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Simple Summary: Approximately one-quarter of the patients with advanced cancer acutely admitted
to the Palliative Care Unit at St. Olav’s University Hospital received intravenous antibiotics. We
observed that physiological variables and paraclinical findings in patients with and without infections
differed at admission but observed no differences in patient-reported outcome measures. Patients
admitted for infection had no shorter life expectancy than patients without infections. We did not
observe any difference in the prescription of antibiotics to patients with ongoing anti-cancer therapy
(integrated pathway) compared to patients with no ongoing cancer therapy (palliative care pathway).
This information increases the knowledge about the use of antibiotic therapy in palliative cancer care.

Abstract: Decision-making for antibiotic therapy in palliative cancer care implies avoiding futile
interventions and to identify patients who benefit from treatment. We evaluated patient-reported
outcome-measures (PROMs), physiological findings, and survival in palliative cancer care patients
hospitalized with an infection. All acute admissions during one year, directly to a University Hospital
unit that provided integrated services, were included. Serious infection was defined as a need to
start intravenous antibiotics. PROMs, clinical and paraclinical variables, and survival were obtained.
Sixty-two of 257 patients received intravenous antibiotic treatment. PROMSs were generally similar
in the infection group and the non-infection group, both in respect to intensities at admission
and improvements during the stay. There were more physiological and paraclinical deviations at
admission in patients in the infection group. These deviations improved during the stay. Survival
was not poorer in the infection group compared to the non-infection group. Patients in integrated
cancer care were as likely to be put on intravenous antibiotics but had longer survival. In integrated
oncology and palliative cancer services, patients with an infection had similar outcomes as those
without an infection. This argues that the use of intravenous antibiotics is appropriate in many
patients admitted to palliative care.

Keywords: palliative cancer care; integrated oncology and palliative care; detecting infections;
antibiotic treatment; symptom development; survival

1. Introduction

Early access to palliative care services in oncology is advocated [1]. In addition, novel
treatment options have resulted in extended survival for more cancer patients [2]. By
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its original definition, palliative care intends to neither hasten nor postpone death [3].
However, for patients receiving both oncological treatment and palliative care, both life
prolongation and symptom relief are valid treatment goals and therefore antibiotic treat-
ment can be indicated [4,5]. On the other hand, a systematic review reported non-beneficial
use of antibiotics in more than a fifth of dying patients [6]. Both international and national
guidelines refrain from recommending antimicrobial therapy for symptom management in
end-of-life care [7,8]. These recommendations are based on the assumption that the patients
are facing imminent death, and do not necessarily include considerations on the incidence
of severe infections in palliative care patients with longer expected survival, or how these
infections affect symptom burden and survival in this group of patients [4].

Patients with advanced cancer are prone to infections due to cancer-treatment-induced
immunosuppression, barrier dysfunctions, and the use of immunomodulating drugs like
corticosteroids [9]. Antibiotic treatment in palliative care patients may not necessarily
aim for, or result in, life prolongation, albeit some studies demonstrated an improved
survival after the successful treatment of infections [10,11]. However, a literature review
found no clear association between the use of antibiotics and survival in palliative care
patients [4]. Included in the review, was an older study demonstrating symptom relief for
urinary and respiratory tract infections treated with antibiotics in palliative care cancer
patients [12]. Another prospective study also reported improvement in dysuria and cough
with antibiotic treatment in palliative care patients, even though one-quarter of the patients
died within one week of antibiotic administration [13]. Most studies are based on a
retrospective design, and a systematic review on the role of antimicrobial therapy for
symptom management in palliative care patients concluded that data to guide decision-
making is limited [14]. The review also stated that future studies on the topic should
systematically measure symptom responses [14]. Identification and treatment of physical
symptoms in palliative care patients are important to prevent and relieve suffering [15].
When considering antibiotic therapy in palliative care, the potential benefits must outweigh
the side effects of antimicrobial treatment. For the individual, the use of antibiotics may
cause drug interactions, allergic reactions, antibiotic-associated diarrhea and colitis, and
hence more hospital admissions [16]. For society, liberal use of antibiotics may contribute
to the emergence of more antibiotic-resistant bacteria and higher costs [17]. In palliative
care patients, these potential challenges must be weighed against the antibiotics” potential
for symptom relief and life extension [4].

To provide useful treatment and to avoid futile interventions are important principles
in palliative care and in medicine in general [18]. Selecting which patients will benefit
from antibiotic treatment in a patient population with clinical and paraclinical features
resembling patients with infectious diseases, adds further complexity. A growing focus
on the early integration of palliative care into oncology makes this selection process even
more important [1]. Thus, studies on implications of antibiotic treatment in palliative
cancer care are warranted both to limit over- and undertreatment. We report the use of
antibiotic therapy, patient-reported outcome measures (PROMs), paraclinical and clinical
findings, and survival in palliative care cancer patients with clinically evident infections
admitted to an acute palliative care unit (APCU). With the aim to investigate differences
and similarities, we compared patients with infection-related admissions and non-infection
related admissions and patients who received integrated oncology services and standard
palliative cancer care.

The following research questions were addressed:

1.  What are the differences and similarities in PROMs and clinical and paraclinical
features at admission for palliative care cancer patients with and without infections?

2. What are the differences and similarities in the development of symptoms and clinical
and paraclinical features during the hospital stay for palliative cancer patients with
and without infections?
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3. Are acutely admitted patients receiving integrated oncology services more often
treated with intravenous antibiotics compared to patients receiving palliative cancer
care only?

4. What is the survival for patients with advanced cancer, receiving integrated oncology
and palliative care services, and treated for infections necessitating acute hospital
admission?

