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Background: Immune checkpoint inhibitor (ICI) therapy has improved survivals

with a favorable toxicity profile in a variety of cancer patients. We hypothesized

that hospitalized cancer patients who have acute or chronic comorbidities may

have suppressed immune systems and poor clinical outcomes to ICIs. The

objective of this study was to explore clinical outcomes and predictive factors

of hospitalized cancer patients who received ICI therapy at an NCI-designated

Comprehensive Cancer Center.

Methods: A retrospective review of electronic medical records was conducted

for adult cancer patients who received an FDA-approved ICI during admission

from 08/2016 to 01/2022. For each patient we extracted demographics,

cancer histology, comorbidities, reasons for hospitalization, ICI administered,

time from treatment to discharge, time from treatment to progression or death,

and complete blood counts. Progression-free survival (PFS) and overall survival

(OS) were estimated using the Kaplan–Meier method and compared using the

log-rank test. The 95% confidence interval for survival was calculated using the

exact binomial distribution. Statistical significance was defined as 2-sided

p<0.05.

Results: Of 37 patients identified, 2 were excluded due to lack of complete

blood counts on admission. Average hospital stay was 24.2 (95% CI 16.5, 31.9)

days. Ten (27.0%) patients died during the same hospitalization as treatment. Of

those who followed up, 22 (59.5%) died within 90 days of inpatient therapy. The

median PFS was 0.86 (95% CI 0.43, 1.74) months and median OS was 1.55 (95%

CI 0.76, 3.72) months. Patients with ≥3 comorbidities had poorer PFS (2.4 vs.

0.4 months; p=0.0029) and OS (5.5 vs. 0.6 months; p=0.0006). Pre-treatment

absolute lymphocyte counts (ALC) <600 cells/µL were associated with poor
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PFS (0.33 vs. 1.35 months; p=0.0053) and poor OS (0.33 vs. 2.34 months;

p=0.0236). Pre-treatment derived neutrophil to lymphocyte ratio (dNLR) <4

was associated with good median PFS (1.6 vs. 0.4 months; p=0.0157) and OS

(2.8 vs. 0.9 months; p=0.0375).

Conclusions: Administration of ICI therapy was associated with poor clinical

outcomes and high rates of both inpatient mortality and 90-day mortality after

inpatient ICI therapy. The presence of ≥3 comorbidities, ALC <600/mL, or dNLR >4

in hospitalized patients was associated with poor survival outcomes.
KEYWORDS

immune checkpoint inhibitor (ICI), inpatient, survival outcome, comorbidities,
absolute lymphocyte count (ALC), derived neutrophil to lymphocyte ratio (dNLR),
hospitalized adult patients
Introduction

The advent of immune checkpoint inhibitor (ICI) therapy

has revolutionized cancer treatment and improved survival

outcomes for a variety of cancers globally (1–4). Since the

deployment of these agents in 2011, the field of cancer therapy

has witnessed an ever-expanding landscape of biomarker-driven

precision oncology and novel treatments (5–7). Because of

promising outcome data and favorable toxicity profiles, ICI

has increasingly been integrated into the treatment of a variety

of cancer types across all clinical settings. However, ICIs only

work in subsets of cancer patients for each cancer type and can

be associated with severe or even fatal immune related adverse

effects (irAEs) (8). In the current era of precision oncology, it is

critical to select the appropriate cancer patients who are most

likely to benefit from ICI therapy (9). Historically, the focus of

much research has been on the predicted value of PD-L1

expression in tissue and host biomarkers as a means to

determine clinical response to ICI therapy (10–12). Currently,

there are limited studies focused on understanding the impact of

clinical factors on patient selection for ICI treatment, and the

choice of whom to treat can sometimes represent a difficult

question (13). For patients receiving chemotherapy, the presence

of poor performance status (PS) and/or concurrent high

comorbid burden are associated with low rates of disease

control, progression-free survival (PFS) and overall survival

(OS) in cancer populations (14). Performance status (ECOG)

of >2 (15, 16), active autoimmune diseases (17), and concurrent

use of high dose steroids (17, 18) have been associated with poor

clinical response and/or high irAEs to ICI therapy.

