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Purpose: Risk factors and prognostic model of fatal outcomes need to be investigated for 
the increasing number of immunocompromised hosts (ICHs) who are hospitalized for severe 
pneumonia with high hospital mortality.
Patients and Methods: In this single-center, retrospective study, we recruited 1,933 ICHs 
with severe pneumonia who were admitted to the intensive care unit (ICU) in West China 
hospital, Sichuan university, China between January, 2012 and December, 2018. Clinical 
features, laboratory findings, and fatal outcomes were collected from electronic medical 
records. Patients were randomly separated into a 70% training set (n=1,353) and a 30% 
testing set (n=580) for the development and validation of a prediction model. All data within 
24 hours of ICU admission were compared between survivors and non-survivors. The risk 
factors were identified through LASSO and multivariate logistic regression analysis, and then 
used to develop a predicting nomogram. The nomogram for predicting hospital mortality of 
ICHs with severe pneumonia in the ICU was validated by C-index, AUC (area under the 
curve), calibration curve, and Decision Curve Analysis (DCA).
Results: Eight risk factors, including age, fever, dyspnea, chronic renal disease, platelet 
counts, neutrophil counts, PaO2/FiO2 ratio, and the requirement for vasopressors, were 
adopted in a nomogram for predicting hospital mortality. The nomogram had great predicting 
accuracy with a C-index of 0.819 (95% CI=0.795–0.842) in the training set, and a C-index of 
0.819 (95% CI=0.783–0.855) in the testing set for hospital mortality. Additionally, the 
nomogram had well-fitted calibration curves. DCA demonstrated that the nomogram was 
clinically beneficial.
Conclusion: This study developed a novel nomogram for predicting hospital mortality of 
ICHs with severe pneumonia in the ICU. Validation showed good discriminatory ability and 
calibration, indicating that the nomogram was expected to be a superior predictive tool for 
doctors to identify risk factors and predict mortality, and might be generally applied in 
clinical practice after more external validations.
Keywords: immunocompromised, severe pneumonia, ICU, risk factors, nomogram

Introduction
Pneumonia is one of the most common burdens of diseases worldwide.1 It persis-
tently causes deaths, without significant improvement during the last 34 year 
period, and a fifth of these patients hospitalized were severe pneumonia need to 
be admitted to intensive care units.2 To identify the population of severe pneumonia 
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and stratify patients, several predicting tools have been 
clinically applied in community-acquired pneumonia 
(CAP) patients, such as PSI,3 CURB-65,4 and IDSA/ATS 
2007.5

The immunocompromised hosts (ICHs) are mainly 
used to describe a group of conditions such as tumor, 
hematologic malignancies, HIV infection, or treatment 
with immunosuppressants that lead to an impaired ability 
to exhibit an appropriate immune response. At present, the 
population of immunocompromised hosts continues to 
increase due to the increasing prevalence of the subjects 
with solid tumors and hematological disease,6–9 wide clin-
ical application of immunosuppressants, hormones, and 
chemotherapies,10,11 organ transplantation, and HIV 
infection.12,13 Compared to the non-immunocompromised 
populations, immunodeficiency populations are more 
likely to develop multiple, opportunistic, and drug- 
resistant infections with atypical clinical manifestations,14 

which makes it difficult to identify the cause and causes 
a delay in diagnosis and treatment. The severity of pneu-
monia is increased in ICHs, resulting in higher incidence 
of acute respiratory failure and fatal outcomes,15 as well as 
higher demands for ICU admission. However, the guide-
lines of the Infectious Diseases Society of America and the 
American Thoracic Society on the management of com-
munity acquired pneumonia and hospital acquired 
pneumonia11,12 have not addressed community-acquired 
pneumonia occurring in immunocompromised patients, 
and the recommendations for hospital-acquired pneumonia 
stated that they are not intended for ICHs,5,16 especially 
for ICHs with severe pneumonia.

Because of the high mortality and poor prognosis in 
ICHs with severe pneumonia, this retrospective study was 
mainly performed to discover prognostic factors and report 
a prognostic nomogram model for predicting hospital mor-
tality of ICHs with severe pneumonia in the ICU.

Materials and Methods
Population
This is a single-center, retrospective cohort study. We 
retrospectively enrolled ICHs with severe pneumonia 
who were admitted to the ICU in the West China 
Hospital of Sichuan University, a national-level center 
for the diagnosis and treatment of difficult and severe 
cases in western China, with 4,300 beds in total, between 
January 2012 and December 2018. According to the 
Infectious Diseases Society of America/American 

Thoracic Society (IDSA/ATS) consensus guidelines,5 

severe pneumonia patients were included by meeting any 
one of major criteria (septic shock with need for vasopres-
sors; respiratory failure requiring mechanical ventilation), 
or at least three minor criteria (respiratory rate ≥30 
breaths/min; PaO2/FiO2 ratio ≥250; multilobar infiltrates; 
confusion/disorientation; blood urea nitrogen level 
≥20 mg/dL; white blood cell count <4,000 cells/µL; plate-
let count <100,000/µL; core temperature <36°C; hypoten-
sion requiring aggressive fluid resuscitation).

Based on previous studies and consensus,17,18 ICHs 
were determined by meeting one of the following criteria: 
1) a progressive solid tumor or hematological malignancy 
(such as leukemia, myeloma, or lymphoma) undergoing 
chemotherapy within 6 months and chest radiation therapy 
within 3 months of admission or causes neutropenia (neu-
trophil count < 500 cells/mm3); 2) solid-organ, stem cell, 
or bone marrow transplant recipients; 3) receiving high- 
dose (>1 mg/kg/day) steroid treatment or long-term (≥3 
weeks) immunosuppressive therapy, including steroids, 
cyclosporine, azathioprine, or biological modifiers such 
as etanercept or infliximab, for autoimmune diseases; 4) 
positive HIV infection. Patients were excluded if they 1) 
were <18 years of age; 2) had CPR within the first 24 
hours or stayed less than 24 hours in the ICU; 3) had 
a long ICU stay over 90 days because of repeated admis-
sion for medical settlement; or 4) patients with >20% 
variable absence.