2. Materials and Methods
2.1. Study Design

An observational study was conducted at the APCU, Cancer Clinic, St. Olav’s hospital,
a 1000-bed university hospital located in Trondheim, Norway. The APCU has 12 beds and
approximately 450 admissions a year. Adult (>18 years) cancer patients with incurable
disease admitted between 15 January 2019 and 15 January 2020 were included. Patients
with hematological, gynecological, and pulmonary cancer are admitted to the APCU only
when in need of neuraxial pain management. APCU’s inpatient programs facilitate early
integration of oncology and palliative care and provide aggressive symptom management.
Patients are treated by a multidisciplinary team of senior consultants with specialized
training in palliative care, oncologists responsible for tumor-directed treatment, nurses,
physiotherapists, social workers, and clinical dietitians.

The current paper is a retrospective secondary analysis of a previously published
study on the delivery of palliative care [19]. In the present analysis, we identified all acute
hospitalizations of patients with a clinically-based diagnosis of infection who received intra-
venous antibiotics at admission. This group of patients was compared to all patients acutely
admitted due to other reasons, the non-infection group. Patients with ongoing antibiotic
treatment at admission, patients initiated on oral antibiotics at admission, and patients
admitted for other reasons but diagnosed with infections later during the hospital stay
were excluded from the analysis. Palliative patients with ongoing oncological treatment
were defined as receiving integrated oncological services. Cancer patients in whom the
systemic tumor-directed therapy (other than castration for prostate cancer) was withdrawn
were classified as receiving palliative care only. Follow-up of patients in integrated cancer
care is shared between the treating oncologist and the palliative care team, while patients
in palliative cancer care solely were treated by the palliative care team.

2.2. Data Collection and Assessments

The design of the data collection is described elsewhere [19]. The patients reported
symptom scores on the 11-point numeric rating scale (NRS 0-10) [20]. Assessments on
average pain and worst pain, tiredness, drowsiness, nausea, reduced appetite, shortness of
breath, depression, anxiety, well-being, sleep and constipation were registered at admission
and at discharge but no later than day 10 to ensure sufficient time to achieve antibiotic
treatment responses and to reduce the risk of registering changes due to reasons other than
the initial infection [21,22]. Oncologists with palliative care expertise reported cancer diag-
nosis, metastatic status, Eastern Cooperative Oncology Group (ECOG) [23] performance
status, medical comorbidity, and interventions during the hospital stay. Infections were
diagnosed and treated by the attending physicians. The infection was considered as serious
if in need of intravenous antibiotics. Reviews of the medical records identified antibiotic
treatment and duration, suspected sources of infection, physiological variables as assessed
by the national early warning score (NEWS) [24], clinical chemistry tests (C-reactive protein
(CRP), leucocytes and neutrophiles), blood and other cultures, hospital length of stay (LOS),
and survival [19].

2.3. Statistical Analysis

Descriptive statistics were used, with means or medians as descriptors of central
tendencies, and a range as descriptors of dispersion; with a 95% confidence interval (CI) for
survival. The Chi-Square test was used to evaluate the association between the occurrence
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of infection or antibiotic use in integrated cancer care and palliative cancer care. Group
comparison at admission for the infection group and the non-infection group was analyzed
by independent sample t-test. For the development of symptom intensities, clinical and
paraclinical parameters were performed through a calculation of difference in observations
from admission to discharge (but no later than day 10 of the hospital stay), and the infection
group and non-infection group were compared by use of an independent t-test. Mean
changes in symptom scores from admission to discharge (or day 10) were reported for
patients both in the infection group and non-infection group and evaluated by using the
two-tailed paired sample t-test. A two-sided p-value < 0.05 was considered statistically
significant. No sample size calculations were performed.

2.4. Ethics

The Regional Committee for Medical Research Ethics, Health Region Central Nor-
way (REK) (2018/925/REK Midt) defined the project as healthcare improvement, without
the need for explicit informed consent from the patients. The journal review was ap-
proved by the Regional Committee for Medical Research Ethics, Health Region South-East
(2020/107564).

3. Results
3.1. Inclusions and Exclusions

During the one year study period, 451 admissions were registered at the APCU. Out
of these, 100 acute admissions were classified as infection-related. In 38 admissions, the
patients were either already on antibiotics (ongoing infection), per oral antibiotics that were
started at admission (mild infection), or the infection was diagnosed later than 24 h after
hospitalization (late infection). These admissions were excluded from the analysis. The
remaining 62 admissions were considered serious infections and intravenous antibiotic
treatment was initiated at admission, which constituted the infection group. The compari-
son group comprised 157 acute admissions due to reasons other than infections, henceforth
referred to as the non-infection group (Figure 1).

All admissions, n =451 |

- Admissions with insufficient
available data, n =56
- Transferals and planned

outpatient admissions, n = 138
| Acute admissions, n =257 |
Infection-related Non-infection related
admissions, n =100 admissions, n =157

- Ongoing infection, n =4
- Mild infection, n =9
- Late infections, n = 25

Analyzed in the infection Analyzed in the non-infection
group, n=62 group, n =157

Figure 1. Included and excluded admissions during the one year study period.

3.2. Patient Demographics

For all patients, the mean patient age was 69 years (range 29-98) and 60% were males.
The most common primary diagnoses were gastrointestinal (52%), urological (23%), and
breast cancer (9%). Eighty-eight percent of the patients had metastatic disease, more than
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half of the patients had ECOG performance status III or IV, and close to 40% of the patients
received integrated oncological services. Patient demographics for the infection group and
the non-infection group are shown in Table 1. The mean age for patients in the infection
group was 66 years and 69% were males. Thirty-nine percent of the admissions in the
infection group belonged to integrated cancer care versus 36% in the non-infection group.