In hospitalized cancer patients, ICI treatment is often

deferred due to the uncovered cost and efficacy in this

population is unclear. Intuitively, hospitalized cancer patients

often have worse performance status (PS) and in the elderly
02
these functional losses can often be irreversible (19). In patients

with solid tumors and poor PS, inpatient chemotherapy is

associated with high mortality (14). However, little is known

for the clinical outcomes in hospitalized cancer patients with

high comorbid burden who receive ICI treatment (20). ICI

therapy sometimes represents the last treatment option for

patients with advanced solid tumors. Our study explored the

clinical factors and predictive biomarkers that can be used to

select cancer patients who may derive long term clinical benefit

from ICI treatment during admission at an NCI designated

comprehensive cancer center.
Materials and methods

We conducted a retrospective review of all adult (≥18 years old)

cancer patients who received a FDA-approved ICI, either alone or in

combination with chemotherapy, while admitted to inpatient

services from August of 2016 through January of 2022 (i.e., 5

years) through a pharmacy database under an Institutional Review

Board (IRB) approval protocol (University of California, Davis

Protocol No. 937274). The ICIs used included ipilimumab,

nivolumab, pembrolizumab, atezolizumab, durvalumab, avelumab

and cemiplimab. Anonymized data were extracted from electronic

medical records for age, gender, ethnicity, cancer histology,

comorbidities, reasons for hospitalization, ICI administered, time

from treatment to discharge, complete blood counts with differential,

and clinical response to ICI treatment. Cancer types were classified

by site of origin and defined as lung, melanoma, lymphoma,

genitourinary, and “other.” Tumor histology, metastatic status, and

date of diagnosis were obtained from outpatient records when

applicable. Performance status (PS) assessment using the Eastern

Cooperative Oncology Group (ECOG) criteria was provided by the

treating oncologist (21). Comorbid burden was captured for each
frontiersin.org
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patient based on inpatient and outpatient documentation and

evaluated by the Charlson Comorbidity Index (22, 23). Comorbid

conditions that were evaluated in our study included evidence of any

major organ failure (including heart, lung, kidney, and liver),

thromboembolic disease (including pulmonary embolism or deep

venous thrombosis), stroke, infection during inpatient stay requiring

use of intravenous antibiotics, and malnutrition or failure to thrive

recorded from either hospital notes (including history and physician

notes, discharge summaries and inpatient progress notes) or from

the problem list observed in the electronic medical record (EMR).

The number of prior lines of therapy, type of therapy, and reason for

treatment discontinuation were also recorded. Additionally,

information on length of stay (LOS), time from treatment to

discharge, time from ICI treatment to progression (PFS) or death

(OS), absolute lymphocyte count (ALC) <600 cells/µL, derived

neutrophil to lymphocyte ratio (dNLR) ≥4 prior to therapy on

admission were computed and analyzed. Charlson Comorbidity

Indices were independently calculated by two investigators (HP

and RBY). Indications for ICI use were verified independently by at

least two investigators (HP, RBY and TL). ICI expenditure data was

calculated using wholesale average cost (WAC) which is the

acquisition cost paid for drugs administered in the inpatient

setting (AI). Equivalent data was obtained for the same

medication administration in the outpatient setting using 340b

costs. When relevant, information regarding immune-related

adverse events (irAEs) was procured via review of inpatient

progress notes, discharge summaries, and follow up oncology

clinic notes. Last known follow-up and date of death were

established by EMR review through January 26, 2022.

