clinical signs of sepsis even in the absence
of fever, such as hypotension, tachypnea, altered consciousness, oliguria/anuria. During the same period, a total
of 738 patients were hospitalized in the Hematology unit and 1315 in the Oncology unit, providing a broader
context to the representativeness of the study cohort. Given the frailty of the abovementioned setting of patients
and impaired clinical conditions qSOFA was used as a diagnostic tool in order to evaluate the probability of sepsis
and risk for in-hospital mortality due to organ dysfunction®. Patient inclusion and exclusion criteria along with
the monitoring flow are further detailed in the CONSORT diagram (Fig. 1). In case of positive blood cultures,
the episode was labeled as confirmed sepsis. The hematological group included 10 females and 13 males, while
the oncological group included 12 females and 13 males. Laboratory tests using peripheral blood samples at
fever onset that were repeated daily until at least 48 h after the last fever episode according to the internal
protocol included the following: complete blood cell count, including white blood cell differentiation; serum
creatinine levels; blood urea nitrogen concentrations; electrolyte measurement; hepatic transaminase enzymes;
total bilirubin determination; and CRP, PCT and IL-6 levels. Furthermore, no fewer than three sets of blood
cultures were taken, with a set collected simultaneously from each lumen of an existing central venous catheter
and from a peripheral vein site during fever spike; furthermore, stool and urine cultures were analyzed from
each patient. The study was approved by an independent ethics committee of the coordinating center (Catania
2, n.118/2022/ Catania 2) and was conducted in accordance with International Conference on Harmonization
Guidelines on Good Clinical Practice and the principles of the Declaration of Helsinki. All enrolled patients have
provided written informed consent to data recording.

PCT levels were quantified via an enzyme-linked fluorescence assay with bioMérieux kits on a VIDAS
immunoassay system. The upper limit of serum PCT for high risk of sepsis was considered 2 ng/mL, given that
the study population was immunocompromised both due neoplastic disease and treatment and lower levels of
PCT could be due to other factors.

The immuno-rate format for CRP was based on an enzymatic heterogeneous, sandwich immunoassay format
by VITROS 5600 (QuidelOrtho). The precision of the method was evaluated with quality control materials on
a VITROS 5600 Integrated System following the NCCLS protocol EP5. The upper limit of the normal range for
serum CRP was 1 ng/mL.