Data Collection and Outcomes
Clinical data, including medical history, demographic data, 
symptoms and vital signs, comorbidities, laboratory find-
ings at ICU admission, clinical managements, and clinical 
outcomes were extracted from the electronic medical 
record system. Demographic data included age and sex. 
Symptoms and vital signs included fever, cough, dyspnea, 
temperature, mean blood pressure, heart rate, respiratory 
rate, and the ratio of arterial oxygen partial pressure to 
fractional inspired oxygen (PaO2/FiO2). Laboratory find-
ings involved: complete blood count, coagulation test, 
liver and renal function, electrolytes, procalcitonin 
(PCT), and lactic acid. Clinical management consisted of 
direct ICU admission, the requirement for invasive 
mechanical ventilation, and the requirement for vasopres-
sors. Sepsis was evaluated by a quick sepsis related organ 
failure assessment (qSOFA) score which was calculated by 
assigning one point of low blood pressure (systolic blood 
pressure ≤100 mmHg), high respiratory rate (≥22 breaths 
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per min), or altered mental state for each. The main out-
come was hospital mortality. All data were cross-checked 
by at least two clinicians or researchers.

The outcome of this study was hospital mortality. 
Clinical characteristics at ICU admission were compared 
between the survival and non-survival group. A nomogram 
for predicting hospital mortality in ICHs with severe pneu-
monia in the ICU was developed.

Statistical Analysis
The sample size (n=1,933) was derived on the basis of the 
available data, with mortality of 628, which is greater than 
the sample size evaluated by event per variables value of 
ten principal. Baseline characteristics were compared 
between survivors and non-survivors. Categorical vari-
ables were described as frequencies and percentages (%) 
and were compared using χ2 tests. Continuous variables 
were expressed as median (IQR) and compared using 
Wilcoxon rank-sum test. Two-tailed P-value <0.05 consid-
ered the difference to be statistically significant.

We selected 40 candidate predictor variables based on 
their clinical value, existing literature, and statistical sig-
nificance. Candidate variables with more than 20% miss-
ing data were excluded. For variables with less than 20% 
missing data, multiple imputations were performed for the 
missing values using the “mice” R package.19 The total 
patients were randomly split into a 70% training set to 
build the prediction model and a 30% testing set for 
independent internal validation using the “caret” 
R package. The training set was applied to develop 
a prediction model and the testing set was used to validate 
the performance of the model. In the training set, we used 
the least absolute shrinkage and selection operator 
(LASSO) method to select the candidate predictive fea-
tures with “glmnet” R package. A 10-fold cross-validation 
method was applied to find the regularization parameter 
lambda, which gave the minimum mean cross-validated 
concordance index. Variables selected by LASSO method 
were included in the multivariate logistic regression ana-
lysis to identify independent risk factors. We use the “rms” 
R packages to develop the prediction model based on the 
result of multivariate logistic regression analysis. Finally, 
a nomogram for predicting hospital mortality as the out-
come of interest will be presented based on the predicting 
model.

We validated the prediction nomogram both in the 
training set and testing set. The calibration,

discrimination, and clinical usefulness of the nomo-
gram were calculated to evaluate its performance. The 
prediction accuracy was evaluated by using the Harrell’s 
concordance index (C-index) and its 95% CI, as well as 
the area under the curve (AUC) of the receiver operating 
characteristic (ROC) curve. A calibration curve was used 
to access the difference between the predicted value con-
ducted by the nomogram and the actual value. Decision 
curve analysis (DCA) was performed to assess the clinical 
usefulness and benefits of the prognostic nomogram.

All statistical analyses were done on R Studio, ver-
sion 4.0.5.

Results
Patient Selection
In total, 6,992 patients with severe pneumonia at ICU 
admission were extracted from the electronic medical 
records, 58 patients were excluded for being younger 
than 18 years old. In the remaining 6,934 patients, 2,122 
were immunocompromised patients, including 1,450 
patients (68.3%) with active solid tumor or hematological 
malignancy, 131 patients (6.2%) with transplantations, 696 
patients (32.8%) with corticosteroid or biological immune 
modulators treatment, 33 patients (1.6%) with HIV infec-
tion, and 188 patients (8.9%) had more than one immuno-
deficient factor. For 2,122 ICHs with severe pneumonia, 
we excluded 45 patients for undergoing a cardiopulmonary 
resuscitation within the 24 hours before ICU admission or 
haing stayed less than 24 hours in the ICU, 14 patients for 
a long ICU stay of over 90 days because of repeated 
admission for medical settlement, and 130 patients for 
more than 20% variables being missing. In total, 1,933 
patients were included in our analysis. The patients selec-
tion is presented in Figure 1.

Clinical Characteristics
Clinical characteristics at ICU admission between survival 
and non-survival cohorts are given in Table 1. Male gender 
was not significantly associated with death group (68.2% 
vs 65.1%, P=0.207). The median age of ICHs admitted in 
the ICU with severe pneumonia was 64 years (IQR=50– 
75), for those who died in the hospital it was 70 years 
(IQR=57–79) and for those who survived it was 61 years 
(IQR=48–72; P<0.001).

Patients who presented with fever (32.5% vs 14.9%), 
cough (40.6% vs 27.2%), and dyspnea (26.8% vs 11.8%) 
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were more common in the death group than the survival 
group (P<0.001).

The frequency of comorbidities with chronic renal dis-
ease (16.9% vs 6.0%) and chronic pulmonary disease 
(29.8% vs 21.1%) was significantly associated with the 
death group (P<0.001).

For vital signs, increased heart rate (102 vs 96 bpm, 
P<0.001), increased respiratory rate (20 vs 18 rate/min, 
P<0.001), decreased mean blood pressure (65.00 vs 
67.67mmHg, p< 0.001), and decreased Pa02/Fi02 
(147.66 vs 181.50, p<0.001) were associated with mortal-
ity. Among these, difference in mean blood pressure, heart 
rate and respiratory rate are small and these factors were 
unlikely to be clinically meaningful.