The mean hospital LOS was 7.0 days.

Table 1. Demographic and baseline clinical characteristics at admission.

Characteristic Infection Group (n = 62) Non-Infection Group (n =157)
Age, mean years (range) 65.8 (29-94) 70.2 (30-98)
Gender, % male 69 56
Gastrointestinal (GI) 27 (44) 86 (55)
Urological 23 (37) 26 (17)
Cancer type, 1 (%) Breast 3(5) 17 (11)
Lung 0 1(1)
Head-neck 2(3) 13 (8)
Other 7 (11) 14 (8)
Metastasis, 11 (%) Yes % (89) 11372
No 7 (11) 14 9)
Cardiovascular disease 21 (34) 22 (14)
Diabetes 6 (10) 20 (13)
Kidney disease 0 43)
Comorbidities, 1 (%) Musculoskeletal disease 5(8) 17 (11)
Psychiatric disorder 3(5) 22 (14)
COoPD'! 4(7) 7 (5)
Liver disease 1(Q2) 0
Other 14 (22) 31(19)
0 0 2(1)
ECOG 2 performance status 1-2 26 (42) 63 (40)
score, 11 (%) 34 35 (57) 91 (58)
Missing 1(2) 1(1)
Palliative cancer care 37 (60) 99 (63)
Trajectory, n (%) Integrated cancer care 24 (39) 57(36)
Information not available 1(2) 1(1)
X-ray 37 (60) 41 (26)
Computer tomography 28 (45) 55 (35)
Radiology, 1 (%) Ultrasound 7 (11) 15 (10)
Magnetic resonance imaging 4(7) 27 (17)
No 10 (16) 57 (36)
Radiological intervention 3 5(8) 13 (8)
Rehydration 43 (69) 65 (41)
Interventions 1 (%) Nutrition (iv or nasogastric feeding tube) 10 (16) 15 (10)
Transfusion 20 (32) 15 (10)
Surgery 1(2) 3(2)
Use of multidisiplinary team 24 (39) 52 (33)
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Table 1. Cont.

Characteristic Infection Group (n = 62) Non-Infection Group (n =157)
Mean hospital length of stay, mean days (range) 6.8 (0-39)
Survival after admission, median days (95% CI 4) 36 (28-44)
In-hospital mortality 1 (%) 22 (14.0)

1 Chronic obstructive pulmonary disease. 2 Eastern Cooperative Oncology Group. 3 Drain insertions and stents.
4 CJ, confidence interval.

3.3. Infection Characteristics

Pneumonia was the most frequently suspected primary source of infection, followed by
urinary tract and gastrointestinal infections (Table 2). The source of infection was unknown
for almost one-third of the patients and approximately one-tenth had multiple sites of
infection. Blood cultures were drawn from 54 out of the 62 admissions in the infection
group (87%). Seventy-seven percent of the blood cultures were negative. Correspondingly,
urine cultures were obtained from 44 out of 62 patients (71%). Fifty-two percent of the
urine cultures were negative. Further details are provided in Table 2, which also delineates
the use of antibiotics.

Table 2. Infections and antibiotic treatment characteristics. Infection group, n = 62.

Characteristic Infection Group, n = 62
Lungs 32 (52)
Urinary 10 (16)
GI 6 (10)
Source of infection, 1 (%) Skin or soft tissue 1(2)
Other (se under) 1(2)
Unknown 20 (32)
More than one focus 8 (13)
Positive 6 (10)
Gram-negative 4(7)
o Gram-positive 1(2)
Blood culture, (%) Poly-microbial or fungal BSI 1(2)
Negative 48 (77)
Not taken 8 (13)
Positive 12 (20)
Urine culture, n (%) Negative 32 (52)
Not taken 18 (29)
Positive 2 (3)
Other cultures, n (%) Negative 1(1)
Not taken 59 (95)
1. Monotherapy penicillin/ampicillin 13 (21)
2. Beta-lactam + aminoglycoside 13 (21)
3. Second or third generation cephalosporins 13 (21)
Antibiotics 4. Piperacillin-tazobactam 9 (15)
5. Carbapenems 3(5)
6. Group 1, 2 or 3 + metronidazole 9 (15)
7. Quinolones: ciprofloxacin 1(2)
8. Other 1(2)




Cancers 2022, 14, 1602 7 of 13

Table 2. Cont.

Characteristic Infection Group, n = 62
No 41 (66)
Yes 21 (34)
o o Due to resistance 6 (10)
Antibiotic change, n (%) Therapy failure 7 (11)
De-escalation 1(2)
Uncertain 6 (10)
Yes 14 (22)
Antibiotic appropriateness after No 4(7)
resistance, 1 (%) Negative blood culture 38 (61)
No blood culture 6 (10)
1 Monotherapy penicillin/ampicillin 2(3)
2. Beta-lactam + aminoglycoside 1(2)
3. Second or third generation cephalosporins: 4(7)
4. Piperacillin-tazobactam: 3(5)
Antibiotics after change 5. Carbapenems 2(3)
6. Penicillinase-resistant penicillins: 2(3)
7. Group 1, 2 or 3 + metronidazole 4(7)
8. Vankomycin + linezolid 1(2)
9. Other 2 (3)
Days of intravenous treatment, 7.15 (1-20)

mean (range)

3.4. Group Comparison at Admission

Details on the differences and similarities in symptoms and clinical and paraclinical
features for patients admitted with and without serious infections are described in Table 3.
At admission, NRS sleep scores were significantly higher in the infection group than in
the non-infection group (5.0 vs. 3.9, respectively, p = 0.02). There were no other significant
differences in PROM scores between the groups. Furthermore, heart rate, temperature,
total NEWS score, and CRP were all significantly higher in the infection group compared
to the non-infection group.