The IL-6 test was performed via the VITROS5600 (Ortho Clinical Diagnostic) with a two-step immunometric
technique. The precision of the method was evaluated with quality control materials on a VITROS 5600. The
upper limit of the normal range for serum IL-6 was 6.65 pg/mL. For WBC counting, the SYSMEX XN 1000 was
used. It is a fully automated 5-part differential hematology analyzer.
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Biomarker Group Condition | N | Mean Median | SD Q1 Q3
Total 23 19.67 5.90 10.50 2.10 14.15
Hematologic | Sepsis 7 |12.28 17.10 7.30 7.90 17.70
CRP (ng/mL) No Sepsis | 16 | 8.52 4.80 11.59 0.50 7.67
Total 25 | 16.4 14.90 10.8 8.30 21.70
Solid Sepsis 6 | 19.70 14.75 13.89 14.37 17.90
No Sepsis | 19 | 15.42 17.10 9.79 5.45 22.30
Total 23 10.79 0.23 1.28 0.09 0.75
Hematologic | Sepsis 7 | 134 0.65 1.36 0.23 2.41
PCT (ng/mL) No Sepsis | 16 | 0.55 0.13 1.21 0.05 0.29
Total 25 (391 0.53 11.2 0.30 1.64
Solid Sepsis 6 | 1151 1.17 21.86 0.48 8.39
No Sepsis | 19 | 1.50 0.44 3.03 0.22 0.80
Total 23 | 119.00 32.70 203.00 4.70 84.75
Hematologic | Sepsis 7 |216.95 87.90 279.37 46.30 284.50
116 (pg/mL) No Sepsis | 16 | 75.96 18.00 150.23 4.20 43.75
Total 25 |209.00 90.20 309.00 38.70 217.00
Solid Sepsis 6 |289.00 87.15 495.41 42.75 188.25
No Sepsis | 19 | 184.05 90.20 238.12 39.10 211.00
Total 23 | 1908.00 | 440.00 |2346.00 | 60.00 3280.00
Hematologic | Sepsis 7 | 1150.00 | 40.00 1836.50 | 30.00 1775.00
No Sepsis | 16 | 2239.80 | 965.00 |2517.12 |222.50 | 3620.00
WBe Total 25 | 14317.00 | 9580.00 | 16041.00 | 6560.00 | 14560.00
Solid Sepsis 6 |9643.33 | 7715.00 | 6280.58 | 6662.50 | 12877.50
No Sepsis | 19 | 15793.16 | 9860.00 | 17959.17 | 6855.00 | 14825.00
Total 23 | 48.30 63.50 35.70 5.55 72.60
Hematologic | Sepsis 7 | 2441 0.00 41.60 0.00 36.20
Neutrophil No Sepsis | 16 | 58.78 67.50 28.14 57.95 75.32
Total 25 | 82.30 82.70 7.80 76.40 89.60
Solid Sepsis 6 |82.58 82.65 7.20 6.15 10.17
No Sepsis | 19 | 82.17 82.70 8.16 76.70 88.60
Total 23 |5.90 6.30 5.25 0.00 10.00
Hematologic | Sepsis 7 |214 0.00 4.47 2.90 7.65
Monocyte No Sepsis | 16 | 7.55 7.35 4.78 6.15 10.17
Total 25 | 5.69 5.30 2.88 3.90 7.60
Solid Sepsis 6 |6.03 5.70 147 4.80 7.05
No Sepsis | 19 | 5.58 5.30 3.22 2.90 7.65
Total 23 |22.80 16.00 29.30 0.55 24.40
Hematologic | Sepsis 7 |16.01 0.00 35.10 0.00 8.85
Lymphocyte No Sepsis | 16 | 25.70 17.60 27.13 10.17 27.40
Total 25 | 10.40 9.60 5.26 5.50 13.70
Solid Sepsis 6 |10.25 8.00 6.69 5.07 15.20
No Sepsis | 19 | 10.50 9.60 4.94 6.35 13.60

Table 1. Descriptive statistics for biomarkers in patients with hematologic and oncologic tumors,
distinguishing sepsis status.

Depending on the cellular characteristics, different intensities of the signals were collected, and scattergrams
of the respective measuring channels were populated. These scattergrams are used for the classification of the cells
as well as flagging the abnormal population. WBC differentiation was assessed via fluorescence flow cytometry.

Characteristics of the study cohort

Forty-eight enrolled patients had fever episodes during inpatient care and were evaluated with serological
biomarkers for sepsis. The cohort was divided based on tumor status into 23 hematological patients, with a
median age of 57 years (range 54-63 years), and 25 oncological patients, with a median age of 67 years (range
55-74 years). The patients were classified on the basis of their tumor diagnosis in Table 1, and the most frequent
were multiple myeloma, followed by Hodgkin lymphoma in hematologic (respectively 56% and 17%) and the
gastrointestinal tract (48%) in solid tumors (table available in the supplementary materials). With respect to the
antineoplastic treatment used, all hematological patients had at least a partial response and were treated with
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Fig. 1. CONSORT diagram showing the process of patient screening, inclusion/exclusion and the monitoring
protocol applied to the study population.

early high-dose conditioning chemotherapy followed by autologous stem cell transplant (ASCT). Among the
oncologic patients, seventeen (68%) received chemotherapy during the course of active disease (clinical details
for the two cohorts are provided in the supplementary file).

As for the probability of sepsis and risk for in-hospital mortality, QSOFA score equal or greater than 2 was
present in around half of the oncologic patients, and in only 10% of hematologic ones. Small and extremely
heterogeneous study population, composed from both hematological and oncological patients, treated with
different treatment regimens, including chemo and immune therapy or no therapy, should be taken into account
when evaluating the results observed.