Compared to survive group, death group had elevated 
neutrophils (8.53 vs 7.32×109/L, p<0.001), glucose (7.57 
vs 6.89mmol/L, p<0.001), creatinine (81.00 vs 70.00 
μmol/L, P<0.001), APTT (34.45 vs 31.00 sec, P<0.001), 
PT (13.50 vs 12.70 sec, P<0.001), lactic acid (1.60 vs 1.40 
mmol/L, P<0.001), PCT (0.72 vs 0.31 ng/mL, P<0.001), 
and decreased hemoglobin (105.50 vs 113.00 g/L, 
P<0.001), platelet (137.00 vs 185.00×109/L, P<0.001), 
lymphocyte (0.78 vs 0.97×109/L, P<0.001), monocyte 

(0.38 vs 0.43×109/L, P<0.001), and albumin (30.90 vs 
32.90g/L, P<0.001). White blood cell count and uric acid 
had no differences between the two groups.

In our study, we found a higher proportion of death 
group patients needed a direct ICU admission (46.3% vs 
34.3%, P<0.001), required invasive mechanical ventilation 
(99.5% vs 97.7%, P=0.007), and required vasopressors 
(85.4 vs 48.1%, P<0.001). Although the quick sepsis 
related organ failure assessment (qSOFA) score showed 
significance between the two groups (P<0.001), its 95% CI 
of 0–1 indicated that qSOFA at ICU admission cannot help 
predict the mortality in immunocompromised patients with 
severe pneumonia.

Patients were divided into a training set (n=1,353) and 
a testing set (n=580). The baseline characteristics between 
training and testing sets are presented in Table 2. There 
was no significant difference in these characteristics 
between the training set and testing set with all (all 
P>0.05).

Candidate Predictors Selection
On the basis of 1,353 patients being in the training set, 18 
potential predictors were selected from 40 features by 

Figure 1 Patients selection procedure.
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Table 1 Clinical Characteristics between Survival and Death Groups

Variables Overall (n=1,933) Survival (n=1,355) Death (n=628) P

Demographic data

Male gender (%) 1278 (66.1) 850 (65.1) 428 (68.2) 0.207

Age, median [IQR] 64.00 [50.00–75.00] 61.00 [48.00–72.00] 70.00 [57.00–79.00] <0.001

Symptoms (%)

Fever 398 (20.6) 194 (14.9) 204 (32.5) <0.001

Cough 610 (31.6) 355 (27.2) 255 (40.6) <0.001

Dyspnea 322 (16.7) 154 (11.8) 168 (26.8) <0.001

Comorbidities (%)

Diabetes 282 (14.6) 169 (13.0) 113 (18.0) 0.004

Chronic hepatic disease 104 (5.4) 67 (5.1) 37 (5.9) 0.559

Chronic renal disease 184 (9.5) 78 (6.0) 106 (16.9) <0.001

Chronic cardiac disease 275 (14.2) 161 (12.3) 114 (18.2) 0.001

Cerebral disease 120 (6.2) 82 (6.3) 38 (6.1) 0.922

Chronic pulmonary disease 463 (24.0) 276 (21.1) 187 (29.8) <0.001

Vital signs, median [IQR]

Respiratory rate, rate/min 19.00 [14.00–24.00] 18.00 [14.00–23.00] 20.00 [15.00–5.00] <0.001

Temperature, °C 36.60 [36.30–37.20] 36.60 [36.30–37.20] 36.70 [36.30–37.20] 0.744

Heart rate, bpm 98.00 [82.00– 114.00] 96.00 [80.00–111.00] 102.00 [85.00–119.00] <0.001

Mean blood pressure, mmHg 66.67 [56.67–76.00] 67.67 [57.67–76.67] 65.00 [54.67–73.75] <0.001

PaO2/FiO2 171.20 [110.17– 231.00] 181.50 [123.00– 235.00] 147.66 [90.38– 209.82] <0.001

Laboratory findings, median [IQR]

Hemoglobin, g/L 110.00 [90.00– 129.00] 113.00 [92.00– 131.00] 105.50 [83.00– <0.001

Platelet, ×109/L 169.00 [105.00– 246.00] 185.00 [122.00– 259.00] 137.00 [82.00– 208.25] <0.001

White blood cell, ×109/L 9.27 [6.53–13.27] 9.10 [6.53–13.04] 9.71 [6.52–13.73] 0.074

Neutrophils, ×109/L 7.62 [4.70–11.48] 7.32 [4.57–10.87] 8.53 [5.26–12.90] <0.001

Lymphocyte, ×109/L 0.91 [0.56–1.35] 0.97 [0.61–1.44] 0.78 [0.47–1.17] <0.001

Monocyte, ×109/L 0.42 [0.26–0.63] 0.43 [0.27–0.64] 0.38 [0.24–0.57] <0.001

Alanine aminotransferase, U/L 22.00 [14.00–42.00] 22.00 [14.00–41.00] 23.00 [14.00–45.00] 0.414

Aspartate aminotransferase, U/L 29.00 [20.00–51.00] 28.00 [20.00–47.00] 33.00 [20.75–61.00] <0.001

Albumin, g/L 32.20 [27.60–37.90] 32.90 [28.20–38.90] 30.90 [26.40–35.62] <0.001

Globulin, g/L 25.20 [21.50–29.30] 25.40 [21.70–29.40] 24.50 [20.78–29.00] 0.028

Creatinine, μmol/L 73.00 [55.30– 106.00] 70.00 [53.50–98.00] 81.00 [58.00– 140.50] <0.001

Uric acid, μmol/L 238.80 [154.00– 343.00] 238.60 [153.00– 340.00] 239.00 [156.00– 354.25] 0.152

(Continued)
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LASSO, including: age, fever, cough, dyspnea, chronic 
renal disease, chronic pulmonary disease, respiratory rate, 
heart rate, PaO2/FiO2 ratio, hemoglobin, platelet, neutro-
phils, lymphocyte, monocyte, APTT, direct ICU admis-
sion, the requirement for invasive mechanical ventilation, 
and the requirement for vasopressors (Figure 2A and B).