3.5. Dynamic Group Comparison during the Hospital Stay

The development in PROMs and clinical and paraclinical findings during the hos-
pital stay for patients admitted with and without serious infections are displayed in
Tables Al and A2. There were no significant group differences with regard to PROMs
during the hospital stay. For infection patients, there was a significant increase in systolic
blood pressure, and significant decreases in heart rate, temperature, total NEWS score, and
CRP during the hospital stay compared to the non-infection group (Table 4). Leukocyte
and neutrophile counts decreased during hospitalization in the infection group (p = 0.06
and p = 0.008, Table A1), no change was noted in the non-infection group (Table A2).

3.6. Antibiotic Treatment and Survival in Patients with and without Integrated Oncology Care

Of the acutely admitted patients receiving integrated oncology care, 30% were treated
with intravenous antibiotics at admission. The corresponding percentage of patients
receiving palliative care was only 27% (Table A3). Radiological examinations and other
interventions were similar in the integrated cancer care and the palliative cancer care group
except for MRI examinations and surgery, which were more prevalent in the integrated
cancer care group (Table A3). Patients with integrated cancer care have longer survival
rates than patients receiving palliative cancer care only; median days (95% CI) 94 (55-113)
versus 28 (23-37). In acutely admitted patients with an infection receiving integrated
oncology services, median (95% CI) survival after hospitalization was 108 days (69-166).
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The corresponding number for patients with infection receiving palliative care was only
41 days (25-59).

Table 3. Group comparison at admission.

Infection Group, Non-Infection Group,

n =62. Mean n =157. Mean p-Value !
Systolic blood pressure, 120 126 0.070
mmHg
Physiology Heart rate, bpm 2 92 84 0.004
Temperature, °C 37.3 36.7 <0.001
Total NEWS score 3.47 1.79 <0.001
Paraclinical C-reactive protein, mg/L 144.1 50.5 <0.001
Leucocytes, x 10°/L 10.2 10.6 0.688
Neutrophils x10°/L 8.67 8.48 0.839
adsr};rgs)itgrr:,li\falzs Average pain 4.12 4.09 0.959
Worst pain 5.40 5.40 0.997
Tiredness 5.60 5.80 0.626
Drowsiness 5.65 5.32 0.430
Nausea 1.98 271 0.115
Appetite 4.62 4.98 0.515
Shortness of breath 3.69 3.41 0.585
Depression 3.38 3.64 0.611
Anxiety 2.80 2.97 0.719
Well-being 4.61 4.81 0.601
Sleep 5.02 391 0.017
Constipation 2.96 3.40 0.455
! Analyzed by independent sample t-test. 2 beats per minute.
Table 4. Change from admission to discharge or 10 days.
Difference 1 Infection Group, n =62.  Non-Infection Group, n = 157. p-Value 2
Mean Mean
Physiology Diff systolic blood pressure —15.06 —2.56 0.001
Diff heart rate 9.51 0.43 0.005
Diff temperature 0.72 0.04 <0.001
Diff total NEWS score 1.60 —0.05 <0.001
Diff C-reactive protein 66.4 -0.7 <0.001
Paraclinical Diff leucocytes 1.48 0.08 0.051
Diff neutrophils 1.59 0.32 0.057
Symptoms Diff average pain. 1.04 1.40 0.440
Diff worst pain. 1.98 1.40 0.302
Diff tiredness 1.26 1.45 0.667
Diff drowsiness 1.36 1.17 0.670
Diff nausea 0.57 0.92 0.409
Diff appetite 0.82 1.37 0.309
Diff shortness of breath 0.85 1.06 0.605
Diff depression 0.49 0.59 0.793
Diff anxiety 0.24 0.71 0.236
Diff well-being 0.49 1.05 0.232
Diff sleep 1.09 0.63 0.378
Diff constipation 1.34 1.25 0.870

! Difference is observations at admission—discharge/after 10 days. 2 Analyzed by the independent sample t-test.

4. Discussion
4.1. Statement of Principal Findings

We observed that approximately one-quarter of the patients acutely admitted to the
APCU were diagnosed to have a serious infection. Patients with and without infections
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were relatively similar in terms of PROMs at admission. Clinical and paraclinical param-
eters typical for patients with serious infections differed at admission in patients in the
infection group and the non-infection group. There were no group differences in symptom
development during the hospital stay. Increments in systolic blood pressure and decre-
ments in heart rate, temperature, total NEWS score, and CRP were typical occurrences
during the hospital stay for patients acutely admitted with serious infections. Patients
who received integrated oncological services were not more prone to be admitted with
serious infections. However, the life expectancy of patients receiving integrated oncolog-
ical services and acutely admitted with serious infections was much longer than for the
corresponding patients receiving palliative care only.

4.2. Appraisal of Methods

The current paper presents a secondary analysis of a study originally designed to
evaluate interventions and symptom relief for patients with incurable cancer admitted to
an APCU providing integrated oncology and palliative care services. [25]. The PROMs
were obtained prospectively, as planned for the primary study, while the physiological
observations, clinical chemistry results, use of antibiotics and culture results were docu-
mented as standard care. Thus, we had no standardized study procedure for the diagnosis
and sampling with respect to infection detection [26]. Nevertheless, clinical practice was
carried out by a small team of experienced palliative care physicians and therefore should
be consistent across the patient sample. An inherent limitation in studies on cancer patients
and infections is the fact that cancer can cause elevated levels of pro-inflammatory markers
and clinical findings, thus mimicking an ongoing infection [27]. Finally, this being an
explorative study, we did not adjust for multiple testing.