Statistical analysis

In this study, statistical analysis was conducted to assess the ability of biomarkers (IL-6, PCT, CRP, LYM, MON,
NEU and WBC) to predict sepsis status in hematologic and oncologic patients prior to blood culture results,
while ICU admission, in-hospital mortality, length of in-patient stay and fever duration were used as clinical
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parameters of sepsis outcome. The data were tested for normality via the Shapiro-Wilk test and log-scaled due
to their skewed distributions. Since normality cannot be assumed for all groups, we decided to use the Wilcoxon
signed rank test as a nonparametric test to evaluate differences in cohorts. To compare biomarker levels between
patients who were positive or negative for sepsis in a more precise manner, we used the empirical cumulative
distribution function (ECDF) to calculate the Kolmogorov-Smirnov test. ROC curves were used to determine
the performance of classification for single and combined biomarkers, and contingency tables were used for
sensitivity and specificity. The dynamics of the combined biomarker distributions were explored by calculating
the Pearson correlation coefficient and performing a principal component analysis (PCA). A p-value less than
0.05 was considered statistically significant. Statistical analyses were conducted using R'® and RStudio®. The
following R packages were employed: pROC?! for analysis of ROC curves; corrplot?? for correlation analysis;
gridges® for density probability; factoextra®® for principal component analysis; and ggplot2?® for data
visualization.

Results

Diagnostic performance of biomarkers in sepsis

Upon conducting an in-depth analysis of the markers utilized to monitor inflammation and immune responses
(specifically, CRP, IL-6, PCT, WBC, LYM, NEU and MON), substantial differences were identified in patients
with hematological or solid tumors who developed sepsis (Fig. 2). To further clarify the role of these markers, we
compared their levels on the basis of sepsis status, with either negative (-) or positive (+) blood cultures. CRP
concentrations were higher in blood cancer patients with sepsis than in those without; however, this difference
was not statistically significant in patients with solid tumors under similar conditions. Statistically significant
differences were detected between patients in the Blood (-) and Solid (-) groups, whereas those with positive
sepsis status were not significantly different. Figure 2 clearly shows that the CRP, IL-6, and PCT levels are
elevated in blood cancer patients with sepsis compared to those with fever alone. In patients with hematologic
malignancies, both the IL-6 and PCT levels were significantly different, a contrast not observed in patients with
solid tumors, regardless of sepsis status. Additionally, PCT concentrations in sepsis-negative patients with blood
cancers, compared to those with solid tumors, rejected the null hypothesis, an effect not replicated in patients
with sepsis. A similar trend was observed for IL-6 levels, which were significantly different in patients who did
not develop sepsis.

The analysis of different white blood cell concentrations presented in Fig. 3 revealed nonsignificant differences
whensepsis-positive and sepsis-negative subjects were compared in terms of all cell types. Although these two
groups did not exhibit notable variations, a marked disparity between negative (Blood (-) and Solid (-)) and
positive (Blood (+) and Solid (+)) samples was shown. Within the hematological group, LYM, MON, NEU, and
WBC levels were increased in Blood (—) compared to Blood (+); however, these differences were not statistically
significant. Similarly, the concentrations of all white blood cell types in Solid (—) and Solid (+) categories were
almost indistinguishable. When comparing cohorts negative to sepsis, some statistically significant distinctions

Levels of CRP, IL-6 and PCT in Blood and Solid cancers
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Fig. 2. Comparison of the levels of CRP, IL-6 and PCT between blood and solid cancer samples. The
horizontal axis represents groups, where the symbol (+) represents the sample with sepsis and (—) represents
the sample with other causes of fever. The vertical axis represents the biomarker level expressed in log10. The
p-value for statistically significant differences between groups is represented as follows: “~“ p-value >0.05;
p-value < 0.05; “**”p-value < 0.01.
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Fig. 3. Comparison of the level of lymphocyte, monocyte, neutrophil and WBC between blood and solid
cancers. The horizontal axis represents groups, where the symbol (+) represents the sample with sepsis and
(-) represents the sample with other causes of fever. The vertical axis represents the biomarker level expressed
in log10. The p-value for statistically significant differences between groups is represented as follows: “—“ p-
value > 0.05; “*”p-value < 0.05; “**” p-value < 0.01; “***” p-value < 0.001; “****” p-value < 0.0001.