Then, we adopted eight factors through multivariate 
logistic analysis, with results reported as odds ratio (95% 
CI), shown in Table 3. Eight risk factors including: age 
(1.027 [1.018–1.036]), fever (1.957 [1.405–2.726]), dys-
pnea (2.107 [1.458–3.045]), chronic renal disease (3.468 
[2.182–5.511]), PaO2/FiO2 ratio (0.997 [0.995–0.999]), 
platelet (0.997 [0.996–0.999]), neutrophils (1.048 [1.022– 
1.074]), and the requirement for vasopressors (7.664 
[5.494–10.692]) were independently associated with hos-
pital mortality.

Development of Predicting Nomogram
Nomogram to predict hospital mortality of ICHs with severe 
pneumonia in ICU is presented in Figure 3. Each predictive 
factor was assigned with a single score which was presented 
on the top line of the nomogram. The total score of each 
patient is the sum of each single score. On the bottom of the 
nomogram, the probabilities of hospital mortality were 

predicted in terms of the total scores. As the nomogram 
shown, patients with higher age, higher neutrophils count, 
lower platelet counts, lower PaO2/FiO2 ratio and presented 
with fever, dyspnea, chronic renal disease and need for 
vasopressors can get a higher total point with a worse 
prognosis.

Validation of Predicting Nomogram
The ROC curve indicated the predictive accuracy of the 
nomograms (Figure 4A and B). AUC in the training set 
was 0.819 [0.808–0.698] and 0.819 [0.802–0.717] in the 
testing set. To further assess the discriminative ability of 
the model, we also calculated the C-index (Table 2) both in 
the training set (0.819 [0.795–0.842]) and testing set 
(0.819 [0.783–0.855]). Calibration plots indicated that the 
nomogram had well predictive accuracy for hospital mor-
tality compared to the 45-degree ideal model (Figure 4C 
and D). The decision curve analysis showed the net ben-
efits obtained from the application of our nomogram both 
in the training set and testing set (Figure 4E and F).

Discussion
Based on the population we investigated, there is an 
approximately 30% burden of immunodeficiency status 

Table 1 (Continued). 

Variables Overall (n=1,933) Survival (n=1,355) Death (n=628) P

Glucose, mmol/L 7.10 [5.57–9.50] 6.89 [5.50–9.02] 7.57 [5.88–10.21] <0.001

Calcium, mmol/L 2.08 [1.95–2.20] 2.09 [1.97–2.21] 2.04 [1.90–2.16] <0.001

APTT, sec 31.70 [27.40–38.80] 31.00 [26.90–37.00] 34.45 [28.48–43.10] <0.001

PT, sec 12.90 [11.70–14.50] 12.70 [11.70–14.20] 13.50 [12.00–15.40] <0.001

Fibrinogen, g/L 3.69 [2.71–4.78] 3.66 [2.70–4.74] 3.74 [2.72–4.82] 0.413

PH 7.41 [7.36–7.46] 7.41 [7.37–7.46] 7.41 [7.34–7.46] 0.038

Lactic acid, mmol/L 1.50 [1.10–2.20] 1.40 [1.10–2.10] 1.60 [1.10–2.50] <0.001

Procalcitonin, ng/mL 0.41 [0.13–1.82] 0.31 [0.11–1.24] 0.72 [0.23–2.88] <0.001

Clinical management

Qsofa, median [IQR] 0.00 [0.00–1.00] 0.00 [0.00–1.00] 1.00 [0.00–1.00] <0.001

Direct ICU admission (%) 738 (38.2) 447 (34.3) 291 (46.3) <0.001

Requirement for IMV (%) 1,900 (98.3) 1,275 (97.7) 625 (99.5) 0.007

Requirement for vasopressors (%) 1,146 (59.3) 622 (47.7) 524 (83.4) <0.001

Abbreviations: PaO2/FiO2, the ratio of arterial oxygen partial pressure (PaO2 in mmHg) to fractional inspired oxygen (FiO2 expressed as a fraction, not a percentage) also 
known as the Horowitz index; APTT, activated partial thromboplastin clotting time; PT, prothrombin time; qSOFA, quick sepsis related organ failure assessment; IMV, 
invasive mechanical ventilation.
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Table 2 Clinical Characteristics in Training and Testing Set

Training Set (n=1,353) Testing Set (n=580) P

Demographic data

Male gender (%) 898 (66.4) 380 (65.5) 0.756

Age, median [IQR] 64.00 [49.00–75.00] 64.00 [50.00–76.00] 0.168

Symptoms (%)

Fever 282 (20.8) 116 (20.0) 0.72

Cough 433 (32.0) 177 (30.5) 0.555

Dyspnea 241 (17.8) 81 (14.0) 0.044

Comorbidities (%)

Diabetes 208 (15.4) 74 (12.8) 0.155

Chronic hepatic disease 80 (5.9) 24 (4.1) 0.14

Chronic renal disease 126 (9.3) 58 (10.0) 0.698

Chronic cardiac disease 202 (14.9) 73 (12.6) 0.2

Cerebral disease 79 (5.8) 41 (7.1) 0.355

Chronic pulmonary disease 335 (24.8) 128 (22.1) 0.225

Vital signs, median [IQR]

Respiratory rate, rate/min 19.00 [14.00–24.00] 19.00 [14.00–24.00] 0.584

Temperature, °C 36.60 [36.30–37.20] 36.70 [36.30–37.20] 0.676

Heart rate, bpm 98.00 [81.00–113.00] 98.00 [83.00–114.25] 0.32

Mean blood pressure, mmHg 66.33 [56.33–76.33] 67.67 [56.92–75.67] 0.774

PaO2/FiO2 171.75 [112.17–30.00] 170.18 [105.15–232.50] 0.744

Laboratory findings, median [IQR]