Data were summarized according to frequency and

percentage for qualitative variables, and by mean ± standard
Frontiers in Oncology 03
deviation, median, and range for quantitative variables. PFS

and OS were estimated using the Kaplan–Meier method along

with their medians and relevant confidence intervals and

compared using the log-rank test between groups. Cox

proportional hazards models were used to estimate hazard

ratios (HRs). Statistical significance was defined as

2-sided p<0.05.
Results

Patient characteristics

Between August 1, 2016 and January 26, 2022, 37 cancer

patients who received ICI therapy while admitted to the hospital

were identified through the institutional pharmacy database

(Figure 1). The majority of patients were male (78.4%) and of

Caucasian descent (59.4%). The median age was 53.5 years with

a range of 21 to 79 years of age. All patients had the FDA-

approved indications to receive an ICI which is usually given in

the outpatient setting. The known information of companion

and complemental biomarkers for ICI is provided in Column H

in Supplemental Table 1. Lung cancer was the most common

cancer type (13, 35.1%) to receive inpatient ICI therapy, followed

by melanoma (8, 21.6%), genitourinary (8, 21.6%), and

lymphoma (4, 10.8%). Reasons for admission were variable,

but frequently included infection (5, 13.5%) and initiation of

cancer-directed therapy (14, 37.8%). Indications for inpatient

ICI use were initiation of new treatment (13, 35.1%), emergent

use for tumor progression (10, 27.0%), need for therapy while

awaiting disposition (6, 16.2%), and convenience to the patient
FIGURE 1

Summary of Study Patients.
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(6, 16.2%). Full patient demographic information is summarized

in Table 1.
Hospitalized cancer patients had poor
clinical outcomes to ICI therapy

The average length of hospital stays was 24.2 (95% CI 16.5,

31.9) days. With a median (range) follow-up of 1.3 (0.1-60.4)

months, most patients died during the study period, and only 5

(13.5%) were alive at the time of data analysis. On review of both

inpatient and outpatient records, the average number of

comorbid conditions present in our population was 2.24.

Charlson Comorbidity Index ranged from 2-18 points, with an

average score of 8.5 points. The majority of patient ECOG

functional assessments were rated by the treating oncologist as

1 (48.6%) or 2 (21.6%). Ten cases (27.0%) had an ECOG score of

3 and 1 case (2.7%) had an ECOG score of 4. Of all study

patients, 10 (27.0%) patients died during the same

hospitalization they received treatment. Amongst the patients

who had follow-up data, 22 died within 90 days of inpatient ICI

therapy. For the entire patient population, the median PFS was

0.86 (95% CI 0.43, 1.74) months and median OS was 1.55 (95%

CI 0.76, 3.72) months (Figure 2).
Frontiers in Oncology 04
Based onWAC pricing the total cost of therapy was noted to

be $466,040 and average cost per dose was $10,592. Many

pa t i en t s r e c e i v ed ju s t one dos e o f IC I the r apy

during admission. Six patients received two doses of ICI

during admission, three patients received three doses during

admission, and one patient received four doses (two cycles of

nivolumab and ipilmumab).
Pretreatment clinical and blood
biomarkers were correlated with poor
clinical outcomes to ICIs