emerged: Blood (—) samples had significantly higher concentrations of both LYM and MON compared to Solid
(—); conversely, Blood (—) groups expressed lower values of NEU and total WBC than Solid (-) samples did,
with significant differences in both cell types. The analysis of sepsis-positive samples generally revealed higher
concentrations of white blood cells in solid cancers, with NEU, MON and WBC displaying significantly greater
levels in Solid (+) compared to Blood (+).

To evaluate the performance of each biomarker as a classifier for sepsis, we conducted a comprehensive ROC
analysis examining all biomarkers across the two conditions under investigation (Fig. 4), blood and solid cancers.
As shown in the figure, the area under the curve (AUC) was assessed, indicating a strong overall performance
of the biomarkers in identifying sepsis within blood cancer patients (Fig. 4A), whereas such efficacy was not
observed in solid cancers (Fig. 4B). Notably, for blood cancers (Fig. 4A), IL-6 and PCT had AUC of 0.804
and 0.777, respectively, followed by MON (0.759), LYM and NEU (0.741), CRP (0.710) and WBC (0.665). In
solid cancers (Fig. 4B), the classification efficacy of biomarkers was generally lower than that in blood cancers.
Nevertheless, PCT had a moderate classification potential with an AUC =0.693, in contrast to other biomarkers
that did not show any discriminatory power, such as WBC (0.596), MON (0.579), LYM (0.548), NEU (0.500),
IL-6 (0.482) and CRP (0.447), which had a much more similar impact of a random guess.

To provide a more detailed evaluation of the classifier’s ability to distinguish between positive and negative
sepsis cases, we included contingency tables for all biomarkers. Table 2 presents the results for IL-6 and PCT,
while Tables S1-S2 in the supplementary materials cover CRP, MON, LYM, NEU, and WBC.

These tables were constructed using the optimal thresholds determined as the points closest to the top-left
corner of each ROC curve in Fig. 4. The contingency tables for IL-6 in Table 2 highlight the critical differences in
sepsis classification between blood and solid cancers. In blood cancer, IL-6 has a sensitivity of 1.0, whereas it has
a sensitivity of 0.33 in solid cancers, underscoring its significant role in accurately detecting all sepsis cases. PCT
is the most consistent biomarker, showing moderate overall performance across both cancer types (Table 2). The
highest accuracy in classifying sepsis cases was achieved by NEU, MON and LYM in blood cancer (Table S1),
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Fig. 4. ROC curves for sepsis detection in blood and solid cancers, where the horizontal axis represents
specificity whereas the vertical axis represents sensitivity. Multiple ROC curves of different biomarkers used for
sepsis diagnosis between blood (A) and solid samples (B) are plotted.

with values of 0.87, 0.83 and 0.82, respectively, demonstrating their strong predictive ability in this context. In
contrast, for solid cancers, the best-performing biomarker was LYM (Table S2), which achieved an accuracy of
0.76, indicating a relatively lower but still noteworthy ability to distinguish between sepsis-positive and sepsis-
negative cases in solid tumor patients. These metrics should be interpreted considering values distribution
(Figs. 2 and 3), which highlights the inherent high variability associated with blood cancers.