Hemoglobin, g/L 111.00 [90.00–129.00] 110.00 [88.75–129.00] 0.904

Platelet, ×109/L 170.00 [104.00–248.00] 166.00 [105.75–236.25] 0.843

White blood cell, ×109/L 9.20 [6.53–13.19] 9.44 [6.50–13.42] 0.451

Neutrophils, ×109/L 7.62 [4.84–11.46] 7.63 [4.58–11.69] 0.775

Lymphocyte, ×109/L 0.90 [0.55–1.34] 0.93 [0.56–1.37] 0.381

Monocyte, ×109/L 0.41 [0.25–0.61] 0.44 [0.28–0.65] 0.023

Alanine aminotransferase, U/L 22.00 [14.00–42.00] 23.00 [14.00–43.00] 0.377

Aspartate aminotransferase, U/L 29.00 [20.00–52.00] 30.00 [21.00–49.00] 0.533

Albumin, g/L 32.10 [27.50–37.70] 32.40 [27.60–38.32] 0.397

Globulin, g/L 25.20 [21.50–29.20] 25.20 [21.50–29.50] 0.817

Creatinine, μmol/L 72.00 [55.00–105.00] 74.00 [56.72–108.25] 0.361

Uric acid, μmol/L 237.80 [153.00–342.00] 242.00 [156.00–344.50] 0.509

(Continued)
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in critically ill patients with severe pneumonia. Active 
solid tumor is the major cause of immunodeficiency of 
nearly 60%, the second most common cause was 

immunosuppressive therapy. Nearly a third of ICHs with 
severe pneumonia in the ICU will develop a fatal outcome 
in hospitalization.

Table 2 (Continued). 

Training Set (n=1,353) Testing Set (n=580) P

Glucose, mmol/L 7.15 [5.58–9.51] 6.92 [5.56–9.39] 0.32

Calcium, mmol/L 2.08 [1.95–2.20] 2.08 [1.94–2.19] 0.864

APTT, sec 32.00 [27.40–38.80] 31.45 [27.30–37.92] 0.338

PT, sec 12.90 [11.80–14.50] 12.90 [11.60–14.60] 0.652

Fibrinogen, g/L 3.71 [2.72–4.81] 3.62 [2.68–4.59] 0.227

PH 7.41 [7.36–7.46] 7.41 [7.36–7.46] 0.854

Lactic acid, mmol/L 1.50 [1.10–2.20] 1.50 [1.10–2.20] 0.478

Procalcitonin, ng/mL 0.43 [0.14–1.88] 0.38 [0.13–1.68] 0.194

Clinical management

qSOFA, median [IQR] 0.00 [0.00–1.00] 0.00 [0.00–1.00] 0.868

Direct ICU admission (%) 520 (38.4) 218 (37.6) 0.764

Requirement for IMV (%) 1,329 (98.2) 571 (98.4) 0.878

Requirement for vasopressors (%) 808 (59.7) 338 (58.3) 0.588

Hospital mortality (%) 453 (33.5) 175 (30.2) 0.171

Abbreviations: PaO2/FiO2, the ratio of arterial oxygen partial pressure (PaO2 in mmHg) to fractional inspired oxygen (FiO2 expressed as a fraction, not a percentage) also 
known as the Horowitz index; APTT, activated partial thromboplastin clotting time; PT, prothrombin time; qSOFA, quick sepsis related organ failure assessment; IM, invasive 
mechanical ventilation.

Figure 2 Feature selection by LASSO and cross-validation. (A) Coefficient trendlines of 40 variables for hospital mortality. The coefficient profile plot was created against 
the log (lambda) sequence. The predictor’s selection was according to the 1-SE criteria (B, right dotted line), where 18 nonzero coefficients were selected. (B) Tuning 
parameter (lambda) selection of deviance in the LASSO regression based on the minimum criteria (left dotted line) and the 1-SE criteria (right dotted line). 
Abbreviations: LASSO, least absolute shrinkage and selection operator; SE, standard error.
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In our nomogram, eight independent risk factors were 
included for predicting hospital mortality of ICHs with 
severe pneumonia in the ICU, including age, fever, dys-
pnea, chronic renal disease, platelet counts, neutrophil 
counts, PaO2/FiO2, and the requirement for vasopressors. 
Among these predictors, the symptoms, medical history, 
and other clinical data can be obtained in the shortest time. 
Meanwhile, the laboratory results mainly cover the blood 
routine and oxygenation index, which can be obtained 
relatively quickly. The nomogram is expected to be easy- 
to-use for doctors to identify the risk factors of mortality, 
and might be helpful for them to make a quick initial 
diagnosis.

Several predicting tools for community-acquired pneu-
monia (CAP) patients like PSI,3 CURB-65,4 SCAP score,20 

NEWS-L,21 IDSA/ATS 2007,5 and SMART-COP22 had been 
approval to be clinically useful for the decision of ICU 
admission and prediction of mortality. The two most widely 
used severity assessment tools in CAP, the PSI, and the 
CURB65 score, perform well to predict 30-day mortality, 
but are less useful in identifying SCAP requiring ICU admis-
sion. The IDSA/ATS 2007 criteria predict both mortality and 
future requirements for mechanical ventilation and vasopres-
sor support as a surrogate of ICU admission.23 But none of 
these tools are mentioned to be useful for immunocompro-
mised patients. For prognostic tools, nomograms are widely 
used in predicting an individual’s probability of a clinical 
event using individual variables, especially in oncology.24 As 
far as we know, this is the first study to build and validate 
a nomogram for predicting hospital mortality of immuno-
compromised patients with severe pneumonia in the ICU. 
According to the evaluation results of the nomogram perfor-
mance, our model shows a great predictive accuracy with 
both an AUC and C-index greater than 0.8 in the training and 
testing sets. The calibration analysis revealed that the pre-
dicted hospital mortality according to nomogram was similar 
to the actual hospital mortality. The nomogram showed good 
discriminatory ability and calibration. Additionally, the DCA 
presented that the net clinical benefits were positive with an 
approximately 80% probability in training set or greater in 
the testing set for immunocompromised patients with severe 
pneumonia, which showed the clinical usefulness of the 
novel nomogram.