4.3. Comparison with Previous Work

Studies describing the use of antibiotics therapy in palliative care are mainly based
on data collected before the introduction of integrated oncology and palliative cancer
care [14,28]. For decades, palliative care focused on end-of-life care [1]. In the millennium,
the focus of palliative care also changed [3,29]. As exemplified in the updated WHO
definition, palliative care is applicable early in the course of illness. Therefore, studies
focusing on contemporary clinical reality are warranted. Despite the methodological
shortcomings, our results narrate antibiotic therapy in the era of integrated oncology and
palliative cancer care.

Almost ten years ago, a systematic review on antibiotics for symptom management
in palliative care reported the prevalence of antimicrobial use in cancer patients ranging
from 19% to 84% [14]. A later overview of antibiotic therapy in palliative care found that
respiratory and urinary tract infections were prevalent and that broad-spectrum antibiotics
were often applied [4]. The negative consequences of the overuse of antibiotics with a
broad antimicrobial spectrum are vividly described in a recent paper on infections in
palliative care [30]. Our findings support that serious infections are prevalent in palliative
cancer care and that the lungs and urinary tract are common sites of infection. In addition,
we observed that more than 40% of the patients were treated with penicillin or a beta-
lactam/aminoglycoside combination, and in two-thirds of the patients, no change in
antibiotic regimen was required.

Advanced cancer is often accompanied by increased inflammation [31]. Consequently,
patients with locally advanced or metastatic cancer may exhibit clinical and paraclinical
properties, indicating an ongoing infection. Fever is a traditional hallmark of infection [32].
Even though we detected significant temperature group differences at admission, for
the individual advanced cancer patient with a potential infection, a slight temperature
elevation may not be decisive for the diagnostic work-up. In our study, the finding of
elevated values of heart rate, total NEWS score, and CRP supported the infection diagnosis.
On the contrary, in our study, PROMs, and leukocyte and neutrophil counts were not much
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different in acutely admitted palliative care cancer patients considered being with and
without infections.

In the management of patients with potentially life-threatening infections, a rapid
diagnostic work-up, followed by an immediate administration of adequate antibiotics
treatment, is mandatory [33]. This implies instituting antibiotics prior to available culture
results. The low percentage of positive blood cultures in the current study is opposed
to previous research and may possibly indicate some degree of overestimation of infec-
tions [34]. Nevertheless, our findings support current knowledge on serious infections
and underline that increased systolic blood pressure and decreased heart rate, total NEWS
score, and CRP during hospitalization may indicate infection control [33]. Interestingly, the
development during the hospital stays in standardized patient-reported symptoms was
not different for the two compared groups.

Cancer patients receiving oncological treatment are susceptible to infections [35]. In
addition to neutropenic fever and sepsis, they are also prone to more serious outcomes from
other infections, such as pneumonia and urinary tract infections [36]. These facts underline
that the rapid initiation of antibiotics is often indicated in this group of patients. Still,
we found no group differences in the use of intravenous antibiotics in patients receiving
integrated oncological services and palliative care only. The study design allows no further
investigations on this topic, but this finding might represent examples of both over- and
undertreatment, and futile interventions [6,18].

Survival in palliative cancer care patients varies widely [37]. When palliative care
is introduced early in the disease trajectory, more patients will have a substantial life ex-
pectancy. Increasing life span without reducing the quality of life is a goal of oncological
treatment [38]. Modern palliative care may also contribute to reaching this goal, as de-
scribed in studies of integrated oncology and palliative cancer care [1,28]. Our survival
findings underline the obvious fact that oncological patients receiving early palliative care
have a longer life expectancy than patients receiving palliative care later in the disease tra-
jectory. Hence, detecting serious infections in patients receiving early integrated oncology
services must be a part of modern palliative medicine.

4.4. Implications and Further Work

Triaging patients suitable for more intensive monitoring and care is an established
principle in medicine. Our results indicate also, that in modern palliative care, the identifi-
cation, and active treatment of patients with a potential for significant life prolongation are
important. Due to the inherent methodological weakness of the current study, the findings
should be confirmed in other studies [39]. In addition, future research should address
improved measures for identifying patients with a potential for meaningful responses to
antibiotic therapy in palliative cancer care.

5. Conclusions

Approximately one-quarter of the patients acutely admitted to an APCU had a serious
infection. Patients with and without infections were relatively similar in terms of PROMs at
admission and had similar improvements during the APCU stay. Survival was not poorer
in patients treated for an infection. The findings suggest that intravenous antibiotic therapy
is appropriate for many patients admitted to palliative care.
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Appendix A

Table Al. Course of disease during stay infection group, n = 62.