As shown in Fig. 4, certain biomarkers have demonstrated good classification potential in identifying patients
with sepsis. In the subsequent analysis, certain biomarker combinations were identified with discriminative
power in identifying sepsis, as shown in Fig. 5. The impact of biomarker combinations was especially evident
when these combinations were applied to hematological cancer samples (Fig. 5A). Specific combinations
such as “IL-6+PCT” and “LYM + NEU” achieved an AUC of 0.866, indicating high diagnostic performance.
These combinations were followed by the combinations “IL-6+PCT + CRP” and “LYM + NEU + MON” with
AUC=0.839, “IL-6 + CRP” (0.804), “NEU + MON” (0.795), “LYM + MON” (0.741) and “CRP+PCT” (0.723).
In the context of solid tumors, the efficacy of some biomarkers in combination was slightly improved compared
with that of individual biomarkers, as shown in Fig. 5B; however, PCT alone had a better AUC. For the biomarker
pairs in solid tumors, “CRP + PCT” was the most effective combination, with an AUC of 0.658, followed by “IL-
6+PCT + CRP”, with an AUC of 0.640, and “IL-6+ PCT” (0.623). The remaining combinations, “NEU + MON”
(0.579), “IL-6+ CRP” (0.570), “LYM + NEU + MON” (0.561), “LYM + NEU” (0.535) and “LYM + MON” (0.465),
had results similar to random guessing or worse.

To comprehensively explain the results observed in the ROC curves and contingency tables, we conducted an
in-depth analysis of the variable distributions independently and jointly (Fig. 6 and Fig. S1-S2 of supplementary
materials). The density plot structure revealed different patterns that enhance the understanding of their
discriminatory power. In the case of blood cancer patients (Fig. 6A), where the WBC count, with the lowest AUC
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Table 2. Confusion matrix for IL-6 and PCT in blood and solid cancers. The metrics outside each contingency
table are the NPV (negative predictive value) and PPV (positive predictive value) with their results on the
right; specificity, sensitivity, accuracy and cutoft values represented below.

(0.665), was compared with other biomarkers (Fig. 4A), a poorly separated distribution according to sepsis status
was observed, and furthermore, negative sample values were widely dispersed. CRP, with a slightly improved
performance (AUC=0.710), had similar issues that affected WBC. The subgroups of white blood cells, namely,
the MON, LYM, and NEU, had comparable abilities to discriminate sepsis, as they presented a distribution with
distinct peaks and less overlap. PCT and IL-6 are the most useful markers for identifying patients on the basis of
sepsis status. Even though their distributions seemingly overlapped, the values between the two groups were well
separated, and their ranks differed systematically. Similar to Fig. 3, the WBC count demonstrates limited utility
in accurately classifying sepsis. The Empirical Cumulative Distribution Function (ECDF) for blood cancers in
Figure S1 highlights the strong discriminative power of IL-6, PCT, and CRP, along with the significant variability
observed in the MON, LYM, and NEU. To understand overall group separation, we performed PCA on blood
cancer patients (Figure S3-S4) and analyzed sepsis status separately and in combination. The explained variance
for hematologic cancer was as follows: in sepsis-positive patients, 92.6%, with a strong contribution from IL-6,
PCT, CRP, NEU, and LYM; in sepsis-negative patients, 79.4%, driven primarily by LYM, followed by CRP, WBC,
and NEU (in decreasing order of contribution); and in the entire group, 78%, with Dim1 dominated by CRP,
PCT, IL-6, and LYM (in opposing directions), while Dim2 was influenced by MON and NEU. Unfortunately, in
the cohort with solid cancers (as depicted in Fig. 6B), the distributions frequently exhibited complete overlap,
accompanied by similar variance, and were not able to distinguish sepsis status. PCT was the only one able to
achieve a moderate AUC of 0.693 for sepsis classification among solid tumor patients. Its density distribution was
similar to that of other biomarkers, but the values in the sepsis cohort were slightly greater (Fig. 6B). All the other
independently taken biomarkers were similar to the random prediction of sepsis (Fig. 6B). The ECDF for the
solid cancer group, presented in Figure S2, demonstrated a lack of discriminatory power between sepsis-positive
and sepsis-negative samples, as suggested by previous results. As for blood cancer, we also performed PCA for
the solid cancer group (Figure S4), where the explained variance was 88.8% for sepsis-positive patients (Dim1
driven by PCT, CRP, WBC, and IL-6, and Dim2 by LYM and MON) and 73.7% for sepsis-negative patients
(Dim1 dominated by WBC, PCT, and NEU, and Dim2 dominated by LYM and IL-6). In the combined group,
72.6% of the variance was captured, with CRP, IL-6, and PCT driving Dim1 and MON and NEU contributing
to Dim2.