Compared to other severity assessment tools in CAP, we 
found some of the risk factors in our nomogram are similar 
with factors in previous predictive tools. The requirement 

Table 3 Risk Factors Selected by Multiple Logistic Analysis

Risk Factors Multiple Logistic Analysis

OR 95% CI for OR P

Requirement for vasopressors 7.664 [5.494–10.692] 0.000

Fever 1.957 [1.405–2.726] 0.000

Dyspnea 2.107 [1.458–3.045] 0.000

Chronic renal disease 3.468 [2.182–5.511] 0.000

Age 1.027 [1.018–1.036] 0.000

Platelet 0.997 [0.996–0.999] 0.000

Neutrophils 1.048 [1.022–1.074] 0.000

PaO2/FiO2 ratio 0.997 [0.995–0.999] 0.001

Abbreviations: AUC, area under curve; C-index, concordance index; DCA, 
decision curve analysis; ICHs, immunocompromised hosts; ICU, intensive care 
unit; IMV, invasive mechanical ventilation; LASSO, least absolute shrinkage and 
selection operator; PaO2/FiO2, the ratio of arterial oxygen partial pressure to 
fractional inspired oxygen; PCT, procalcitonin; PT, prothrombin time; qSOFA, 
quick sepsis related organ failure assessment.

Figure 3 Nomogram to predict hospital mortality of immunocompromised patients with severe pneumonia in the ICU.
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Figure 4 Performance evaluation of the nomogram in training and testing sets. (A and B) Receiver operating characteristic curve analysis in the training and testing sets, 
AUC, area under the curve. (C and D) Calibration curve analysis in the training and testing sets. The horizontal axis represents the nomogram-predicted probability of 
hospital mortality, and the vertical axis represents the actual observed hospital mortality. (E and F) Decision curve analysis (DCA) for the training and validation sets, 
implicating the net benefit with respect to the use of the nomogram.
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for vasopressor was thought to be the most important factor, 
with an OR of 7.664, which is similar to the major criteria 
of septic shock with the need for vasopressors in IDSA/ATS 
2007 criteria the most pragmatic tool to predict ICU admis-
sion for severe community acquired pneumonia.23 Chronic 
renal disease was considered the second most significant 
risk factor, with an OR of 3.468 in our predicting model, 
which can also be found in common with the minor criteria 
of blood urea nitrogen level ≥20 mg/dL in IDSA/ATS 
criteria and the blood urea nitrogen >7 mmol/L in CURB- 
65 score. Other factors like platelet count, PaO2/FiO2 ratio, 
and dyspnea can also find similar expressions in the minor 
criteria in IDSA/ATS 2007 tools. Age was considered as an 
independent predictor of mortality in our model, which is 
not mentioned in the IDSA/ATS 2007 criteria. Differently, 
factors like fever and neutrophil counts seem to be contrary 
to the standard of core temperature <36°C and white blood 
cell count <4,000 cells/µL in IDSA/ATS 2007. Fever was 
considered as an independent risk factor for hospital mor-
tality in ICHs with severe pneumonia. As an indicator of 
infection and inflammatory process, fever had been 
approved to have both protective and detrimental effects 
in critical infectious disease.25 The survival benefit of fever 
is mainly performed by triggering a process of immune 
response and enhancing immune-protective mechanisms 
during infection.26 However, in immunocompromised 
patients, the effect might be inefficient or adverse. For the 
controversial part, more research is needed in the future.

Our study has also investigated different risk factors of 
mortality in ICHs with severe pneumonia in ICH at the 
baseline. Factors like chronic cardiac, pulmonary, cerebral 
diseases, as well as diabetes are associated with higher 
hospital mortality. Other factors like ICU admission strategy 
and the need of IMV were related to fatal outcomes for 
severe pneumonia in ICHs. But none of these was thought 
to be an independent predictor in our study. Part of these 
findings are inconsistent with the results of some previous 
studies. In addition to older age and PaO2/FiO2 <100, 
a previous multinational perspective cohort study had 
reported that delayed admission to the ICU, day-1 SOFA, 
and undetermined ARF etiology were independently asso-
ciated with hospital mortality in non-HIV ICHs with acute 
respiratory failure.18 Legrand et al27 discoverd that other 
factors of neurologic, respiratory, or hepatic dysfunction, 
and acute noninfectious condition could predict a higher 
hospital mortality in neutropenic patients with severe sepsis.

Some limitations for interpreting these study results 
exist. Firstly, our findings are based on a singer-center, 

retrospective cohort, with selection bias and information 
bias for data missing that may influence the accuracy of 
the results and the extrapolation of the findings to other 
settings must be done cautiously. Secondly, some factors, 
such as SOFA, APACHII score,28 and objective laboratory 
testing related to immune status like CD4 cell counts had 
been approved to be associated with mortality in 
a critically ill population. However, they were excluded 
in our study due to incomplete data. Therefore, it could not 
be estimated for the prognostic value of these factors. For 
lack of imaging data and antibiotic treatment information 
in our study, the CURB-65 score and PSI score could not 
be obtained, we cannot compare these prognostic models 
with ours. In our study, the predicting performance of 
nomograms was internally validated by a testing set. 
However, we lacked an external validation cohort to 
enhance the credibility and effectiveness.

Conclusion
In summary, our study developed and validated a novel prog-
nostic nomogram based on eight risk factors including: age, 
fever, dyspnea, chronic renal disease, platelet counts, neutro-
phil counts, PaO2/FiO2, and the requirement for vasopressors, 
to predict the hospital mortality of severe pneumonia patients 
in the ICU with immunocompromised status. Validation 
showed good discriminatory ability and calibration, indicat-
ing that the nomogram was expected to be superior predictive 
clinically useful for stratification patients and might generally 
be applied after more external validations.