95% Confidence

Admission Mean  Day 10. Mean Difference Interval of the p-Value, *
Difference

Physiology Systolic blood pressure, mmHg 122 137 —15.06 —22.24-(—7.87) <0.010
Heart rate, bpm 90 80 9.51 4.58-14.44 <0.001

Temperature, °C 37.3 36.5 0.72 0.39-10.58 <0.001

Total NEWS score 2.96 1.36 1.60 0.87-2.34 <0.001

Paraclinical C-reactive protein, mg/L 147.8 81.4 66.41 41.70-91.19 <0.001
Leucocytes, x 10°/L 9.9 8.4 1.48 0.29-2.66 0.016

Neutrophils, x10°/L 8.36 6.77 1.59 0.43-2.74 0.008

Symptom, NRS  Average pain 4.22 3.17 1.04 0.28-1.81 0.008
Worst pain 5.45 3.48 1.98 0.95-3.00 <0.001

Tiredness 5.66 4.40 1.26 0.57-1.94 <0.001

Drowsiness 5.81 4.45 1.36 0.63-2.09 <0.001

Nausea 2.09 151 0.57 —0.13-1.28 0.109

Appetite 4.58 3.76 0.82 —0.21-1.85 0.114

Shortness of breath 3.57 2.72 0.85 0.27-1.43 0.005

Depression 3.36 2.87 0.49 —0.08-1.05 0.087

Anxiety 2.71 2.47 0.24 —0.44-0.93 0.475

Well-being 4.51 4.02 0.49 —0.22-1.20 0.122

Sleep 5.15 4.07 1.09 0.23-1.90 0.010

Constipation 3.07 1.73 1.34 0.35-2.33 0.009

* two-sided, paired sample t-test.
Table A2. Course of disease during stay, non-infection group, n = 157.
95% Confidence
Admission Mean  Day 10. Mean Difference Interval of the p-Value *
Difference

Physiology Systolic blood pressure, mmHg 126 129 —2.56 —6.38-1.25 0.186
Heart rate, bpm 84 84 0.43 —2.99-3.86 0.803

Temperature, °C 36.7 36.7 0.04 —0.11-0.20 0.593

Total NEWS score 1.73 1.77 —0.45 —0.51-0.42 0.848

Paraclinical C-reactive protein, mg/L 56.0 56.6 —0.69 —9.67-8.29 0.879
Leucocytes, x 10°/L 10.7 10.6 0.08 —0.74-0.90 0.846

Neutrophils, x10° /L 8.73 8.41 0.32 —0.43-1.06 0.402

Symptom, NRS  Average pain 4.28 2.88 1.40 0.88-1.92 <0.001
Worst pain 5.48 4.08 1.40 0.79-2.01 <0.001

Tiredness 6.07 4.62 1.45 0.92-1.97 <0.001

Drowsiness 5.55 4.38 1.12 0.65-1.69 <0.001

Nausea 2.77 1.85 0.92 0.46-1.38 <0.001

Appetite 4.83 3.47 1.37 0.81-1.92 <0.001

Shortness of breath 3.48 241 1.06 0.56-1.57 <0.001

Depression 3.71 3.12 0.59 0.11-1.08 0.017

Anxiety 3.08 2.36 0.71 0.28-1.15 0.002

Well-being 5.09 4.05 1.05 0.49-1.61 <0.001

Sleep 3.74 3.12 0.63 0.02-1.23 0.042

Constipation 3.61 2.36 1.25 0.61-1.89 <0.001

* Two-sided, paired sample t-test.
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Table A3. Characteristics of integrated cancer care (1 = 81) and palliative care cancer patients (1 = 136).
Two missing (information not available).

Integrated Cancer Care n = 81. Palliative Cancer Care n = 136.
Receiving antibiotics, 1 (%) 24 (30) 37 (27)
Radiology, 1 (%) X-ray 26 (32) 52 (38)
Computer tomography 34 (42) 47 (35)
Ultrasound 709) 15 (11)
Magnetic resonance imaging 21 (26) 10 (7)
Interventions, n (%) Radiological intervention 1 709) 11 (8)
Rehydration 38 (47) 68 (50)
Nutrition 10 (12) 15 (11)
Transfusion 10 (12) 23 (17)
Surgery 1(5) 0
In-hospital mortality, 1 (%) 4(5) 26 (19)

! e.g., drains and stenting.

References

1. Kaasa,S,; Loge, ].H.,; Aapro, M.; Albreht, T.; Anderson, R.; Bruera, E.; Brunelli, C.; Caraceni, A.; Cervantes, A.; Currow, D.C.; et al.
Integration of oncology and palliative care: A Lancet Oncology Commission. Lancet Oncol. 2018, 19, e588-€653. [CrossRef]

2. Advancing Cancer Therapy. Nat. Cancer 2021, 2, 245-246. [CrossRef] [PubMed]

3. World Health Organization. National Cancer Control Programs: Policies and Managerial Guidelines, 2nd ed.; World Health Organiza-
tion: Geneva, Switzerland, 2002.

4. Macedo, F; Nunes, C.; Ladeira, K.; Pinho, F,; Saraiva, N.; Bonito, N.; Pinto, L.; Gongalves, F. Antimicrobial therapy in palliative
care: An overview. Support Care Cancer 2018, 26, 1361-1367. [CrossRef]

5. Making precision oncology the standard of care. Lancet Oncol. 2017, 18, 835. [CrossRef]

6. Cardona-Morrell, M.; Kim, J.; Turner, RM.; Anstey, M.; Mitchell, I.A.; Hillman, K. Non-beneficial treatments in hospital at the end
of life: A systematic review on extent of the problem. Int. J. Qual. Health Care 2016, 28, 456-469. [CrossRef] [PubMed]

7. Hodgkinson, S.; Ruegger, J.; Field-Smith, A.; Latchem, S.; Latchem, S.H. Care of Dying Adults in the Last Days of Life. Clin. Med.
2015, 16, 254-258. [CrossRef] [PubMed]

8. Health TNDo. National Guidelines for Palliative Cancer Care; The Norwegian Directorate of Health: Oslo, Norway, 2015.

9. Marra, A.R.; Puig-Asensio, M.; Balkenende, E.; Livorsi, D.J.; Goto, M.; Perencevich, E.N. Antibiotic use during end-of-life care: A
systematic literature review and meta-analysis. Infect. Control Hosp. Epidemiol. 2021, 42, 523-529. [CrossRef]