The integration of multiple biomarkers produced density plots that reflected the ability of the individual
biomarkers, as indicated by the ROC curves (Fig. 5). The sum of biomarkers in blood samples (Fig. 6A)
significantly improved the discriminatory power in blood cancer patients, as highlighted in Fig. 5A. Conversely,
the biomarker combinations in the solid tumor cohort (Fig. 6B) generally did not improve or possibly degrade
the classification performance, except for combinations such as “CRP+PCT” and “IL-6 + PCT + CRP”, which
achieved fair discrimination power.

Moreover, we analyzed the Pearson correlations among biomarkers across all four patient categories. As
illustrated in Fig. 7, there was an abundance of moderate-to-strong relationships between these variables, as
indicated by |r| > 0.4 (highlighted by red and blue squares), with some of these associations in opposite
directions according to sepsis status. This complementary nature was helpful for choosing biomarkers that
capture different aspects of the data, enhancing feature creation for improved classification accuracy. IL-6, PCT
and CRP demonstrated particular efficacy in discriminating between sepsis status in blood cancer (Fig. 4A).
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Fig. 5. ROC curves for sepsis detection in blood and solid cancers, where the horizontal axis represents
specificity, whereas the vertical axis represents sensitivity. Multiple ROC curves are plotted for different
combinations of biomarkers used for sepsis diagnosis between blood (A) and solid samples (B).

The combination ultimately improved the discrimination accuracy owing to strong and negative relationships,
contrasting information essential for further dividing density plots.

Clinical outcomes

To further assess the clinical utility of the studied biomarkers, we analyzed key clinical outcomes including
ICU admission, in-hospital mortality, length of hospital stay and fever duration in our patient cohort (Table 3).
Among the 48 patients included in the study, no patients required ICU admission during hospitalization. The
overall in-hospital mortality rate was 14.6%, with a marked difference between cancer types: patients with solid
tumors exhibited a significantly higher mortality rate (24.0%) compared to those with hematologic malignancies
(4.3%) as expected given the higher percentage of qSOFA score equal or greater than 2.

The median length of hospital stay was notably longer in hematologic patients (20 days, IQR 18-23) than
in solid tumor patients (8 days, IQR 7-16), likely reflecting the intensive treatment regimens such as high-dose
chemotherapy and autologous stem cell transplantation in the more fit hematologic group. Fever duration was
relatively short across both groups, with medians of 2 days (IQR 2-4) and 1 day (IQR 1-2) for hematologic and
solid tumor patients, respectively.

These clinical outcomes provide important context for interpreting the biomarker performance results. The
higher mortality observed in solid tumor patients, despite the superior biomarker discriminatory power in
hematologic patients, underscores the complex interplay between biomarker expression and clinical outcomes
in different cancer populations. The absence of ICU admissions suggests that the biomarkers may be particularly
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Fig. 6. Probability density for biomarker values in the cohort under study. Subfigures show independent and
combined biomarkers for sepsis-positive (red dots) and sepsis-negative (blue dots) patients in blood (A) and
solid (B)cancers.

useful for early sepsis detection, associated with upfront antibiotic therapy, before progression to critical illness
requiring intensive care.

Discussion

This study investigated the diagnostic utility of inflammatory and immune biomarkers in detecting sepsis among
patients with hematologic and solid cancers and revealed critical differences in biomarker performance and
immune response characteristics between these two cancer types.

Our analysis revealed that across all biomarkers (CRP, IL-6, PCT, WBC, LYM, NEU and MON), the expression
levels of IL-6 and PCT were the most discriminant in sepsis detection, which is in line with the known response
in inflammation. In particular, sepsis-positive patients with blood and solid cancers presented higher levels of
CRP, IL-6 and PCT than did those in sepsis-negative groups (Fig. 2). However, the significant distinctions found
in the blood cancer groups were not maintained in terms of biomarker levels between the solid tumor groups
(Solid (=) and Solid (+)).