Data Sharing Statement
The datasets generated and analyzed during the current 
study are available from the corresponding author on rea-
sonable request.

Ethics Approval and Informed 
Consent
The retrospective study was approved by the Ethics 
Committee on Biomedical Research, West China 
Hospital of Sichuan University (No.2021-818), and the 
requirement for informed consent was waived because 
the retrospective and non-interventional study collected 
data from previous electronic medical record, and did not 
involve personal privacy and commercial interests. The 
study involves no more than minimal risk to subjects, 
and the waiver will not adversely affect the rights and 
welfare of the subjects. Some of the subjects cannot be 

International Journal of General Medicine 2022:15                                                                             https://doi.org/10.2147/IJGM.S344544                                                                                                                                                                                                                       

DovePress                                                                                                                         
461

Dovepress                                                                                                                                                             Yang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


found, and the research could not be carried out practically 
without the waiver. The data were anonymized or main-
tained with confidentiality. The publication of this study is 
in accordance with the Declaration of Helsinki.

Author Contributions
All authors made a significant contribution to the work 
reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, 
or in all these areas; took part in drafting, revising or 
critically reviewing the article; gave final approval of the 
version to be published; have agreed on the journal to 
which the article has been submitted; and agree to be 
accountable for all aspects of the work.

Funding
This work was supported by the National Natural Science 
Foundation of China (82072156), the Science and 
Technology Department of Sichuan Province 
(2019YFS0443, 2018JY0389).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Hansen V, Oren E, Dennis LK, Brown HE. Infectious disease mortality 

trends in the United States, 1980–2014. JAMA. 2016;316 
(20):2149–2151. doi:10.1001/jama.2016.12423

2. Jain S, Self WH, Wunderink RG, et al. Community-acquired pneumo-
nia requiring hospitalization among US adults. N Engl J Med. 
2015;373(5):415–427. doi:10.1056/NEJMoa1500245

3. Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify 
low-risk patients with community-acquired pneumonia. N Engl J Med. 
1997;336(4):243–250. doi:10.1056/NEJM199701233360402

4. Lim WS, van der Eerden MM, Laing R, et al. Defining community 
acquired pneumonia severity on presentation to hospital: an interna-
tional derivation and validation study. Thorax. 2003;58(5):377–382. 
doi:10.1136/thorax.58.5.377

5. Mandell LA, Wunderink RG, Anzueto A, et al. Infectious Diseases 
Society of America/American Thoracic Society consensus guidelines 
on the management of community-acquired pneumonia in adults. Clin 
Infect Dis. 2007;44(Suppl 2):S27–S72. doi:10.1086/511159

6. Harpaz R, Dahl RM, Dooling KL. Prevalence of immunosuppression 
among US adults, 2013. JAMA. 2016;316(23):2547–2548. 
doi:10.1001/jama.2016.16477

7. Weir HK, Thompson TD, Soman A, Moller B, Leadbetter S. The past, 
present, and future of cancer incidence in the United States: 1975 
through 2020. Cancer. 2015;121(11):1827–1837. doi:10.1002/ 
cncr.29258

8. Puxty K, McLoone P, Quasim T, Sloan B, Kinsella J, Morrison DS. 
Risk of critical illness among patients with solid cancers: a 
population-based observational study. JAMA Oncol. 2015;1 
(8):1078–1085. doi:10.1001/jamaoncol.2015.2855

9. Azoulay E, Pene F, Darmon M, et al. Managing critically Ill hematol-
ogy patients: time to think differently. Blood Rev. 2015;29(6):359–367. 
doi:10.1016/j.blre.2015.04.002

10. Morrison VA. Immunosuppression associated with novel chemother-
apy agents and monoclonal antibodies. Clin Infect Dis. 2014;59 
(Suppl 5):S360–S364. doi:10.1093/cid/ciu592

11. Winthrop KL, Novosad SA, Baddley JW, et al. Opportunistic 
infections and biologic therapies in immune-mediated inflamma-
tory diseases: consensus recommendations for infection reporting 
during clinical trials and postmarketing surveillance. Ann Rheum 
Dis. 2015;74(12):2107–2116. doi:10.1136/annrheumdis-2015-207 
841

12. Fernandez-Ruiz M, Kumar D, Humar A. Clinical 
immune-monitoring strategies for predicting infection risk in solid 
organ transplantation. Clin Transl Immunol. 2014;3(2):e12. 
doi:10.1038/cti.2014.3

13. Frank TD, Carter A, Jahagirdar D. Global, regional, and national 
incidence, prevalence, and mortality of HIV, 1980–2017, and fore-
casts to 2030, for 195 countries and territories: a systematic analysis 
for the Global Burden of Diseases, Injuries, and Risk Factors Study 
2017. Lancet HIV. 2019;6(12):e831–e859. doi:10.1016/S2352- 
3018(19)30196-1

14. Van de Louw A, Mirouse A, Peyrony O, Lemiale V, Azoulay E. 
Bacterial pneumonias in immunocompromised patients. Semin 
Respir Crit Care Med. 2019;40(4):498–507. doi:10.1055/s-0039- 
1696961

15. Azoulay E, Mokart D, Kouatchet A, Demoule A, Lemiale V. 
Acute respiratory failure in immunocompromised adults. Lancet 
Respir Med. 2019;7(2):173–186. doi:10.1016/S2213-2600(18) 
30345-X

16. Kalil AC, Metersky ML, Klompas M, et al. Management of adults 
with hospital-acquired and ventilator-associated pneumonia: 2016 
clinical practice guidelines by the Infectious Diseases Society of 
America and the American Thoracic Society. Clin Infect Dis. 
2016;63(5):e61–e111. doi:10.1093/cid/ciw353