10. Chen, L.-K,; Chou, Y.-C.; Hsu, P-S,; Tsai, S.-T.; Hwang, S.-].; Wu, B.-Y,; Lin, M.-H.; Chen, T.-W. Antibiotic prescription for fever
episodes in hospice patients. Support Care Cancer 2002, 10, 538-541. [CrossRef]

11. Vitetta, L.; Kenner, D.; Sali, A. Bacterial infections in terminally ill hospice patients. J. Pain Symptom Manag. 2000, 20, 326-334.
[CrossRef]

12.  Reinbolt, R.E.; Shenk, A.M.; White, PH.; Navari, R.M. Symptomatic treatment of infections in patients with advanced cancer
receiving hospice care. J. Pain Symptom Manag. 2005, 30, 175-182. [CrossRef]

13.  Mirhosseini, M.; Oneschuk, D.; Hunter, B.; Hanson, J.; Quan, H.; Amigo, P. The role of antibiotics in the management of
infection-related symptoms in advanced cancer patients. J. Palliat. Care 2006, 22, 69-74. [CrossRef] [PubMed]

14. Rosenberg, J.H.; Albrecht, J.S.; Fromme, E.K.; Noble, B.N.; McGregor, J.C.; Comer, A.C.; Furuno, J.P. Antimicrobial use for
symptom management in patients receiving hospice and palliative care: A systematic review. J. Palliat. Med. 2013, 16, 1658-1674.
[CrossRef] [PubMed]

15. Seow, H.; Barbera, L.; Sutradhar, R.; Howell, D.; Dudgeon, D.; Atzema, C.; Liu, Y.; Husain, A.; Sussman, ].; Earle, C. Trajectory
of performance status and symptom scores for patients with cancer during the last six months of life. J. Clin. Oncol. 2011, 29,
1151-1158. [CrossRef] [PubMed]

16. Tamma, PD.; Avdic, E.; Li, D.X,; Dzintars, K.; Cosgrove, S.E. Association of Adverse Events With Antibiotic Use in Hospitalized
Patients. JAMA Intern. Med. 2017, 177, 1308-1315. [CrossRef]

17.  Davey, P; Marwick, C.A.; Scott, C.L.; Charani, E.; McNeil, K.; Brown, E.; Ramsay, C.R.; Wiffen, P.J.; Wilcox, M. Interventions to
improve antibiotic prescribing practices for hospital inpatients. Cochrane Database Syst. Rev. 2017, 2. [CrossRef]

18. Berwick, D.M. Avoiding overuse-the next quality frontier. Lancet 2017, 390, 102-104. [CrossRef]

19. Thronees, M.; Lohre, E.T.; Kvikstad, A.; Brenne, E.; Norvaag, R.; Aalberg, K.O.; Moen, M.K.; Jakobsen, G.; Klepstad, P.; Solberg, A.
Interventions a3nd symptom relief in hospital palliative cancer care: Results from a prospective longitudinal study. Support Care
Cancer 2021, 29, 6595-6603. [CrossRef]

20. Hui, D.; Bruera, E. The Edmonton Symptom Assessment System 25 Years Later: Past, Present, and Future Developments. . Pain
Symptom Manag. 2017, 53, 630-643. [CrossRef]

21. Hannon, B.; Dyck, M.; Pope, A.; Swami, N.; Banerjee, S.; Mak, E.; Bryson, J.; Rodin, G.; Ridley, J.; Lo, C. Modified Edmonton

Symptom Assessment System including constipation and sleep: Validation in outpatients with cancer. J. Pain Symptom Manag.
2015, 49, 945-952. [CrossRef]


http://doi.org/10.1016/S1470-2045(18)30415-7
http://doi.org/10.1038/s43018-021-00192-x
http://www.ncbi.nlm.nih.gov/pubmed/35121963
http://doi.org/10.1007/s00520-018-4090-8
http://doi.org/10.1016/S1470-2045(17)30474-6
http://doi.org/10.1093/intqhc/mzw060
http://www.ncbi.nlm.nih.gov/pubmed/27353273
http://doi.org/10.7861/clinmedicine.16-3-254
http://www.ncbi.nlm.nih.gov/pubmed/27251915
http://doi.org/10.1017/ice.2020.1241
http://doi.org/10.1007/s00520-002-0377-9
http://doi.org/10.1016/S0885-3924(00)00189-5
http://doi.org/10.1016/j.jpainsymman.2005.03.006
http://doi.org/10.1177/082585970602200202
http://www.ncbi.nlm.nih.gov/pubmed/17265658
http://doi.org/10.1089/jpm.2013.0276
http://www.ncbi.nlm.nih.gov/pubmed/24151960
http://doi.org/10.1200/JCO.2010.30.7173
http://www.ncbi.nlm.nih.gov/pubmed/21300920
http://doi.org/10.1001/jamainternmed.2017.1938
http://doi.org/10.1002/14651858.CD003543.pub4
http://doi.org/10.1016/S0140-6736(16)32570-3
http://doi.org/10.1007/s00520-021-06248-z
http://doi.org/10.1016/j.jpainsymman.2016.10.370
http://doi.org/10.1016/j.jpainsymman.2014.10.013

Cancers 2022, 14, 1602 13 of 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

Lohre, E.T.; Thronaes, M.; Brunelli, C.; Kaasa, S.; Klepstad, P. An in-hospital clinical care pathway with integrated decision
support for cancer pain management reduced pain intensity and needs for hospital stay. Support Care Cancer 2019, 28, 671-682.
[CrossRef]

Oken, M.M.; Creech, R.H.; Tormey, D.C.; Horton, J.; Davis, T.E.; McFadden, E.T.; Carbone, PP.M. Toxicity and response criteria of
the Eastern Cooperative Oncology Group. Am. J. Clin. Oncol. 1982, 5, 649-655. [CrossRef] [PubMed]

Physicians, R.C. National Early Warning Score (NEWS): Standardising the Assessment of Acute-Illness Severity in the NHS; Report of a
Working Party; RCP: London, UK, 2012.