The different white blood cells under study (LYM, MON, NEU, and WBC) showed limited discriminatory
power for sepsis status (Fig. 3). This lack of differentiation may be attributed to the generalized inflammatory
nature of sepsis, potentially masking significant changes in these markers. Specifically, for blood cancers,
nonsignificant differences were observed between the Blood (+) and Blood (-) groups, yet significant disparities
emerged when the Blood (-) and Solid (-) groups were compared. LYM and MON concentrations were higher
in Blood (-), whereas NEU and WBC levels were elevated in Solid (-). This suggests inherent variability in
immune responses between the two cancer types. Interestingly, the analysis revealed higher WBC, NEU, and
MON counts in the Solid (+) group than in the Blood (+) group, which may reflect differences in immune system
activation in response to sepsis.

ROC analysis revealed that IL-6 and PCT are the most reliable biomarkers of blood cancer, with high AUC
values of 0.804 and 0.777 (Fig. 4), respectively, indicating strong potential for sepsis classification. While slightly
less effective, the CRP also made a significant contribution to the diagnostic framework. PCA further emphasized
the importance of these markers (Fig. S3-S4), with Dim1 being influenced primarily by IL-6, PCT, and CRP.
In contrast, biomarker performance in solid cancers was lower, with PCT emerging as the only marker with
moderate discriminatory power (AUC=0.693), as reported in Fig. 4. Other markers, including WBC, MON,
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Fig. 7. Correlation heatmap among biomarkers, indicated in rows and columns, where in each cell, the
number is the Pearson correlation coeflicient (r), and the color represents the strength and direction of the
relationship between two variables.

Patient group N | ICU admission n (%) | In-hospital mortality n (%) | Length of stay (days) | Fever duration (days)
Hematologic malignancies | 23 | 0 (0%) 1(4.3%) 20 (18-23) 2 (2-4)
Solid tumors 25 | 0 (0%) 6 (24%) 8 (7-16) 1(1-2)

Table 3. Summarized clinical outcome: values are presented as median (interquartile range) for continuous
variables and n (%) for categorical variables.

LYM, and NEU, presented AUC values close to random chance, reflecting their limited diagnostic utility in solid
tumors.

Correlation analysis revealed moderate-to-strong relationships between biomarkers, particularly in blood
cancer patients, where complementary biomarkers such as IL-6, PCT, and CRP exhibited opposing relationships
with sepsis status. These correlations facilitated the selection of biomarker combinations that captured distinct
aspects of the data, further enhancing classification accuracy. In solid cancers, weaker correlations and
overlapping biomarker distributions limit the ability to create effective combinations. Driven by the mathematical
characteristics of the biomarkers, we further studied the possibility of enhancing the classification power using
new features that capture different types of biological information by combining their values. The combinations
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permit to stretch the distribution of biomarkers thanks to the analysis of both density (Fig. 6) and correlation
plots (Fig. 7).

The integration of multiple biomarkers markedly increased diagnostic accuracy in blood cancer patients.
Combinations such as IL-6+PCT and LYM + NEU yielded high AUC values, reaching 0.866, highlighting
the complementary nature of these biomarkers. Notably, combinations such as IL-6+PCT+CRP and
LYM + NEU + MON further improved diagnostic performance, emphasizing the utility of integrating biomarkers
with contrasting relationships. In contrast, biomarker combinations in solid cancers demonstrated limited
effectiveness, with only CRP + PCT and IL-6 + PCT + CRP achieving moderate discriminatory power.

In hematologic patients, our findings suggest specific biomarker thresholds that may serve as practical tools
for early identification of higher sepsis risk. Notably, levels in log10 of IL-6 > 1.38 and PCT > 0.12 were associated
with increased sepsis likelihood in hematologic cancer patients, consistent with previously reported IL-6
cutoffs and PCT thresholds in general sepsis populations?*>?’. Combined indices, such as IL-6 + PCT > 1.86 and
CRP +PCT>0.72 further enhanced risk stratification, aligning with literature demonstrating that combinations
of inflammatory biomarkers improve diagnostic accuracy beyond single markers alone?®2°.