17. Ramirez JA, Musher DM, Evans SE, et al. Treatment of 
community-acquired pneumonia in immunocompromised adults: 
a consensus statement regarding initial strategies. Chest. 2020;158 
(5):1896–1911. doi:10.1016/j.chest.2020.05.598

18. Azoulay E, Pickkers P, Soares M, et al. Acute hypoxemic respiratory 
failure in immunocompromised patients: the Efraim multinational 
prospective cohort study. Intensive Care Med. 2017;43 
(12):1808–1819. doi:10.1007/s00134-017-4947-1

19. Zhang Z. Multiple imputation with multivariate imputation by 
chained equation (MICE) package. Ann Transl Med. 2016;4(2):30. 
doi:10.3978/j.issn.2305-5839.2015.12.63

20. Espana PP, Capelastegui A, Quintana JM, et al. Validation and 
comparison of SCAP as a predictive score for identifying low-risk 
patients in community-acquired pneumonia. J Infect. 2010;60 
(2):106–113. doi:10.1016/j.jinf.2009.11.013

21. Jo S, Jeong T, Lee JB, Jin Y, Yoon J, Park B. Validation of modified 
early warning score using serum lactate level in community-acquired 
pneumonia patients. The national early warning score-lactate score. 
Am J Emerg Med. 2016;34(3):536–541. doi:10.1016/j.ajem.2015. 
12.067

22. Ehsanpoor B, Vahidi E, Seyedhosseini J, Jahanshir A. Validity of 
SMART-COP score in prognosis and severity of community acquired 
pneumonia in the emergency department. Am J Emerg Med. 2019;37 
(8):1450–1454. doi:10.1016/j.ajem.2018.10.044

23. Torres A, Chalmers JD, Dela Cruz CS, et al. Challenges in severe 
community-acquired pneumonia: a point-of-view review. 
Intensive Care Med. 2019;45(2):159–171. doi:10.1007/s00134- 
019-05519-y

24. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in 
oncology: more than meets the eye. Lancet Oncol. 2015;16(4):e173– 
e180. doi:10.1016/S1470-2045(14)71116-7

25. Launey Y, Nesseler N, Malledant Y, Seguin P. Clinical review: fever 
in septic ICU patients–friend or foe? Critical Care. 2011;15(3):222. 
doi:10.1186/cc10097

https://doi.org/10.2147/IJGM.S344544                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2022:15 462

Yang et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1001/jama.2016.12423
https://doi.org/10.1056/NEJMoa1500245
https://doi.org/10.1056/NEJM199701233360402
https://doi.org/10.1136/thorax.58.5.377
https://doi.org/10.1086/511159
https://doi.org/10.1001/jama.2016.16477
https://doi.org/10.1002/cncr.29258
https://doi.org/10.1002/cncr.29258
https://doi.org/10.1001/jamaoncol.2015.2855
https://doi.org/10.1016/j.blre.2015.04.002
https://doi.org/10.1093/cid/ciu592
https://doi.org/10.1136/annrheumdis-2015-207841
https://doi.org/10.1136/annrheumdis-2015-207841
https://doi.org/10.1038/cti.2014.3
https://doi.org/10.1016/S2352-3018(19)30196-1
https://doi.org/10.1016/S2352-3018(19)30196-1
https://doi.org/10.1055/s-0039-1696961
https://doi.org/10.1055/s-0039-1696961
https://doi.org/10.1016/S2213-2600(18)30345-X
https://doi.org/10.1016/S2213-2600(18)30345-X
https://doi.org/10.1093/cid/ciw353
https://doi.org/10.1016/j.chest.2020.05.598
https://doi.org/10.1007/s00134-017-4947-1
https://doi.org/10.3978/j.issn.2305-5839.2015.12.63
https://doi.org/10.1016/j.jinf.2009.11.013
https://doi.org/10.1016/j.ajem.2015.12.067
https://doi.org/10.1016/j.ajem.2015.12.067
https://doi.org/10.1016/j.ajem.2018.10.044
https://doi.org/10.1007/s00134-019-05519-y
https://doi.org/10.1007/s00134-019-05519-y
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1186/cc10097
https://www.dovepress.com
https://www.dovepress.com


26. Evans SS, Repasky EA, Fisher DT. Fever and the thermal regulation 
of immunity: the immune system feels the heat. Nat Rev Immunol. 
2015;15(6):335–349. doi:10.1038/nri3843

27. Legrand M, Max A, Peigne V, et al. Survival in neutropenic 
patients with severe sepsis or septic shock. Crit Care Med. 2012;40 
(1):43–49. doi:10.1097/CCM.0b013e31822b50c2

28. Ferrer M, Travierso C, Cilloniz C, et al. Severe community-acquired 
pneumonia: characteristics and prognostic factors in ventilated and 
non-ventilated patients. PLoS One. 2018;13(1):e0191721. doi:10. 
1371/journal.pone.0191721

International Journal of General Medicine                                                                                         Dovepress 

Publish your work in this journal 
The International Journal of General Medicine is an international, 
peer-reviewed open-access journal that focuses on general and 
internal medicine, pathogenesis, epidemiology, diagnosis, moni-
toring and treatment protocols. The journal is characterized by the 
rapid reporting of reviews, original research and clinical studies 

across all disease areas. The manuscript management system is 
completely online and includes a very quick and fair peer-review 
system, which is all easy to use. Visit http://www.dovepress.com/ 
testimonials.php to read real quotes from published authors.   

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2022:15                                                                        DovePress                                                                                                                         463

Dovepress                                                                                                                                                             Yang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1038/nri3843
https://doi.org/10.1097/CCM.0b013e31822b50c2
https://doi.org/10.1371/journal.pone.0191721
https://doi.org/10.1371/journal.pone.0191721
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Population
	Data Collection and Outcomes
	Statistical Analysis

	Results
	Patient Selection
	Clinical Characteristics
	Candidate Predictors Selection
	Development of Predicting Nomogram
	Validation of Predicting Nomogram

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Author Contributions
	Funding
	Disclosure
	References