When evaluating the effect of comorbid burden on

prognosis, subjects with 0 to 2 comorbidities had a better

prognosis (both PFS and OS) than those with 3 or greater

comorbid conditions (2.4 vs. 0.4 months; HR 3.4, 95% CI 1.5-

7.9, p=0.0029 and 5.5 vs. 0.6 months; HR 4.5, 95% CI 1.9-10.5,

p=0.0006) (Figure 3). Two of the 37 identified cases were

excluded from the ALC analysis due to incomplete blood

count records at the time of admission. Evaluation of the

remaining 35 patients demonstrated that pre-treatment ALC

values of less than 600 cells/µL were associated with poor PFS

(0.33 vs. 1.35 months; HR 6.9, 95% CI 10.8-25.9, p=0.0053) and

poor OS (0.33 vs. 2.34 months; HR 4.66, 95% CI 1.2-17.5,

p=0.0236) (Figure 4). Furthermore, patients with ALC <600

were less likely to receive a subsequent ICI dose than their

counterparts (28.6% vs 36.4%). Table 2 summarizes observed

hospitalization duration, ECOG assessments, and ALC

characteristics with survival data. Furthermore, when

compared to those patients with high dNLR, a low dNLR

(defined as less than 4) was associated with a better median

PFS (1.6 vs. 0.4 months; HR 2.9, 95% CI 1.2-7.0, p=0.0157) and

OS (2.8 vs. 0.9 months; HR 2.4, 95% CI 1.05-5.56, p=0.0375),

respectively (Figure 5). Notably, grade 3 and 4 immune mediated

adverse events are summarized in Table 3, of which two patients

required upgrading care to intensive care unit.
Discussion

Our institutional review of patients who received ICI therapy

while admitted revealed inpatient ICI treatment is associated

with a poor clinical prognosis and high cost of therapy. In our

study, the most common type of cancer based on site of origin

was lung, which included both small cell and non-small cell lung

cancer (NSCLC). As seen in the IMPOWER133 study, patients

with extensive stage small cell lung cancer who received first line

atezolizumab plus chemotherapy demonstrated a median OS of

12.3 months (24). Similarly, the KEYNOTE-189 investigators

showed that in patients with metastatic NSCLC who were

treated with first line pembrolizumab plus chemotherapy

achieved a median OS of 12 months, and median PFS of 8.8
TABLE 1 Hospitalized patient demographics and characteristics.

No. Patients: N (%) N=37

Male 29 (78.4%)

Female 8 (21.6%)

Age: mean (range), yo 53.5 (21-79)

Race/Ethnicity:

White 22 (59.4%)

African American 5 (13.5%)

Hispanic or Latino 3 (8.1%)

Other 7 (18.5%)

Type of cancer:

Lung 13 (35.1%)

Melanoma 8 (21.6%)

Lymphoma 4 (10.8%)

Genitourinary 8 (21.6%)

Others 4 (10.8%)

Reason for admission:

Infection 5 (13.5%)

Initiate treatment 14 (37.8%)

Other 18 (48.6%)

Reason for inpatient therapy:

Convenience to patient 6 (16.2%)

Assist with hospital disposition 6 (16.2%)

Initiation of new treatment 13 (35.1%)

Emergent for tumor progression 10 (27%)

Other 2 (5.4%%)
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months (25). The results observed in our sample population

(median PFS of 0.86 months and median OS of 1.55 months) are

significantly worse than would be customarily anticipated.

Hospitalized ICI therapy candidates represent a minority of

patients with a dearth of information available to guide clinical

practice. The use of chemotherapy in patients who are admitted

and in those with poor functional status has been observed and

generally accepted as being associated with worse clinical

outcomes (14, 26). Performance status as determined by the

use of ECOG or similar physical status assessment is an integral

part of pretreatment evaluation for the survival of outpatients

with advanced cancer (27). Similarly, studies evaluating use of

ICI therapy in NSCLC patients with poor functional status has

demonstrated similarly worse prognosis than functionally “fit”

patients (28–30). Because of the comparatively more tolerable

toxicity profile, and aforementioned lack of clinical data, the role
Frontiers in Oncology 05
of ICI treatment while hospitalized is less clear. Our

investigation led to the identification of several predictive

factors that can assist decision making in this population. As

shown in Figure 3, the presence of increasing comorbidities

(greater than three comorbid conditions) was associated with a

statistically significant worse survival (PFS and OS) compared to

those with a lower number of chronic illnesses.

The safety and efficacy of ICI therapy has been demonstrated

in numerous clinical trials for a variety of cancers (31–33).

However, many patients were excluded from these trials due to

concurrent significant medical comorbidities. In practice,

patients are given these therapies despite being excluded from

the seminal trials. There are few studies to date that study the

safety and efficacy of ICI therapy in patients with significant

medical comorbid burden. A retrospective review of outpatients

who received ICI therapy who had major organ (renal, cardiac,
A B

FIGURE 2

PFS and OS of all hospitalized cancer pts. (A) Median PFS for all patients in our study (N=37) was 0.86 months (95% CI 0.43, 1.74) and (B) median
OS was 1.55 (95% CI 0.76, 3.72) months. Groups were compared using the log-rank test. Tick marks indicate censored data. P<0.05 indicates
statistical significance. PFS, progression free survival; OS, overall survival.
A B