Additionally, combined immune cell markers showed diagnostic relevance like LYM + NEU <2.70 as well as
the LYM + NEU + MON < 3.17, were indicative of elevated sepsis risk in this blood cancer group. While specific
numeric cutoffs for combined leukocyte subsets are rarely standardized in the literature, the integration of
lymphocyte, neutrophil and monocyte counts is increasingly recognized as valuable for sepsis diagnosis and
prognosis.

Conversely, in the solid tumor cohort, biomarker levels did not demonstrate significant differences between
septic and non-septic patients, preventing the establishment of reliable diagnostic thresholds for this population.

The differences in biomarker performance between blood and solid cancers can arise from intrinsic
variations in immune system cell dynamics associated with the cancer type, highlighting their potential link
to sepsis. Among hematological and solid malignancies, distinctive variations in biomarker levels associated
with septicemia have been demonstrated. Additionally, biomarker combinations improved the precision in
diagnosing sepsis in patients with hematologic cancers; however, such combinations had impaired performance
in solid ones. In terms of baseline demographic characteristics, oncologic patients were 10 years older than
hematologic ones, and were generally treated in the course of active disease; therefore, they were more likely to
have an impaired immune system. Thus, the highlighted difference between serological biomarkers was especially
evident in Solid (—) samples compared to Blood (—) samples. On the other hand, no difference from PCT was
present between Solid (+) and Solid (-) patients, which could also be explained by the presence of active disease
in oncologic patients, with possible implications for the abovementioned values. Furthermore, more than 1/3
of the oncologic subpopulation with negative blood cultures did not receive chemotherapy, which could have
an impact on the higher serological values of IL-6 and PCT. With respect to the differences in WBC and its
subpopulations, namely, the NEU, LYM and MON, the hematological patients received high-dose chemotherapy
prior to ASCT, and lower values of leukocytes were expected compared to the oncologic ones.

Our study has some major limitations, including a small and heterogeneous study population, composed
from both hematological and oncological patients with different tumor type and consequential treatments,
including chemo and immune therapy and no therapy, that probably had an influence on the aforementioned
results. Furthermore, antimicrobic treatment used for each patient along with the type of bacteria present in the
blood-stream had an impact on the outcome regarding the levels of the studied biomarkers. In addition, due to
the nature of our study, we lack granular data on the precise timing of biomarker changes relative to the initial
signs of sepsis, limiting our ability to assess the temporal dynamics of biomarkers variation. Finally, given that we
described a single-center experience, it remains difficult to confirm the validity of our results in other healthcare
settings with different microbiological epidemiology and nosocomial infections.

In light of the exploratory nature of our study, which is limited by a small sample size and significant patient
heterogeneity, we did not apply formal corrections for multiple hypothesis testing. This decision was made to
avoid an increased risk of Type II errors (false negatives), which could have masked potentially relevant signals
in this fragile and complex population. Therefore, our findings should be interpreted as hypothesis-generating
and serve as a foundation for future, more robust investigations.

Nonetheless, the results suggest that IL-6, PCT, and CRP may have superior performance for sepsis
classification, both individually and in combination, in patients with hematologic malignancies. However, the
reduced effectiveness of these markers in solid cancers emphasizes the need for cancer-specific approaches for
sepsis diagnosis. Therefore, in case of clinical suspicion of sepsis, such as persistent fever or other clinical signs,
addition of daily PCT and IL-6 tests together with CRP, which is already frequently monitored, could be of aid in
interpreting and promptly acting with empiric antibiotic therapy, especially in hematologic ones, in order to avoid
development of septic shock, thus increasing the mortality risk. Future research using independent validation
cohort with larger number and greater homogeneity of patients in terms of both tumor type and treatment
regimen could help in individualizing more precise sepsis biomarkers, thus improving patient outcome in this
extremely fragile population. Furthermore, future studies should focus on identifying alternative biomarkers or
novel combinations tailored to the unique inflammatory profiles of solid tumor patients in order to individualize
in a more precise manner the potential differences between specific disease types.

Data availability
The datasets used and analysed during the current study available from the corresponding author on reasonable
request.
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