Cheng, H.G.; Phillips, M.R. Secondary analysis of existing data: Opportunities and implementation. Shanghai Arch. Psychiatry
2014, 26, 371-375. [PubMed]

Talari, K.; Goyal, M. Retrospective studies-utility and caveats. J. R. Coll. Physicians Edinb. 2020, 50, 398-402. [CrossRef]
Hotchkiss, R.S.; Moldawer, L.L. Parallels between cancer and infectious disease. N. Engl. . Med. 2014, 371, 380-383. [CrossRef]
Temel, ].S.; Greer, ].A.; Muzikansky, A.; Gallagher, E.R.; Admane, S.; Jackson, V.A. Early palliative care for patients with metastatic
non-small-cell lung cancer. N. Engl. J. Med. 2010, 363, 733-742. [CrossRef]

World Health Organization. Cancer Pain Relief and Palliative Care-Report of a WHO Expert Committee; World Health Organization:
Geneva, Switzerland, 1990.

Dagli, O.; Tasdemir, E.; Ulutasdemir, N. Palliative care infections and antibiotic cost: A vicious circle. Aging Male 2020, 23, 98-105.
[CrossRef]

Diakos, C.I.; Charles, K.A.; McMillan, D.C.; Clarke, S.]J. Cancer-related inflammation and treatment effectiveness. Lancet Oncol.
2014, 15, e493-e503. [CrossRef]

Evans, S.S.; Repasky, E.A; Fisher, D.T. Fever and the thermal regulation of immunity: The immune system feels the heat. Nat.
Rev. Immunol. 2015, 15, 335-349. [CrossRef]

Cecconi, M.; Evans, L.; Levy, M.; Rhodes, A. Sepsis and septic shock. Lancet 2018, 392, 75-87. [CrossRef]

Thompson, A.J.; Silveira, M.].; Vitale, C.A.; Malani, PN. Antimicrobial use at the end of life among hospitalized patients with
advanced cancer. Am. J. Hosp. Palliat. Care 2012, 29, 599-603. [CrossRef]

Vento, S.; Cainelli, F. Infections in patients with cancer undergoing chemotherapy: Aetiology, prevention, and treatment. Lancet
Oncol. 2003, 4, 595-604. [CrossRef]

Hjelholt, T.].; Rasmussen, T.B.; Seesaghur, A.; Hernandez, R K.; Marongiu, A.; Obel, N.; Serensen, H.T.; Pedersen, A.B. Risk of
infections and mortality in Danish patients with cancer diagnosed with bone metastases: A population-based cohort study. BM]
Open 2021, 11, 049831. [CrossRef]

Good, P.D.; Cavenagh, J.; Ravenscroft, P.J. Survival after enrollment in an Australian palliative care program. J. Pain Symptom
Manag. 2004, 27, 310-315. [CrossRef] [PubMed]

Thatcher, N.; Girling, D.].; Hopwood, P.; Sambrook, R.J.; Qian, W.; Stephens, R.J. Improving survival without reducing quality
of life in small-cell lung cancer patients by increasing the dose-intensity of chemotherapy with granulocyte colony-stimulating
factor support: Results of a British Medical Research Council Multicenter Randomized Trial. Medical Research Council Lung
Cancer Working Party. J. Clin. Oncol. 2000, 18, 395-404. [PubMed]

Murad, M.H.; Asi, N.; Alsawas, M.; Alahdab, F. New evidence pyramid. Evid. Based Med. 2016, 21, 125-127. [CrossRef]


http://doi.org/10.1007/s00520-019-04836-8
http://doi.org/10.1097/00000421-198212000-00014
http://www.ncbi.nlm.nih.gov/pubmed/7165009
http://www.ncbi.nlm.nih.gov/pubmed/25642115
http://doi.org/10.4997/JRCPE.2020.409
http://doi.org/10.1056/NEJMcibr1404664
http://doi.org/10.1056/NEJMoa1000678
http://doi.org/10.1080/13685538.2019.1575353
http://doi.org/10.1016/S1470-2045(14)70263-3
http://doi.org/10.1038/nri3843
http://doi.org/10.1016/S0140-6736(18)30696-2
http://doi.org/10.1177/1049909111432625
http://doi.org/10.1016/S1470-2045(03)01218-X
http://doi.org/10.1136/bmjopen-2021-049831
http://doi.org/10.1016/j.jpainsymman.2003.12.011
http://www.ncbi.nlm.nih.gov/pubmed/15050658
http://www.ncbi.nlm.nih.gov/pubmed/10637255
http://doi.org/10.1136/ebmed-2016-110401

	Introduction 
	Materials and Methods 
	Study Design 
	Data Collection and Assessments 
	Statistical Analysis 
	Ethics 

	Results 
	Inclusions and Exclusions 
	Patient Demographics 
	Infection Characteristics 
	Group Comparison at Admission 
	Dynamic Group Comparison during the Hospital Stay 
	Antibiotic Treatment and Survival in Patients with and without Integrated Oncology Care 

	Discussion 
	Statement of Principal Findings 
	Appraisal of Methods 
	Comparison with Previous Work 
	Implications and Further Work 

	Conclusions 
	Appendix A
	References