FIGURE 3

PFS and OS stratified by comorbidities. Patients with greater than 3 comorbid conditions (≥3 red) were associated with shorter PFS (A) and OS
(B) compared to those patients with fewer than 3 comorbid conditions (<3, blue). Groups were compared using the log-rank test. Tick marks
indicate censored data. P<0.05 for statistical significance. PFS, progression free survival; OS, overall survival.
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or hepatic) dysfunction showed that these patients did not

experience a higher incidence of irAE’s and had durable

response rates (34). However, this is in the setting of preserved

performance status and functional reserve. In contrast,

hospitalized patients with comorbidities often have a reduced

physical status simply by definition of being hospitalized. Our

study demonstrates that a high comorbid burden (i.e., major

organ dysfunction) and a loss of functional reserve (by being

hospitalized) is associated with poorer clinical outcomes

(Figure 3). Due to the ease of use and our findings herein, the
Frontiers in Oncology 06
continued deployment of routine functional status assessments,

assessment of comorbid conditions, and comprehensive medical

history taking remain important tools in determining

treatment candidacy.

PD-1 and PD-L1 inhibitors up-regulate T-cell mediated

anti-tumor activity, and thus rely on the presence of functional

lymphocytes (35). Therefore, it is reasonable to hypothesize that

a low pre-treatment ALC is associated with a poor response to

ICI therapy. Our study confirms this finding in line with

previous reports (36, 37), showing pre-treatment ALC <600

cells/µL were associated with poor PFS (0.33 vs. 1.35 months; HR

6.9, 95% CI 10.8-25.9, p=0.0053) and poor OS (0.33 vs. 2.34

months; HR 4.66, 95% CI 1.2-17.5, p=0.0236) (Figure 4).

Furthermore, patients with ALC <600 cells/µL were less likely

to receive a subsequent ICI dose than their counterparts (28.6%

vs 36.4%). dNLR is thought to represent a systemic

inflammatory state. Inflammation is one mechanism of

immune resistance which can lead to activation of tumor

growth signaling pathways (38). In recent years, dNLR has

been used as a novel biomarker to predict response to

immunotherapy in various cancers including NSCLC,

melanoma and head and neck cancers (39, 40). It has been

shown that a high pre-treatment dNLR (indicating a high

inflammatory state) is associated with poor OS and PFS in a

variety of cancers (37, 39–42). For instance, Bongiovanni et al,

observed a positive association between OS and a NLR ≤ 5 (42).

Moreover, NLR < 4 at week 8 of treatment is associated with

objective response to treatment (43, 44). In our study, we

confirmed pre-treatment dNLR <4 was associated with good

median PFS (1.6 vs. 0.4 months; HR 2.9, 95% CI 1.2-7.0,

p=0.0157) and OS (2.8 vs. 0.9 months; HR 2.4, 95% CI 1.05-

5.56, p=0.0375) (Figure 5). The use of both dNLR and ALC may

be useful in assessing a patient’s “immune fitness” prior to the

initiation of immune checkpoint therapy and may be helpful in
A B

FIGURE 4

PFS and OS stratified by ALC. Patients with high ALCs (≥ 600 K/mm3 shown in red) prior to inpatient treatment was associated with shorter PFS
(A) and OS (B) compared to those patients with low ALCs (<600 K/mm3 shown in blue). Groups were compared using the log-rank test. Tick
marks indicate censored data. P<0.05 for statistical significance. ALCs, absolute lymphocyte counts; dNLR, derived-neutrophil-to-lymphocyte
ratio, PFS, progression free survival; OS, overall survival.
TABLE 2 Patient clinical and laboratory treatment characteristics.

No. Patients: N (%) N=37

Average comorbidities: 2.24

Average PS (ECOG):

1 18 (48.6%)

2 8 (21.6%)

3 10 (27.0%)

4 1 (2.7%)

Duration of admission (Days) 24.2 (23.1)

Median ALC ( ± SD) (N=36) 1.2, 1.32 (1.08)

ALCs:

ALCs ≥ 0.6 28

ALCs < 0.6 7

Patients who received a follow-up ICI dose

ALCs ≥ 0.6 10 (35.7%)

ALCs < 0.6 0 (0%)

Median (95% CI) PFS (N=35, in months) 0.86 months

≥ 0.6 (N= 28) 1.35 (0.43, 2.50)

< 0.6 (N= 7) 0.33 (0.10, 0.56)
PS, performance status; ECOG, Eastern cooperative oncology group; ALCs, absolute
lymphocyte counts; SD, standard deviation; ICI, immune checkpoint inhibitor; PFS,
progression free survival; CI, confidence interval.
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predicting response to therapy. Nevertheless, the median PFS of

1.35 months and median OS of 2.34 months in our study

patients with pre-treatment ALC ≥600 cells/µL, and the

median PFS of 1.6 months and median OS of 2.8 months in

patients with dNLR <4, respectively, argues against the use of ICI

in hospitalized cancer patients. For hospitalized cancer patients,

systemic chemotherapy is frequently used to elicit rapid

reduction of tumor burden and symptomatic improvement in

patients with chemotherapy-naïve or -sensitive solid tumors

(45). However, compared to outpatient chemotherapy, urgent

inpatient chemotherapy was associated with higher cost,

increased mortality, worse clinical response, and higher

mortality rates. These hospitalized cancer patients also had

higher comorbidities, longer length of stay, higher discharge

rates to skilled nursing, and increased inpatient mortality (46).

Despite the hope that ICI might induce significant, durable

tumor response with favorable toxicity profile, our study does

not support inpatient use of ICI due to the low clinical response.

Due to the high cost, ICI uses in hospitalized patients is not cost

effective compared to chemotherapy.

Although elderly (≥65 years old) patients consist of over 50%

of cancer patients, they are underrepresented in the clinical trials

leading to the FDA approval of ICI trials. Currently data suggest
Frontiers in Oncology 07
age does not significantly affect the tolerability and clinical

response to ICI monotherapy (47). However, aging is

associated with “immunosenescence”, which includes

dysregulation of both cellular and humoral immunity; and is

associated with lymphocyte depletion, fewer CD4+ and CD8+ T

cells, decreased diversity of regulatory and memory T cells,

defective DNA repair response pathway, and metabolic

changes. In addition, aging is associated with “inflammaging”,

which has an overall increased pro-inflammatory state. All these

factors were associated with decreased response to ICI therapy

(47). In our study, the mean age was 53.5 years, and 13 (35%) of

cancer patients were ≥65 years old. Although ALC was lower in

elderly patients compared to younger pts (900 vs 1200/µL),

dNLR was lower in elderly patients compared to younger

patients (2.9 vs 3.2). It is likely that our hospitalized patients

had more inflammatory changes from acute factors other than

aging. Further studies are needed to evaluate the role of these

easily accessible blood biomarkers to evaluate the immune

fitness in predicting prognosis and ICI response in

elderly patients.

Lastly, ICI therapy can incur significant costs to both the

patient and healthcare system. This is particularly true in the

inpatient setting where the cost is not reimbursable and valuable
A B

FIGURE 5

PFS and OS stratified by dNLR. Patients with high dNLR (≥4, red) at prior to inpatient treatment was associated with shorter PFS (A) and OS (B)
compared to those patients with low dNLR (<4, blue). Groups were compared using the log-rank test. Tick marks indicate censored data.
P<0.05 for statistical significance. ALCs, absolute lymphocyte counts; dNLR, derived-neutrophil-to-lymphocyte ratio. PFS, progression free
survival; OS, overall survival.
TABLE 3 Immune related severe adverse events (grade 3 or 4).

Severe Adverse Events Number of cases Cancer type Type of ICI treatment

Acute interstitial nephritis 1 (2.7%) Genitourinary carcinoma Pembrolizumab

Acute kidney injury 2 (5.4%) Adenocarcinoma of lung Pembrolizumab

Acute kidney injury 1 (2.7%) Adenocarcinoma of prostate Pembrolizumab

Pneumonitis 1 (2.7%) Squamous cell carcinoma of lung Pembrolizumab

Hypersensitivity reaction 1 (2.7%) Adenocarcinoma of lung Pembrolizumab
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discounts, such as utilization of a 340b pharmacy program, are

not applicable. While qualification for 340b (or similar)

programs does require certain regulatory and institutional

standards to be met, outpatient payments in general treat ICI

treatment as a per line charge. This is in stark contrast to

inpatient payments that are almost universally bundled into a

daily charge without specific treatment carved out in the billing.

In this study, we show that the high overall cost and cost per

dose does not necessarily lead to significant overall survival. In

addition, when taking into account toxicities associated with ICI

therapy, the cost can increase exponentially (for instance, one

patient in our review developed pneumonitis after ICI

administration necessitating intensive care unit admission).

Future studies include assessing data from the Surveillance,

Epidemiology, and Results (SEER) program database to

compare costs nationally and between institutions.

While our study offers new insights into clarifying

hospitalized patients have poor clinical outcomes to ICI

treatment, significant limitations exist. Most notably

our review represents only a single institution that is

geographically confined to northern California. Furthermore,

we were only able to identify small sample population over the

course of 5 years that received ICI treatment while hospitalized.

As a result of this small sample size our pooled population

represents a diverse group of malignancies with different

histologic groups. Additionally, by design our study only offers

observational data. As it is based on institutional pharmacy

review, further investigation via retrospective cohort study, or

prospectively with the inclusion of a control group that would

allow recruitment of diverse populations which our study was

unable to by nature of being observational, would offer superior

information to draw conclusions from.

Conclusion

The results of our investigation suggest that in general ICI

therapy offered to hospitalized patients should be provided

cautiously. Clinical assessment tools such performance status,

assessment of comorbid conditions, and thorough history taking

continue to offer benefit in guiding treatment decision making.

Furthermore, utilization of simple blood tests for pre-treatment

ALC and dNLR may help to assess the “immune fitness” and

identify appropriate candidates for inpatient therapy. Further

studies are needed to assess the “immune fitness” of cancer

patients receiving ICI treatment , especial ly in the

inpatient setting.
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Urgent chemotherapy for life-threatening complications related to solid
neoplasms. Crit Care Med (2017) 45(7):e640–8. doi: 10.1097/ccm.
0000000000002331

46. Shatzel J, Hutchinson E, Daughety M, Edmiston J, Cetnar J.
Urgent chemotherapy for hospitalized cancer patients in the united states:
Analysis of inpatient mortality by tumor type from the 2012 national inpatient
sample. J Clin Oncol (2016) 34:e13079–9. doi: 10.1200/JCO.2016.34.
15_suppl.e13079

47. Choucair K, Naqash AR, Nebhan CA, Nipp R, Johnson DB, Saeed A.
Immune checkpoint inhibitors: The unexplored landscape of geriatric oncology.
Oncologist (2022) 4:oyac119. doi: 10.1093/oncolo/oyac119
frontiersin.org

https://doi.org/10.1007/s12094-018-1908-2
https://doi.org/10.1007/s12094-018-1908-2
https://doi.org/10.3389/fimmu.2021.697298
https://doi.org/10.21037/jtd.2020.04.30
https://doi.org/10.1016/j.cllc.2018.04.008
https://doi.org/10.1097/ccm.0000000000002331
https://doi.org/10.1097/ccm.0000000000002331
https://doi.org/10.1200/JCO.2016.34.15_suppl.e13079
https://doi.org/10.1200/JCO.2016.34.15_suppl.e13079
https://doi.org/10.1093/oncolo/oyac119
https://doi.org/10.3389/fonc.2022.980181
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Hospitalized cancer patients with comorbidities and low lymphocyte counts had poor clinical outcomes to immune checkpoint inhibitors
	Introduction
	Materials and methods
	Results
	Patient characteristics
	Hospitalized cancer patients had poor clinical outcomes to ICI therapy
	Pretreatment clinical and blood biomarkers were correlated with poor clinical outcomes to ICIs

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


